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Letter from the Editor

Dear Colleagues,

Iam pleased to present the third annual North American
Association of Central Cancer Registries) NAACCR special
edition of the Journal of Registry Management. This annual
special edition provides opportunities for NAACCR
members to feature their cancer surveillance research or
related work. I encourage NAACCR members to plan
to submit articles again next fall. In addition to original
articles, I encourage registries to submit short reports or an
editorial viewpoint on an issue impacting their registry for
consideration next year.

This year’s special issue includes 9 original articles, 1
short report, and the 3 winning posters from the NAACCR
2022 Virtual Forum. The papers presented underwent a
peer-review process overseen by NAACCR Research and
Data Use Steering Committee members. Poster authors
participated in the Call for Abstracts for the NAACCR
Summer Forum held in June 2022. After initial peer review,
the authors of submissions accepted as a poster had the
opportunity to include their posters in an online judging
session. Ultimately, 3 posters were selected for awards.

Published papers include 2 papers that focus different
aspects of the impact of COVID-19: one on early COVID-19
hospitalization among patients with cancer history (Zhang,
et al), and one on using claims data to get an early look at
the decrease in incident cancer cases (Zhang, et al), which
is the subject of the Winter 2023 Continuing Education
Quiz. Other articles include an assessment of linking
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with LexisNexis to support a residential mobility study
(Tatalovich, et al); an evaluation of Do Not Contact codes
(Lawson-Michod, et al); integrating screening data into
routine cancer surveillance (Hernandez, et al); the intro-
duction of a new variable to support analysis based on
clinically relevant brain and central nervous system tumors
(Ostrom, et al); a discussion of informatics initiatives
impacting registries (Rollison, et al); factors associated with
loss to follow-up (Qiao, et al); and determining fitness for
use in research of the SEER cause specific cause of death
(Morawski, et al). We also have a short report on prostate
cancer out of Montana (Zimmerman).

The second-place winning poster also focuses on the
impact of COVID-19, specifically racial and ethnic dispari-
ties of COVID-19 among women with precancerous cervical
lesions (Hsieh, et al). The first-place poster presents on
comparisons among participants and nonparticipants in
patient contact studies (Kuliszewski, et al), and the third-
place poster describes a childhood cancer study in New
Hampshire (Ricci, et al).

Once again, it has been a privilege to collaborate with
JRM on this third publication of NAACCR focused articles.
Please note, the findings and conclusions in this report are
those of the authors and do not necessarily represent the
views of the NAACCR or the JRM.

Be well,

Recinda Sherman, PhD, CTR

Guest Editor, Journal of Registry Management

Journal of Registry Management 2022 Volume 49 Number 4



Original Article

Assessment of Interstate Residential Mobility of SEER
Patients: SEER and LexisNexis Residential Address Linkage

Zaria Tatalovich, PhD?; David G. Stinchcomb, MS, MAP; Angela Mariotto, PhD?; Diane Ng, MPHb;
Jennifer L. Stevens, BS; Linda M. Coyle, BSS; Lynne Penberthy, MD, MPH?

Abstract: The National Cancer Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) program is continu-
ously exploring opportunities to augment its already extensive collection of data, enhance the quality of reported cancer
information, and contribute to more comprehensive analyses of cancer burden. This manuscript describes a recent linkage
of the LexisNexis longitudinal residential history data with 11 SEER registries and provides estimates of the inter-state
mobility of SEER cancer patients. To identify mobility from one state to another, we used state postal abbreviations to
generate state-level residential histories. From this, we determined how often cancer patients moved from state-to-state.
The results in this paper provide information on the linkage with LexisNexis data and useful information on state-to-state
residential mobility patterns of a large portion of US cancer patients for the most recent 1-, 2-, 3-, 4-, and 5-year periods. We
show that mobility patterns vary by geographic area, race/ethnicity and age, and cancer patients tend to move less than
the general population.

Key words: data linkage; exposure estimates; residential history; social determinants; Surveillance, Epidemiology, and End Results

(SEER) program

Introduction

The National Cancer Institute’s (NCI's) Surveillance,
Epidemiology, and End Results (SEER) program is a rich
source of cancer related information including diagnostic
data, patient demographics, tumor characteristics, initial
treatment at the time of diagnosis, and outcomes.! The
SEER Program is continuously exploring opportunities to
augment its already extensive collection of data, enhance
the quality of reported cancer information, and contribute
to more comprehensive analysis of cancer burden. The
emerging sources of cancer-related data coupled with novel
technologies for data extraction and linkage present an
opportunity for cancer registries to integrate larger-scale
longitudinal data pre-and post-diagnosis into the existing
cancer surveillance data infrastructure.

While cancer registries collect the patient’s residential
address at the time of diagnosis, historical and updated
address histories are not generally available. Having residen-
tial history pre- and post- cancer diagnosis would facilitate
data linkages with multiple sources of longitudinal data,
enhance the quality of data linkage in the absence of patient
identifier information, and provide research opportunities
to investigate the association of exposures to neighborhood
social and environmental conditions with risks of devel-
oping cancer over the life course?” as well as the impact
of a cancer diagnosis on cancer survivorship issues.?810
For example, incorporating residential history records into
cancer research can enhance our understanding of the
impacts of neighborhood sociodemographic and physical
conditions, poverty and social deprivation, accessibility
to healthcare resources, quality and availability of cancer

care, tobacco and alcohol consumption, food environments,
and contaminants in water, soil, and air at various places
of residence on cancer risk and outcomes Once diagnosed
with cancer, patients may move for a variety of reasons:
to be closer to their families, for better access to treatment,
or for other survivorship considerations,’ or as a result of
losing a job due to poor health or disability. Until recently,
individual residential history data have been difficult and
expensive to obtain. Studies requiring residential history
records for cancer patients often relied on patient’s self-
reported addresses, introducing recall bias with no means of
assessing this error, or incomplete addresses derived from
electronic medical records, introducing collection bias.!!
Increasingly, commercial resources of residential history
data such as LexisNexis!? offer easier access to, and more
complete, individual address information, which presents
an opportunity for cancer control research community to
reconstruct residential histories of cancer patients.

In 2016, NCI sponsored a pilot study to assess the
accuracy and completeness of residential history data
provided by three vendors including LexisNexis, compared
to self-reported address from 66 volunteer participants at
NCI and NIEHS who represented varying age and migra-
tory history. Of the three vendors, LexisNexis was identified
as a source of the most complete, accurate, and available
residential history data dating back to the 1980s.1® Other
studies, limited to a single registry, conducted assessment
of LexisNexis residential history data®!! and concluded that
LexisNexis address records can be used for reconstructing
residential histories in cancer surveillance and epidemio-
logical research.

aSurveillance Research Program, Division of Cancer Control and Population Sciences, National Cancer Institute, Rockville, Maryland. ® Westat, Inc, Rockville,

Maryland. ¢Information Management Services (IMS), Inc, Calverton, Maryland.

Address correspondence to Zaria Tatalovich, PhD, 9609 Medical Center Dr, Rockville, MD 20850. Email: tatalovichzp@mail.nih.gov.
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This manuscript describes a recent enhanced linkage
of the LexisNexis longitudinal residential history data with
11 SEER registries and provides estimates of the inter-state
mobility of SEER cancer patients based on this linkage.
Because most data received by cancer registries are within
the state, knowing how often cancer patients move out of
the state of diagnosis can inform the percent of patients
that may not be linking to state data. To our knowledge, no
study has investigated the inter-state mobility patterns of a
large population based database of cancer patients.

Methods

Linkage

LexisNexis maintains a commercially available data-
base containing information from a variety of data sources
on more than 276 million US individuals.!? Based on the
prior linkage with LexisNexis,'® 11 SEER registries (10 state
registries and one metropolitan-area registry (Seattle)) who
had already established confidentiality agreements with
LexisNexis were included in this study. We included cancer
patients who were at least 21 years old and had been diag-
nosed between 2009 and 2015 because the residential history
data for younger ages and earlier diagnoses years were not
as complete. Death certificate only cases were excluded
since only limited address information is available for these
cases. The cohort included approximately 3,247,000 cancer
patients. For each cancer patient in the cohort, the following
data items were sent to LexisNexis to conduct the linkage:
first name, middle name, last name, suffix, Social Security
Number (SSN), address at diagnosis (street, city, state and
zip code), date of birth and phone number. The linkage was
conducted in 2019. The percentage of cases in the SEER data
with a complete SSN was approximately 96%.

Developing Residential Histories and Conducting State-
to-State Mobility Analysis

Data returned by LexisNexis included any address
associated with an individual and a range of dates when
that address was used. The data often contained multiple
records for the same residence with minor differences,
multiple unique residence records for overlapping time
periods, or a gap in residence records during the time
period. To construct each patient’s residential history, i.e. a
single address at any particular time point, the data needs
to be reconciled and adjusted for overlaps and gaps in
addresses. To identify mobility from one state to another, we
used state postal abbreviations which are rarely misspelled
and can be easily reconciled to generate state-level residen-
tial histories. From this, we determined how often cancer
patients moved from state-to-state. For their final state of
residence, we determined the number of years in this state
and noted patients that moved to a different state within
1 year, 2 years, 3 years, 4 years, and 5 years. From this
we calculated the state-level move rates as the percent of
patients who have moved to a different state within the
most recent number of years. Note that this time period
varies for each patient depending on the end date of the
most recent address returned by LexisNexis. These time
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periods are looking backwards in time from the most recent
residence reported by LexisNexis and, thus, include resi-
dence periods both before and after the date of diagnosis.
For this study, we looked only at the LexisNexis address
data, so we were not able to differentiate between pre- and
post-diagnosis locations.

For the United States, data on the residential mobility
of the general population is available from the Census
Bureau!* and these data have been analyzed for older
adults.’®> We used 5-year data from the Census Bureau’s
American Community Survey for 2015-2019 to calculate
state-level move rates for the general population stratified
by geographic area, sex, race/ethnicity and age group. Since
the cancer patients are generally older than the general
population and previous studies have shown that older
adults move frequently, we used age group profiles of the
cancer population to create weighted state-level move rates.
These rates provide estimates of the state-level move rates
for a subset of the general population with matching age
profiles.

Results

As shown in Table 1, LexisNexis was able to link and
return address information on 3,117,258 (98.5%) of the
patients sent for linkage. We received up to the maximum
of 20 address records for each patient, with an average of
7.7 records per patient. The percentage linked by registry
was highest for Connecticut, Georgia, Kentucky, Louisiana,
Seattle, and Utah (over 99%) and lowest for New York
(97.7%). Linkage rates were very similar by sex but were
lower for the non-Hispanic Asian and Pacific Islander
API (94.3%) and Hispanic (95.7%) patients. By age at first
diagnosis, linkage rates were highest for those diagnosed
between 50 and 64 years (98.9%) and were lowest for
patients diagnosed at the youngest (97.5%) and oldest
(97.1%) age groups. By diagnosis year, linkage rates were
very similar.

The percentage of cancer patients who moved to a
different state within the most recent 1 year, 2 years, 3 years,
4 years, and 5 years is shown in Table 2 for 11 SEER registry
areas. About 1 percent or less of cancer patients have moved
to a different state within the most recent 1 year; whereas
between 2.5 and 4.7 percent have moved within the last 5
years. Cancer patients in New York have the most state-to-
state moves and patients in Louisiana have the least. Among
cancer patients in these registries, females move from state-
to-state a bit more often than males. By race/ethnic groups,
non-Hispanic API patients move from state-to-state the
most frequently with non-Hispanic White patients moving
the least often. As expected, younger patients move from
state-to-state more often than older patients.

For comparison, Table 2 includes state-level move
rates for the general population. The unweighted state-level
move rates of the general population are generally higher
that the state-level move rates for the cancer population.
The weighted move rates which estimate the state-level
move rates for a subset of general population with matching
age profiles are also generally higher than those for cancer
patients. By registry area, the exceptions are the states of
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Table 1. SEER Residential History Data Linkage Results
by Registry, Demographic Characteristics,
and Diagnosis Year

No. linked and

No. patients returned with address

Table 1, cont. SEER Residential History Data Linkage
Results by Registry, Demographic Characteristics, and
Diagnosis Year

No. linked and

No. patients returned with address

g information (%) g information (%)

Total 3,226,404 3,177,258 (98.5) Age at first diagnosis (y)

Registry 20-24 18,386 17,919 (97.5)
California 1,093,698 1,072,072 (98.0) 25-29 34,396 33,719 (98.0)
Connecticut 149,405 148,344 (99.3) 30-34 50,703 49,818 (98.3)
Georgia 332,737 330,892 (99.4) 35-39 70,902 69,765 (98.4)
lowa 123,331 122,072 (99.0) 40-44 118,189 116,448 (98.5)
Idaho 54,252 53,694 (99.0) 45-49 187,984 185,493 (98.7)
Kentucky 186,414 185,233 (99.4) 50-54 289,516 286,192 (98.9)
Louisiana 172,361 171,319 (99.4) 55-59 370,108 365,919 (98.9)
New Mexico 64,062 63,245 (98.7) 60-64 437,590 432,652 (98.9)
New York 792,594 774,250 (97.7) 65-69 457,842 452,263 (98.8)
Seattle 184,198 183,138 (99.4) 70-74 384,928 379,158 (98.5)
Utah 73,352 72,999 (99.5) 75-79 318,363 312,503 (98.2)

Sex 80-84 249,814 244,727 (98.0)
Male 1,559,511 1,537,859 (98.6) >85 237,674 230,677 (97.1)
Female 1,666,450 1,638,969 (98.4) Unknown 9 5 (55.6)
Other/unknown 443 430 (97.1) Diagnosis year

Race/ethnicity 2009 466,879 459,564 (98.4)
NH White 2,309,662 2,292,590 (99.3) 2010 458,222 451,186 (98.5)
NH Black 335,079 329,553 (98.4) 2011 461,623 454,724 (98.5)
NH AI/AN 14,152 14,024 (99.1) 2012 456,053 449,496 (98.6)
NH API 184,377 173,879 (94.3) 2013 457,223 450,333 (98.5)
Hispanic 346,317 331,587 (95.7) 2014 460,335 453,408 (98.5)
Unknown 36,817 35,625 (96.8) 2015 466,069 458,547 (98.4)

AI/AN, American Indian and Alaska Native; API, Asian/Pacific Islander; NH, non-Hispanic.

California and New York where cancer patients have higher
state-to-state move rates than their counterparts in the
general public. By race/ethnicity, the exceptions are non-
Hispanic API and Hispanic cancer patients.

Discussion

This paper demonstrates the feasibility of obtaining
residential histories for almost all adult cancer patients diag-
nosed in recent years in SEER. In addition, this is the first
large-scale assessment of the state-to-state mobility patterns
of US cancer patients covering 30% of the US population
and can provide some initial insights into how often cancer
patients move between states for different geographic
areas. Knowledge of state-to-state move patterns for cancer
patients plays an important role for understanding the need
to include out of state data in data linkages. For example,
requests for supplemental prescription drug data for a given

Journal of Registry Management 2022 Volume 49 Number 4

state registry can include data from neighboring states with
significant move rates.

There is some geographic variation in the state-to-
state move rates with New York rates being the highest
and Louisiana rates being the lowest. There is also some
variation by race/ethnicity with non-Hispanic API rates
the highest and non-Hispanic White rates the lowest. Older
cancer patients move less frequently than younger patients.
This is consistent with previous studies that indicate older
adults move less frequently.!> Comparison of the state-to-
state move rates of cancer patients with that of the general
public show generally lower rates for cancer patients.
However, state-to-state move rates were in general very
low and under 5%, indicating that less than 5% of cancer
patients will be missed in state specific data linkages.

This study has limitations. We focused on state level
moves as a first step to identify the need to acquire and
link with out-of-state data. We only included 11 registries
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Table 2. State-Level Move Rates for Cancer Patients by Registry and by Demographic Characteristics for the Most Recent
1-Year to 5-Year Periods with Comparative 1-Year Move Rates for the General Population

g g _y One-year state move rates for
Percent of cancer patients who moved to a different state within the most recent N years? Y -

general population®
1y 2y 3y 4y 5y Unweighted Weighted?
Registry
California 0.95 1.6 2.4 3.2 3.9 1.30 0.78
Connecticut 0.78 1.5 2.3 3.3 4.2 2.31 1.21
Georgia 0.77 1.4 2.0 2.8 3.5 2.75 1.78
Idaho 0.77 1.5 2.3 3.2 4.2 4.33 3.14
lowa 0.51 1.0 1.5 2.1 2.7 2.50 1.16
Kentucky 0.57 1.0 1.6 2.1 2.8 2.46 1.28
Louisiana 0.50 0.9 1.4 2.0 2.5 1.70 1.00
New Mexico 0.75 1.5 2.4 3.3 4.3 2.92 2.08
New York 1.06 1.9 2.7 3.7 4.7 1.34 0.62
Seattle 0.80 1.6 2.4 3.2 4.1 3.49 1.88
Utah 0.72 1.5 2.3 3.2 4.1 3.26 2.29
Sex
Male 0.80 1.4 2.1 2.8 3.6 1.94 1.80
Female 0.93 1.7 2.5 3.4 4.2 1.81 1.95
Race/ethnicity
NH White 0.71 1.3 2.0 2.7 3.4 2.18 2.22
NH Black 0.85 1.5 2.3 3.1 4.0 1.97 1.87
NH AP 2.00 3.1 4.2 5.5 7.0 1.87 1.52
NH AI/AN @ 0.78 1.4 2.1 2.8 3.5 1.75 1.71
Hispanic 1.30 2.1 3.0 4.2 5.3 1.07 0.79
Age at diagnosis (y)
20-24 2.45 5.3 8.3 11.7 15.2 4.24 4.26
25-29 2.16 4.6 7.1 9.8 12.6 3.93 3.96
30-34 1.62 3.5 5.4 7.6 9.7 2.78 2.80
35-39 1.28 2.6 4.0 5.6 7.2 1.98 1.99
40-44 1.15 2.1 3.3 4.5 5.8 1.46 1.45
45-49 0.98 1.9 2.9 3.9 4.8 1.18 1.17
50-54 0.91 1.7 2.6 3.5 4.4 1.07 1.07
55-59 0.85 1.6 2.4 3.3 4.1 0.98 0.99
60-64 0.81 1.5 2.2 3.1 3.8 0.98 0.99
65-69 0.74 1.3 2.0 2.7 3.4 0.92 0.94
70-74 0.73 1.2 1.8 2.4 3.0 0.82 0.83
>75 0.78 1.2 1.6 2.1 2.7 0.81 0.79

1. Source: state-level residential history of cancer patients included in the SEER-LN linkage ages 21 and older diagnosed between 2009 and 2015.
2. Source: Census American Community Survey moves from a different state within the last year, 5 year results 2015-2019.

3. Census results are weighted by the age-group profiles of the cancer patients in each of the registry areas.

4. Bridged race/ethnicity categories for non-Hispanic (NH) Black, NH API, and NH AIAN are not available in Census tables. Because of this., move
rates for NH Black cancer patients are compared with the single-race Black population of any Hispanic origin; NH API with single-race API of any
Hispanic origin, and NH AIAN with single-race AIAN of any Hispanic origin.
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representing 30% of the US population. A recent study
showed that LexisNexis address information near the time
of death may not be accurate.'®

The results in this paper provide information on the
linkage with LexisNexis data and useful information on
state-to-state residential mobility patterns of a large portion
of US cancer patients for the most recent 1-year, 2-years,
3-years, 4-years, and 5-years. Mobility patterns vary by
geographic area, race/ ethnicity and age. Finally, cancer
patients tend to move less than the general population.

Work is currently being done to develop an algorithm
to construct detailed residential histories that identify
unique addresses for a patient with a single address at
any particular time point. Once the complete residential
history data is created and validated, it will be a unique
and valuable resource for extending our understanding of
the residential mobility of cancer patients throughout the
cancer control continuum as well as providing research
opportunities to investigate the association of exposures on
outcomes.
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Original Article

Early COVID-19 Hospitalizations Among New York
State Residents with a History of Invasive Cancer

Xiuling Zhang, PhD?; Margaret Gates Kuliszewski, ScD#?; Amy R. Kahn, MS?; Maria J. Schymura, PhD#*?

Abstract: Background: Individuals with a history of cancer may be more susceptible to severe COVID-19 due to immuno-
suppression, comorbidities, or ongoing treatment. We linked inpatient claims data on COVID-19 hospitalizations to cancer
diagnoses from the New York State Cancer Registry (NYSCR) to examine associations between prior cancer diagnoses and
hospitalizations for COVID-19, and factors associated with death at discharge after COVID-19 hospitalization. Methods:
New York State (NYS) residents diagnosed with invasive cancer before July 1, 2021, who were alive on January 1, 2020,
were identified from NYSCR data. We obtained claims data for discharge year 2020 and the first half of 2021 from NYS's
Statewide Planning and Research Cooperative System (SPARCS), and we linked inpatient records with COVID-19 as the
primary diagnosis to cancer data from the NYSCR using deterministic matching methods. We calculated descriptive statis-
tics and conducted multivariable-adjusted logistic regression analyses to examine associations of cancer case characteristics
with COVID-19 hospitalization and with vital status at discharge among patients with a history of cancer. All analyses were
conducted in SAS 9.4. Results: Our analysis included 1,257,377 individuals with a history of cancer, 10,210 of whom had
a subsequent primary COVID-19 hospitalization. Individuals with a history of cancer were 16% more likely to be hospi-
talized with COVID-19, compared to the general population of NYS, after adjusting for age and sex (95% CI, 14%-19%).
Factors independently associated with COVID-19 hospitalization among cancer patients included older age, male sex,
non-Hispanic Black race or Hispanic ethnicity, diagnosis with late-stage cancer or with multiple tumors, more recent
cancer diagnosis, and New York City (NYC) residency at the time of cancer diagnosis. Factors independently associated
with death at discharge among individuals with COVID-19 hospitalization and a prior cancer diagnosis included older
age, male sex, non-Hispanic Black or non-Hispanic Asian/Pacific Islander race or Hispanic ethnicity, residence in NYC at
the time of COVID-19 hospitalization, and an active cancer diagnosis claim code at the time of COVID-19 hospitalization.
Conclusion: This claims-based study identified higher risks of COVID-19 hospitalization and death at discharge among
individuals with a history of cancer, and particularly those in certain demographic and diagnostic groups.

Key words: Cancer, claims, COVID-19, hospitalization, New York State

Introduction

Cancer is a major public health issue worldwide. In
the United States, there were an estimated 18.1 million
individuals with any history of cancer (excluding basal cell
or squamous cell skin cancers and in situ cancers other than
urinary bladder) as of January 1, 2022, representing approxi-
mately 54% of the total US population.!? Individuals
with a history of cancer may be more susceptible to severe
COVID-19 due to immunosuppression, comorbidities, or
ongoing treatment. Cancer is one of several underlying
medical conditions that is considered to be conclusively
associated with higher risk for severe COVID-19, based on
a review of the literature by the Centers for Disease Control
and Prevention (CDC).34

However, previous studies investigating the relation-
ship between past cancer diagnoses and severe COVID-19
outcomes, including hospitalization and death, have had
mixed results. Several studies observed that patients with

a cancer history had a significantly higher risk for severe
COVID-19 outcomes,>!? while others did not'*'* or only
found that patients with a recent cancer diagnosis or those
who had received recent cancer treatment were at a higher
risk of severe outcomes of COVID-19.15-16

The New York State (NYS) Statewide Planning and
Research Cooperative System (SPARCS) is a comprehensive
all-payer database that captures patient-level information
for all encounters from hospital inpatient and outpatient
visits, making it a valuable resource for data on COVID-19
hospitalizations in NYS."” We conducted a comprehensive
analysis of early COVID-19 hospitalizations among NYS
residents with a history of cancer to examine in detail
associations between cancer history and severe COVID-19
outcomes. We linked claims data on COVID-19 hospi-
talizations from SPARCS to cancer diagnoses from the
New York State Cancer Registry (NYSCR) to assess which
patient demographics, tumor characteristics, and cancer
types were associated with an elevated risk for COVID-19

aNew York State Cancer Registry, New York State Department of Health, Albany, New York. " Department of Epidemiology and Biostatistics, University at Albany

School of Public Health, Rensselaer, New York.

Address correspondence to Margaret Gates Kuliszewski, ScD, New York State Cancer Registry, New York State Department of Health, 150 Broadway, Suite 361,
Albany, NY 12204. Telephone: (518) 474-2255. Email: maggie.gateskuliszewski@health.ny.gov.

This work was supported in part by the Centers for Disease Control and Prevention’s National Program of Cancer Registries through cooperative agreement
6NU58DP006309 awarded to the New York State Department of Health and by Contract 75N91018D00005 (Task Order 75N91018F00001) from the National

Cancer Institute, National Institutes of Health.

114

Journal of Registry Management 2022 Volume 49 Number 4



hospitalization. We then examined associations between
prior cancer diagnosis and death at discharge among all
COVID-19 hospitalizations obtained from SPARCS, as well
as the demographics, tumor characteristics, and cancer
types that were associated with an increased risk of death
at discharge.

Methods

Data Sources and Case Selection

We retrieved data for 1,262,264 patients with a history
of cancer (including 142,114 with more than 1 tumor) from
the NYSCR Surveillance, Epidemiology, and End Results
Data Management System (SEER*DMS) database for NYS
residents who were diagnosed with invasive cancer before
July 1, 2021, and who were alive on January 1, 2020. We
then obtained claims data from SPARCS, which includes
patient-level data on diagnoses from hospital inpatient and
outpatient (ambulatory, emergency department, and outpa-
tient services) visits. We retained data for inpatient claims
only for NYS residents with discharge dates in 2020 and the
first half of 2021 to allow for identification of hospitaliza-
tions related to COVID-19. We retrieved a total of 2,977,403
inpatient claims records meeting these inclusion criteria.

Since there is no direct identifier in the SPARCS data,
we defined an individual using the date of birth (DOB), sex,
and a unique personal identifier (UPI) variable, which is a
combination of the first 2 and last 2 letters of the last name,
the first 2 letters of the first name, and the last 4 digits of
the Social Security number (SSN). When more than 1 claims
record had the same UPI, DOB, and sex, we considered
them to be the same patient. If the SSN component of UPI
was missing, the claims were considered to be from the
same patient if they had the same first 6 characters of the
UPI and the same DOB, sex, and either patient zip code or
both treating facility and medical record number (MRN).
From the 2,977,403 inpatient claims records obtained from
SPARCS, we identified a total of 2,041,781 unique patients.

Linkage Between Cancer Data and SPARCS Claims
Records

We linked SPARCS inpatient records and cancer data
using deterministic matching methods by comparing UPI,
DOB, sex, reporting facility identifier (PFI), MRN, and
patient zip code at diagnosis. The linkage process included
9 sequential steps, followed by manual review to resolve
duplicate matches. The 9 steps included linkage of records
with: (1) same UPI, DOB, and sex; (2) same UPI, DOB, PFI,
and MRN; (3) same UP], sex, PFl, and MRN; (4) same UP],
DOB, and zip code; (5) same UPI and DOB; (6) same UP],
sex, and either same birth year or same birth month and
day; (7) same UPI without SSN, plus same DOB, sex, PFI
and MRN; (8) same UPI without SSN, plus same PFI and
MRN; and (9) same UPI without SSN, plus same DOB, sex,
and zip code.

Of the 1,262,264 cancers retrieved from SEER*DMS, we
excluded 4,715 with unknown or implausible age (defined
as >110 years), where age was calculated as the difference
between the patient’s date of birth and either the earliest
admission date from SPARCS or, for unlinked cases, the
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date of the midpoint of the study period (September 1,
2020). We additionally excluded 172 cases with nonmale/
nonfemale sex, due to the small number of these cases.
After these exclusions, a total of 1,257,377 cancers were
included in the study. Of these, 251,304 (20.0%) matched
with 1 or more SPARCS inpatient claims records, among
which we identified 30 duplicate matches where 2 cancer
cases matched to the same inpatient claims record(s). After
manual review, we removed 1 case from each duplicate. We
also removed 3,878 ineligible matches because their date of
cancer diagnosis was later than the date of admission from
inpatient claims records, indicating that they had not been
diagnosed with cancer prior to the time of their hospitaliza-
tion. The remaining 247,398 (19.7%) were considered to be
good matches, while 1,009,979 cancer cases (80.3%) did not
have a documented hospitalization during the time frame
of interest.

Identification of COVID-19 Hospitalizations

We identified COVID-19 hospitalizations using
International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) primary diagnosis code U07.1
for discharge year 2020 and the first half of 2021 and code
B97.29 for discharge dates from January 1 to March 31,
2020.'® When a COVID-19 diagnosis code was the principal
diagnosis on 1 or more linked inpatient claims records for
a patient, it was counted as 1 COVID-19 hospitalization,
and only the record with the earliest admission date was
included in the analysis. Among the 2,041,781 patients
with a hospitalization during the time frame of interest,
we identified COVID-19 as a principal diagnosis code
for 77,338 cases. Four of these cases had unknown sex
and were excluded, leaving a total of 77,334 COVID-19
hospitalizations for analysis, including 10,210 COVID-19
hospitalizations among linked cancer cases.

Statistical Analysis

We calculated descriptive statistics for cancer patients
with (vs without) COVID-19 hospitalization for the
following demographic and tumor characteristics: age, sex,
race/ ethnicity, region of residency (New York City [NYC]
or the rest of NYS, categorized based on address at cancer
diagnosis from SEER*DMS), stage, history of multiple
tumors, and time since cancer diagnosis. We used %2 tests to
examine statistically significant differences in the distribu-
tion of each covariate by COVID-19 hospitalization status
and student’s ¢ test to examine differences in mean age by
COVID-19 hospitalization.

We conducted multivariable-adjusted logistic regres-
sion analyses to calculate odds ratios (OR) and 95% Cls for
associations between the above-mentioned variables and
COVID-19 hospitalization among patients with a history of
cancer. All variables examined were significantly associated
with COVID-19 hospitalization and were adjusted for in the
final model. For patients with a history of 2 or more invasive
tumors, we included only the most recent invasive tumor in
the analysis, based on the assumption that the more recently
diagnosed tumor would have had a greater impact on the
patient’s recent health.
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Next, we examined COVID-19 hospitalization by
cancer type to determine if patients with a history of certain
cancers were more likely to be hospitalized with COVID-19.
We categorized cancer diagnoses into 24 cancer types: oral
cavity and pharynx; esophagus; stomach; colorectal; liver
and intrahepatic bile duct; pancreas; larynx; lung and bron-
chus; melanoma; breast; cervix uteri; corpus uterus and not
otherwise specified (NOS); ovary; prostate; testis; urinary
bladder (including in situ); kidney and renal pelvis; brain
and other nervous system; thyroid; Hodgkin lymphoma;
non-Hodgkin lymphomas; myeloma; leukemias; and other
malignancies of hematopoietic or lymphopoietic origin.
We included in situ urinary bladder cancers in the analysis
based on the SEER rules for determining multiple primary
cancers and for calculating incidence rates, which specify
that in situ bladder cancers are counted along with invasive
cancers when reporting bladder cancer incidence (and for
no other type of cancer).

We calculated the ratio of observed to expected (O/E)
COVID-19 hospitalizations among cancer cases overall
and by cancer type. We estimated the expected counts of
COVID-19 hospitalizations using age- and sex-specific rates
of COVID-19 hospitalization among NYS residents, which
were calculated by dividing age- and sex-specific counts of
hospitalizations in NYS from SPARCS by the corresponding
age- and sex-specific population counts for NYS from
the 2019 American Community Survey 1-year popula-
tion estimates. We then calculated the expected number
of COVID-19 hospitalizations by cancer type by applying
these age- and sex-specific proportions of COVID-19 hospi-
talization for all cancers combined to the observed number
of cancers by age and sex for each individual cancer type.
We used 18 age groups (0-4, 5-9, 10-14, 15-19, 20-24, 25-29,
30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69,
70-74, 75-79, 80-84, and 285 years) and 2 categories of sex
(male and female) for these calculations. We calculated 95%
ClIs for the ratios of observed to expected using the Byar’s
approximation of the exact Poisson distribution.!

Next, we restricted our analysis to all COVID-19
hospitalizations (n = 77,334) retrieved from SPARCS, and
we examined vital status at discharge among patients with
versus without a history of cancer. In addition, among the
patients with a history of cancer, we examined differences
in vital status at discharge by the presence or absence of a
cancer diagnosis claim code in the SPARCS claim record,
where patients with a cancer diagnosis claim code were
considered active cancer cases and those without a cancer
diagnosis claim code were considered inactive cancer cases.
We calculated the crude and age- and sex-adjusted propor-
tions of death for each of these groups, as well as the 95%
CIs, using the SAS STDRATE procedure. The age- and
sex-adjusted proportions of death by cancer status were
calculated using the age- and sex-specific proportions
obtained from all 77,334 COVID-19 hospitalization patients
as a reference, and the age- and sex-adjusted proportions of
death by active status of cancer diagnosis were calculated
using the age- and sex-specific proportions obtained from
the 10,210 COVID-19 hospitalized patients with a history of
cancer as a reference. We used 11 age groups (0-39, 40-44,
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45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84, and
285 years) to adjust for age in these age- and sex-adjusted
calculations.

For the 10,210 patients with COVID-19 hospitalization
and a history of cancer, we calculated descriptive statistics
by vital status at discharge for the following demographic
and tumor characteristics: age, sex, race/ethnicity, region
of residency at COVID-19 hospitalization, stage, history of
multiple tumors, time since cancer diagnosis, and active or
inactive cancer diagnosis based on the presence or absence
of a cancer claim code at the time of COVID-19 hospitaliza-
tion. We used y? tests to examine statistically significant
differences in the distribution of each covariate by vital
status at discharge from hospitalization for COVID-19 and
student’s f test to examine differences in mean age by vital
status at discharge. We conducted multivariable-adjusted
logistic regression analyses to calculate ORs and 95% Cls
for associations between each variable of interest and vital
status at discharge. All variables of interest were included as
covariates in the final multivariable-adjusted model.

Finally, we used methods similar to those described
above to calculate the ratios and 95% Cls of observed to
expected counts of deaths at discharge by cancer type among
individuals with COVID-19 hospitalization and a history of
cancer (n = 10,210). We calculated the expected numbers of
deaths at discharge by using age- and sex-specific propor-
tions of death for all 10,210 patients with a history of cancer,
based on the data retrieved from SPARCS. We then calcu-
lated the expected number of deaths for each cancer type by
applying these age- and sex-specific proportions of death at
discharge to the observed number of COVID-19 hospitaliza-
tions for each cancer type. We calculated 95% Cls for the
ratios of observed to expected deaths at discharge based on
the Byar’s approximation, as described above. All analyses
were performed using SAS 9.4.

Results

The overall ratio of observed versus expected
COVID-19 hospitalizations among NYS residents with a
history of cancer was 1.16 and the 95% CI was 1.14 to 1.19
(results not shown), indicating that individuals with a prior
diagnosis of cancer were 16% more likely to be hospitalized
with COVID-19 compared to the general population of
NYS, after adjusting for age and sex.

Table 1 presents the distribution of demographic and
tumor characteristics of interest for individuals with a
history of cancer by COVID-19 hospitalization status, as
well as multivariable-adjusted ORs and 95% ClIs for each
variable of interest in relation to COVID-19 hospitalization
status. Among individuals with a history of cancer, those
with versus without COVID-19 hospitalization tended to be
older (mean age of 74.0 vs 68.2 years) and were more likely
to be male (55.1% vs 45.9%), non-Hispanic Black (18.9% vs
12.2%), Hispanic (14.3% vs 10.1%), reside in NYC at the time
of their cancer diagnosis (45.6% vs 37.7%), and to have been
diagnosed with distant-stage or systemic cancer (19.4% vs
11.3%), multiple tumors (16.6% vs 11.2%), and within the
past 0 to 2 years (18.0% vs 14.0%) or 3 to 5 years (22.4% vs
19.3%) (all P < .0001).
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Table 1. Distribution of Demographic and Tumor Characteristics of Interest and Multivariable-Adjusted Odds Ratios
(ORs) and 95% Cls for Each Variable of Interest and COVID-19 Hospitalization Status Among 1,257,377 New York State
Residents with a History of Cancer

Cancer cases

with COVID-19

Cancer cases

without COVID-19

Variable hospitalization hospitalization P value* OR (95% CI)** OR (95% CI)***
(n =10,210), (n = 1,247,167),
n (%)
Age in years, mean (SD) 74.0 (12.9) 68.2 (15.2) <.0001
Age group (y) <.0001
0-19 30(0.3) 8,340 (0.7) 0.71 (0.49-1.04) 0.71 (0.48-1.03)
20-29 38 (0.4) 14,798 (1.2) 0.63 (0.45-0.88) 0.62 (0.44-0.88)
30-39 71(0.7) 35,372 (2.8) 0.52 (0.40-0.68) 0.52 (0.40-0.68)
40-49 267 (2.6) 70,967 (5.7) Ref Ref
50-59 841 (8.2) 174,431 (14.0) 1.28 (1.12-1.47) 1.27 (1.11-1.46)
60-69 2,041 (20.0) 314,699 (25.2) 1.73 (1.52-1.96) 1.72 (1.51-1.95)
70-79 3,249 (31.8) 348,433 (27.9) 2.59(2.28-2.93) 2.58 (2.28-2.93)
>80 3,673 (36.0) 280,127 (22.5) 4.00 (3.53-4.54) 4.01 (3.54-4.55)
Sex <.0001
Male 5,627 (55.1) 572,339 (45.9) 1.35 (1.29-1.40) 1.34 (1.29-1.40)
Female 4,583 (44.9) 674,828 (54.1) Ref Ref
Race/ethnicity <.0001
Non-Hispanic White 6,276 (61.5) 882,587 (70.8) Ref Ref
Non-Hispanic Black 1,930 (18.9) 152,041 (12.2) 1.75 (1.66-1.85) 1.91 (1.81-2.01)
Non-Hispanic Asian/Pacific Islander 454 (4.4) 66,127 (5.3) 0.99 (0.89-1.09) 1.09 (0.99-1.20)
Hispanic 1,457 (14.3) 126,327 (10.1) 1.66 (1.56-1.77) 1.83 (1.73-1.94)
Non-Hispanic other/unknown 93 (0.9) 20,085 (1.6) 0.75(0.61-0.93) 0.80 (0.65-0.98)
Region of residency at cancer diagnosis <.0001
New York City 4,655 (45.6) 469,750 (37.7) 1.21(1.16-1.27) NA
Rest of New York State 5,555 (54.4) 777,417 (62.3) Ref Ref
Stage of Cancer <.0001
Local 4,926 (48.2) 626,011 (50.2) Ref Ref
Regional 1,628 (15.9) 205,539 (16.5) 1.09 (1.03-1.15) 1.09 (1.03-1.15)
Distant 1,983 (19.4) 141,262 (11.3) 1.69 (1.61-1.79) 1.67 (1.61-1.79)
Unknown stage 1,673 (16.4) 274,355 (22.0) 0.79 (0.75-0.84) 0.80 (0.75-0.84)
Multiple Tumors <.0001
No 8,512 (83.4) 1,106,958 (88.8) Ref Ref
Yes 1,698 (16.6) 140,209 (11.2) 1.23 (1.16-1.30) 1.23 (1.16-1.29)
Time since cancer diagnosis <.0001
0-2 years (2019-2021) 1,840 (18.0) 174,494 (14.0) 1.53 (1.44-1.62) 1.51 (1.42-1.61)
3-5 years (2016-2019) 2,285 (22.4) 240,208 (19.3) 1.42 (1.34-1.50) 1.41 (1.33-1.49)
6-10 years (2012-2016) 2,404 (23.5) 284,264 (22.8) 1.25(1.19-1.32) 1.25(1.18-1 .32)
>10 years (1976-2011) 3,681 (36.1) 548,201 (44.0) Ref Ref

*P-values from x? tests for categorical variables and student’s t test for mean age.
**Analyses mutually adjusted for all variables in the table.
***Analyses mutually adjusted for all variables in the table with the exception of region of residence at cancer diagnosis.
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Table 2. Ratio and 95% CI of Observed to Expected Number of COVID-19 Hospitalizations Among Individuals with a
History of Cancer by Cancer Type

Cancer type

Number of

observed COVID-19

hospitalizations

Number of

expected COVID-19

hospitalizations*

Ratio of observed to

expected (95% CI)

Brain and other nervous system 58 70 0.83 (0.63-1.07)
Breast 1,427 1,816 0.79 (0.75-0.83)
Cervix uteri 74 102 0.73 (0.57-0.91)
Colorectal 889 836 1.06 (0.99-1.14)
Corpus uterus and NOS 408 402 1.02 (0.92-1.12)
Esophagus 46 44 1.05 (0.77-1.41)
Hodgkin lymphoma 54 73 0.74 (0.56-0.97)
Kidney and renal pelvis 437 339 1.29 (1.17-1.41)
Larynx 71 71 1.01 (0.79-1.27)
Leukemias 491 257 1.91 (1.74-2.09)
Liver and intrahepatic bile duct 115 80 1.44 (1.19-1.72)
Lung and bronchus 852 552 1.54 (1.44-1.65)
Melanoma 268 448 0.60 (0.53-0.67)
Multiple myeloma 268 121 2.21(1.95-2.49)
Non-Hodgkin lymphomas 586 424 1.38 (1.27-1.50)
Oral cavity and pharynx 172 204 0.84 (0.72-0.98)
Other malignancies of hematopoietic or lymphopoietic origin 243 166 1.46 (1.29-1.66)
Ovary 94 102 0.93 (0.75-1.13)
Pancreas 100 98 1.02 (0.83-1.25)
Prostate 2,070 2,396 0.86 (0.83-0.90)
Stomach 127 122 1.04 (0.87-1.24)
Testis 36 84 0.43 (0.30-0.59)
Thyroid 257 367 0.70 (0.62-0.79)
Urinary bladder, including in situ 550 549 1.00 (0.92-1.09)

NOS, not otherwise specified. *Number of expected COVID-19 hospitalizations was calculated using the age- and sex-specific numbers of hospitaliza-

tions for all cancers combined.

In multivariable-adjusted logistic regression analyses,
we observed lower odds of COVID-19 hospitalization
among younger age groups and increased odds among
older age groups, with the highest odds among individuals
ages 60 years and older. Compared to individuals aged
40-49 years, the ORs (95% Cls) were 1.73 (1.52-1.96) for
individuals ages 60-69 years, 2.59 (2.28-2.93) for individuals
ages 70-79 years, and 4.00 (3.53-4.54) for individuals 80
years of age and older. In addition, we observed increased
odds for males versus females (OR, 1.35; 95% CI, 1.29-1.40)
and for non-Hispanic Black (OR, 1.75; 95% CI, 1.66-1.85)
and Hispanic (OR, 1.66; 95% CI, 1.56-1.77) versus non-
Hispanic White individuals. Risk was also increased for
individuals who resided in NYC at the time of cancer diag-
nosis versus the rest of NYS (OR, 1.21; 95% CI, 1.16-1.27);
individuals with regional stage (OR, 1.09; 95% CI, 1.03-1.15)
or distant stage (OR, 1.69; 95% CI, 1.61-1.79) versus local
stage disease; and individuals with multiple cancers versus
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a single cancer (OR, 1.23; 95% CI, 1.16-1.30). Individuals
with more recent cancer diagnosis had higher risk, with
increasing odds for decreasing time since cancer diagnosis.
Compared to individuals whose most recent cancer was
diagnosed more than 10 years in the past, the ORs were
1.53 for cancers diagnosed in the past 0-2 years (95% CI,
1.44-1.62); 1.42 for 3-5 years (95% CI, 1.34-1.50); and 1.25 for
6-10 years (95% CI, 1.19-1.32).

Since region of residency (NYC or rest of NYS) was
determined based on address at cancer diagnosis and not
address at the time of the COVID-19 pandemic, due to its
unavailability for individuals without a linked record in
the SPARCS data, we also considered models that did not
adjust for region of residence. We obtained very similar
results (displayed in column 6 of Table 1) to those obtained
from the analysis adjusted for region of residency for all
covariates except race/ethnicity. After removing region of
residency from the model, the associations with COVID-19
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Figure 1. Ratio and 95% CI of Observed to Expected Number of COVID-19 Hospitalizations Among Individuals with a
History of Cancer by Cancer Type
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hospitalization were strengthened for non-Hispanic Black
(OR, 1.91; 95% CI, 1.81-2.01) and Hispanic individuals (OR,
1.83; 95% CI, 1.73-1.94) compared to non-Hispanic White
individuals.

Table 2 and Figure 1 display the observed versus
expected counts of COVID-19 hospitalizations among indi-
viduals with a history of cancer by cancer type, where the
expected numbers were determined based on age- and sex-
adjusted proportions for all cancers combined. We observed
a statistically significant higher than expected number of
COVID-19 hospitalizations for several cancers including
kidney and renal pelvis cancer (O/E, 1.29; 95% CI, 1.17-
1.41), leukemias (O/E, 1.91; 95% CI, 1.74-2.09), liver and
intrahepatic bile duct cancer (O/E, 1.44; 95% CI, 1.19-1.72),
lung and bronchus cancer (O/E, 1.54; 95% CI, 1.44-1.65),
myeloma (O/E, 2.21; 95% CI, 1.95-2.49), non-Hodgkin
lymphomas (O/E, 1.38; 95% CI, 1.27-1.50), and other malig-
nancies of hematopoietic or lymphopoietic origin (O/E, 1.46;
95% ClI, 1.29-1.66). We observed a statistically significant
lower than expected number of COVID-19 hospitalizations
for breast cancer (O/E, 0.79; 95% CI, 0.75-0.83), cervix uteri
cancer (O/E, 0.73; 95% Cl, 0.57-0.91), Hodgkin lymphoma
(O/E, 0.74; 95% CI, 0.56-0.97), melanoma (O/E, 0.60; 95%
CI, 0.53-0.67), oral cavity and pharynx cancer (O/E, 0.84;
95% CI, 0.72-0.98), prostate cancer (O/E, 0.86; 95% ClI,
0.83-0.90), testis cancer (O/E, 0.43; 95% CI, 0.30-0.59), and
thyroid cancer (O/E, 0.70; 95% CI, 0.62-0.79).

Table 3 shows the age- and sex-adjusted proportions
of death at discharge among all COVID-19 hospitalizations
retrieved from SPARCS, by cancer status. The adjusted
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percentage of individuals with death at discharge was
higher among individuals with a prior cancer diagnosis
(17.6%) compared to those with no prior cancer diagnosis
(15.5%) (P < .0001). Among the individuals with a prior
cancer diagnosis, we observed a higher adjusted percentage
with death at discharge among individuals with a cancer
diagnosis claim code at the time of COVID-19 hospitaliza-
tion (27.1%) compared to those with no cancer diagnosis
claim code (20.8%) (P < .0001).

Table 4 displays the distribution of different
demographic and tumor characteristics of interest and
multivariable-adjusted ORs and 95% ClIs for each variable
in relation to death at discharge among 10,210 individuals
with COVID-19 hospitalization and a prior cancer diagnosis.
Comparing individuals who were deceased at discharge
with those who were not, there were higher percentages
of individuals aged 80 years and over, individuals who
were male, non-Hispanic Black, non-Hispanic Asian/Pacific
Islander (API), Hispanic, living in NYC, diagnosed with
distant-stage or unknown-stage cancer or with multiple
tumors, or who had active cancer diagnosis claim codes (all
P <.01).

In multivariable-adjusted logistic regression analyses
for the associations with death at discharge, we observed
increased odds among older age groups, with increasing
odds corresponding to increasing age. Compared to indi-
viduals 40-49 years of age, we observed ORs (95% CI) of 2.16
(1.41-3.29) for individuals aged 60-69 years, 3.02 (1.99-4.58)
for those aged 70-79 years, and 4.85 (3.19-7.38) for those
aged 80 years and older. The ORs for younger individuals
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Table 3. Crude and Age- and Sex-Adjusted Proportions of Death at Discharge Among 77,334 COVID-19 Hospitalizations
for NYS Residents Retrieved from SPARCS, by Cancer Status, and Among 10,210 COVID-19 Hospitalizations Among NYS
Residents with a History of Cancer, by Active Status of Cancer

Deceased
at discharge
(n)

Crude
proportion*

Cancer status Total N

Adjusted

. 95% CI
proportion** 4

No prior cancer diagnosis 9,835 67,124 14.65 15.54 0.16 15.24 15.85
Prior cancer diagnosis 2,328 10,210 22.80 17.62 0.46 16.73 18.52
Inactive cases (no cancer 1,535 7,077 21.69 20.75 0.53 19.70 21.79
diagnosis claim code)
Active cases (with cancer 793 3,133 25.31 27.10 0.99 25.16 29.05
diagnosis claim code)

NYS, New York State; SPARCS, Statewide Planning and Research Cooperative System.

*¥2 P < .0001 for differences between crude proportions by cancer status and by active status of cancer.

**Adjusted proportions were calculated using SAS STDRATE with the direct standardization method. Age- and sex-specific proportions of deaths for
77,334 COVID-19 hospitalizations were used as the reference in the calculation of adjusted proportions by cancer status, and age- and sex-specific
proportions of deaths for 10,210 COVID-19 hospitalizations with prior cancer were used as the reference in the calculation of adjusted proportions
by active status of cancer. x* P < .0001 comparing individuals with versus without prior diagnosis of cancer and comparing active and inactive cancer

diagnoses.

were not statistically significant, and for individuals aged
0-19, the OR was not estimable due to the number of deaths
in this age group. In addition, we observed increased odds
of death at discharge for males versus females (OR, 1.33;
95% CI, 1.20-1.46); non-Hispanic Black (OR, 1.32; 95% ClI,
1.16-1.51), non-Hispanic API (OR, 1.39; 95% CI, 1.11-1.75),
and Hispanic individuals (OR, 1.28; 95% CI, 1.11-1.49)
compared to non-Hispanic White individuals. In addition,
odds of death at discharge were increased for individuals
living in NYC at the time of COVID-19 hospitalization
(OR, 1.26; 95% ClI, 1.13-1.40) compared to the rest of NYS;
and individuals with an active cancer diagnosis claim code
(OR, 1.39; 95% ClI, 1.23-1.58) compared to those with no
cancer diagnosis claim code. We did not observe statistically
significant associations with death at discharge for stage of
cancer or presence of multiple tumors (all P > .05). For time
since cancer diagnosis, there was a suggestion of decreased
odds of death at discharge for individuals diagnosed 6-10
years in the past, compared to those diagnosed more than 10
years previously (OR, 0.87; 95% CI, 0.76-0.99), but, overall,
the association with time since cancer diagnosis was not
statistically significant (P = .11).

Table 5 and Figure 2 show the observed versus expected
numbers of deaths at discharge for COVID-19 hospitaliza-
tion among individuals with a history of cancer by cancer
type, where the expected numbers of deaths were deter-
mined based on the age- and sex-specific counts for all
10,210 COVID-19 hospitalizations with a history of cancer.
We did not observe a higher than expected number of deaths
at discharge for any cancer type. However, we observed a
lower than expected number of deaths at discharge for
breast cancer (O/E, 0.73; 95% CI, 0.64-0.82), corpus uterus
and NOS (O/E, 0.76; 95% CI, 0.60-0.96), melanoma (O/E,
0.64; 95% ClI, 0.47-0.85), and thyroid cancer (O/E, 0.67; 95%
CI, 0.47-0.93), after adjustment for age and sex.
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Discussion

In this population-based analysis, we linked data on
all NYS residents who had a history of invasive cancer and
were alive immediately prior to the start of the COVID-19
pandemic with claims data on hospitalizations for COVID-19
in 2020 and the first half of 2021. We observed that indi-
viduals with a history of cancer were 16% more likely to
be hospitalized for COVID-19, compared to the general
population of NYS. Factors independently associated with
COVID-19 hospitalization among cancer patients included
older age, male sex, non-Hispanic Black race or Hispanic
ethnicity, diagnosis with late-stage cancer or with multiple
tumors, more recent cancer diagnosis, and NYC residency at
the time of cancer diagnosis. In addition, we observed that
individuals with a history of cancer were more likely to die
while hospitalized for COVID-19, compared to those with
no prior cancer diagnosis, and among individuals with a
history of cancer, those with a cancer diagnosis claim code
(indicating an active cancer diagnosis) were more likely
to die than those without a cancer diagnosis claim code.
Factors independently associated with death at discharge
among individuals with a prior cancer diagnosis included
older age, male sex, non-Hispanic Black or non-Hispanic
API race or Hispanic ethnicity, living in NYC at the time
of COVID-19 hospitalization, and having an active cancer
diagnosis claim code.

The results of this study indicate that individuals
with a history of cancer are at an increased risk for
severe COVID-19 outcomes, including hospitalization and
death, which is in agreement with findings from previous
studies.>!2 Consistent with prior studies, we also observed
that older age,>12 Black race,”?° diagnosis with late-stage
cancer,'® and more recent cancer diagnosis”!® were indepen-
dently associated with severe COVID-19 among individuals
with a history of cancer. However, to our knowledge, our
findings that diagnosis with multiple tumors and residence
in NYC were associated with COVID-19 hospitalization in
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Table 4. Distribution of Demographic Variables and Tumor Characteristics of Interest and Multivariable-Adjusted ORs and
95% Cls for Each Variable and Vital Status at Discharge Among 10,210 Individuals with COVID-19 Hospitalization and
Prior Cancer Diagnosis

Cancer cases deceased at Cancer cases alive at
Cerit hpitahoation (22,320, howpitanodton = 7002, T'e  OROS%
n (%)
Age in years, mean (SD) 77.9 (10.9) 72.8 (13.3) <.0001
Age group (y) <.0001
0-19 <11 0(0.4) NA
20-29 <11 7 (0.5) 0.24 (0.03-1.81)
30-39 <11 9(0.9) 0.26 (0.06-1.13)
40-49 6 (1.1) 241 (3.1) Ref
50-59 99 (4.3) 742 (9.4) 1.29 (0.82-2.04)
60-69 365 (15.7) 1,676 (21.3) 2.16 (1.41-3.29)
70-79 726 (31.2) 2,523 (32.0) 3.02 (1.99-4.58)
>80 1,109 (47.6) 2,564 (32.5) 4.85 (3.19-7.38)
Sex <.0001
Male 1,415 (60.8) 4,212 (53.4) 1.33 (1.20-1.46)
Female 913 (39.2) 3,670 (46.6) Ref
Race/ethnicity 0.001
Non-Hispanic White 1,352 (58.1) 4,924 (62.5) Ref
Non-Hispanic Black 482 (20.7) 1,448 (18.4) 1.32 (1.16-1.51)
Non-Hispanic API 121 (5.2) 333 4.2) 1.39 (1.11-1.75)
Hispanic 356 (15.3) 1,101 (14.0) 1.28 (1.11-1.49)
Non-Hispanic other/unknown 17 (0.7) 76 (1.0) 0.85 (0.50-1.47)
Region of residency*** <.0001
New York City 1,159 (49.8) 3,359 (42.6) 1.26 (1.13-1.40)
Rest of New York State 1,169 (50.2) 4,523 (57.4) Ref
Stage of Cancer 0.005
Local 1,072 (46.1) 3,854 (48.9) Ref
Regional 354 (15.2) 1,274 (16.2) 1.07 (0.92-1.23)
Distant 474 (20.4) 1,509 (19.1) 1.12 (0.98-1.30)
Unknown stage 428 (18.4) 1,245 (15.8) 1.12 (0.98-1.29)
Multiple Tumor 0.012
No 1,901 (81.7) 6,611 (83.9) Ref
Yes 427 (18.3) 1,271 (16.1) 1.03 (0.91-1.18)
Time since cancer diagnosis 0.003
0-2 years (2019-2021) 411 (17.7) 1,429 (18.1) 0.96 (0.83-1.13)
3-5 years (2016-2019) 521 (22.4) 1,764 (22.4) 1.02 (0.89-1.17)
6-10 years (2012-2016) 492 (21.1) 1,912 (24.3) 0.87 (0.76-0.99)
>10 years (1976-2011) 904 (38.8) 2,777 (35.2) Ref
Active cancer diagnosis <.0001
Cancer diagnosis claim code 793 (34.1) 2,340 (29.7) 1.39 (1.23-1.58)
No cancer diagnosis claim code 1,535 (65.9) 5,542 (70.3) Ref

*P-values from y? tests for categorical variables and Student’s t test for mean age.
**Analyses mutually adjusted for all variables in the table.
***Region of residency determined based on patient address at COVID-19 hospitalization from data obtained from SPARCS.
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Table 5. Ratio and 95% CI of Observed to Expected Number of Deaths at Discharge Among 10,210 Individuals with
COVID-19 Hospitalization and a History of Cancer, by Cancer Type

@ Number of observed ~ Number of expected  Ratio of observed to
deaths deaths* expected (95% CI)
Brain and other nervous system <11 Suppressed 0.85 (0.39-1.62)
Breast 267 366 0.73 (0.64-0.82)
Cervix uteri 14 17 0.83 (0.45-1.40)
Colorectal 207 233 0.89 (0.77-1.02)
Corpus uterus and NOS 75 98 0.76 (0.60-0.96)
Esophagus 12 10 1.14 (0.59-2.00)
Hodgkin lymphoma 12 11 1.13 (0.58-1.97)
Kidney and renal pelvis 98 105 0.94 (0.76-1.14)
Larynx 15 18 0.85 (0.48-1.41)
Leukemias 113 110 1.03 (0.85-1.24)
Liver and intrahepatic bile duct 33 25 1.32 (0.91-1.86)
Lung and bronchus 235 212 1.11 (0.97-1.26)
Melanoma 46 72 0.64 (0.47-0.85)
Myeloma 65 62 1.04 (0.80-1.33)
Non-Hodgkin lymphomas 140 138 1.01 (0.85-1.19)
Oral cavity and pharynx 36 41 0.88 (0.61-1.21)
Other malignancies of hematopoietic or lymphopoietic origin 58 61 0.94 (0.72-1.22)
Ovary 12 20 0.61 (0.32-1.07)
Pancreas 24 22 1.07 (0.68-1.59)
Prostate 532 552 0.96 (0.88-1.05)
Stomach 27 31 0.88 (0.58-1.28)
Testis <11 Suppressed 0.34 (0.04-1.24)
Thyroid 37 55 0.67 (0.47-0.93)
Urinary bladder including in situ 153 157 0.97 (0.83-1.14)

NOS, not otherwise specified. * Number of expected COVID-19 hospitalizations was calculated using the age- and sex-specific proportions of deaths

for all 10,210 cancers.

individuals with a history of cancer have not been identified
in previous studies. Although the association with residence
in NYC was based on address at the time of cancer diag-
nosis, and not at the time of COVID-19 hospitalization, this
variable likely approximated residence at the time of hospi-
talization for a majority of patients. NYC was an epicenter
of the COVID-19 pandemic and experienced a large number
of COVID-19 cases, hospitalizations, and deaths early on in
the pandemic, which likely contributed to this finding of an
increased risk of hospitalization compared to residents of
the rest of NYS.222 We were unable to assess differences in
the total number of COVID-19 cases among cancer patients
by variables such as region of NYS, race/ethnicity, and sex.
However, it is likely that at least part of the difference in
the risk of COVID-19 hospitalization by demographic char-
acteristics was related to differences in the overall number
of COVID-19 cases across population groups.??> A higher
risk of severe COVID-19 in certain demographic groups,
regardless of cancer status, may have also contributed to
the results.?>%
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In adjusted analyses of the observed versus expected
number of hospitalizations by cancer type, we observed a
higher than expected number of COVID-19 hospitalizations
for kidney and renal pelvis cancer, leukemias, liver and
intrahepatic bile duct cancer, lung and bronchus cancer,
multiple myeloma, non-Hodgkin lymphomas, and other
malignancies of hematopoietic or lymphopoietic origin.
Previous studies have reported similar results for liver,!®
lung,'® and hematological malignancies,'®?* but to our
knowledge no prior studies have examined as many as 24
cancer types, and we observed associations with certain
cancer types that were not previously reported. We did
not have data on the presence of comorbidities, including
HIV, that are more common in patients with certain cancers
and that may increase the risk of hospitalization after
diagnosis with COVID-19.#1625 [t is possible that some of
the increased risk of COVID-19 hospitalization for certain
cancer types was related to the presence of HIV, which is
associated with increased risk of several cancers including
non-Hodgkin lymphoma, lung cancer, and liver cancer,? or
other comorbidities.
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Figure 2. Ratio and 95% CI of Observed to Expected Number of Deaths at Discharge Among 10,210 Individuals with
COVID-19 Hospitalization and a History of Cancer by Cancer Type
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We observed that older age, male sex, non-Hispanic
Black or non-Hispanic API race or Hispanic ethnicity, living
in NYC at the time of COVID-19 hospitalization, and having
an active cancer diagnosis claim code were associated with
higher risk of death at discharge among 10,210 COVID-19
hospitalizations of patients with a history of cancer. Our
findings were consistent with other studies that observed
increased mortality with older age,'%!11216 male sex,!%!! and
Black race.’®? Our analyses did not indicate that diagnosis
with late-stage cancer or multiple tumors or more recent
cancer diagnosis was associated with higher risk of death at
discharge. One previous study reported that the presence of
multisite tumors was associated with increased risk of all-
cause mortality, although the paper noted that this included
any patient where more than 1 cancer site was reported
and that cases with subsequent malignancy versus metas-
tasis could not be distinguished.!’ To our knowledge, no
previous studies have examined associations between resi-
dence in NYC and mortality at COVID-19 discharge among
patients with a history of cancer. This association may again
be related to the severity of the early COVID-19 pandemic
in NYC, compared to the rest of NYS. The association
between an active cancer diagnosis claim code and higher
risk of death at discharge is likely due to immunosuppres-
sion related to the cancer itself or treatment, or other effects
of recent cancer treatment. Consistent with our findings,
a prior study observed that patients with COVID-19 and
recent cancer treatment had a higher risk of death (OR, 1.74;
95% CI ,1.54-1.96), while those with no recent cancer treat-
ment did not have increased mortality (OR, 0.93; 95% CI,
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0.84-1.02), compared to individuals without cancer.!> Some
of the associations between demographic characteristics
and death at discharge may be related to poorer outcomes
in cancer patients with these characteristics, regardless of
COVID-19 status. However, the occurrence of death during
hospitalization for COVID-19 and the strength of the asso-
ciations suggest a clear role of COVID-19 in these outcomes.

In adjusted analyses of the observed versus expected
number of deaths by cancer type, we did not observe a
statistically significant increased risk of death at discharge
for any cancer type. In contrast, some previous studies
reported that hematologic malignancies®?102* and lung
cancer!? were associated with an increased risk of mortality
after COVID-19. Possible reasons for this inconsistency may
be differences in the cancer case selection or comparison
group, as we only analyzed the death at discharge among
patients with COVID-19-related hospitalizations, rather
than all COVID-19 patients, and compared the mortality
for each cancer type to that for all cancers combined. The
use of a different comparison group, such as all COVID-19-
related hospitalizations, would be expected to yield lower
counts of the expected number of deaths and higher ratios
of the observed to expected number of deaths. However,
patients with a history of cancer may differ from other
patients hospitalized for COVID-19 in ways that could not
be controlled for in this analysis but that would be expected
to impact mortality, such as having a higher number of
comorbidities.?1516

Our results indicate an increased risk of COVID-19
hospitalization and death among cancer patients, and
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in particular those with certain demographic and tumor
characteristics. The explanation for these findings is likely
multifactorial and related to both immune function and risk
patterns of severe COVID-19. A poorer immune response
or worse course of illness in cancer patients that is related
to the cancer itself, cancer treatment, or a higher prevalence
of cancer-related comorbidities would be expected to lead
to poorer outcomes after diagnosis with COVID-19. This
is supported by the associations we observed with late-
stage disease, multiple tumors, more recent diagnosis, and
active cancer. Severity of COVID-19 due to diagnosis early
in the pandemic, prior to the availability of effective treat-
ments and vaccines, or reduced access to care likely also
contributed to some of the results we observed, including
the stronger associations for NYC, an early epicenter of
the pandemic where the impact was greatest on vulnerable
populations.?? Other associations may be related to both
immune-related factors and COVID-19 severity, including
the stronger associations observed among older individuals,
men, and certain racial and ethnic groups. These demo-
graphic characteristics have been associated with more
severe COVID-19 regardless of cancer status,””? and the
associations we observed likely have both cancer-related
and independent contributing factors including immune
function, comorbidity burden, and patterns of care.

Strengths of this study include the availability of
statewide population-based data on cancer diagnoses and
COVID-19 hospitalizations, including patient demographics
and case characteristics. This allowed us to look at a number
of predictors of COVID-19 hospitalization and death at
discharge in cancer patients. However, a small proportion
of COVID-19 hospitalizations were likely missed, including
those that occurred at Veterans Affairs and other military
hospitals that are not captured in SPARCS. In addition, the
match of the NYSCR and SPARCS data may have missed
some cases that were not identified by our deterministic
matching methods, which would be expected to result in
an underestimation of the risk of COVID-19 hospitalization
for cancer patients. For patients with multiple tumors, we
used the type, stage, and date of diagnosis for the most
recent tumor; however, in some cases this may not be the
most relevant cancer diagnosis for the patient’s health.
Additionally, for analyses of risk of COVID-19 hospitaliza-
tion among all patients with a history of cancer, region of
NYS was categorized based on address at diagnosis for the
most recent tumor and may not reflect a patient’s current
address, particularly for cases diagnosed further in the past.
Finally, by using the first COVID-19 hospitalization record
for patients who had multiple hospitalizations, we may
have undercounted deaths among all COVID-19 patients
or among COVID-19 patients with a prior cancer. Although
we did not examine subsequent hospitalizations, a previous
study of US electronic health record and administrative data
reported that during the period from March to August 2020,
9% of patients hospitalized with COVID-19 were readmitted
to the same hospital within 2 months of discharge but less
than 0.1% of patients died during readmission, suggesting
that only a small number of deaths were missed by omitting
subsequent hospitalizations.>
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In summary, our results indicate that cancer patients
were more likely to be hospitalized for COVID-19 than
individuals without a history of cancer, and, among cancer
patients, several case characteristics and cancer types were
associated with an increased risk of COVID-19 hospi-
talization. In addition, patients with a history of cancer
had a statistically significant increased risk of death after
COVID-19 hospitalization, compared to patients without a
history of cancer, and this risk was strongest among certain
demographic groups and patients with an active cancer
claim code at the time of their COVID-19 hospitalization.
Consistent with the results of most previous studies, our
results indicate a higher risk of severe COVID-19 outcomes
among cancer patients, and in particular those in certain
demographic groups or with certain diagnostic character-
istics. Although this study focused on hospitalizations and
deaths during the early part of the COVID-19 pandemic,
prior to the widespread availability of vaccines and treat-
ments for COVID-19, the results highlight the importance
of continued vigilance to ensure the best possible outcomes
for all patients with a history of cancer.
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Improving Precision of Do Not Contact
Codes: Results of a Manual Review to Inform
Coding and Case Contact Procedures

Katherine A. Lawson-Michod?®; Marjorie Carter®; Valerie Yoder®; Rachel D. McCarty?; Carrie Bateman®;
Morgan M. Millar?<; Jennifer A. Doherty*?

Abstract: Introduction: Central cancer registries are responsible for managing appropriate research contacts and record
releases. Do not contact (DNC) flags are used by some registries to indicate patients who should not be contacted or
included in research. Longitudinal changes in DNC coding practices and definitions may result in a lack of code standard-
ization and inaccurately include or exclude individuals from research. Purpose: We performed a comprehensive manual
review of DNC cases in the Utah Cancer Registry to inform updates to standardization of DNC code definitions, and use
of DNC codes for exclusion/inclusion in research. Methods: We identified 858 cases with a current or prior DNC flag in
the SEER Data Management System (SEER*DMS) or a research database, with cancers diagnosed from 1957-2021. We
reviewed scanned images of correspondence with cases and physicians, incident forms, and comments in SEER*DMS and
research databases. We evaluated whether there was evidence to support the current DNC code, a different DNC code, or
insufficient evidence for any code. Results: Of the 755 cases that had a current DNC flag and reason code in SEER*DMS,
the distribution was as follows: 58%, Patient requested no contact; 20%, Physician denied; 13%, Patient is not aware they have
cancer; 4%, Patient is mentally disabled [sic]; 4%, Other; and 1%, Unknown. In 5% of these cases, we found evidence supporting
a different DNC reason code. Among cases included because of a prior DNC flag in SEER*DMS (n = 10) or a DNC flag in a
research database (ie, cases with no current DNC flag or reason code in SEER*DMS, n = 93), we found evidence supporting
the addition of a SEER*DMS DNC flag and reason code in 50% and 40% of cases, respectively. We identified DNC reason
codes with outdated terminology (Patient is mentally disabled) and codes that may not accurately reflect patient research
preferences (Physician denied without asking the patient). To address this, we identified new reason codes, retired old reason
codes, and updated current reason code definitions and research handlings. Conclusion: The time and resource investment
in manual review allowed us to identify and, in most cases, resolve discordance in DNC flags and reason codes, adding
reason codes when they were missing. This process was valuable because it informed recommended changes to DNC code
definitions and research handlings that will ensure more appropriate inclusion and exclusion of cancer cases in research.

Key words: cancer registries, cancer research, do not contact record releases, research contacts, Surveillance, Epidemiology, and End
Results (SEER) Program

Introduction out of state-legislated public health surveillance reporting.’

Central cancer registries are the foundational source
of information for cancer surveillance and control in the
United States!? and are widely used for population-based
research.>* Central registries participating in the National
Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) Program or the Centers for Disease Control
and Prevention’s National Program of Cancer Registries
(NPCR) are required to maintain a population-based
reporting system with annual follow-up that meets specific
quality standards.»>>° These practices allow for more accu-
rate data reporting and timely dissemination of information
for cancer surveillance and control.>”8 Cancer is a reportable
disease, and individuals diagnosed with cancer cannot opt

However, many registries are also engaged in contacting
and recruiting representative samples of individuals with
cancer or survivors for research, which requires careful
tracking and documentation of individuals” preferences for
being contacted and having their records released to ensure
patient privacy.!

The handling of research contacts and record releases
differs across registries, including whether physician
permission is required before contacting a patient and
whether the registry or the researchers make the first contact
with the patient.!’ Additionally, some registries are “opt in,”
meaning a patient must agree to research contacts or record
releases, while other registries are “opt out.” Many cancer

aHuntsman Cancer Institute, Department of Population Health Sciences, University of Utah, Salt Lake City, Utah. PUtah Cancer Registry, University of Utah,
Salt Lake City, Utah. ¢Department of Internal Medicine, University of Utah, Salt Lake City, Utah.

Address correspondence to Katherine A. Lawson-Michod, 2000 Circle of Hope, Room 4702, Salt Lake City, UT 84112. Telephone: (801) 646-4077. Email:

Katherine.lawson-michod@hci.utah.edu

The Utah Cancer Registry is funded by the National Cancer Institute’s SEER Program, Contract No. HHSN261201800016l, and the US Centers for Disease
Control and Prevention’s National Program of Cancer Registries, Cooperative Agreement No. NU58DP007131, with additional support from the University

of Utah and Huntsman Cancer Foundation. The research reported in this publication was also supported in part by the National Center for Advancing
Translational Sciences of the National Institutes of Health under Award Number UL1TR002538. The content is solely the responsibility of the authors and does

not necessarily represent the official views of the National Institutes of Health.

126

Journal of Registry Management 2022 Volume 49 Number 4



registries have developed tools for managing and docu-
menting patient contacts and record releases. For example,
in the SEER Data Management System (SEER*DMS), a
patient record can be flagged as Do not contact (DNC), and a
reason code explaining the flag can be provided.!! Because
of different processes for handling research contacts and
recorded releases, the use and interpretation of the DNC
flag and reason code are not standardized across registries.
Additionally, coding practices and code definitions can
change over time within a registry. Although this flexibility
allows registries to use the DNC features to meet their
current operational needs, changes in code definitions over
time may inaccurately exclude individuals from opportuni-
ties to participate in studies requiring contact or research
linkages.

The Utah Cancer Registry is a SEER and NPCR registry
that receives reports for approximately 14,000 new cancer
diagnoses every year.!? Cancer was first designated as a
reportable disease in Utah in 1948. However, systematic
cancer surveillance was not conducted in the state until
1966. The Utah Cancer Registry was designated as a SEER
site in 1973 and joined NPCR in 2017. The Utah Cancer
Registry routinely contacts cancer patients or survivors
for research, conducts linkages for research studies, and
generates research data sets for investigators. The Utah
Cancer Registry uses the DNC flag in SEER*DMS to indicate
individuals who should not be contacted and whose records
potentially should be excluded from research linkages.
DNC reason codes provide the rationale for a flag and can
be assigned at either the tumor or patient level. Tumor-level
flags should exclude individuals from research contacts for
that diagnosis only (eg, if the person is not aware of the
cancer diagnosis), while patient-level flags exclude indi-
viduals from research contacts for all diagnoses and specific
database linkages. Contact events with individuals or health
care providers can result in a DNC flag. DNC reason codes
correspond to situations arising from common patient
responses during a contact event, such as, “I do not want
to be contacted” or “I do not have cancer.” Additionally,
research databases for specific projects have a separate DNC
data field used by research staff. Research databases do
not automatically transfer DNC codes to SEER*DMS, and
manual transfers from these databases may have missed,
incorrectly assigned, or even erased codes. Additionally,
while the Utah Cancer Registry DNC flag is now used only
for research contacts and linkages, it was historically used
for operational practices such as contact events for follow-
up. Concern that these longitudinal changes may have
resulted in a lack of code standardization and the realization
that contemporizing current code definitions and practices
were necessary prompted a manual review of records in
the Utah Cancer Registry. We reviewed records with a
current or prior DNC flag in SEER*DMS or a DNC code
in our research database for evidence supporting the flag
and reason code. This manual review informed efforts to
appropriately update and standardize codes and processes
for coding DNCs and handling research contacts within the
Utah Cancer Registry.
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Methods
Identification of Cancer Cases with a DNC Flag

We sought to perform a comprehensive review of all
cancer cases in the Utah Cancer Registry that were flagged
as DNC either in SEER*DMS or in Utah Cancer Registry
research databases. Of 401,382 cases in the Utah Cancer
Registry diagnosed between 1948 and 2020, we identified
765 with a current (n = 755) or prior (n = 10) DNC flag in
SEER*DMS. In order to identify cases that may have been
miscoded in SEER*DMS or for which the SEER*DMS code
was erased, we also searched Utah Cancer Registry research
databases to identify cases that did not have a DNC flag
in SEER*DMS, but did have a flag indicating DNC in the
research database. Using this method, we identified another
93 cases, for a total of 858 cases with a DNC flag. These cases
were diagnosed between 1957 and 2020.

Manual Review of Documentation of DNC Flags and
Reason Codes

For all 858 cases, we reviewed all available docu-
mentation for evidence related to a current DNC flag or
reason code. Documentation included scanned images of
correspondence with individuals and physicians, including
incident forms, comments in SEER*DMS, and codes and
comments in linked research databases. Some sources
were from historic practices that have been discontinued,
including patient responses to annual contact letters previ-
ously used for follow-up and permission request forms sent
to physicians. We evaluated whether there was evidence
to support the current DNC code, evidence to support a
different DNC code, or insufficient evidence for any code.
We recorded the evidence type, location, date, description,
and the recommended code based on the evidence found.
If a record had evidence to support the historic Physician
denied reason code, the reason for denial was recorded. For
cases with evidence supporting multiple codes, the evidence
for all codes was recorded, but a single patient-level code
with the highest levels of restrictions for case contact and
record release was recommended. A trained research assis-
tant completed the manual review and recorded results
in a REDCap database. Training included an introduction
to SEER*DMS and research databases as well as a pilot
review of 20 cases led by Utah Cancer Registry managers.
Throughout the manual review, the reviewer met with the
Utah Cancer Registry managers to provide updates on the
results of the manual review and discuss coding recom-
mendations, conflicting evidence, and any other questions.
We defined discordant cases as those with an absence of
evidence for any code or evidence that did not support the
current DNC flag or reason code.

Results
All reviewed flags and codes were at the patient, not
tumor, level. Of the 858 reviewed cases, most (88%) had a
current DNC flag in SEER*DMS, though 1% had a prior
DNC flag in SEER*DMS, and another 11% had a DNC flag
in a research database but no DNC flag in SEER*DMS (Table
1). Among the 755 cases with a current SEER*DMS DNC

127



Table 1. Distribution of Cases Included in the

Manual Review

Source of cases included in the manual review n %
Current SEER*DMS DNC flag 755 88
DNC in research database 93 11
Prior DNC in SEER*DMS 10 1
Total 858 100

Distribution of reason codes among cases with N %

a current DNC flag in SEER*DMS
Patient requested no contact (includes
requests to have records removed from 440 58
registry)

Physician denied 150 20
Patient is not aware they have cancer 100 13
Patient is mentally disabled [sic] 27
Other 27
Unknown 11 1
Total 755 100

DMS, Data Management System; DNC, do not contact.

Cases were identified through 3 sources: those with a current DNC flag
in SEER*DMS; those with a prior DNC flag in SEER*DMS; and those
with a DNC flag in a research database. Only cases with a current DNC
flag in SEER*DMS had a corresponding reason code.

flag, the distribution of the current accompanying DNC
reason codes was as follows: Patient requested no contact (n =
440; 58%); Physician denied (n = 150; 20%); Patient is not aware
they have cancer (n = 100; 13%); Patient is mentally disabled
[sic] (n = 27; 4%); Other (n = 27; 4%); and Unknown (n = 11;
1%) (Table 1).

Among the 755 cases with a current SEER*DMS DNC
flag, we found evidence supporting the current SEER*DMS
code status (ie, supporting the presence of a flag and specific
reason code) for 402 cases (53%), evidence supporting a
different DNC reason code in 38 cases (5%), and no evidence
to support either a flag or a code in 315 cases (42%). Of the
402 cases with evidence supporting the current SEER*DMS
code status, 32 (8%) had evidence supporting a different
code in addition to the current code. All cases identified in
this category had evidence supporting a combination of 2
of the following reason codes: Patient requested their data be
removed from registry, Patient requested no contact, or Patient
is not aware they have cancer. Of the 315 with no evidence to
support either a flag or a code, 150 currently have a DNC
flag and historic reason code of Physician denied. This code
was based on a historic form sent to physicians that asked
them for permission to “locate” the patient for follow-
up, not for permission to contact the patient for research
purposes. We therefore did not consider responses to this
physician contact form to be evidence. The other 165 cases
with no evidence to support either a flag or a code had no
documentation of any type in SEER*DMS.

Among cases with no current DNC flag or reason
code in SEER*DMS that were included because of a prior
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DNC flag in SEER*DMS (n=10) or a DNC flag in a research
database (n=93), we found evidence supporting the addi-
tion of a SEER*DMS DNC flag and reason code for 5 (50%)
and 37 (40%) cases, respectively. For the remaining 5 (50%)
and 56 (60%) cases in each group, respectively, we found no
evidence to support either a flag or a code.

For 29 of the total 858 cases reviewed (3%), we found
evidence that the patient wanted their records removed from
the registry; 23 were currently coded as Patient requested no
contact, and 6 were identified from research databases.

Recommendations for DNC Codes and Research
Handling in the Utah Cancer Registry

Common reasons for discordance included lack of
evidence to support the current DNC flag and reason code,
changes in code definitions over time (ie, historic changes),
and ambiguity in a physician contact form. These findings
informed recommendations for updates to the DNC reason
codes to resolve discordance and ensure more appropriate
inclusion and exclusion of cancer cases in research.

Recommended changes to the Utah Cancer Registry
DNC coding include the addition of 2 new reason codes
(Patient requested their data be removed from registry and
Historic DNC) and the retiring of the Physician denied code.
The Patient requested their data be removed from the registry
code would be applied to the 29 cases (6 of which were
from research databases) with supporting evidence found
during the manual review (Figure 1). While cancer is a
reportable disease and surveillance is mandated (meaning
that records cannot be removed from the Utah Cancer
Registry), from a research perspective, we sought to distin-
guish these cases to exclude their records from all research
database linkages as well as research contacts. The Historic
DNC code would be applied to the 226 cases with a current
or prior DNC code in SEER*DMS or a research database,
but no evidence found to support any DNC code during
the manual review (Figure 1). Our recommendation is that
these cases would be included in research linkages but
excluded from research contacts. For all 150 cases currently
coded as Physician denied, we recommend removing the
DNC flag and including these records in research linkages
and research contacts. Additionally, we will contemporize
the code definition for Patient is mentally disabled to Patient
has a long-term or permanent decisional impairment. For cases
included because of a prior DNC flag in SEER*DMS or a
current DNC flag in a research database (but with no reason
code), we recommend the addition of a SEER*DMS DNC
flag and reason code based on the evidence found. This
recommendation included adding the Patient requested no
contact code to 5 prior DNC cases and 27 research DNC
cases; adding the Patient is not aware they have cancer for 3
research DNC cases; and adding the Patient has a long-term or
permanent decisional impairment for 1 research DNC case. For
cases with a current SEER*DMS DNC flag and reason code,
if we found no evidence supporting the current DNC reason
code, but did find evidence supporting a different code, we
recommend updating to the code with supporting evidence.
For cases with evidence found supporting the current
reason code and also a different code, we recommended
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Figure 1. Change in the Distribution of Cases and DNC Reason Codes Between the Current Classification and the Recommended
Classification Following Manual Review

Current

Patient requested no contact (n=440)

Prior DNC (n=10)

Research DNC (n=93)

Other (n=27)

Unknown (n=11)

Patient is not aware they have cancer
(n=100)

Physician denied (n=150)

Patient is mentally disabled (n=27)

DMS, Data Management System; DNC, do not contact.

Recommended

Patient requested no contact (n=301)
Patient requested their data be removed from the
registry (n=29)

Historic DNC (n=226)

Patient is not aware they have cancer (n=124)

No code (n=150)

B Patient has a long term or permanent decisional

impairment (n=28)

Cases included because of a prior DNC flag in SEER*DMS or a DNC flag in a research database do not have a current DNC reason code and are
included in the “Prior DNC” and “Research DNC” categories, respectively. The alluvial flow from left to right shows the change in distribution of the
cases and DNC reason codes based on the evidence found during manual review.

using the code with the highest contact and research restric-
tion. The priority for code recommendation in order of
decreasing priority was as follows: (1) Patient requested their
data be removed from registry, (2) Patient requested no contact,
and (3) Patient is not aware they have cancer. The change in
distribution of DNC reason codes following these recom-
mended changes can be found in Figure 2. We propose to
use the comprehensive REDCap form that was developed
for manual review for future DNC incidents to allow for
more informative tracking of future cases.

New NAACCR Standard No Patient Contact Flag

Starting with diagnosis year 2023, the North American
Association of Central Cancer Registries (NAACCR) will
introduce a new standard data item, No Patient Contact
Flag,'3 which registries can use to identify cases in which
the patient should not be contacted for research purposes.
The Utah Cancer Registry will set this new field to, “1 -
Patient may NOT be contacted” if a case has any Utah
Cancer Registry-defined DNC reason code. In addition to
these standardized fields, registries will continue to have
autonomy over the use and interpretation of DNC flags and
reason codes in SEER*DMS to maintain the reason for DNC.

Discussion
Cancer registries have become increasingly responsible
for managing appropriate research contacts and record
releases. Through a manual review of case records in
SEER*DMS, we identified opportunities to improve DNC
flag and reason code assignments and research handling
in the Utah Cancer Registry. These findings informed the
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addition of 2 new reason codes, the retiring of an older
reason code, and the contemporizing of code definitions.
Results from our study suggest that changes in historical
practices and code definitions over time may erroneously
include or exclude cases from research contacts and research
linkages.

While the Utah Cancer Registry now performs passive
follow-up through multiple database linkages, including
the National Death Index, we historically performed active
follow-up by contacting patients and their providers by letter.
Notably, the physician letter used during follow-up asked
physicians for permission to “locate” rather than “contact”
the patient. During this period of active follow-up, the DNC
flag was used to indicate patients who either responded to
the letter and asked not to be contacted or providers who
marked the “do not locate” box. Consequently, discordant
cases were identified during manual review that were
currently coded as “physician denied” but had no other
evidence to support any DNC code besides the checked box
on the physician form. The DNC flag and reason codes are
now only used for research and are no longer used for any
operational processes. Additionally, while other registries
require physician permission prior to research contacts, the
Utah Cancer Registry discontinued this practice more than
10 years ago. Thus, we recommend retiring the Physician
denied code.

In addition to changes in the use of DNC codes, the
Utah Cancer Registry’s practices for recording DNC codes,
including incident forms and data management systems,
have changed over time. During the manual review, we
found a subset of discordant cases currently coded as
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Figure 2. Changes in the Proportions of Cases Assigned to DNC
Reason Codes Following Manual Review
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DMS, Data Management System; DNC, do not contact. The propor-
tions of cases classified by current DNC reason codes in SEER*DMS are
shown in grey, and the proportions classified by recommended DNC
codes are shown in black (n = 858). Cases included because of a prior
DNC flag in SEER*DMS or a DNC flag in a research database do not
have a current DNC reason code and are included in the “Prior DNC”
and “Research DNC” categories, respectively. All individuals in these
two categories were re-classified into recommended codes.
"Recommended updated definition DNC codes: Patient has a decisional
impairment.

fRecommended retired DNC codes: Physician denied (all of the cases in
this category were changed to having no code).
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DNC that had no evidence to support any DNC code.
Many of these discordant cases likely resulted from a data
transfer between data management systems that acciden-
tally removed supporting documentation for any DNC
reason code. We recommended recoding these cases with a
new DNC reason code, Historic DNC. We also found cases
currently coded as DNC in research databases missing a
DNC flag and reason code in SEER*DMS. This finding
confirmed the suspicion that some DNC codes may have
been missed during the manual transfer from research data-
bases to SEER*DMS.

The manual review allowed us to identify reasons for
discordance that would have been missed without a review
of scanned images, comment boxes, and research databases.
The manual review also allowed us to distinguish patients
who wanted their records removed from those who did
not want to be contacted, and resolve all cases currently
coded as Umnknown reason. While cancer is a reportable
disease and these records will be retained by Utah Cancer
Registry for surveillance data sets, distinguishing cases
with patients who want their records removed is important
for excluding their records from research linkages. These
findings informed the addition of a Historic DNC code,
and a Patient requested their data be removed from the registry
code. Cases with the Historic DNC code will be included
in research database linkages but excluded from research
contacts, while cases with the Patient requested their data
be removed from the registry code will be excluded both
from research database linkages and research contacts. We
will discuss our recommendations for updated research
handling of each DNC reason code with a panel of experts
in the ethical conduct of human subjects research, including
representatives from our institutional review board, before
proceeding with any changes.

Limitations of our manual review include that, for the
reason code Patient is not aware they have cancer, we did not
distinguish evidence for the tumor- versus patient-level
code. A tumor-level code would exclude the patient from
research contacts for that diagnosis only while a patient-
level code would exclude the patient from any research
contacts. While it would have been possible to distinguish
whether the evidence supported the tumor- or patient-level
code for some cases, for other cases, this code resulted from
a research contact, and it was unclear from the documenta-
tion which diagnosis was being referenced. No changes
were made to the Patient is not aware they have cancer code,
and all cases coded at the patient level will continue to be
excluded from research contacts. Updated research patient
contact procedures define how to set this reason code at the
tumor or patient level going forward.

With increasing concerns about data use and privacy,'
it is important to critically review existing processes for
documenting research contacts and record linkages, particu-
larly when potential study participants request not to
be contacted. Our manual review of 858 case records in
the Utah Cancer Registry took approximately 150 hours
(an average of 10 minutes per record) and 25 hours were
required for training and meetings with the Utah Cancer
Registry managers. Findings from our manual review
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highlight the need to contemporize codes and coding prac-
tices and the value of manual review to inform this process.
A manual review of the DNC flags and reason codes in the
Utah Cancer Registry informed updates to the Utah Cancer
Registry SEER*DMS reason code definitions and practices
that will improve the precision of DNC codes in the Utah
Cancer Registry. These policy and procedural updates will
ensure that our practices are true to the intended code
meaning and respect patient wishes while balancing the
need for accurate and complete research data.
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Integration of Cancer Screening Data into Routine
Cancer Surveillance Systems: A Florida Pilot Project
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Virginia Senkomago, PhD ¢

Abstract: Introduction: Integration of screening data into routine cancer surveillance systems can create more robust
data systems to inform cancer prevention and control activities. Currently, state central cancer registries do not routinely
collect breast and cervical cancer screening data as part of state cancer surveillance activities. Florida conducted a pilot
study involving: (1) linkage of breast and cervical cancer screening data from the Florida Breast and Cervical Cancer Early
Detection Program (FBCCEDP) from 2009 to 2021 to the Florida Cancer Data System (FCDS) database to capture screening
data for matched cancer cases in the FCDS; and (2) evaluation of the feasibility of developing a population-based breast
and cervical cancer screening surveillance system by capturing electronic screening data from private health care provid-
ers. Methods: In 2018, the FCDS worked with the Florida Department of Health to identify data partners for the 5-year
cancer screening pilot project funded by the Centers for Disease Control and Prevention. Engagement of project partners
required extensive review of available screening data; data standards and formatting; data transmission schedules and
methods; and processing procedures. The FCDS developed a database to integrate multiple source data sets into a single
database whereby linkage to the central cancer registry could be performed. Results: The FCDS worked with Suncoast
Health Systems, a clinical practice in the Hillsborough region of Florida, and the FBCCEDP to evaluate data availability,
standardization of data sets, and data submission schedules for the pilot project. Extensive meetings and data reviews were
conducted with both partners in the first phase of the project. The FCDS developed automated data processing procedures
to integrate the data into a single cancer screening database and then linked records to the central cancer registry data set.
Discussion: Registry collaboration with the FBCCEDP and Suncoast team on data quality and standardization has pro-
duced positive results. The project required extensive review of data and produced many lessons learned for development
of a cancer screening surveillance system. Our pilot project depended on partnership building, commitment to data quality,
and consistency in data submission practices.

Key words: data standardization, data quality, linkage, Florida

Introduction

The Florida Cancer Data System (FCDS) is a central
cancer registry supported by the National Program of Cancer
Registries (NPCR) administered by the Centers for Disease
Control and Prevention (CDC). The FCDS was legislatively
established by Florida Statute in 1978 and began collecting
cancer reports statewide in 1981, becoming a member of the
NPCR in 1994.1234 Currently, the FCDS contains approxi-
mately 4.6 million unique cancers representing reporting
from hospitals, ambulatory surgical centers, radiation treat-
ment facilities, private physician practices, and pathology
offices. Linkages to the Florida Bureau of Vital Statistics
and hospital discharge records help to improve casefinding,
data completeness, and quality. The resulting data set
provides hospitals, researchers, public health professionals,
and policy makers access to a trove of cancer incidence
data. However, lacking from the robust FCDS database are
applicable screening data for individuals who have been
diagnosed with screen-detectable cancers.

Together, breast and cervical cancer constitute a leading
cause of morbidity and death among women in the United

States.’ In 2019, breast cancer was the most common
cancer reported and the second most common cause of
cancer death among women in Florida, contributing 19,062
(126.54 per 100,000) new cancer cases and more than 3,084
deaths (19.05 per 100,000).>” Despite documented declines,
Florida’s cervical cancer and mortality rates remain among
the highest in the United States. In 2019, there were 1,082
(9.17 per 100,000) new cases of cervical cancer and 354 (2.6
per 100,000) attributable deaths.>”

Early diagnosis of breast cancer through mammog-
raphy, and cervical cancer through Papanicolaou (Pap) or
human papillomavirus (HPV) testing, can prevent disease
progression to advanced or invasive stages. Screening is
also associated with improved treatment outcomes, higher
survival rates, and reduced mortality rates.8 The United
States Preventive Services Task Force (USPSTF) recom-
mends mammography screening for women aged 50 to
74 years every 2 years.” The USPSTF also recommends
screening for cervical cancer in women aged 21 to 65 years
with a Pap test every 3 years or, for women aged 30 to 65
years, with a combination of Pap and HPV tests, or HPV

2Florida Cancer Data System, University of Miami Miller School of Medicine. PFlorida Department of Health. “Centers for Disease Control and Prevention,
National Center for Chronic Disease Prevention and Health Promotion, Division of Cancer Prevention and Control.
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test alone, every 5 years. Provisions in the Affordable
Care Act ensure that nongrandfathered private insurance
plans, as well as Medicare and Medicaid expansion states,
must cover certain preventive services, including breast
and cervical cancer screening, with no cost sharing.!® For
women who are low income, uninsured, or underinsured,
the Florida Breast and Cervical Cancer Early Detection
Program (FBCCEDP) provides breast and cervical cancer
screening, follow-up diagnostic services for abnormal
results, and treatment-eligibility referral. In 2020, it was
estimated that 79.2% of Florida women aged 50 to 74 years
received a mammogram in the past 2 years, while 77.1% of
those 21 to 65 years had received a Pap test in the previous
3 years.!! These rates are comparable to 2020 national breast
(mammography) and cervical cancer screening (Pap test)
rates (78.3% and 77.9%, respectively).!213

Recognizing that surveillance data systems constitute
the basis for the planning, implementation, and evaluation
of public health programs, integration of health services
data such as screening data into routine cancer surveillance
systems can complement incidence, mortality, and survival
data.!* Currently, data collected from women during breast
and cervical screenings are not part of the FCDS. Linkage
of screening data, for both positive and negative screening
results, with the central cancer registry can allow for timely
collection of additional information, including who is
getting screened, age at screening, number of screenings,
screening results, and diagnostic follow-up. Specifically,
racial and ethnic information from the screening procedures
can help supplement incomplete race data from the registry
cancer records. These more comprehensive registry data can
be used to inform cancer prevention and control activities
such as highlighting common geographical or sociodemo-
graphic characteristics of patients who were not screened
prior to diagnosis, informing future state cancer screening
efforts.

To determine if this comprehensive registry is feasible,
we evaluated reporting mechanisms for data availability,
data quality, and efficiency in capturing screening data as
part of a 5-year award from the CDC. To do this, Florida
conducted a pilot study involving: (1) linkage of all breast
and cervical cancer screenings from the FBCCEDP for the
time period 2009 to 2021 to the FCDS to capture medically-
confirmed screening data and self-reported medical history
for current cancer patients within the FCDS database; and
(2) evaluation of the feasibility of developing a population-
based breast and cervical cancer screening surveillance
system in Florida by electronically capturing screening data
from private health care providers through their electronic
health record (EHR) systems.

Methods
Overview of Approach

Florida has adopted a multiphase approach to evaluate
and identify an effective mechanism for reporting breast and
cervical cancer screening data by (1) Collecting statewide
FBCCEP data and regional data from Suncoast Community
Health Centers (Suncoast), and (2) linking the consolidated
screening database to the FCDS.
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Florida Breast and Cervical Cancer Early Detection
Program

The FBCCEDP provides breast and cervical cancer
screening to women aged 50 to 64 years who are at or below
200% of the federal poverty level and who are underinsured
or uninsured. According to the US Census Bureau’s Small
Area Health Insurance Estimates, approximately 647,000
Florida women between the ages of 50 and 64 years were
at or below 200% of the federal poverty level in 2017,
with about 25.1% being uninsured.!> Additionally, women
below age 50 years who are symptomatic or have a family
history of breast cancer and who meet other eligibility
requirements for income and insurance may be screened
by the FBCCEDP.'*!® The FBCCEDP provided over 28,000
screening and diagnostic services to eligible women in
fiscal year 2017.1° The FBCCEDP maintains 16 regional sites
serving eligible women from all 67 counties in Florida.

Suncoast Community Health Centers

With support from the FBCCEDP Hillsborough County
coordinator, the FCDS established a partnership with
Suncoast Community Health Center, a mammography and
gynecology center that is a not-for-profit, federally qualified
community health center. Accredited by the Accreditation
Association for Ambulatory Health Care, Suncoast has
served Hillsborough County since 1977. The center provides
primary health services to poor, uninsured rural persons
and migrant, seasonal agricultural workers in Eastern and
Southern Hillsborough County and Lakeland, Polk County.
With a network of 10 practices, 3 mobile units, 44 medical
providers, and 32 dental providers, Suncoast provided
services to 63,250 patients in 2018. The patient population
of Suncoast derives from an ethnically diverse population.
Further, as a federally qualified community health center,
the patient population has disproportionately higher rates
of poverty. Approximately 86% of these patients had income
at or below 200% of the federal poverty level, with 35%
uninsured, 72% from racial and ethnic minority groups,
and 12% being agricultural workers.?’ Hillsborough County
was selected as the initial pilot site given its large size and
racial-ethnic and socioeconomic diversity. Hillsborough
County is 28% Hispanic, 15.5% non-Hispanic Black, 50%
non-Hispanic White, and 4% Asian. Approximately 17% of
people in the county are foreign-born, with a majority from
Latin America and Asia (67% and 20%, respectively).!>2!
Hillsborough county constitutes a major urban center
and captures a significant population in need of cancer
screening services.

Data Submission

Florida Breast and Cervical Cancer Early Detection
Program. The FBCCEDP collects the personal health history
as well as demographic, screening, testing, diagnosis, and
treatment data for women who receive breast and cervical
cancer screening services. After a series of discussions in
biweekly meetings and review of the FBCCEDP patient
reporting form, the FBCCEDP agreed to submit many of
the screening and diagnostic follow-up data items captured
on the patient reporting form along with key demographic
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data required to facilitate linkage to the registry. As part of
the pilot project, the FBCCEDP submitted screening data
to the FCDS for services and procedures beginning from
the year 2009, which was the earliest year that the program
implemented an electronic capture data system, through the
year 2021.

Following data review, including quality checks, stan-
dardization of data values, and deduplication, the data
set was consolidated to unique patient-level records. The
range of procedures included both screening and diagnostic
procedures as well as consultations. The FCDS worked
with the FBCCEDP program to identify the procedure types
that are specific to screening procedures versus diagnostic
procedures to further define the consolidated screening
database. These included mammograms, clinical breast
examinations (CBEs), Pap tests, and HPV tests. While CDC
did not require or recommend the collection of CBEs as
a cancer-screening variable for this feasibility study, we
included it as a state-specific item to expand the potential
for linkage to the central cancer registry.

Suncoast. It was determined that the best way to extract
breast and cervical cancer screening data was through
Suncoast’'s EHR system. Screening data cover Pap tests,
HPV tests, CBEs, and mammograms. Quarterly submis-
sions from Suncoast began in January 2019 and continued
through the first half of 2022. Each submission reflected
the most recent screening dates by patient. For example,
a Pap test performed on January 1, 2019, will remain on
each report until the next Pap is performed, when it will be
replaced with the latest date on the report for each type of
screening.

As FCDS received submissions, the data were parsed
by procedure type (CBE, HPV, Pap, mammogram) and
results from the screening. The FCDS data import module
allowed screening results to be updated as needed if new
information was reported.

To date, Suncoast has submitted screening data for
women who received screening services between January
2019 and January 2022. Some women who received a single
screening during this period also had historical screening
data for other screenings included in the data set that went
as far back as 2009, but most procedures occurred between
2019 and 2022, as those were the years for which the data
were extracted.

Consolidated Screening Surveillance Database. The
FCDS team began the design of the consolidated database
in November 2020. The first step required developing the
related procedures to load and update data from Suncoast
and FBCCEDP into respective patient and screening tables
(Figure 1). These source-specific tables have their own
update logic given structural differences between reporting
sources. The second step required consolidation logic to
incorporate both sources into a consolidated patient and
screening table, with text-to-code conversions where appli-
cable for fields such as race, ethnicity, smoking status,
and sex. Where possible, we applied standardized values
from the North American Association of Central Cancer
Registries (NAACCR).
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Figure 1. Consolidated Patient and Screening Database
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CBE, clinical breast examinations; FBCCEDP, Florida Breast and Cervical
Cancer Early Detection Program; FCDS, Florida Cancer Data System;
HPV, human papillomavirus; Pap, Papanicolaou.

Each record contains a field to indicate the reporting
source. The Florida project team selected 4 procedure types
to include in the final consolidated screening database:
mammogram, CBEs, Pap test, and HPV test. They included
an insert date and last update field to capture the status
of each record. The consolidated patient table contains the
matched patient identifier and matched date field where
records were linked with a patient in the cancer registry
tumor database. Tables 1 and 2 show the consolidated fields
for the screening and patient tables.

While the FBCCEDP data included both screening
and diagnostic procedures, we only included those that fell
within the 4 screening criteria: mammogram, clinical breast
exams, Pap test, and HPV test. Procedures from Suncoast
fell exclusively into 1 of these 4 screening categories.

Cancer registry linkage. A final consolidated FCDS
tumor data set was extracted in year 5 of the pilot and
included unique female-only patient-level records regard-
less of diagnosis year; we used the entire FCDS data because
some women may have been captured in the registry
for any cancer diagnosed prior to or after utilizing the
screening services.

The FCDS implemented a probabilistic linkage of the
2 data sets using the R package fastLink with a matching
threshold of at least 0.98. The linkage variables consisted
of social security number, zip code, date of birth, street
number, and phonetic encodings of first and last names.
The data set of linked cancer patients resulting from the
linkage was subsequently used to extract tumor records for
each patient. We analyzed the linked data set to generate
frequencies of tumor types by site.

The unique patients from the consolidated patient
screening database were linked to the consolidated FCDS
patient-level database. The tumor records were further
limited to diagnosis years 1981-2019, representing complete
incidence cases in the registry. No manual review was
performed on the linkage. Furthermore, the fastLink program
includes a deduplication procedure.
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Table 1. Consolidated Patient Table Variables

C2P_PATIENT_ID
C2P_SOURCE
C2P_NAME_LAST
C2P_NAME_MIDDLE
C2P_NAME_FIRST
C2P_DOB

C2P_SSN

C2P_SEX
C2P_ADDRESST
C2P_ADDRESS2
C2P_CITY

C2P_zIP

C2P_STATE

C2P_BMI

C2P_HEIGHT
C2P_WEIGHT
C2P_HEIGHT_TEXT
C2P_WEIGHT_TEXT
C2P_VITAL_STS_DATE
C2P_SMOKING_STATUS
C2P_TOBACCO_STS_DATE
C2P_INSURANCE
C2P_RACE
C2P_ETHNICITY
C2P_INSERT_DATE
C2P_LAST_UPDATED
C2P_COUNTY
C2P_MATCHED_PATIENT_ID
C2P_MATCHED_DATE

Table 2. Consolidated Screening Table Variables

C2S_PATIENT_ID
C2S5_SOURCE
C2S_SCREENING_TYPE
C2S_SCREENING_DATE
C2S_SCREENING_RESULT
C2S_INSERT_DATE
C2S_LAST_UPDATE

Journal of Registry Management 2022 Volume 49 Number 4

Results

FBCCEDP

Upon consolidation of the FBCCEDP source data
to include only those screenings that fell within the 4
main screening categories, the total number of unique
patients totaled 114,713 patients and 331,414 screenings
(49% mammogram, 31% CBE, 16% Pap test, and 4% HPV
test). Approximately 92% of all patients were between
50 and 64 years at the time of the procedure, 39% were
Non-Hispanic White, 22% were Non-Hispanic Black, and
34% were Hispanic.

Suncoast

The Suncoast data set represented a total of 19,308
unique female patients and 53,553 screening procedures.
Pap tests comprised most of cancer screening procedures
(40%), followed by HPV tests (29%), mammograms (18%),
and CBE (13%). Of the 19,308 unique patients, 63% were
Hispanic, 26% Non-Hispanic White, and 9% Non-Hispanic
Black. Many patients were aged 24-49 years (65%), and 35%
of individuals represented the 50 years or older age group.
The data extraction process from Suncoast pulls records
based on the current years’ screenings, but also includes the
date of last screening across screening modalities. Therefore,
screenings have been captured that predate the year of data
extract.

Consolidated Screening Database

The design and functioning of the consolidated
screening database have been effectively automated and
handles the unique formats of each data source to produce
a standardized analytic data set. There are 2 main analytic
tables; patient-level information is consolidated by source
into a single patient table, and screening procedures are
also consolidated by source (Suncoast and FBCCEDP). The
final patient and screening tables combine sources into a
single analytic set. Tables 3 and 4 describe the total number
of consolidated and unique patient records and screenings
combined by source and demographic characteristics.

Cancer Registry Linkage Results

The results of the tumor linkage for Florida malignant
breast and cervical cancers resulted in a total of 5,602 linked
patients and 6,006 patient tumors (there can be multiple
tumors per patient) diagnosed between 1981 and 2019.
The linkage included a de-duplication component, did not
use blocking, and did not include manual review. Given
that there were known duplicate patients in the consoli-
dated screening patient table, as described previously, the
de-duplication was helpful in eliminating many of these
instances. The final linked tumor data set excluded out of
state diagnosis, and removed tumors diagnosed prior to
1981 and after 2019. The cancer registry was established
in 1981 and the most recently published data were for the
2019 diagnosis year. This ensures higher data quality and
validation. Therefore, we included a total of 6,006 breast
and cervical tumors diagnosed among 5,602 patients in
the final analytic data set. Most linked tumors consisted of
cancers of the breast (93%) with fewer cervical cancers (7%)
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Table 3. Consolidated and Unique Patient Records, Suncoast (2019-2022) and FBCCEDP (2009-2021)

Combined FBCCEDP
n % n % n %

Total patient records 134,021 100 19,308 100 114,713 100
Race/ethnicity

Hispanic 52,037 39 12,161 63 39,876 35

Non-Hispanic White 49,835 37 4,962 26 44,873 39

Non-Hispanic Black 27,577 21 1,780 9 25,797 22

Non-Hispanic AI/AN/Other* 2,784 2 13 <1 2,771 2

Unknown 1,788 1 392 2 1,396 1
Smoking Status

Never smoker 98,724 74 14,758 76 83,966 73

Current 25,601 19 2,118 11 23,483 20

Former smoker 2,432 2 2,432 13 0 0

Unknown 7,264 5 0 0 7,264 6

AI/AN, American Indian/Alaska Native; FBCCEDP, Florida Breast and Cervical Cancer Early Detection Program.

Table 4. Consolidated Breast and Cervical Cancer Screening Procedures, Suncoast (2019-2022) and FBCCEDP
(2009-2021)

Combined FBCCEDP
n % n % n %

Total screening records 384,967 100 53,553 100 331,414 100
Procedure

Mammogram 173,888 45 9,493 18 164,395 50

Clinical breast examination 108,597 28 7,293 13 101,304 30

Pap test 72,822 19 21,365 40 51,457 16

HPV 29,660 8 15402 29 14,258 4
Age at time of screening (y)

<20 53 <1 0 0 53 <1

20-29 7,230 2 6,162 12 1,068 <1

30-39 20,347 5 16,152 30 4,195 1

40-49 25,923 7 14,504 27 11,419 3

50-59 230,524 59 11,592 22 218,932 66

60-69 99,723 26 4,863 9 94,860 29

>70 1,167 <1 280 <1 887 <1

FBCCEDP, Florida Breast and Cervical Cancer Early Detection Program; Pap, Papanicolaou.

(Table 5). It is worth noting that the source of screening data
skew toward individuals of lower socio-economic status.
Therefore, the distribution of covariates is not representa-
tive of all diagnosed breast and cervical cancers in the FCDS.

Limitations
There were multiple challenges throughout the pilot
screening project that are worth noting. First, establishing
data sharing partnerships requires a considerable time
commitment and investment in effort to meet with health
agencies, private practices, clinicians, and public health
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officers. While connections to internal and partnered agen-
cies within the Department of Health were more easily
facilitated, relationships with private practices and clini-
cians required more effort given less familiarity with the
central cancer registry’s legislative mandates. For example, a
prospective clinical practice declined to work with the pilot
project citing concerns around the releasing of patient iden-
tifiable information (PII) and potentially violating patient
confidentiality. Although the current state cancer registry
legislation and a data use agreement with the health care
system allowed the project team to obtain cancer screening
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Table 5. Linked Tumors by Site with Consolidated Unique Patient Table (n = 6,006), FCDS, 1981-2019

Site Combined Suncoast FBCCEDP

n % n % n %
Breast 5,595 93 113 84 5,482 93
Cervix uteri 411 7 21 16 390 7
Total 6,006 100 134 100 5,872 100

FBCCEDP, Florida Breast and Cervical Cancer Early Detection Program; FCDS, Florida Cancer Data System.

data for this feasibility project, there were concerns about
whether the legislation covered cancer screenings not linked
to a diagnosis or treatment of cancer. Developing a statewide
cancer screening surveillance system may require policy
revisions, including more specific legislative language that
requires reporting of all cancer screening data, with or
without a cancer diagnosis and prospectively, to circumvent
any barriers to acquiring data in the future.

Secondly, there are no data standards for capturing
screening data from the EHR. Each provider and program
use different file layouts. The FBCCEDP data set contains
multiple patient records if more than 1 procedure was
performed, while the Suncoast data set structure contains
patient data on a single record with multiple procedures
listed in different fields. A statewide roll-out would require
a data dictionary for consistent reporting and assimilation
to the standard format by each provider. Providers use
different EHR software resulting in the various file layouts
and formatted data. While some data elements are coded
into distinct categories with defined values, others are
entered in as free text or without formatting standards. The
business flow and logic of collecting and maintaining the
data sets in the EHR are often combined with ad hoc data
cleaning and recoding, resulting in less standardized data
sets. A statewide roll-out would require a data dictionary
defining consistent coding standards by each provider.

Third, EHR system upgrades have contributed to
delays in data extraction and submission. Going forward,
software vendor changes could also represent a potential
barrier to receiving timely data from other providers.

Lastly, the COVID-19 pandemic shifted organizational
priorities across the state, which directly and indirectly
impacted the pilot project in terms of the availability of
providers to dedicate efforts toward data review and
submission. While it did not stall progress on the project
completely, it presented additional challenges that affected
project implementation and efficiencies.

Discussion

The 5-year cancer screening surveillance feasibility pilot
project presented Florida with a valuable learning experi-
ence and provided an opportunity to create a road map
for inclusion of cancer screening surveillance data within
the central cancer registry. The linked screening and tumor
database can be analyzed to address specific screening to
diagnosis research questions that may include identification
of delayed screenings, time from screening to diagnosis,
screening disparities and associated advanced stage tumors,
among other inquiries that inform evidence-based policy
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and program decision making. The addition of other cancer
screening modalities such as low dose computed tomog-
raphy (CT) scans for lung cancer, and colonoscopies for
colorectal cancer can be considered in the expansion of this
project.

Prior studies that linked breast cancer screening with
cancer registry data were conducted over 20 years ago and
focused on acquiring data from a screening and provider
or health insurance claims database.??? Although these
studies demonstrated the feasibility of acquiring breast
cancer screening data, the quality and completeness of vari-
ables available for linkage with registry varied. Additionally,
prior studies concluded that performing cancer screening
and registry data linkage was resource and time intensive
and posed data privacy and security issues. A recent study
by Heins and colleagues linked national cancer registry data
with a small percentage (10%) of patient-level primary care
EHRs without reliance on a unique identifier; this limited
data quality and completeness and may have resulted in
false data linkages.?

Integral to the overall completion and success of
the feasibility pilot was ensuring that annually proposed
planned activities were evaluated, identifying facilitators
in accomplishing planned activities and discovering chal-
lenges and barriers, which delayed completion of proposed
activities and consequently the development of new activi-
ties. Important factors for success involve facilitators at the
state and county levels to connect the cancer registry with
potential data partners. Without these support networks,
identifying appropriate data sources and partners would
have been extremely difficult. Based on Florida’s experi-
ence implementing this project, expanding this project to
additional registries would require each of the barriers to
be fully addressed. A formalized and standardized process
for data capture, formatting, and submission, as well as
the development of a statewide data dictionary, is vital to
planning and implementing a cancer screening surveil-
lance system within an existing central cancer registry
infrastructure.
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The Central Brain Tumor Registry of the United
States Histopathological Grouping Scheme Provides
Clinically Relevant Brain and Other Central Nervous

System Categories for Cancer Registry Data
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Abstract: Background: Brain and other central nervous system (CNS) tumors are a heterogenous collection of tumors, but
they are generally reported in local and national cancer statistics as a single, large category. Although the collection of non-
malignant brain and other CNS tumors has been mandated since diagnosis year 2004, these tumors are often excluded from
standard statistical reports on cancer despite their burden on populations in the United States and Canada. The Central
Brain Tumor Registry of the United States (CBTRUS) historical and current histopathological grouping schemes have been
developed in collaboration with neuropathologists to capture the diversity of these tumors in clinically relevant catego-
ries. The goal of this analysis was to test a new recode variable based on the CBTRUS histopathology grouping prior to
releasing the variable for use in the North American Association of Central Cancer Registries (NAACCR) Cancer in North
American (CiNA) data sets and by individual cancer registries. Methods: The CBTRUS histopathology grouping scheme
variable was created and implemented in an evaluation CiNA data set. The accuracy of the variable’s categories was evalu-
ated. Counts and incidence rates were calculated using SEER*Stat. Results: Overall, 481,650 cases of brain and other CNS
tumors meeting the CBTRUS definition were identified for diagnosis years 2015-2019 in the CiNA data set for the US and
Canada, making these the sixth-most-common tumor as a group. Of the brain and other CNS tumor cases, approximately
29% were malignant (behavior code /3 in the International Classification of Diseases for Oncology, 3rd edition [ICD-O-3])
while about 71% were nonmalignant (ICD-O-3 behavior code /0 or /1). The overall age-adjusted annual incidence rate
(AAAIR) of brain and other CNS tumors was 24.44 per 100,000 (95% CI, 24.37-24.51). The most common histopathologies
were meningioma, of which approximately 99% were nonmalignant (AAAIR, 9.09 per 100,000; 95% CI, 9.05-9.13); tumors
of the pituitary, of which about 99% were nonmalignant (AAAIR, 4.28 per 100,000; 95% CI, 4.25-4.31); and glioblastoma,
of which 100% were malignant behavior (AAAIR, 3.20 per 100,000; 95% CI, 3.18-3.22). Conclusions: Brain and other CNS
tumors make up an extremely diverse category that contributes substantially to the cancer burden in North America.
The CBTRUS histopathology grouping variable provides clinically relevant groupings for analysis of these tumors in the
NAACCR CiNA as well as by individual central cancer registry groups. We encourage the use of this variable to support
more detailed analysis of this important group of tumors.

Key words: brain and central nervous system tumors, Central Brain Tumor Registry of the United States, World Health Organization
classification of tumors of the central nervous system

location is a primary predictor of significant morbidity.
The importance of including all primary brain tumors in

Introduction
Brain and other central nervous system (CNS) tumors

are a heterogenous group of tumors with more than 100
valid International Classification for Diseases for Oncology,
3rd edition (ICD-O-3) histopathology codes for these sites.
While these histopathologies have extremely disparate
incidence and outcomes, most cancer statistics report these
cases in bulk based on site/topology codes alone and
without any stratification by important histopathologic
groups. Additionally, approximately 70% of tumors occur-
ring at CNS sites have benign or borderline behavior
and may not be included in overall cancer statistics. For
most cancers, malignant behavior is the most important
predictor of mortality. But for brain and other CNS tumors,

cancer reporting was evidenced by Schoenberg et al in the
1970s.! However, most cancer statistics reporting groups
(eg, SEER*Explorer, CiNA Explorer) continue to report only
malignant brain and other CNS tumors or report incidence
of nonmalignant brain and other CNS tumors separately,
thereby underestimating the burden of newly diagnosed
primary brain and other CNS tumors.

To address this and to provide clinically relevant
statistics on brain and other CNS tumors, the Central
Brain Tumor Registry of the United States (CBTRUS) was
founded in 1992.2 CBTRUS provided incidence rates from
a subset of central cancer registries, resulting in support for

2Central Brain Tumor Registry of the United States, Hinsdale, lllinois. PDuke University School of Medicine, Durham, North Carolina. “Duke Cancer Institute,
Duke University Medical Center, Durham, North Carolina. 4Information Management Systems, Inc, Rockville, Maryland. North American Association of

Central Cancer Registries, Inc, Springfield, lllinois.

Address correspondence to Recinda Sherman, NAACCR, 2050 W lles Ave, Suite A, Springfield, IL 62704-4194. Email: rsherman@naaccr.org.
Funding details for the Central Brain Tumor Registry of the United States can be found at https://www.cbtrus.org.
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the inclusion of “benign” brain tumors by the Centers for
Disease Control and Prevention (CDC)’s National Program
of Cancer Registries (NPCR).> As a result of the passage of
Public Law 107-260 in 2002 (the Benign Brain Tumor Cancer
Registries Amendment Act), benign and borderline brain
tumors were collected starting January 1, 2004.* This law
based the collection of brain and other CNS tumors on a
site definition rather than a behavior definition as put forth
by the currently defunct National Coordinating Council of
Cancer Registries and has been agreed upon by members
of the cancer surveillance community in concert with
representatives from the brain tumor clinical and research
communities in Chicago in November 2000 (Consensus
Conference 1).5 Since 2009, NPCR has provided data from
central cancer registries on brain and other CNS tumors
to the CBTRUS, which CBTRUS combines with central
cancer registry data from the National Cancer Institute
(NCI)’s Surveillance, Epidemiology, and End Results
(SEER) Program for its annual reports and publications.
Data from 52 central cancer registries (48 from NPCR and
4 from SEER) presented by behavior, histopathology, sex,
age, race, Hispanic ethnicity, and geographic location are
included in the 2022 CBTRUS statistical report with data
from 2015-2019.6

In order to reduce the over 100 histopathologic codes to
the clinically appropriate analytic groupings, CBTRUS has
worked in collaboration with multiple consulting neuropa-
thologists to develop the CBTRUS histopathologic grouping
scheme, which is updated when major changes are made to
brain and other CNS tumor classification. In 2016, the WHO
Classification of Tumours of the Central Nervous System’ was
updated to reflect substantial changes in classification and
diagnostic practice that significantly impacted the collection
and reporting of CNS tumors. This led to the development
of new ICD-O-3 codes, as well as to the development of a
new variable (Brain Molecular Markers Site Specific Data
Item [SSDI] #3816) by the North American Association of
Central Cancer Registries (NAACCR) to fully capture new
entities defined in the updated classification.® These new
codes and SSDIs were implemented beginning in diagnosis
year 2018. In addition, these changes led to significant
updates to both the SEER and CBTRUS histopathologic
grouping schemes for tumors of the CNS.%10

To facilitate broader use of clinically relevant histopa-
thology groupings for tumors of the brain and CNS by the
broader cancer registry community, CBTRUS has worked
with NAACCR to provide the CBTRUS histopathology
recode within NAACCR Cancer in North America (CiNA)
data sets, including CiNA Public Use.

There are several notable differences in the defini-
tion of brain and other CNS tumors between different
reporting groups that should be noted when using site-
specific recodes. SEER, NAACCR, and NPCR define
brain and other CNS tumors in their reporting as tumors
located in the brain, meninges, and other parts of the
CNS (ICD-O-3 site codes: C70.0-9, C71.0-9, and C72.0-9),
with the exclusion of lymphoma and leukemia histopa-
thologies (ICD-O-3 codes 9590-9989) occurring at those
sites. CBTRUS includes the brain, meninges, other CNS
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tumors, pituitary, craniopharyngeal duct, and pineal gland
(ICD-O-3 site codes C70.0-9, C71.0-9, C72.0-9, C73.3-5),
as well as olfactory tumors of the nasal cavity (ICD-O-3
site code C30.0, ICD-O-3 histopathology code 9522-9523
only) and lymphomas and leukemias occurring at brain
and CNS sites. The inclusion of tumors of the pituitary,
craniopharyngeal duct, and pineal gland as well as primary
CNS lymphoma as CNS tumors is in line with the World
Health Organization (WHO) classification of CNS tumors,
but their inclusion in a site-specific recode is unique to
the CBTRUS grouping scheme. CBTRUS also includes
all primary brain and other CNS tumors irrespective of
behavior. Brain tumors with ICD-O-3 behavior codes /0
(benign) and /1 (borderline) are referred to as nonmalignant
brain tumors. Many reports using the term “brain tumor” or
“brain cancer” may be restricted to malignant brain tumors
only, despite these tumors representing only about 30% of
primary brain tumors.®

CBTRUS revised its histopathology groupings to align
with the 2016 WHO classification in 2021 while retaining
histopathologies that were deemed obsolete for histor-
ical comparisons. This process and its potential effect on
reporting are detailed at length in Waite, et al.” The CBTRUS
histopathology recode is described in Table 1. CBTRUS also
collaborated with SEER to use a new recode that grouped
some of the more common histologies into the histopa-
thology groupings used in the 2016 WHO classification, and
this recode is now available in both publicly available SEER
and NAACCR data sets.!” Table 2 provides an overview of
classification differences between the SEER and CBTRUS
brain and CNS recodes. The objective of this report is to
clearly describe the CBTRUS recode and provide guid-
ance for its use by the broader cancer registry community.
CBTRUS strongly encourages the use of brain and CNS
tumor-specific recodes based on histopathology as opposed
to site-based recodes when analyzing brain and CNS data
collected by cancer registries for the production of clinically
relevant statistics.

Methods

The NAACCR CiNA data set used for this analysis
includes data from 67 central cancer registries: 56 from the
United States (49 states [excluding Nevada due to data
quality issues], the District of Columbia, and Puerto Rico,
and 5 regions [California, excluding the Greater Bay area
and Los Angeles, plus 4 metropolitan areas]) and 11 from
Canada (9 provinces and 2 territories).!! A special evalu-
ation version of a CiNA Public Use data set!? was used,
which included a recode variable based on a standard
SEER*Stat variable, Site Recode ICD-O-3/WHO 2008, and
the ICD-O-3 histology codes. The recode variable was
based on the Site Recode ICD-O-3/WHO 2008 equal to
Brain and Other Nervous System (ICD-O-3 codes C70.0-72.9),
and histology was aligned with the CBTRUS groupings.
For the purposes of this evaluation, the CBTRUS brain and
CNS site definition was used (ICD-O-3 site codes C70.0-9,
C71.0-9, C72.0-9, C73.3-5, as well as C30.0) for ICD-O-3
histopathology code 9522-9523 only and behavior codes of
/0, /1, and /3.
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Table 1. Central Brain Tumor Registry of the United States (CBTRUS), 2021 Brain and Other Central Nervous System
Tumor Histopathology Groupings (Based on 2016 WHO Classification)

Histopathology

ICD-0O-32 Histopathology Codes®

Diffuse astrocytic and oligodendroglial tumors

Diffuse astrocytoma*

9381, 9400, 9410, 9411, 9420, 9442/1

Anaplastic astrocytoma* 9401
Glioblastoma* 9440, 9441, 9442/3, 9445¢
Oligodendroglioma* 9450
Anaplastic oligodendroglioma* 9451, 9460
Oligoastrocytic tumors* 9382

Other astrocytic Tumors
Pilocytic astrocytoma* 9421, 9425¢

Unique astrocytoma variants*

9384, 9424, 9431¢

Ependymal tumors*

9383, 9391 (excluding site C75.1 for behavior /1), 9392-9394, 9396°¢

Other gliomas

Glioma malignant, NOS*

9380, 9385¢

Other neuroepithelial tumors*

9423, 9430, 9444

Neuronal and mixed neuronal-glial tumors*

8680, 8681, 8690, 8693, 9412, 9413, 9490, 9492 (excluding site C75.1), 9493, 9505,
9506, 9509¢, 9522 (site C30.0 only), 9523 (site C30.0 only)

Choroid plexus tumors

9390

Tumors of the pineal region

9360, 9361, 9362, 9395¢

Embryonal tumors

8963, 9364, 9470-9478c, 9480, 9500, 9501/3, 9502/3, 9508

Medulloblastoma

9470-9472,9474-9478

Atypical teratoid rhabdoid tumor

9508

Other embryonal tumors

8963, 9364, 9473, 9480, 9500, 9501, 9502

Tumors of cranial and paraspinal nerves

Nerve sheath tumors

9540, 9541, 9550, 9560, 9561, 9570, 9571

Other tumors of cranial and paraspinal
nerves

9562, 9563

Tumors of meninges

Meningioma

9530-9535, 9537-9539

Mesenchymal tumors

8324, 8710, 8711, 8800-8806, 8810, 8811, 8815, 8821, 8824, 8825, 8830, 8831, 8835,
8836, 8840, 8850-8854, 8857, 8861, 8870, 8880, 8890, 8897, 8900-8902, 8910, 8912,
8920, 8921, 8935, 8990, 9040, 9120, 9125, 9130, 9131, 9133, 9136, 9150, 9161, 9170
9180, 9210, 9220, 9231, 9240, 9241, 9243, 9260, 9370-9373

Primary melanocytic lesions

8720, 8728, 8770

Other neoplasms related to the meninges

None

Lymphomas and hematopoietic neoplasms

Lymphoma

9590, 9591, 9596, 9650-9655, 9659, 9661-9665, 9667, 9670, 9671, 9673, 9675, 9680,
9684, 9687, 9688, 9690, 9691, 9695, 9698, 9699, 9701, 9702, 9705, 9712, 9714, 9715
9719, 9724, 9727-9729, 9735, 9737, 9738, 9750, 9751, 9755, 9756, 9811-9819, 9823
9826, 9827, 9831, 9832, 9837, 9861, 9866, 9930, 9965, 9966, 9967, 9970, 9971, 9975

Other hematopoietic neoplasms

9731, 9733, 9734, 9740, 9741, 9749, 9752-9754, 9757-9758, 9759, 9760, 9766, 9860,

Germ cell tumors

8440, 9060, 9061, 9064, 9065, 9070-9072, 9080-9083, 9084/3, 9085, 9100, 9101

Tumors of sellar region
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Table 1, cont. Central Brain Tumor Registry of the United States (CBTRUS), 2021 Brain and Other Central Nervous
System Tumor Histopathology Groupings (Based on 2016 WHO Classification)

Histopathology ICD-O-3? Histopathology Codes®
8040 (site C75.1 only), 8140 (site C75.1 only), 8146 (site C75.1 only), 8246, 8260 (site
Tumors of the pituitary C75.1 only), 8270-8272, 8280, 8281, 8290, 8300, 8310, 8323, 9391/1 (site C75.1 only),
9432¢ (site C75.1 only), 9492 (site C75.1 only), 9580, 9582
Craniopharyngioma 9350-9352
Unclassified tumors
Hemangioma 9121-9123, 9133, 9140
Neoplasm, unspecified 8000-8005, 8010, 8020, 8021
All other 8320, 8452, 8713, 8896, 8963, 8980, 9084/0, 9173, 9363, 9503

NOS, not otherwise specified; WHO, World Health Organization. ?International Classification of Diseases for Oncology, 3rd edition, 2000. World
Health Organization, Geneva, Switzerland. P See the CBTRUS website for additional information about the specific histopathology codes included in
each group: https://www.cbtrus.org. “Added starting with diagnosis year 2018.

* All or some of this histopathology is included in the CBTRUS definition of gliomas, including ICD-O-3 histopathology codes 9380-9384 and

9391-9460.

Figure 1. (A) Average Annual Age-Adjusted Incidence Rates (AAAIRs) with 95% Cls of All Primary Brain and Other Central
Nervous System Tumors in Comparison to Top 8 Highest Incidence Cancers and (B) Distribution of All Primary Brain and
Other Central Nervous System Tumors by Behavior and Most Common Histopathologies, 2015-2019 NAACCR CiNA
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2Rates are per 100,000 and are age-adjusted to the 2000 US standard population.
bPercentages may not add up to 100% due to rounding.
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Counts, average annual age-adjusted incidence rates
(AAAIR) per 100,000 population, and 95% Cls by CBTRUS
histopathology groupings, behavior, and sex were gener-
ated for diagnosis years 2015-2019 for all registries included
in the special NAACCR CiNA data set using SEER*Stat
8.4.0.13

Results

Overall, 481,650 cases (96,330 cases annually on average)
of brain and other CNS tumors meeting the CBTRUS defi-
nition were identified in the 2015-2019 NAACCR CiNA
data set, including both US and Canadian central cancer
registries (Table 3). This is about 25% higher than when
the SEER brain and CNS site recode definition is used to
identify tumors of the brain and CNS (383,949 total cases
for the 5-year period, for an annual average of 76,790 cases),
and about 282% higher than when cases are limited to those
with malignant behavior only ICD-O-3 behavior code of
/3 (125,961 total cases for the 5-year period, for an annual
average of 25,192 cases).

In comparison to other common cancers in the CiNA
data set, brain and other CNS tumors are the sixth most
commonly occurring tumor when using the CBTRUS defi-
nition (Figure 1, Panel A). Of the 481,650 cases of primary
brain tumors, 137,617 (28.6%) were malignant (ICD-O-3
behavior code /3) while 344,033 (71.4%) were nonmalignant
(ICD-O-3 behavior code /0 or /1) (Figure 1, Panel B). The
overall AAAIR of brain and other CNS tumors was 24.44
per 100,000 (95% CI, 24.37-24.51). The incidence of malig-
nant tumors only was 7.00 per 100,000 (95% CI, 6.96-7.04),
while the incidence of nonmalignant tumors was 17.44 per
100,000 (95% CI, 17.38-17.50).

Brain and other CNS tumors occurred more frequently
in females (AAAIR, 27.16 per 100,000; 95% CI, 27. 06-27.27)
than in males (AAAIR, 21.55 per 100,000; 95% CI, 21.45-
21.64). For malignant tumors only, incidence was higher
in males than females (male AAAIR, 8.23 per 100,000; 95%
CI, 8.18-8.29 compared to female AAAIR, 5.90 per 100,000;
95% CI, 5.85-5.95). The opposite was true in nonmalig-
nant tumors, where incidence was nearly twice as high
in females (female AAAIR, 21.26 per 100,000; 95% ClI,
21.17-21.35) than in males (male AAAIR, 13.31 per 100,000;
95% CI, 13.24-13.39)

The most frequently occurring histopathology was
meningioma (AAAIR, 9.09 per 100,000; 95% ClI, 9.05-9.13), of
which about 99% are nonmalignant (Table 2). Meningioma
occurred more than twice as frequently in females (female
AAAIR, 12.38 per 100,000; 95% CI, 12.31-12.45) than in
males (male AAAIR, 5.40 per 100,000; 95% CI, 5.35-5.45).
The second most frequently occurring histopathology was
tumors of the pituitary (AAAIR, 4.28 per 100,000; 95% CI,
4.25-4.31), followed by glioblastoma (AAAIR, 3.20 per
100,000; 95% CI, 3.18-3.22). The predominantly nonmalig-
nant tumors of the pituitary occurred at much higher rates
in females than in males (female AAAIR, 4.83 per 100,000;
95% CI, 4.78-4.88 as compared to male AAAIR, 3.81 per
100,000; 95% Cl, 3.77-3.86). Glioblastoma occurred more
commonly in males than in females (male AAAIR, 4.00 per
100,000; 95% CI, 3.96-4.04 as compared to female AAAIR,
2.50 per 100,000; 95% CI, 2.48-2.54).
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Incidence estimates by age group are shown in Table
4. Overall, brain and CNS tumors are most common in
those older than 40 years (240 years AAAIR, 44.11 per
100,000; 95% CI, 43.97-44.25, as compared to 0-14 years
AAAIR, 5.81 per 100,000; 95% CI, 5.73-5.90, and 15-39 years
AAAIR, 11.84 per 100,000; 95% CI, 11.75-11.93). The most
frequently occurring histopathology in children aged 0-14
years was pilocytic astrocytoma (AAAIR, 1.11 per 100,000;
95% CI, 1.07-1.15), while in adolescents and young adults
aged 15-39 years, it was tumors of the pituitary (AAAIR,
4.03 per 100,000; 95% CI, 3.98-4.08). In older adults (=40
years), meningioma was reported as the most frequently
occurring histopathology (AAAIR, 19.49 per 100,000; 95%
CI, 19.40-19.59).

Discussion

CBTRUS produces annual statistical reports using
this CBTRUS histopathology grouping scheme, the most
recent of which was based on 445,792 cases diagnosed from
2015-2019.° This includes data from 51 central cancer regis-
tries in the United States only (50 states and Washington
DC; about 100% of the United States with the exception of
Nevada from the years 2018-2019), and is therefore smaller
than the CiNA data, which includes Canadian registries.
The results of this initial evaluation show that, while case
counts vary due to differences in included central cancer
registries, the overall incidence patterns for primary brain
and other CNS tumors are the same within the CBTRUS
analytic data set and the NAACCR CiNA data set. Observed
overall patterns, incidence by sex, and incidence by age
are very similar to those estimated using the CBTRUS data
set. Variations may occur when using the recode variable
in data sets that may include lower proportions of nonma-
lignant tumors or variations in the proportion of cases
abstracted from radiographic imaging, which is associated
with increased detection (and therefore higher incidence) of
nonmalignant brain and other CNS tumors. Care should be
taken when generating and interpreting statistics for these
tumors, particularly concerning the underlying site defini-
tion used, as these vary by major reporting organizations.

Incidence rates for brain and other CNS tumors vary
significantly by histopathology, sex, age, and other demo-
graphic factors, including race/ethnicity and geography.
The CBTRUS variable provides valuable information for
comparing the burden of brain and other CNS tumors
by these and other groups, as the etiology and diagnostic
patterns of these histopathologies vary significantly. Use of
this recode is useful not only for epidemiologic compari-
sons across populations, but also for investigating potential
data collection or diagnostic differences across regions that
may affect overall incidence rates of brain and other CNS
tumors. While evaluation of brain and other CNS tumors by
behavior is common, we encourage the use of the CBTRUS
variable across behaviors to fully estimate the burden due
to tumors of the brain and other CNS in populations of
interest.

Based on the results of the initial evaluation of the
CiNA version of the CBTRUS variable, NAACCR has
updated the recode to select cases based on the CBTRUS
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Table 2. Frequency of Cases Assigned to Categories in the CBTRUS and SEER Brain and CNS Histopathologic Recode Schemes, 2015-2019 NAACCR CiNA

CBTRUS brain and CNS recode
E 1) % '§o —(% 'é SQSA
- s . S 12 4¢ 8 B . | E e o : g 8
Sl % 2 2| § g E B F ez g g 5 2 %¢ 5 | 5 s | e 5| 2 o | E 5
g < £ ° l 3| 8 | 2| Z = °c | 55| & | £ | = % | 85| B E T) - £ s £ > c
T | 2 | 2| B |82 £ 5 ®B|E E | 3 |54 & | 5| 8| £ |EE| & | £ | E E 58 3z | 5| £ & E| |2
2 = £ T | €8 g =4 s | 2 g | §5| 3 £ S o | ta| 2 e 2 2 |T&| = 2 5 S £ | £ ]9 =
i 8| 2 2|85 2| 2 F 8| & | E|z5| g8 £ 5 /88 5| 38| E g B £ e s E 825 ¢
a < O o <3S o T =) 8 S O | zz¢ O = o z o2& > > & > |o02| O = S I z < @ =
1. Malignant brain/CNS 9,653 | 7,518 | 67,795 | 4,041 | 2,160 595 5,537 | 572 | 4,106 | 9,060 66 257 124 <16 | 3,423 233 0 1,766 814 95 0 0 582 <16 <16 0 7,441 56 55 125,961
1.1 Glioma 9,653 | 7,518 | 67,795 | 4,041 | 2,160 595 5,537 | 572 | 4,106 | 9,060 66 <16 0 <16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 111,115
1.1.1 Diffuse astrocytoma and anaplastic astrocytoma 8,045 | 7,518 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15,563
1.1.2 Glioblastoma 1,417 0 67,795 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 69,212
1.1.3 Diffuse midline glioma, H3 K27M-mutant 0 0 0 0 0 0 0 0 0 412 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 412
1.1.4 Oligodendroglioma 0 0 0 4,041 | 2,143 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,184
1.1.5 Oligoastrocytoma 0 0 0 0 0 595 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 595
1.1.6 Other astrocytic tumors 0 0 0 0 0 0 5,537 | 559 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6,096
1.1.7 Astroblastoma 0 0 0 0 0 0 0 0 0 0 61 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 61
1.1.8 Ependymal tumors 0 0 0 0 0 0 0 0 4,067 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,067
1.1.9 Glioma, unspecified 0 0 0 0 0 0 0 0 0 8,648 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,648
° 1.1.10 Other 191 0 0 0 17 0 0 <16 39 0 <16 <16 0 <16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 277
g 1.2 Embryonal tumors 0 0 0 0 0 0 0 0 0 0 0 39 0 0 3,423 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,462
E 1.3 Meningiomas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,737 0 0 0 0 0 0 0 0 0 0 0 1,737
5 1.4 Choroid plexus tumors 0 0 0 0 0 0 0 0 0 0 0 0 124 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 124
#=N 1.5 Neuronal and mixed neuronal-glial tumors 0 0 0 0 0 0 0 0 0 0 0 174 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 174
.; 1.6 Other malignant brain/CNS 0 0 0 0 0 0 0 0 0 0 0 33 0 <16 0 233 0 29 814 95 0 0 582 <16 <16 0 7,441 56 55 9,349
.g 2. Nonmalignant brain/CNS 23 <16 0 <16 <16 0 147 422 | 3,347 452 45 4,717 755 <16 <16 |39,474 35 184,736| 6,230 57 0 0 489 <16 405 4,372 {12,010 | 146 95 |257,988
E 2.1 Meningiomas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 183,748 0 0 0 0 0 0 0 0 0 0 0 183,748
< 2.2 Tumors of the cranial and paraspinal nerves 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 38,737 0 0 0 0 0 0 0 0 0 0 0 0 0 38,737
2.3 Ependymal tumors 0 0 0 0 0 0 0 0 3,178 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3,178
2.4 Choroid plexus tumors 0 0 0 0 0 0 0 0 0 0 0 0 755 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 755
2.5 Neuronal and mixed neuronal-glial tumors 0 0 0 0 0 0 0 0 0 0 0 4,250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4,250
2.6 Mesenchymal, nonmeningothelial tumors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5,550 0 0 0 0 0 0 0 0 0 0 5,550
2.7 Other astrocytic tumors 0 0 0 0 0 0 0 362 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 362
2.8 Other gliomas 0 0 0 0 0 0 0 52 0 0 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 97
2.9 Other nonmalignant brain/CNS 23 <16 0 <16 <16 0 147 <16 169 452 0 467 0 <16 <16 737 35 988 680 57 0 0 489 <16 405 4,372 112,010 | 146 95 21,311
3. Malignant tumors of the pineal region 0 0 0 0 0 0 0 0 0 0 0 0 0 478 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 478
4. Nonmalignant tumors of the pineal region 0 0 0 0 0 0 0 0 0 0 0 0 0 260 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 260
5. All other cancer types <16 <16 32 0 <16 0 22 <16 <16 49 0 831 <16 87 25 <16 0 22 59 <16 9,210 49 698 |79,996 | 2,977 <16 2,789 | <16 66 96,963
TOTAL 9,687 | 7,526 | 67,827 | 4,048 | 2,164 595 5,706 | 995 | 7,460 | 9,561 111 5,805 880 836 | 3,453 | 39,714 35 186,524 | 7,103 161 9,210 49 1,769 | 80,004 | 3,388 | 4,377 | 22,240 | 206 | 216

CBTRUS, Central Brain Tumor Registry of the United States; CNS, central nervous system; ICD-O-3, International Classification of Diseases for Oncology, 3rd edition; NAACCR CiNA, North American Association of Central Cancer Registries Cancer in North America; CNS, central nervous system; SEER, Surveillance,
Epidemiology, and End Results. Counts and rates are not presented when fewer than 16 cases were reported for the specific category. The suppressed cases are included in the counts and rates for totals. 2Includes ICD-O-3 codes fitting site criteria that are not included in CBTRUS histopathology classification.
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Table 3. Five-Year Total, Annual Average Total?, and Average Annual Age-Adjusted Incidence Rates® with 95% Confidence
Intervals for All Brain and Other Central Nervous System Tumors by Major Histopathology Groupings, Histopathology,

Behavior, and Sex, 2015-2019 NAACCR CiNA

Histopathology Total Male Female
5-Year Annual Rate 5-Year Annual Rate 5-Year Annual Rate
Total Average (95% CI) Total Average (95% ClI) Total Average (95% CI)
aiigﬁffeﬁ?rf;yifftﬁfnirs 9,847 | 18369 |, 0o | 52,001 | 10500 | (o 0| 38046 | 7789 | O
Diffuse astrocytoma 9,687 1 1,937 (0.5?'—55.53) >436 | 1,091 (0.509.5)(()).62) 4231 ) 846 (0.4%1?.46)
Anaplastic astrocytoma 7,526 1,505 (0.309'15).41) 4,120 824 (0.4(333’47) 3,406 681 (0.3(4)1.—33.36)
Glioblastoma 67,827 | 13,565 (3.138.330.22) 39,549 7,910 (3.92'9204) 28,278 5,656 (2.428.—520.54)
Oligodendroglioma 4,048 810 (0.22'33.24) 2,247 449 (0.22_'3327) 1,801 360 (0.2%3821)
él?ggtljlisr:ic?roglioma 2164 ) 433 (0.1?'—15.1 2 | 1209 242 (0.1%—1(1)‘.1 p | 9P 191 (0.0%—18.1 1
Oligoastrocytic tumors 295 19 (0.0%?3.04) 320 o4 (0.0%9(4)‘.04) 275 2o (0.0%93.03)
Other astrocytic tumors 6,701 1,340 (0.4??5'43) 3,545 709 (0.4(;?;;45) 3,156 631 (0.3091?.42)
Pilocytic astrocytoma 5,706 1,141 (0.3%_3337) 3,003 601 (0.3%_35.39) 2,703 541 (0.3%—33.36)
\L/Jarl]’iigllﬁjti oayioma 995 199 (0.0%95).06) 42 108 (0.0%9(?.07) 453 o1 (0.0%2?.06)
Malignant 573 15 (0.0%—03.04) 296 29 (0.0%—0(;’.04) 277 23 (0.0%93.04)
Nonmalignant 422 84 (0.002'_003.03) 246 49 (O.Og._og.gg) 176 35 (0.0%95.03)
Ependymal tumors 7,460 1,492 (0.4??5'43) 4,302 860 (0'4(;?350) 3,158 632 (0.3(31.—3(?.36)
Malignant #1107 822 (0.2%—23.24) 2230 | 40 (0.2%5327) 1860 | 372 (0.2%5(;.22)
Nonmalignant 3350 1670 1, ,%,73 19) | 22| 410 (0.2%53.24) h298 260 1 (g ,03;73 15)
Othergliomas 9,672 | 1,934 (0.5(31'—5(?.56) RS ] e (0.5%—55.59) Hres | O (0.52'—53.54)
Glioma malignant, NOS 9,561 1,912 (0.5%_551'55) 4,865 973 (0.5(')5'—55.58) 4,696 939 (0.5%_55'54)
Stmhg:sneuroepithe“al i 22 (0.0?'—0(1.01) 44 9 (0.0%9(1.01) 67 13 (0.02.93.01)
?:L:Jrrc?r?aall—galri]adl ?:Jinii(is 2,805 Lyllat (0.3%—3(4)1.35) Sl =l (0.3%35.38) OB 230 (0.3%—3(}.32)
Malignant 1066 | 213, 0%_03 o) | 568 s, 0%_03 07) | 478 % | o 0%93. 05)
Nonmalignant 4,739 948 (0.2%_2329) 2,566 513 (0.2%_307.32) 2,173 435 (0.205._2327)
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Table 3, cont. Five-Year Total, Annual Average Total?, and Average Annual Age-Adjusted Incidence Rates® with 95%
Confidence Intervals for All Brain and Other Central Nervous System Tumors by Major Histopathology Groupings,

Histopathology, Behavior, and Sex, 2015-2019 NAACCR CiNA

Histopathology Total Male Female
5-Year Annual Rate 5-Year Annual Rate 5-Year Annual Rate
Total Average (95% CI) Total Average (95% ClI) Total Average (95% CI)
Choroid plexus tumors 880 176 (0.0%93.06) 441 88 (0.02-93.06) 439 88 (0.0(5)3.93.06)
Malignant 125 25 (0.007'?07.07 ) |7 = (0.007'?07.07 )| 7T 10 (0.0%90].07)
Nonmalignant 755 | 151 (0.0%?; 0s) | % 73 (0.0%?3.05) 786 78 (0.0(293.05)
rTelngr]?(;)r:S of the pinea! d 167 (0.081.93.05) 392 70 (0.0(31.9(1)‘.05) 484 7 (0-0%?306)
Malignant 508 | 102 (0.0%—03. 0y | 24 9 | 0 o L2658 530 o )
Nonmalignant 728 00 (0.0%9502) 109 22 (0.007'?07.0 | 2 44 (0.0%902.03)
Embryonal tumors 3,453 691 (0.2?'3523) 2,086 417 (0.2%'3327) 1,367 273 (0.107'_1519)
-pn;?;s;;sin(jl Cr:(j:vizsl e 39,749 7,950 (2.020.?22.04) 19,099 3,820 (1 .929'922.05) 20,650 4,130 (2.0%?;.06)
Nerve sheath tumors 39,714 | 7,943 (2.020'?22.04) 19,078 | 3,816 ( ,929'921.04) 20,636 | 4,127 (2.0%?;.05)
Malignant 233 7 0 o 007'_007. o1) 118 24, 007'_0(; 02) 115 23 | 007'_007. o1)
Nonmalignant 39,481 | 7,896 (7.915920.02) 18,960 | 3,792 (7.927'_020.03) 20,521 | 4,104 (7.929'_027.04)
z(i)r:gepratrlilr:poi:a?;gizisal 35 / (0.0%98.00) 21 4 (O.O%EJ(()).OO) 14 3 (0.0%?S.OO)
Tumors of meninges 193,788 | 38,758 (9.43'1552) 54,414 | 10,883 (5.756'5550.86) 139,374 | 27,875 (12.61)5;12.83)
Meningioma 186,524 | 37,305 (9.095'?99'1 5 | 50719 | 10,144 (5'355?50.45) 135,805 | 27,161 (12.3112;3;345)
Malignant 1768 | 354 | oogo0e) | #3155 | gosoom | M| 18| o000
Nonmalignant 184,756 | 36,951 (8.9%?90.04) 49,896 | 9,979 (5.256.7357.36) 134,860 | 26,972 (72.2722;27336)
Mesenchymal tumors 7,103 1,421 (0.307'_3339) 3,603 721 (0'3%?841) 3,500 700 (0.306.—307.39)
Malignant 851 170 (0.0%_03.05) 452 90 (0.0%—03.06) 399 80 (0.03'_08(.05)
Nonmalignant 6,252 | 1,250 |, 3%_3 g 35 | 3157 630 (0. 3%_35 36) | 3107 620 (0. 3%_33. 34)
::;?;?1? melanocytie 161 32 (O.O?'—OS.OU 92 18 0.0?f)C;.O]) 69 14 (0.02.93.01)
Lymph d
Lymphoma 9210 | 1,842 | 4(;?51" 45 | 4736 | 947 o 4%11'3 so) | 4474 | 895 (0.3%?8 1)
noetzg[azan;atopOietic 49 10 (O.O%EJ(()J.OO) 28 6 (O.O%EJ(()).OO) 21 4 (O.O%?(()J.OO)
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Table 3, cont. Five-Year Total, Annual Average Total?, and Average Annual Age-Adjusted Incidence Rates® with 95%
Confidence Intervals for All Brain and Other Central Nervous System Tumors by Major Histopathology Groupings,

Histopathology, Behavior, and Sex, 2015-2019 NAACCR CiNA

Histopathology Total Male Female
5-Year Annual Rate 5-Year Annual Rate 5-Year Annual Rate
Total Average (95% CI) Total Average (95% CI) Total Average (95% CI)
Germ cell tumors 1,769 354 (0.1%_1(;.”) 1,226 245 (0.13'_13.1 6) 543 109 (0.0%907.07)
Malignant 1229 | 246 | 0%?(()9, 0g) | 938 88 |, 707'_707. 1) | 291 58| Og'f); 04)
Nonmalignant 590|108 |00y | 288 | B 00 0y | 252 0| 0or00y
Tumors of sellar region 83,392 | 16,678 (4.42117.50) 37,348 | 7,470 (3.91;'31.05) 46,044 | 9,209 (4.956.?51.06)
Tumors of the pituitary 80,004 | 16,001 (4.;;'3331) 35,593 | 7,119 (3.737.?31.86) 44,411 8,882 (4.723.?2.88)
Malignant 18 24| o a000n)
Nonmalignant 79,886 | 15,977 (4.;;'_25.3 1
Craniopharyngioma 3,388 678 (0.1%'_109.1 9) 1,755 351 (0.109'3821) 1,633 327 (0.]07'_151 9)
Unclassified tumors 26,973 | 5,395 (1 .315'_317'39) 12,213 | 2,443 ( .314'_316.39) 14,760 | 2,952 (1 .316.—319.41)
Hemangioma 4,377 875 (0.22'3324) 2,047 409 (0.2%33.24) 2,330 466 (0.2(353.26)
Neoplasm, unspecified | 22,240 | 4,448 | | .110'_111.1 3 | 9971 | 1,994 | .019'_111.1 3 | 12269 | 2454 | .15_112'14)
Malignant 7,564 | 117 (0.3%5538) 3693 | 7 (0.4%07.43) 3891 | 778 (0.3333.34)
Nonmalignant 14,656 | 2,931 (0.7%—7(;’.76) 6,278 1,256 (0.6%—7(?.77) 8,378 1,676 (0.7%—7387)
All other 206 41 (0.0?'?(].01) 126 25 (0'0?'93.02) 80 16 (0.02'93.01)
Earli(irg]i)(;irjzdncm 150 30 (0.02'9(1.01) 69 14 (0.02'9(].01) 81 16 (0.02.93.01)
Totald 481,650 | 96,330 (24.32;‘521.51) 200,781 | 40,156 (21.31;:;?.64) 280,869 | 56,174 (27.(2)2;1267'27)
Malignant 137,617 | 27,523 (6.92?;).04) 76,982 115396 | g 7%—25.29) 60,635 | 12,127 (5.8?3395)
Nonmalignant 344,033 | 68,807 (77.3787.—4;[;.50) 123,799 | 24,760 (73.27137;39) 220,234 | 44,047 (27.577'_2267.35)

ICD-0O-3, International Classification of Diseases for Oncology, 3rd edition; NOS, not otherwise specified.
2Annual average cases are calculated by dividing the five-year total by five

PRates are per 100,000 and are age-adjusted to the 2000 US standard population.

CIncludes ICD-O-3 codes fitting site criteria that are not included in CBTRUS histopathology classification

dRefers to all brain tumors including histopathologies not presented in this table.

Counts and rates are not presented when fewer than 16 cases were reported for the specific category. The suppressed cases are included in the counts

and rates for totals.
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Table 4. Five-Year Total, Annual Average Total,? and Average Annual Age-Adjusted Incidence Rates® with 95% Cls for All
Brain and Other Central Nervous System Tumors by Major Histopathology Groupings, Histopathology, Behavior, and Age

Group, 2015-2019 NAACCR CiNA
0-14y 15-39y 240 y

Histopathology Annual Annual Annual
total | average Cl total average Cl total average Cl
” .
%ﬁ?gﬁr;ﬁcgnan 1,394 | 279 (0.42'1?_48) 10737 | 2,147 | _811'?14.88) 79,598 | 15,920 (8.685'_7;.78)
Diffuse astrocytoma 630 126 (0.1%_23'22) 2,901 580 (0'4(;':‘09.51) 6,113 1,223 (0.6%—7(()).72)
/:s:ra(fcl;tstt)i;a 222 44 (O.O%E)g.OB) 2,189 438 (0.3%—307.39) >/097 1,019 (0.5(;.—5(?.60)
Glioblastoma 448 | 90 (o.12¥1§.1 6 | 282 636 (0.5(;'507.59) 64,045 ) 12,809 (6.86;?2.94)
Oligodendroglioma 62 12 (0.021?5.03) 1,578 316 (0.206.307.29) 2,404 481 (0.209.—3(;.32)
/(?Iri]gas(ljaesr:idcroglioma - - N - - - 1,574 315 (0.1%—1(?.2 0)
tOuIniqgoor::strocy’(ic B N B _ _ _ 365 73 (O.O%E)(;‘.OS)
8tmhz:sa5trocwic 3,760 752 (1 1193132 7) 1,982 396 (0.3(;.—33.35) 821 164 (0.1%—1(()).1 1)
:lltcr)cfZ)t/itf)ma 3,395 679 (1 .017.111.1 5) 1,566 313 (0.2%3(:.28) 637 127 (O.O(;E)(?.O‘))
\L/Jar;iig:tes wroatome 365 73 (0.1?.—15.1 3) 416 83 (0.0(()5'?(:.08) 184 37 (O.O%E)g.OB)
Malignant - - - 281 56 (0.03?505) - B -
Nonmalignant - - - 135 27 (0.0%?503) - - -
Ependymal tumors 931 186 (0.2%'_3(()).32) 2,069 414 (0_3%_3337) 4,396 879 (0.5(1'_5554)
Malignant 812 | 162 (0.2(_)5—206.28) L 2120, 7%3 199 | 182 436 (0.2(;—25.27)
Nonmalignant 119 24 (0.02'_0:.05) 1,009 202 (0. 7%}()7 18) 2,214 443 (0.205'_206.27)
Other gliomas 2,761 | 552 (0.8(;'?894) 2,085 417 (0_33'_3337) 4,730 946 (0.5(;'_5356)
Egosma malinant 2,739 >48 (0,806.—9(?.93) 2,045 409 (0.3(;'33.36) 4,682 936 (0.5(;’—5(;‘.55)
Other
peroepithela 22 ! (o.o%f)c:.on 40 8 <o.o%?<;.o1> 8 0| g o00om
| :
E%E;E;gaﬁg e 1391 | 278 (0,42'?348) 28 471 (0.3(;'?8.41) 1,968 394 (o.z(;—z(;‘.zm
Malignant 86 17 (0.0(;_05 03| 210 42 (o.ogz;’. 04) 738 12 (0.0%?3 09)
Nonmalignant 1,305 261 (0‘4%'?3_45) 2,143 429 (0.3’(;—3(?.38) 1,210 242 (0. 73_705 16)
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Table 4, cont. Five-Year Total, Annual Average Total,® and Average Annual Age-Adjusted Incidence Rates® with 95% Cls
for All Brain and Other Central Nervous System Tumors by Major Histopathology Groupings, Histopathology, Behavior,

and Age Group, 2015-2019 NAACCR CiNA

0-14y

15-39y

240 y

Histopathology Annual 95% 5-year | Annual 95% 5-year Annual 95%
total | average Cl total average Cl total average Cl
Choroid plexus 0.08 0.04 0.03
252 22 44 282
tumors > 20 (0.07-0.09) 0 (0.03-0.04) 8 26 (0.03-0.04)
0.02
. ; 3 B 3 B 3 B
Malignant 62 2 (0.02-0.03)
Nonmalignant 190 38 (0.0(;?307) - - - - - -
Tumors of the pineal 0.05 0.05 0.04
1 1 7
region >0 30 (0.04-0.06) 315 63 (0.05-0.06) 363 3 (0.04-0.05)
. 0.04 0.03 0.02
Malignant 131 26 (0.04-0.05) 191 38 (0.03-0.04) 181 36 (0.02-0.03)
0.01 0.02 0.02
N li 1 4 124 2 182
onmalignant I (0.00-0.01) > (0.02-0.03) 8 36 (0.02-0.03)
0.68 0.14 0.04
Embryonal tumors 2,070 414 0.65-0.71) 820 164 0.13-0.15) 303 61 (0.03-0.04)
Tumors of cranial
. 0.23 1.05 3.71
and paraspinal 713 143 (0.22-0.25) 6,024 1,205 (1.02-1.07) 32,985 6,597 (3.67-3.75)
nerves
0.23 1.05 3.71
heath 71 14 17 1,2 2 7 1
Nerve sheath tumors 3 3 (0.22-0.25) 6,0 ,203 (1.02-1.07) 32,95 6,59 (3.67-3.75)
. 0.02
Malignant - - - - - - 164 33 (0.02-0.02)
3.69
N li — — — — — — 2,7
onmalignant 32,793 6,559 (3.65-3.73)
e 28 6 0.00
. (0.00-0.00)
paraspinal nerves
. 0.25 2.24 20.04
Tumors of meninges 756 151 (0.23-0.27) 12,626 2,525 (2.20-2.28) 180,209 36,042 (19.94-20.13)
0.10 1.91 19.49
Meninei 14 175,491
eningioma 317 63 (0.09-0.12) 10,699 2,140 (1.88-1.95) 5,49 35,098 (19.40-19.59)
. 0.18
Malignant - - - - - - 1,626 325 (0.17-0.19)
Nonmalignant - - - - - - 173,865 34,773 19.31
g ’ ’ (19.22-19.41)
Mesenchymal 0.14 0.32 0.53
tumors 429 86 (0.13-0.15) 1,898 380 (0.31-0.34) 4,596 19 (0.52-0.55)
0.02 0.03 0.07
Mali 72 14 184 7 11
alignant (0.02-0.03) 8 3 (0.03-0.04) >90 ¢ (0.06-0.07)
. 0.12 0.29 0.46
Nonmalignant 357 71 (0.10-0.13) 1,714 343 (0.28-0.31) 4,006 801 (0.45-0.48)
Primary melanocytic 0.00 0.00 0.01
lesions 10 2 (0.00-0.01) 29 6 (0.00-0.01) 122 24 (0.01-0.02)
Lymphomas and
0.03 0.10 0.94
h ieti 7 17 11 1,71
ematopoletic 8 0.02-0.04) | % 6 | (0.09-011) | 8°88 7181 (0.92-0.96)
neoplasms
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Table 4, cont. Five-Year Total, Annual Average Total,® and Average Annual Age-Adjusted Incidence Rates® with 95% Cls
for All Brain and Other Central Nervous System Tumors by Major Histopathology Groupings, Histopathology, Behavior,

and Age Group, 2015-2019 NAACCR CiNA

0-14y

15-39y

240 y

Histopathology Annual Annual Annual 95%
total | average Cl total average Cl total average Cl
Lymphoma - - - - - - 8,545 1,709 (0.9?'?3.95)
Other hematopoietic B B B B - B 43 9 0.00
neoplasms (0.00-0.01)
Germ cell tumors 680 136 (0.2?'3524) 792 158 (0.1(;'_13.14) 215 43 (0.0(;?3.03)
Malignant 513 103 (0. 7?5—707 18) 635 127 (0. 7%_707 1) - - -
Nonmalignant 167 33 (0.0%—6)5.06) 157 31 (0'0%?;03) - - -
-rr:gr?:rzs orsel 1,811 362 (0.5(;—53.62) 24,408 4,882 (4.1?3.21) >7,157 11,431 (6.662'.—6:.73)
;?tTi?ar:yOf " R (0.3(4)1.—3(?.39) 23,663 ) 4,733 (3.923::.08) 55,222 | 11,044 (6.46())?65.51)
Malignant - - - - - - 8 20 (0.001.?07.01 )
Nonmalignant - - - - - - 55,124 11,025 (6.3%j250)
Craniopharyngioma 701 140 (02?'33.25) 745 149 (0.12'13.14) 1,935 387 (0.2(1'_2523)
Unclassified tumors | 1,014 203 (0.3?'3’3.35) 3,748 750 (0.6%5’3.66) 22,096 S (2.425.:‘5,51)
Hemangioma 278 | 56 (0.0%?(?JO) 1,207 241 (0.1%301.22) 2,876 273 (0.3(;.—3(4)‘.35)
Malignant 146 29 (0.0(2?5.06) 350 76 (0006?507} 7,029 1,406 (0.7%—7579)
Nonmalignant 552 o 7(;—7(()8.20) 2,111 422 (0_305'5338) 11,941 2,388 (7.377-_37.36)
All other 28 0 (0.001.?(;.01) > ° (0.0(()).?8.01) 142 28 (o.o(i.?g.oz)
E:ejgacrij:dncm - - - - - - 108 22 (o.o?f)(;.m )
Totald 17,773 | 3,555 (5.753'?51'90) 68,780 | 13,756 | o ;;;??93) 393,753 | 78,751 (43.;;‘;1‘11.25)
Malignant 11,421 | 2,284 (3'637‘_733.80) 18,841 3,768 (3.735—232.27) 106,578 | 21,316 (,,.6777;7,[;.82)
Nonmalignant 6,352 | 1,270 (2'023'?; 13) 49,939 9,988 (8.5(2—6;69) 287,175 | 57,435 (32;421;33349)

CBTRUS, Central Brain Tumor Registry of the United States; CNS, central nervous system; NAACCR CiNA, North American Association of Central
Cancer Registries Cancer in North America; NOS, not otherwise specified. Annual average cases are calculated by dividing the 5-year total by 5.
Counts and rates are not presented when fewer than 16 cases were reported for the specific category. The suppressed cases are included in the counts

and rates for totals.

2Annual average cases are calculated by dividing the five-year total by five

PRates are per 100,000 and are age-adjusted to the 2000 US standard population.

CIncludes ICD-O-3 codes fitting site criteria that are not included in CBTRUS histopathology classification

dRefers to all brain tumors including histopathologies not presented in this table.
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site definition. This variable, CBTRUS Histology Recode, will
be included in the June 2023 release of all CiNA data sets
and will be available for cancer registries and researchers
to calculate on their own data via File*Pro. NAACCR and
CBTRUS will collaborate annually on how best to update
the variable if coding or groupings change. This variable is
intended to be a more dynamic, clinically driven definition
for all primary brain and other CNS tumors. Therefore,
users of the recode must be mindful that the CBTRUS
reporting definition for all primary brain and other CNS
tumors is based on a clinical model supported by the
various revisions of the WHO Classification of Tumours of the
Central Nervous System. Currently, this is reflective of the
2016 WHO CNS classification. As a result, care is needed
when using this classification for analyses of data collected
prior to 2016, particularly for histopathologic categories (eg,
gliomas) that have changed substantially in classification
over time.

We encourage cancer registries and researchers to use
this variable to ensure more detailed, comprehensive, and
clinically relevant assessment of the burden of this impor-
tant group of tumors.
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Current and Emerging Informatics Initiatives
Impactful to Cancer Registries
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Abstract: Cancer surveillance at the population level is a highly labor-intensive process, with certified tumor registrars
(CTRs) manually reviewing medical charts of cancer patients and entering information into local databases that are central-
ly merged and curated at state and national levels. Registries face considerable challenges in terms of constrained budgets,
staffing shortages, and keeping pace with the evolving national and international data standards that are essential to cancer
registration. Advanced informatics methods are needed to increase automation, reduce manual efforts, and to help address
some of these challenges. The Cancer Informatics Advisory Group (CIAG) to the North American Association of Central
Cancer Registries (NAACCR) board was established in 2019 to advise of external informatics activities and initiatives for
long-term strategic planning. Reviewed here by the CIAG are current informatics initiatives that were either born out of
the cancer registry field or have implications for expansion to cancer surveillance programs in the future. Several areas of
notable activity are presented, including an overview of informatics initiatives and descriptions of 12 specific informat-
ics projects with implications for cancer registries. Recommendations are also provided to the registry community for the

continued tracking and impact of the projects and initiatives.

Key words: automation, Cancer Informatics Advisory Group, cancer surveillance

Introduction

Cancer surveillance at the population level is a highly
labor-intensive process, with certified tumor registrars
(CTRs) manually reviewing medical charts of cancer
patients and entering information into local databases
that are centrally merged and curated at state and national
levels. This manual process results in considerable delays in
the availability of data at the population level. Furthermore,
expansion of data acquisition through cancer registries is
expensive to scale, given the reliance on CTRs, who are
difficult to recruit, train, and retain. Advanced informatics
techniques that can semiautomate casefinding, data abstrac-
tion, aggregation, and curation are needed to expand the
types of data captured in cancer registries to advance our
understanding of population-level trends in cancer inci-
dence, mortality, and health disparities and to measure the
effectiveness of cancer prevention and screening programs.
Methods that reduce manual labor and increase registry
workflow efficiencies have the potential to improve the
overall timeliness of data capture and publication. In
addition, national and international data standards are
essential for the continued evolution of cancer registration.
The ability to capture current concepts in health care and
oncology requires the cancer registry community to follow
new and emerging standards and be prepared to adopt
them when appropriate.

Reviewed here are current informatic initiatives that
were either born out of the cancer registry field or have

implications for expansion to cancer surveillance programs
in the future. Areas of notable activity include electronic
pathology (ePath) reporting, information extraction from
electronic health records (EHRs), and emerging data stan-
dards. Prepared by the Cancer Informatics Advisory Group
(CIAG) to the North American Association of Central
Cancer Registries (NAACCR) board, the following review
includes project summaries, links to additional project
information, and assessments of the potential intersection
with cancer surveillance. Specific recommendations to the
registry community for the continued tracking and impact
of the projects and initiatives are also provided.

Overview of Informatics Initiatives

Electronic Data Sources and Associated Information
Retrieval

Pathology represents the most important data source
for cancer surveillance, as most cancers (85%-90%) are diag-
nosed through microscopic examination of human tissue
and often reported by a pathology laboratory. For over 2
decades, registries have developed and implemented stan-
dards and technologies to facilitate automated electronic
reporting of pathology results, although the proportion of
ePath reporting varies by registry. However, an ongoing
challenge of ePath reporting is that the elements of most
importance (site, histology, behavior, grade, and laterality)
are embedded within the narrative text of the report.

aMoffitt Cancer Center, Tampa, Florida. PFlorida Cancer Data System. “Lifespan Cancer Institute. 9Vanderbilt University Medical Center, Nashville, Tennessee.
¢Los Angeles Cancer Surveillance Program, Los Angeles, California. fNorth American Association of Central Cancer Registries, Springfield, Illinois. 8Winship
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Structured ePath reporting or automated extraction of the
key ePath elements has the greatest potential to improve the
efficiency of registry abstracting and operations.

We report on several advances in ePath technologies
and initiatives. The most extensive and successful effort
to date has been the National Cancer Institute (NCI)-US
Department of Energy (DOE) natural language processing
(NLP) project. This collaborative project between the
DOE and the NCI Surveillance, Epidemiology, and End
Results (SEER) Program has harnessed the state-of-the-art
computing facilities at the DOE to produce a deployable
application programming interface (API) that automates the
coding of the key elements, improves accuracy, and provides
a confidence metric for the prediction. As of 2021, it is being
deployed in SEER registries with plans to make it available
to other registries soon. A similar project funded by NCI is
cancer deep phenotype extraction for the cancer registry
(DeepPhe*CR), which involves developing NLP methods
to extract structured data from both ePath and EHR data
sources. DeepPhe*CR is still experimental, and investiga-
tors are developing methods to extract data beyond the key
elements, such as biomarker information. Neither of these
projects includes the data transport mechanism between
pathology laboratories and cancer registries. The National
Program of Cancer Registries (NPCR)’s ePath reporting
projectis part of a broader effort sponsored by the Centers for
Disease Control and Prevention (CDC) to implement secure
reporting of ePath data from national laboratories to central
cancer registries through the CDC’s Association of Public
Health Laboratories Informatics Messaging Services (AIMS)
platform. The CDC-NPCR Data Modernization Initiative
(DMI) extends beyond ePath reporting and is more broadly
moving resources into a cloud environment to support a
variety of cancer and noncancer surveillance activities. The
goal of this initiative is to improve the efficiency of cancer
reporting by allowing reporters to send data to a centralized
data repository that will be directed to the appropriate state.
The ultimate goal of the CDC’s DMI is to get better, faster,
and actionable insights for decision-making at all levels of
public health. The CDC’s Childhood Cancer Survivorship,
Treatment, Access, and Research (STAR) Project is part
of the same effort but is focused specifically on the early
reporting of pediatric and young adult cancers. While the
NPCR projects do not yet include structured reporting or
NLP-derived coding, the NCI-DOE API has a good chance
of serving as a complementary component since it is already
in production. Alignment and collaboration across these
complementary efforts could accelerate the overall advance-
ment of the field.

While ePath reports provide a wealth of information,
they are not always available, nor are they complete. EHRs
continue to be a promising, but not yet realized, source of reli-
able, semiautomated cancer surveillance data. Fundamental
challenges arise from an EHR data model that differs signifi-
cantly from the cancer surveillance patient-tumor-treatment
view that is essential for public health reporting and used
in cancer prevention and control. EHR data are collected as
chronological clinical tests, procedures, and events that are
not necessarily tied to a particular cancer diagnosis and are
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often not discrete or structured in nature. Cancer diagnosis
date, for example, is not a concept routinely captured in
EHR problem lists, though it can likely be derived from the
corpus of EHR documents for a patient. Several technolo-
gies and initiatives described below are underway that may
prove beneficial to cancer surveillance. Fast Healthcare
Interoperability Resources (FHIR) is a Health Level Seven
International (HL?) technology supported by EHR vendors
that facilitates APIs for the exchange of information between
EHRs and entities such as registries. The Making EHR Data
More Available for Research and Public Health (MedMorph)
initiative has emerged from patient-centered outcomes
research and leverages FHIR technology. It is not clear that
FHIR and MedMorph address the patient-tumor-treatment
challenge, but they may represent an opportunity for more
reliable and structured EHR data extraction for registries.
Digital Bridge is an industry- and vendor-centric initiative
to facilitate data transport within existing EHR systems.
FHIR is one of several transports supported by Digital
Bridge. CDC-sponsored “connectathons” have successfully
demonstrated a proof of concept for Digital Bridge trans-
ports, which are now being used for COVID-19 reporting.
As these initiatives mature, population-based cancer regis-
tries should continue to identify ways to leverage these
technologies to improve the efficiency and completeness of
cancer case ascertainment and reporting.

A summary of the informatics initiatives presented,
including brief descriptions, active dates, links, and recom-
mended next steps for the registry community, is provided
in Table 1.

Data Standards

Several emerging data standard initiatives may impact
cancer surveillance through their potential to enable data
harmonization across systems. International Classification
of Diseases, 11th revision (ICD-11) is the next-generation
coding system from the World Health Organization (WHO)
that will eventually replace ICD-10. While released by the
WHO on January 1, 2022, it is not clear when it will be
implemented in the United States, which typically creates
a “clinical modification (CM)” that can lag significantly (for
example, ICD-10-CM lagged ICD-10 by approximately 23
years). Once ICD-11-CM is adopted in the United States and
Canada, it will have significant implications for casefinding
and cancer reporting due to considerable advancements
in the semantic structure of the terminology. Minimal
Common Oncology Data Elements (mCODE) emerged
from the American Society of Clinical Oncology (ASCO)
in collaboration with several industry partners. mCODE
is a nonproprietary data model and a trial standard set of
FHIR profiles designed to capture key elements pertinent
to cancer patient clinical data. It is not yet clear how widely
mCODE will be adopted, and the data model is likely to
undergo additional evolution before becoming a norma-
tive standard. HemOnc, started in 2018 and funded by the
NCI through at least 2027, is an ontology built to formally
represent chemotherapy regimens and protocols.! In addi-
tion to basic relationships between regimen names and drug
components, HemOnc captures the context of treatment
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Table 1. Summary of Informatics Initiatives

Initiative

NCl-Department of
Energy (DOE) Natural
Language Processing
(NLP) Project

Description

Machine learning and natural
language processing (NLP)-
based automated extraction
of key elements from ePath
reports; deployed within SEER
registries

Active dates

2021-present

Website

https://surveillance.
cancer.gov/research/nlp.
html

Next steps

Share application
programming interface (API)
with other central registries,
improve model accuracy,
and expand elements such as
biomarkers and reoccurrence

Deep Phenotype
Extraction (DeepPhe)/
Cancer Deep Phenotype
Extraction for the Cancer
Registry (DeepPhe*CR)

NLP-based automated
extraction of detailed patient
phenotypic data from ePath
reports and the EHR

2019-2025

https://deepphe.github.io/
software/

Studies ongoing to
demonstrate software utility

NPCR Electronic
Pathology Reporting
Project

Cloud-based informatics
platform to facilitate secure
reporting of cancer ePath
reports from national
laboratories to central cancer
registries

2019—present

https://www.cdc.gov/
cancer/npcr/informatics/
aerro/index.htm

Develop structured reporting
and NLP-derived coding; align
with complimentary efforts
(NCI-DOE NLP)

CDC/NPCR Data
Modernization Initiative
(DMI)

Multipronged initiative
designed to advance real-time
cancer reporting through data
acquisition, data transmission,
application requirements,
cloud-based environments,
and data standards

2019—present

https://www.cdc.gov/
surveillance/surveillance-
data-strategies/data-IT-
transformation.html

Remain aware of DMI and
participate in funding and
deployment opportunities as
they arise.

CDC’s Childhood Cancer
Survival, Treatment,
Access, and Research
(STAR) Project

An informatics system
designed to facilitate
reporting of pediatric and
young adult cancers (PAYAC)
to national cancer registries

2018-present

https://www.cdc.gov/
cancer/npcr/pediatric-
young-adult-cancer.htm

Partner with key agencies

and NPCR exports to solicit
feedback and best practices
on informatics infrastructure;
accelerate PAYAC surveillance
efforts, research, and
enrollment in clinical trials

Fast Healthcare
Interoperability Resources
(FHIR)

A Health Level Seven (HL7)
technology supported by
EHR vendors to facilitate
interoperability formats for
exchange of clinical and
meta data between EHRs and
entities (such as registries)

2012-present

https://www.hl7.org/fhir/

Remain aware of FHIR
initiatives, particularly those
supported by CDC/NPCR,
NCI/SEER, and NAACCR.
Participate in funding and
deployment opportunities as
they arise.

Making EHR Data More
Available for Research
and Public Health
(MedMorph)

A patient-centered outcomes
research (PCOR) initiative that
aims to increase availability
of EHR data through the HL7
FHIR mechanism

2020-present

https://build.fthir.org/ig/
HL7 /fhir-medmorph/

Three use cases are being
developed and were
submitted to the HL7 balloting
processes in January 2023

International
Classification of Diseases
(ICD)-11

A coding framework for
systematically recording
human health conditions
across the globe including
more than 17,000 diagnostic
categories

2022

https://icd.who.int/en

Pending adoption in United
States and Canada to improve
cancer case finding and
reporting
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Table 1, cont. Summary of Informatics Initiatives

Initiative Description

A coding framework specific
to cancer, including domains
related to patient, laboratory/
vital, disease, genomics,

treatment, and outcome

Minimal Common
Oncology Data Elements
(mCODE)

Active dates

2018-present

Website Next steps

https://confluence.hl7.
org/display/COD/mCODE

Adoption of mMCODE by
organizations is ongoing

A repository to manage

and use data standards by
providing shared standards in
human and machine-readable
contexts

NCI Cancer Data
Standards Registry and
Repository (caDSR)

1997—present

Development on next
generation of csDSR to
include minimal set of v18
and v21

https://datascience.
cancer.gov/resources/
metadata

A common set of definitions
to measure cancer disease
progression including use of
pathology, radiology, imaging,
signs, symptoms, medical
oncology, and biomarkers

Pathology, Radiology,
Imaging, Signs,
Symptoms, Medical
oncology, bioMarkers
(PRISSMM)

2018—present

Disease progression is a
valuable concept not currently
captured by cancer registries;
future adoption of disease
progression measures by
NAACCR may involve the
standards developed by
PRISSMM

https://www.ncbi.nlm.
nih.gov/pmc/articles/
PMC8314138/

CDC, Centers for Disease Control and Prevention; EHR, electronic health record; ePath, electronic pathology; NAACCR, North American Association
of Central Cancer Registries; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End

Results Program.

(eg, adjuvant, first-line metastatic) and temporal complexi-
ties. In collaboration with SEER under the auspices of the
Childhood Cancer Data Initiative, HemOnc is proactively
working towards increased integration with the registry
community, as it would facilitate the capture of stan-
dard representations of complex chemotherapy protocols.
The NCI Cancer Data Standards Registry and Repository
(caDSR) and its associated applications help the oncology
research community manage and use data standards by
providing the shared standards in various human- and
machine-readable contexts. Used primarily in research, the
availability of NAACCR data elements in the caDSR may
promote the use and uptake of registry data elements.

Of note, most data standards focus on cancer diagnosis
and treatment without attempting to define measures
of cancer outcomes, such as treatment response, disease
recurrence, and progression. For many years, the clinical
trial community has relied on radiographic parameters
to define response and progression, typically using the
Response Evaluation Criteria in Solid Tumors (RECIST)
definitions. While these are still useful in many clinical trial
settings, they are onerous to capture in routine clinical care
and do not capture nonradiologic progression. Pathology,
Radiology, Imaging, Signs, Symptoms, Medical oncology,
bioMarkers (PRISSMM) is a set of instructions and defini-
tions proposed for the measurement of disease progression
that may be superior to RECIST as the result of its multiaxial
approach to temporal status changes.? It has been devel-
oped and licensed by the Dana-Farber Cancer Institute, but
the extent of uptake and use is not clear at this time. Many
consider the lack of population-based data on treatment
response, recurrence, and progression to be a major limita-
tion of central registries, and the cancer registry community
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should closely track the uptake of PRISSMM and similar
efforts with an eye towards future inclusion. Advocacy for
reducing barriers caused by licensing fees and licensing
restrictions may be required for broad uptake.

Descriptions of Specific Informatics Projects

Natural Language Processing (NLP) Project

The NCI-DOE NLP project is a collaborative effort
involving the NCI SEER Program, the DOE, and a number
of SEER registries. The objective is to enhance the utility
of ePath reporting via automated coding of key elements
such as site, histology, behavior, laterality, and grade from
narrative text contained within unstructured ePath reports.
Automated coding of ePath reports relies on machine-
learning NLP techniques to derive predictions of the key
elements from large volumes of previous ePath reports
submitted to the participating SEER registries that have
been linked to abstracted cases. The coded key elements
in the abstracts serve as the reference standard for the
machine learning. The DOE employs its scientific exper-
tise in machine-learning NLP and massive computational
resources with domain expertise from the SEER Program
to build models that have shown very good performance in
predicting correct values for the key elements, particularly
for frequently occurring cancer sites such as lung, breast,
colorectal, and others.31Y Collaborators have also developed
a confidence measure that is calculated along with the
predictions. The predictive models are being implemented
in registry operations through an API that can be deployed
within a secure registry setting. Because the models were
developed using narrative text, there is the potential for
protected health information to be embedded within the
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underlying model components. Registries must therefore
ensure appropriate security protections when deploying
such models. The API accepts ePath reports as input and
returns the predictions and confidence score as output.
SEER has already deployed the models for its registries
and there are plans for the API to be made available for
other central registries. The collaborative work is ongoing
towards improving the key element coding accuracy and
incorporating additional elements such as recurrence and
biomarkers.

More information is available at https:/surveillance.
cancer.gov/research/nlp.html.

DeepPhe/DeepPhe*CR

DeepPhe and DeepPhe*CR are related NCI-funded
NLP projects. DeepPhe, started in 2014, tackles the entire
EHR, whereas DeepPhe*CR, started in 2019, focuses on
central cancer registry feeds. These NLP initiatives seek
to extract precise patient phenotype information that is
needed to advance translational cancer research, particu-
larly to unravel the effects of genetic, epigenetic, and
systems changes on tumor behavior and responsiveness.
Examples of phenotypic variables in cancer include tumor
morphology (eg, histopathologic diagnosis), comorbid
conditions (eg, associated immune disease), laboratory find-
ings (eg, gene amplification status), specific tumor behaviors
(eg, metastasis), and response to treatment (eg, effect of a
chemotherapeutic agent on a tumor). Current models for
correlating EHR data with ~omics data largely ignore the clin-
ical text, which remains one of the most important sources
of phenotype information for cancer patients. Unlocking
the value of clinical text has the potential to enable new
insights about cancer initiation, progression, metastasis,
and response to treatment. A diverse set of oncology studies
led by accomplished translational investigators in breast
cancer, melanoma, ovarian cancer, and colorectal cancer will
demonstrate the utility of the DeepPhe software during the
project period (2020-2025 for DeepPhe and 2019-2024 for
DeepPhe*CR). DeepPhe software bridges novel methods to
automate cancer deep phenotype extraction from clinical
text with emerging standards in phenotype knowledge
representation and NLP. This work is highly aligned with
recent calls in the scientific literature to advance scalable
and robust methods of extracting and representing pheno-
types for precision medicine and translational research.
Specific examples relevant for cancer surveillance include
determining biomarker status for breast cancer patients and
determining grade, histology, laterality, and other standard
parameters for a variety of cancer types. Summaries of both
projects are available on the NCI Reporter.!"!2 For more
information, visit https://deepphe.github.io/software/.

Electronic Pathology (ePath) Reporting Project

This project is part of the DMI to implement the use
of the AIMS platform to improve the public health agen-
cies data exchange infrastructure between laboratories
and public health agencies. Historically, laboratories have
reported cancer pathology data by paper or nonstandard
electronic formats (Excel, ASCII file, etc) to state cancer
registries. Over the past decade, the CDC NPCR staff
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worked with national and large regional laboratories to
implement the NAACCR volume V standard for reporting
cancer pathology data to state cancer registries. Over 30
national and large regional laboratories have successfully
created standard electronic messages and set up secure
data exchange connectivity with each state cancer registry.
For national and large regional laboratories, maintaining
so many secure data exchange connections with public
health agencies has created a burden for laboratories and
public health agencies. The CDC’s Center for Surveillance,
Epidemiology, and Laboratory Services (CSELS) infec-
tious disease electronic laboratory reporting (ELR) program
successfully implemented standardized reporting from
Quest Diagnostics using the AIMS platform. AIMS is an
Amazon cloud platform that has served as infrastructure to
receive, validate, and distribute ELR data from the labora-
tory to the appropriate state departments of health. The use
of the AIMS platform has minimized the resources required
by laboratories and public health agencies to exchange
critical public health data. This project will provide labo-
ratories and state cancer registries with access to the AIMS
infrastructure and technical assistance to support real-time
data exchange of standards-based cancer pathology data to
meet mandated public health reporting to cancer registries.
CDC does not receive or have access to the reported confi-
dential patient data.

For more information, visit https://www.cdc.gov/
cancer/npcr/informatics/aerro/index.htm.

Data Modernization Initiative (DMI)

The CDC/NPCR DMI goal is to modernize the field
of cancer surveillance to achieve real-time cancer reporting.
The NPCR and the CDC, as an agency, depend on high-
quality, readily available data. Efficient electronic data
exchange, interoperability, and data acquisition are of tanta-
mount importance and a top priority of the DMI initiative.
The initiative operates under 5 separate workgroups made
up of funded central cancer registry participants. This is a
one-year project to be completed by the end of the current
cooperative agreement period. The 5 workgroups include:

* ePath/Association of Public Health Laboratories activi-
ties workgroup. The purpose of this workgroup is to
onboard national, regional, and local laboratories to
transmit cancer pathology and biomarker data to
the AIMS platform for distribution to state cancer
registries.

* Self-service vendor/provider onboarding workgroup. The
purpose of this workgroup is to establish requirements
for the development of a self-service onboarding
application for vendors and providers to establish
connectivity to the cancer surveillance cloud-based
computing platform for electronic cancer case
reporting.

* Electronic Mapping, Reporting, and Coding (eMaRC) Plus
cloud requirement and testing workgroup. eMaRC Plus is
an application used by cancer registries that processes
pathology and clinical reports from pathology labo-
ratories and physician offices using HL7 standard
document formats. It is designed to create registry
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abstracts from these reports. The purpose of this work-
group is to review eMaRC Plus functionality, test, and
provide feedback on eMaRC Plus development to be
used in the cloud and gather information on possible
future enhancements to eMaRC Plus, both in the short
and long term.

e Web Plus cloud requirement and testing workgroup.
Web Plus provides online cancer data capture and
abstracting functionality for central registries. The
purpose of this workgroup is to review Web Plus
functionality, test, and provide feedback on Web Plus
development to be used in the cloud and gather infor-
mation on possible future enhancements to Web Plus,
both in the short and long term.

* Data governance in the cloud workgroup. The purpose of
this workgroup is to establish data access standards/
roles, security standards, honest broker relationships,
best practices, business service agreements, and other
cloud data governance topics.

More information is available at https:y//www.cdc.gov/
surveillance/surveillance-data-strategies/data-IT-
transformation.html.

Childhood Cancer Survivorship, Treatment, Access, and
Research (STAR) Project

In June 2018, the Childhood Cancer STAR Act was
signed into law to specifically help address the burden
of childhood cancer. The law asked the CDC to expand
capacity within the NPCR to help cancer registries collect
and make the data on pediatric cancer cases available
within weeks of diagnosis. Increasing the speed of reporting
(within 30 days of diagnosis) increases the value of the data
beyond routine cancer surveillance. Electronic reporting
must be the standard by which this is achieved.

The aim of the Childhood Cancer STAR Project is to
improve the timeliness of pediatric, adolescent, and young
adult (ages 0-29 years) cancers through enhanced infor-
matics systems and central cancer registry capacity across
all registries through more effective and efficient electronic
reporting. The goal is for facilities to have greater knowl-
edge of gaps in pediatric, adolescent, and young adult
cancers and that reporting facilities will report cases more
rapidly.

On September 30, 2019, the CDC awarded a contract
to Tanaq Support Services to execute the deliverables of the
Childhood Cancer STAR Project. Tanaq is an 8(a) Alaskan
Native Corporation with experienced program manage-
ment. Tanaq focuses on delivering high-quality services
in management consulting; software development; data
management and analysis; epidemiology and technical
assistance; health communication and social media; graphic
design; web content development; technical writing; and
training. Through the Childhood Cancer STAR Project,
Tanaq will develop an informatics system to build on
existing registry infrastructure effectively and efficiently for
rapid case ascertainment of pediatric, adolescent, and young
adult cancer incidences. Moreover, Tanaq will support select
grantees to effectively pilot the newly designed informatics
system to improve pediatric data collection.
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The Childhood Cancer STAR project will also augment
relationships with major partners, such as the St. Baldrick’s
Foundation, the Alliance for Childhood Cancer, and the
Children’s Oncology Group, by convening an expert panel
to solicit feedback regarding linkages, data sharing, and
data use. In addition, Tanaq will convene NPCR expert
roundtables to discuss and implement best practices into
the developed informatics system. The STAR project aims
to improve patient enrollment into clinical trials through
improved timeliness of the data collection, to provide more
immediate use to researchers and public health profes-
sionals for program planning and identifying gaps in cancer
prevalence, and to improve electronic cancer pathology and
biomarker reporting for the NPCR overall. Additionally, the
project will provide pediatric cancer data that public health
practitioners and others can use to develop effective inter-
ventions. More timely data will also help reveal inequities
in distribution of disease, treatment access, and other issues
that can then be addressed.

For more information, visit httpsy//www.cdc.gov/
cancer/npcr/pediatric-young-adult-cancer.htm.

Fast Healthcare Interoperability Resources (FHIR)

FHIR is the fourth major effort of Health Level Seven
International (HL?) to create a widely adopted interopera-
bility format for the exchange of clinical data and metadata.
To date, the most successful HL7 effort has been the second,
called HL7 V2, which is still widely used by laboratory and
other data exchange systems. HL7 V3 was widely seen as
too complex, and only small portions were ever adopted,
such as the Consolidated Clinical Document Architecture.
The idea behind FHIR is to package chunks of clinical data
into resources and assemble these using profiles, employing
a widely adopted Representational State Transfer (REST)
design.’® Registries may benefit from FHIR as the result of
applications that may more easily interface with EHRs to
access or extract information pertinent to cancer registra-
tion. The specifications are maintained on a living web
page: https;//www.hl7.org/fhir/.

Making EHR Data More Available for Research and
Public Health (MedMorph)

MedMorph is an initiative sponsored by the US
Department of Health and Human Services Office of the
Secretary Patient-Centered Outcomes Research Trust Fund.
It began in 2020 with a goal to make EHR data more avail-
able to public health professionals and researchers through
the HL7 FHIR transport mechanism. The project uses
health data and exchange standards to develop and imple-
ment an interoperable solution to enable access to clinical
data, incorporating these data into cancer registries’ data
systems. Three use cases are being developed currently,
with submission to the HL7 balloting process scheduled for
January 2023. CDC is leading the work on the cancer use
case and is incorporating NAACCR community involve-
ment in the process. CDC hosts webinars to ensure that the
process will be guided by adequate representation from the
cancer registry community. The MedMorph implementa-
tion guide is a complex specification document defining
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how MedMorph integrates with the HL7 FHIR ecosystem.
NAACCR is a member of the HL7 standards organization.
More information is available via the links below:
* httpsy/build.fhir.org/ig/HL7/fhir-medmorph/
* https://build.fhir.org/ig/HL7/fhir-medmorph/
background.html
* https:y//www.cdc.gov/csels/phio/making rapid_data_
exchange_reality.html
* https://www.cdc.gov/nchs/nvss/modernization/pdf/
fhir-implimentation-guidance-checklist.pdf
* https://www.cdc.gov/csels/phio/exchanging-data-
efficiently.html

International Classification of Diseases, 11th revision
(ICD-11)

The International Classification of Diseases (ICD) has
provided a coding framework for systematically recording
human health conditions across the globe for more than a
century. The first ICD edition was adopted by WHO in 1900
with subsequent revisions issued every 10 to 15 years. The
10th edition currently in use internationally was approved
by the WHO in 1989, although its use in the United States
didn’t begin until 1999.

ICD codes are essential for calculating condition-
specific incidence and mortality statistics for comparisons
across countries and for tracking trends over time. ICD
codes are also often used for administrative purposes, such
as reimbursement and resource allocation, clinical research,
and disease surveillance. More than 2 decades after the
implementation of ICD-10, work began on the 11th revision,
ICD-11, which was adopted by WHO on May 25, 2019, and
went into effect on January 1, 2022. However, it is unclear
when the United States will implement ICD-11.

ICD-11 was developed through a multidisciplinary
collaboration of hundreds of clinicians, statisticians, coders,
and information technology professionals across 90 coun-
tries, incorporating up-to-date and highly relevant clinical
content in a fully electronic form through a multilingual
REST APIL ICD-11 includes more than 17,000 diagnostic
categories and over 100,000 diagnostic terms, with new
categories added for diseases of the immune system and
other noncancer areas of focus. Of particular importance for
cancer surveillance, the International Classification of Disease
for Oncology, Third Edition (ICD-O-3) can be derived from
ICD-11, with links to ICD-O-3 embedded within ICD-11.
Furthermore, ICD-11 includes an addendum for newly
defined “extension codes” to be used in conjunction with
conventional “stem codes,” whereby tumor, node, and
metastasis (TNM) stage and histology can be coded along
with primary site.! If fully adopted in the United States,
the level of specificity available through ICD-11 stem and
extension codes could improve the utility of billing diag-
nosis codes for timely case ascertainment. Furthermore,
linkage of data to other sources may also be improved,
with easier cross-walking between ICD-11 and other termi-
nologies, such as Systematized Nomenclature of Medicine
(SNOMED).
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More information is available via the links below:

* https://icd.who.int/en

* https://www.cdc.gov/nchs/data/icd/ICD-11-WHOV-
CM-2018-V3.pdf

Minimal Common Oncology Data Elements (mnCODE)

mCODE is a project that originally emerged from ASCO
and is now also supported by several industry partners. The
mCODE specification is organized by 6 high-level domains:
patient, laboratory/vital, disease, genomics, treatment, and
outcome. The initial release of mCODE in 2018 consisted of
23 FHIR profiles composed of 90 data elements. The most
recent iteration has expanded to 30 profiles. A manuscript
describing the promise of mCODE to improve cancer data
interoperability was published in 2020.1> Adoption of the
mCODE standards by EHR vendors may benefit registries
by providing electronic access to patient data pertinent to
registries. For example, registries could access or obtain
standardized patient information through queries or FHIR
interfaces. Additional information is also available from
HL7 international'®: https://confluence.hl7.org/display/
COD/mCODE

Cancer Data Standards Registry and Repository (caDSR)

The NCI fosters the shared metadata standards for all
cancer data that link together semantic meaning and data
value. These standards promote sharing, reuse, and aggre-
gation of cancer data among repositories. To assist with this
interoperability, the NCI established the caDSR. The caDSR
and its associated applications help the oncology research
community manage and use data standards by providing
the shared standards in various human and machine-
readable contexts. The metadata content development team
supports the oncology research community in developing
and maintaining harmonized and standardized metadata
for oncology research.!”

The caDSR includes NAACCR standards 11 through 16.
In November 2020, 2 representatives from the NCI Center
for Biomedical Informatics and Information Technology
(CBIIT) content team presented to the CIAG. At that time,
it was recommended that NAACCR identify a minimal set
for v18 and v21 in the fall of 2021. The NCI CBIIT content
team were working on a next generation of caDSR to launch
in the summer of 2021 and would not have the staff to work
on the NAACCR content. Another consideration is the
time and effort it takes NAACCR to review and verify the
updated information.

More information on these efforts is available here:
https://datascience.cancer.gov/resources/metadata

Pathology, Radiology, Imaging, Signs, Symptoms,
Medical oncology, bioMarkers (PRISSMM)

PRISSMM is a systematic approach to the measure-
ment of change in cancer status over time. Unlike RECIST,
which depends entirely on morphometric measurements,
PRISSMM takes a multiaxial approach to temporal status
changes. The axes are pathology, radiology, imaging (some-
what distinct from radiology), signs, symptoms, medical
oncology, and biomarkers. While there is no manuscript
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specifically describing the system and the protocol, there
have been several manuscripts evaluating the output, such
as this article that we recently published: https;//www.ncbi.
nlm.nih.gov/pmc/articles/PMC8314138/. The PRISSMM
model is currently owned and licensed by Dana-Farber
Cancer Institute; it is free for academic use.

Conclusion

The initiatives described in this report span academic,
industry, and government domains, yet alighment and coor-
dination of efforts will be required to advance the cancer
surveillance field overall. New informatics advances in
data acquisition, integration, linkage, and curation proven
to work in a focused area or population should be tested in
other areas/populations with the ultimate goal of scaling
these advances for population-based cancer surveillance.
Furthermore, processes are needed to drive consensus
in data standards across source systems and domains to
advance interoperability and data aggregation at the popu-
lation level. Taken together, these solutions are needed to
augment current cancer registries with additional clinical
information of emerging relevance, thus advancing our
understanding of cancer etiology and outcomes and driving
innovation in cancer control.
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Identifying Factors Associated with Loss
to Follow-up Among Patients Reported to
the New York State Cancer Registry

Baozhen Qiao, PhD?; April A. Austin, MPH2; Maria J. Schymura, PhD?; Xiuling Zhang, PhD?; Colleen G. Sherman, MPH @

Abstract: Background: State cancer registries in the United States are data sources for estimating population-based cancer
survival. However, the completeness of patient follow-up can affect the accuracy of survival estimates. Like many regis-
tries, the New York State Cancer Registry (NYSCR) conducts patient follow-up largely through linkages with other data
sources. Even after expending great effort on linkages, a small proportion of patients remain lost to follow-up (LTFU). In
this study, we identified factors that are associated with the likelihood of LTFU in the NYSCR. Methods: First primary
cancers (sequence number, 00 or 01 and excluding death-certificate- and autopsy-only cases) diagnosed during 2000-2018
among New York State residents were selected for study. All patients were followed through December 31, 2018. Based on
each patient’s vital status and last contact date, follow-up status was categorized into 2 groups: patients LTFU and patients
not LTFU. Patients LTFU were examined by demographic and tumor characteristics. Multivariate logistic regression analy-
ses were performed to evaluate the association between demographic/tumor characteristics and likelihood of LTFU. For
patients LTFU, the timing of LTFU (within 1 year, 1 to <5 years, 5 to <10 years, or >10 years) was further described. LTFU
rates within 5 years after cancer diagnosis were also examined. Results: Among 1,797,228 patients, 74,722 were LTFU prior
to December 31, 2018, representing 4.2% of all patients and 7.6% of alive patients. About 60% of LTFU occurred within 1
year after cancer diagnosis. Compared to the reference group, logistic regression analyses indicated that patients LTFU
were more likely to be female, Black, Asian/Pacific Islander (API), Hispanic, foreign born, insured by Medicaid, uninsured,
aged <20 years, and living in New York City or metropolitan counties. Cases reported by laboratories only and physician
offices also had a higher likelihood of LTFU. Similar patterns and effects were identified when evaluating 5-year LTFU.
Conclusion: Identifying factors associated with patient LTFU is important for cancer registries to improve follow-up data.
We found that LTFU is not random; rather, certain patient groups have higher LTFU rates than others. For registries that
conduct follow-up through linkages, it is critical to collect high-quality and complete demographic data, especially for
females, children, the foreign born, and minority race/ethnicity groups.

Key words: cancer registries, follow-up, loss to follow-up, New York State Cancer Registry, survival

Introduction

State cancer registries in the United States are data
sources for estimating population-based cancer survival.*¢
However, the completeness of patient follow-up in registries
can affect the accuracy of survival estimates.”!2 Follow-up
procedures vary among registries and are dependent on
funding agency requirements and available resources.!
Currently, other than death ascertainment, there are no
other follow-up standards required for registries funded by
the Centers for Disease Control and Prevention’s National
Program of Cancer Registries (NPCR).>!> However, regis-
tries funded by the National Cancer Institute’s Surveillance,
Epidemiology and End Results (SEER) Program need to
meet certain contractual follow-up standards. For instance,
SEER registries are expected to meet follow-up goals of at
least 90% for patients diagnosed under age 65 year and 95%
for patients diagnosed at age 65 years or older.™

In general, there are 2 types of patient follow-up used by
registries: active follow-up or passive follow-up.>!? Active
follow-up requires contact with patients, physicians, family
members, or other informants. Because active follow-up is
costly and time-consuming, registries are unable to imple-
ment the method on a large scale. Instead, most registries in
the United States use the passive method to update patient
follow-up information.>”#12 The passive method largely
relies on linkage with other data sources, such as state vital
records, the National Death Index (NDI), hospital discharge
data, insurance claims, and Social Security Administration
(SSA) data. Previous studies reported that complete death
ascertainment is especially important for registries using the
passive follow-up method.®815

The New York State Cancer Registry (NYSCR), funded
by the NPCR since 1995 and by the SEER program since
2018, is one of the largest registries in the nation, collecting
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data on more than 120,000 newly diagnosed cancer cases
each year. As a NPCR registry, the NYSCR has a long history
of linking cancer data with state vital records and the NDI
to identify deaths. After joining the SEER program, to meet
the follow-up standards, the NYSCR has expanded its
follow-up activities.'®!” Like many other SEER registries,
the NYSCR primarily uses the passive method to conduct
patient follow-up. Even though the NYSCR has been able
to meet the SEER program’s follow-up standards, a small
proportion of patients remain lost to follow-up (LTFU). In
this study, we identified factors that are associated with
patient LTFU in the NYSCR. With this knowledge, we hope
to improve our follow-up information even further.

Materials and Methods
Study Population

First malignant primary cancers (sequence number 00
or 01) diagnosed during 2000-2018 among New York State
residents were selected for this study. Death-certificate-only
(DCO) and autopsy-only cases were excluded. All patients
were followed through December 31, 2018, which is the
follow-up date that was established and evaluated by the
SEER program for the November 2021 data submission.
Based on each patient’s vital status and date of last contact,
follow-up status was categorized into 2 groups: patients not
LTFU, including those deceased or those alive with a date
of last contact of December 31, 2018, or later, and patients
LTFU, including those not known to be deceased (referred
to as “alive”) with a date of last contact prior to December
31, 2018.

The demographic factors that were evaluated include
sex (male, female), age at cancer diagnosis (<20, 20-64, 265
years), race (White, Black, American Indian/ Alaska Native,
API, unknown), ethnicity (non-Hispanic, Hispanic), birth
place (US born, foreign born, unknown), New York State
region (New York City, New York State excluding New
York City), census tract poverty level (assigned based on
address at diagnosis: 0% to <5%, 5% to <10%, 10% to <20%,
20% to 100%, unknown), rural-urban county status (metro-
politan, nonmetropolitan) and insurance status at diagnosis
(insured, any Medicaid, uninsured, unknown). The tumor
factors that were evaluated include year of cancer diag-
nosis (2000-2004, 2005-2009, 2010-2014, 2015-2018), tumor
behavior (in situ, invasive), stage at diagnosis (in situ/
local, regional, distant, unknown), type of reporting source
(hospital inpatient, radiation treatment or oncology center,
laboratory only, physician office, other hospital outpatient/
surgery center), diagnostic confirmation (microscopically
confirmed, clinical diagnosis only, unknown), sequence
number (only 1 primary, first of multiple primaries), and
cancer site group assigned according to disease survival
rates (cancers with the best survival, including prostate,
testis, thyroid, and melanoma of the skin; cancers with
good survival, including breast, cervix, uterus, bladder,
and kidney; cancers with bad survival, including oral
cavity, colorectal, larynx, ovary, myeloma, leukemia, and
others not listed in another group; cancers with the worst
survival, including brain/central nervous system, esoph-
agus, stomach, lung and bronchus, liver, and pancreatic).
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Statistical Analyses

The number of patients LTFU was tabulated by demo-
graphic and tumor characteristics, and the associated
percentage was calculated in 2 ways. First, we calculated
the percentages by including all patients (both deceased and
alive) in the denominators, which is how follow-up rates
are evaluated by the SEER program.!* Because deceased
patients were automatically considered as having complete
follow-up and because certain factors investigated in this
study (eg, age or stage at cancer diagnosis) could affect
survival, we also used a second approach: calculating
the percentages of patients LTFU with only alive patients
included in the denominators to remove the effect of disease
fatality differences. For patients who were LTFU, the timing
of LTFU (within 1 year, 1 to <5 years, 5 to <10 years, or
>10 years after cancer diagnosis) was further examined by
demographic and tumor characteristics. To evaluate the
association between demographic/tumor characteristics
and likelihood of LTFU, multivariate logistic regression
analyses were performed.

Because 5-year survival rates are commonly used for
measuring disease prognosis among cancer patients, we
also conducted secondary analyses to evaluate rates of
LTFU within 5 years after cancer diagnosis. These analyses
were restricted to patients diagnosed during 2000-2013 to
ensure that all patients had 5 complete years of follow-up.
Vital status and follow-up status were recoded to corre-
spond to the 5-year follow-up time. All statistically analyses
were performed using SAS 9.4.

Results

Among 1,797,228 patients diagnosed 2000-2018 and
included in this study, 74,722 were LTFU prior to December
31, 2018, representing 4.2% of all patients and 7.6% of alive
patients. The detailed frequencies of LTFU by demographic
and tumor characteristics are displayed in Table 1. When all
patients were included in the analysis, higher percentages of
LTFU were observed for the following demographic/tumor
groups: female (4.5%), age < 20 years at cancer diagnosis
(8.8%), API (12.3%), Hispanic (7.8%), foreign born (7.9%),
uninsured (18.6%), living in New York City (6.5%) or metro-
politan counties (4.4%), and tumors with in situ behavior
(6.3%), diagnosed at an early stage (4.9%), reported by
laboratory only (14.1%) or physician office (11.1%), being
microscopically confirmed (4.3%), being the only primary
cancer diagnosis (4.6%), or cancer with best prognosis
(5.9%). As might be expected, when only alive patients were
considered, the percentages of LTFU were always higher
than when all patients were considered, but the general
patterns of LTFU were consistent except for a few factors
that were associated with disease prognosis. For example,
the percentage of LTFU was higher for cancer cases diag-
nosed at distant stage, with only a clinical diagnosis, or with
poor survival.

The multivariate logistic regression analyses (Table 2)
indicated that all demographic/tumor factors evaluated
were statistically significantly associated with the likelihood
of LTFU. Notably, patients who were female, Black or API,
Hispanic, foreign born, insured by Medicaid or uninsured,
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Table 1. Frequency Distributions of Patients Who Were Lost to Follow-up (LTFU) Prior to December 31, 2018, or Within 5
Years After Cancer Diagnosis, By Demographic/Tumor Characteristics

Demographic/tumor characteristics

Patients LTFU prior to December 31, 20182

Patients LTFU within 5 y after cancer diagnosis®

% Of all % Of alive % Of all % Of alive
n patients patients n patients patients
(n=1,797,228) | (n=989,924) (n=1,304,137) | (n=799,687)

Total 74,722 4.2 7.6 37,714 2.9 4.7
Sex

Male 33,024 3.8 7.3 15,932 2.5 4.2

Female 41,698 4.5 7.8 21,782 33 5.2
Age (y)

<20 1,598 8.8 10.4 725 55 35

20-64 44,813 5.1 7.3 25,899 4.1 55

265 28,311 3.1 7.9 11,090 1.7 6.5
Race

White 46,395 3.2 59 22,447 2.1 35

Black 13,115 5.1 9.7 7,278 4.0 6.9

American Indian/Alaska Native 80 3.0 5.1 43 2.4 3.9

Asian/Pacific Islander 10,115 12.3 18.4 5,344 10.2 15.1

Unknown 5,017 28.0 309 2,602 27.1 30.0
Ethnicity

Non-Hispanic 61,808 3.8 6.9 30,259 2.5 4.2

Hispanic 12,914 7.8 13.0 7,455 6.6 10.2
Birth country

US born 14,628 1.4 35 6,275 0.8 1.6

Foreign born 22,813 7.9 15.8 14,231 6.6 11.5

Unknown 37,281 7.9 8.8 17,208 5.8 6.3
Region

New York City 43,350 6.5 11.7 23,658 4.9 8.0

?Xivlvuz?;';iaetvework City 31,372 2.8 5.1 14,056 1.7 2.8
Poverty level

0% — <5% 16,520 3.5 6.0 7,911 2.2 3.4

5% — <10% 17,562 3.7 6.6 8,310 2.4 39

10% — <20% 20,362 4.3 7.9 10,093 3.0 5.1

20%—-100% 19,839 5.4 10.5 11,094 4.2 7.4

Unknown 439 8.3 16.5 306 6.7 10.7
Rural-urban

Metropolitan counties 72,099 4.4 7.9 36,694 3.1 5.0

Nonmetropolitan counties 2,623 1.8 3.5 1,020 0.9 1.6
Insurance status

Insured 32,960 2.8 4.8 12,303 1.6 2.5

Any Medicaid 15,448 7.0 12.9 7,406 5.4 10.1

Uninsured 4,005 18.6 31.7 2,791 16.5 26.5

Unknown 22,309 5.6 13.4 15,214 4.1 7.1
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Table 1, cont. Frequency Distributions of Patients Who Were Lost to Follow-up (LTFU) Prior to December 31, 2018, or
Within 5 Years After Cancer Diagnosis, By Demographic/Tumor Characteristics

Demographic/tumor characteristics

Patients LTFU prior to December 31, 20182

Patients LTFU within 5 y after cancer diagnosis®

% Of all % Of alive % Of all % Of alive
n patients patients n patients patients
(n=1,797,228) | (n = 989,924) (n=1,304,137) | (n=799,687)

Year of diagnosis

2000-2004 15,446 3.5 9.9 13,352 3.0 5.2

2005-2009 16,721 3.5 7.3 11,142 2.4 3.8

2010-2014 20,895 4.3 7.1 13,220 3.4 53

2015-2018 21,660 5.5 7.0 - - -
Tumor behavior

In situ 7,883 6.3 7.4 3,681 4.3 4.6

Invasive 66,839 4.0 7.6 34,033 2.8 4.7
Stage

In Situ/local 43,822 4.9 6.7 21,479 3.4 4.0

Regional 12,328 3.6 7.0 6,857 2.8 4.9

Distant 9,184 2.3 8.7 4,972 1.7 6.5

Unknown 9,388 5.8 16.6 4,406 3.4 8.4
Type of reporting source

Hospital inpatient 34,430 33 7.6 20,078 2.5 4.9

Eii’jgg éiiiify or medical 7,058 41 5.5 2,913 2.4 3.0

Laboratory only 5,252 14.1 20.0 2,262 8.4 10.5

Physician office 5,681 11.1 14.2 1,569 5.3 6.8

Sfrgeerr:iﬁ'::r' outpatient 22,301 4.6 6.6 10,892 3.3 44
Diagnostic confirmation

Microscopically confirmed 72,677 4.3 7.5 36,516 3.0 4.7

Clinical diagnosis only 1,674 22 11.8 954 1.7 8.8

Unknown 371 2.3 13.3 244 1.7 6.3
Sequence number

Only 1 primary 71,292 4.6 8.3 36,557 3.3 5.7

First of multiple primaries 3,430 1.4 2.5 1,157 0.6 0.7
Cancer site group®

Cancers with best survival 24,522 5.9 7.8 10,852 3.6 4.2

Cancers with good survival 26,282 4.5 6.6 14,150 3.4 4.4

Cancers with bad survival 16,997 3.7 8.3 8,719 2.6 5.0

Cancers with worst survival 6,921 2.0 9.8 3,993 1.6 8.3

2patients were diagnosed during 2000-2018 and followed through December 31, 2018. PPatients were diagnosed during 2000-2013 and followed for
5 years after cancer diagnosis. Cancer site group was assigned according to disease survival rates. Cancers with best survival include prostate, testis,
thyroid, and melanoma of the skin. Cancers with good survival include breast, cervix, uterus, bladder, and kidney. Cancers with bad survival include
oral cavity, colorectal, larynx, ovary, myeloma, leukemia, and others not listed in another group. Cancers with worst survival include brain/central ner-
vous system, esophagus, stomach, lung/bronchus, and liver/pancreatic.
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Table 2. Multivariate Logistic Regression Analyses Evaluating Association Between Demographic/Tumor Characteristics
and Likelihood of Loss to Follow-up (LTFU), Odd Ratios, and 95 % Cl

zz:’;g:":g rh;geris fics Patients LTFU prior to December 31, 2018’ Patients LTFU within 5 y after cancer diagnosis?
All, Alive, All, Alive,
OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% CI)

Sex

Male Ref Ref Ref Ref
Female 1.27 (1.25-1.29) 1.22 (1.20-1.25) 1.29 (1.25-1.32) 1.24 (1.21-1.28)
Age (y)

<20 Ref Ref Ref Ref
20-64 0.43 (0.40-0.45) 0.73 (0.69-0.78) 0.61 (0.56-0.66) 1.04 (0.95-1.12)
>65 0.35 (0.33-0.37) 0.97 (0.92-1.03) 0.34 (0.32-0.37) 0.79 (0.72-0.86)
Race

White Ref Ref Ref Ref

Black 1.20 (1.18-1.23) 1.18 (1.16-1.21) 1.28 (1.24-1.32) 1.29 (1.25-1.33)
American Indian/Alaska Native 1.13 (0.90-1.42) 1.09 (0.87-1.38) 1.46 (1.07-1.99) 1.48 (1.08-2.02)
Asian/Pacific Islander 2.04 (1.99-2.09) 1.83 (1.77-1.88) 2.05 (1.98-2.13) 1.88 (1.81-1.95)
Unknown 3.57 (3.44-3.71) 3.31 (3.19-3.44) 4.85 (4.60-5.12) 4.56 (4.32-4.81)
Ethnicity

Non-Hispanic Ref Ref Ref Ref

Hispanic

1.19 (1.17-1.22)

1.17 (1.14-1.20)

1.26 (1.22-1.30)

1.24 (1.20-1.29)

Birth country

US born

Ref

Ref

Ref

Ref

Foreign born

3.61 (3.52-3.70)

2.85(2.78-2.92)

4.97 (4.80-5.14)

4.30 (4.16-4.46)

Unknown 3.28 (3.21-3.35) 1.77 (1.73-1.80) 4.13 (4.00-4.26) 2.67 (2.59-2.75)
Region
New York City Ref Ref Ref Ref

New York State
excluding New York City

0.72 (0.70-0.73)

0.70 (0.68-0.71)

0.69 (0.67-0.71)

0.68 (0.66-0.70)

Poverty level

0% — <5% Ref Ref Ref Ref

5% — <10% 0.93 (0.90-0.95) 0.96 (0.93-0.98) 0.93 (0.90-0.96) 0.95 (0.92-0.98)

10% — <20% 0.92 (0.90-0.94) 0.97 (0.95-0.99) 0.92 (0.89-0.95) 0.95 (0.92-0.99)

20% — 100% 0.84 (0.82-0.86) 0.93 (0.90-0.95) 0.83 (0.80-0.86) 0.89 (0.86-0.92)

Unknown 2.29 (2.06-2.55) 2.48 (2.21-2.77) 2.56 (2.25-2.92) 2.57 (2.25-2.94)
Rural-urban

Metropolitan counties Ref Ref Ref Ref

Nonmetropolitan counties

0.74 (0.71-0.77)

0.75(0.71-0.78)

0.64 (0.60-0.69)

0.65 (0.61-0.69)

Insurance status

Insured Ref Ref Ref Ref

Any Medicaid 1.66 (1.63-1.70) 1.78 (1.74-1.82) 2.06 (2.00-2.13) 2.14 (2.07-2.21)
Uninsured 5.90 (5.67-6.14) 6.21 (5.96-6.48) 7.62 (7.26-8.00) 7.96 (7.56-8.38)
Unknown 2.06 (2.00-2.12) 2.19 (2.13-2.26) 3.01 (2.90-3.12) 3.35(3.23-3.48)
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Table 2, cont. Multivariate Logistic Regression Analyses Evaluating Association Between Demographic/Tumor
Characteristics and Likelihood of Loss to Follow-up (LTFU), Odd Ratios, and 95% Cl

Demographic/

Patients LTFU prior to December 31, 2018

Patients LTFU within 5 y after cancer diagnosis?

tumor characteristics

All,
OR (95% Cl)

Alive,
OR (95% ClI)

All,
OR (95% Cl)

Alive,
OR (95% ClI)

Year of diagnosis

2000-2004 Ref Ref Ref Ref
2005-2009 1.25(1.21-1.29) 0.98 (0.95-1.01) 1.13 (1.09-1.18) 1.13 (1.09-1.17)
2010-2014 1.37 (1.33-1.41) 0.86 (0.84-0.89) 1.50 (1.45-1.56) 1.46 (1.41-1.52)
2015-2018 1.57 (1.53-1.62) 0.79 (0.76-0.81)
Tumor behavior
In situ Ref Ref Ref Ref
Invasive 1.17 (1.13-1.20) 1.05 (1.02-1.08) 1.08 (1.04-1.13) 0.96 (0.93-1.00)
Stage
In situ/local Ref Ref Ref Ref
Regional 0.84 (0.83-0.86) 1.00 (0.98-1.03) 0.91 (0.88-0.93) 1.10 (1.07-1.14)
Distant 0.57 (0.56-0.59) 1.14 (1.11-1.17) 0.63 (0.60-0.65) 1.48 (1.42-1.53)
Unknown 0.98 (0.96-1.01) 1.64 (1.59-1.69) 0.89 (0.86-0.93) 1.43 (1.37-1.48)

Type of reporting source

Hospital inpatient

Ref

Ref

Ref

Ref

Radiation therapy
or medical oncology center

1.19 (1.16-1.22)

0.91 (0.88-0.93)

1.06 (1.02-1.11)

0.88 (0.85-0.92)

Laboratory only

1.82 (1.74-1.90)

1.40 (1.34-1.46)

1.21(1.14-1.28)

0.88 (0.83-0.94)

Physician office

1.92 (1.85-2.00)

1.61 (1.54-1.67)

1.18 (1.10-1.25)

0.93 (0.87-0.99)

Other hospital outpatient/
surgery center

1.17 (1.15-1.19)

0.96 (0.94-0.97)

1.21(1.18-1.24)

1.00 (0.98-1.03)

Diagnostic confirmation

Microscopically confirmed

Ref

Ref

Ref

Ref

Clinical diagnosis only

0.81 (0.77-0.85)

1.28 (1.21-1.35)

0.95 (0.89-1.02)

1.36 (1.27-1.47)

Unknown

0.67 (0.60-0.75)

1.08 (0.96-1.21)

0.77 (0.68-0.88)

0.96 (0.83-1.10)

Sequence number

Only 1 primary

Ref

Ref

Ref

Ref

First of multiple primaries

0.36 (0.35-0.37)

0.31 (0.30-0.32)

0.20 (0.19-0.21)

0.15 (0.15-0.16)

Cancer site group ©

Cancers with best survival

Ref

Ref

Ref

Ref

Cancers with good survival

0.84 (0.82-0.86)

0.88 (0.86-0.90)

0.93 (0.90-0.96)

0.98 (0.95-1.02)

Cancers with bad survival

0.85 (0.83-0.87)

0.98 (0.96-1.00)

0.89 (0.86-0.92)

1.00 (0.96-1.03)

Cancers with worst survival

0.55 (0.53-0.56)

1.23 (1.19-1.27)

0.65 (0.62-0.68)

1.81 (1.73-1.89)

OR, odds ratio; Ref, reference. 2Patients were diagnosed during 2000-2018 and followed through December 31, 2018. PPatients were diagnosed dur-
ing 2000-2013 and followed for 5 years after cancer diagnosis. “Cancer site group was assigned according to disease survival rates. Cancers with best
survival include prostate, testis, thyroid, and melanoma of the skin. Cancers with good survival include breast, cervix, uterus, bladder, and kidney.
Cancers with bad survival include oral cavity, colorectal, larynx, ovary, myeloma, leukemia, and others not listed in another group. Cancers with worst
survival include brain/central nervous system, esophagus, stomach, lung/bronchus, and liver/pancreatic.
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Figure 1. Frequency Distributions of Timing of Loss to Follow-up by Demographic/Tumor Characteristics?

Overall 60.3 25.2 10.2 4.4
Male 64.8 23.2 8.4 3.6
Female 56.8 26.7 11.5 5.0
Age 20-64 63.3 239 ONImN3:7
Age 65+ 57.1 27.0 11.2 4.7
Age <20 32.0 29.8 223 15.9
Asian/Pacific Islander 65.4 25.8 6.72.1
Black 60.8 26.5 9.2 35
American Indian 57.5 32.5 3.8 6.3
White 56.5 259 121 55
Hispanic 61.7 25.8 9.2 33
Non-Hispanic 60.0 25.0 10.4 4.6
Foreign Born 61.5 26.9 83 33
U.S. Born 45.0 29.5 17.1 8.4
New York City 62.8 25.1 8.7 3.4
NYS Excl. New York City 56.9 253 12.1 5.7
Poverty Level 20-100% 63.1 25.1 8.4 3.4
Poverty Level 10-<20% 61.3 25.8 94 35
Poverty Level 5-<10% 58.9 25.6 10.7 4.7
Poverty Level <5% 56.9 242 12.7 6.2
Metropolitan Counties 60.6 25.2 10.0 4.3
Non-Metropolitan Counties 52.7 253 14.7 7.3
Uninsured 71.0 21.6 6.01.4
Any Medicaid 56.3 Bimg 93 2.6
Insured 44.9 32.6 16.0 6.4
In Situ 68.2 19.7 8.5 3.6
Invasive 59.4 25.8 10.4 4.5
Distant Stage 61.1 27.0 8.3 3.6
In Situ/Local Stage 58.7 25.2 112 49
Regional Stage 54.0 30.5 11.2 43
Laboratory Only 89.9 6.12.9.1
Physician Office 72.1 21.3 4.91.7
Hospital Inpatient 58.1 26.0 1107 4.9
Hospital Outpat./surg. Ctr 56.5 28.5 10.4 4.6
Radiation Tx or Med. Oncol. Ctr 51.7 28.1 14.8 5.3
Clinically Diagnosis Only 69.7 21.6 6.22.6
Microscopically Confirmed 60.1 25.3 10.3 4.4
Only One Primary 62.3 24.7 94 35
First of Multiple Primaries 18.5 33.9 259 21.6
Cancers with Worst Survival 68.0 23.8 5.72.6
Cancers with Best Survival 64.9 22.4 89 3.7
Cancers with Bad Survival 60.0 25.8 10.0 4.2
Cancers with Good Survival 54.2 27.7 126 5.6
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
PERCENT (%)
Within 1 Year During 1-<5 Years During 5-<10 Years After 10 Years

2 Patients were diagnosed during 2000-2018 and followed through December 31, 2018.

aged < 20 years at cancer diagnosis, or living in New York
City or metropolitan counties were more likely to be LTFU
compared to the reference group. In addition, cases reported
by laboratories only and physician offices had a higher
likelihood of LTFU compared to those reported by hospitals.
Odd ratios and 95% ClIs for different demographic/tumor
factors are shown in Table 2.
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Overall, about 60.3% of LTFU occurred within 1 year,
25.2% from 1 to <5 years, 10.2% from 5 to <10 years, and
4.4% more than 10 years after cancer diagnosis (Figure 1).
The percentage of LTFU within 1 year was particularly
higher for patients who were foreign born (61.5% vs 45.0%
of the US born), API (65.4% vs 56.5% of the White) or unin-
sured (71.0% vs 44.9% of the insured), for cases that were
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reported by laboratories only (89.9%) or physician offices
(72.1%) vs 58.1% of the hospital inpatient reports, and for
individuals with only 1 primary (62.3% vs 18.5% for first of
multiple primaries).

For the secondary analyses, among 1,304,137 patients
diagnosed during 2000-2013, 37,714 were LTFU within
5 years after cancer diagnosis, representing 2.9% of all
patients and 4.7% of alive patients. Overall, the findings
were consistent with those observed in the main analyses,
except that among alive patients, 5-year LTFU among
patients < 20 years of age at diagnosis showed no statis-
tical difference compared to those aged 20-64 years (with
<20 years as a reference, odd ratio for the 20-64 years age
group, 1.03; 95% CI, 0.95-1.12). In addition, cases reported
only by laboratories or physician offices seemed less likely
to be LTFU within 5 years after cancer diagnosis than those
reported by hospitals (Table 2).

Discussion

The NYSCR has routinely conducted linkages with
state vital records and the NDI to ascertain deaths for many
years. Since joining the SEER program in 2018, the NYSCR
has expanded its follow-up activities by linking with more
data sources. Linkages with the SSA have improved the
registry’s follow-up rate significantly. For example, the
initial SSA linkage conducted in 2019 allowed us to update
follow-up information for a significant number of patients,
with the overall follow-up rate jumping from 55.7% to
92.6%.® Furthermore, linkages with hospital discharge
data and Medicaid data have helped increase the follow-up
rates among patients diagnosed under age 20 years and
among patients with an in situ cancer diagnosis.'” With
these additional efforts, the NYSCR has met the SEER
program standards for follow-up rates; however, there were
still about 4.2% of patients included in the November 2021
submission who were LTFU. As a new SEER registry, we
are determined to explore new ways to improve follow-
up information and survival data, and identifying which
factors affect patient LTFU is an important first step.

In this study, we observed higher LTFU rates among
Black, API, and Hispanic patients; these findings were
consistent with previous reports.”1? Using the SEER 18 data,
Pinheriro et al® have reported higher LTFU rates among
Asian and Hispanic patients in comparison to non-Hispanic
White patients. Multiple factors could contribute to the
higher LTFU rates among those racial-ethnic groups. First,
Black, API, and Hispanic patients are more likely to have a
missing Social Security number (SSN) compared to Whites
in cancer registry reports. Among our study population,
about 11.2% of API patients, 8.6% of Hispanic patients, and
54% of Black patients had missing SSNs; however, only
2.7% of Whites patients had a missing SSN. Unfortunately,
linkages to the SSA currently do not include individual
taxpayer identification numbers, which are valid identifiers
for many individuals in the United States who do not have
SSNs. Second, some Asian and Hispanic individuals use
different naming conventions. For example, when writing
Chinese names, surnames (last name) proceed given names;
for Hispanic names, compound surnames from both father
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and mother are often used for children. Names and SSNs
are 2 critical data fields used in linkages and when they
are missing, inaccurate, or not reported consistently across
different data sources (ie, Chinese first name and last name
swapped or different/ partial Hispanic last names), linkages
could be problematic, and consequently true matches might
be missed. Third, some patients who are born in foreign
countries might relocate to their birth country after a cancer
diagnosis, and this outmigration tends to be higher among
certain subgroups of Hispanic patients, probably due to
cultural, economic, and political reasons.”'® However,
currently we have no way of identifying those deaths that
occur outside of the United States.

Our study showed that females were more than 20%
more likely to be LTFU than males. Surname changes
after marriage among women could partially explain this
finding, since mismatch of last name in linkages could
indicate a nonmatch, especially if the quality of other critical
data items used for linkage were poor in one or both data
sources.

Follow-up for childhood cancer patients has always
been challenging for registries,® and our findings have
confirmed this. In our study, about 8.8% of patients diag-
nosed at age < 20 years were LTFU prior to December 31,
2018, while only 5.1% of patients aged 20-64 years and 3.1%
of patients aged 65 years and older were LTFU. The higher
LTFU rate for children could be due to various reasons.
First, data for childhood cancer patients are more likely to
have missing or inaccurate SSNs. It is not uncommon that a
parent’s SSN is mistakenly reported in place of their child’s
SSN. Second, when childhood cancer patients grow into
adulthood, they might move to different states for college
or work. Although linkage to NDI can identify deaths that
occur in other states, it is not possible to identify those still
alive through the NDI. In addition, linkages with other data
sources, such as hospital discharge data or claims data, do
not prove fruitful after outmigration to other states. Third,
some administrative data sources that are commonly used
for patient follow-up might not include records for the
young. The SSA data files, for example, will not include
records for children who do not qualify for the program.
Voter registration and Department of Motor Vehicle files,
used by some SEER registries, do not provide follow-up
information for childhood patients until they reach eligible
age.

Our results indicate that LTFU is significantly higher
among the foreign born. As discussed previously, this
finding might be explained by the higher percentage of
missing SSNs among foreign-born patients or a higher
likelihood of migration back to their country of origin after
cancer diagnosis. Additionally, some patients born in other
counties might travel to New York for cancer diagnosis or
treatment and be incorrectly identified as state residents.
When those patients return to their resident countries, it is
difficult to locate and trace them. Although the NYSCR has
some quality assurance processes in place to periodically
identify medical tourism, this type of error cannot be totally
ruled out. We observed a much higher LTFU rate among
the uninsured compared to the insured. In general, patients
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without insurance coverage might be less likely to seek
medical care and therefore might not be included in some
data sources used to confirm patient follow-up status, such
as hospital discharge or insurance claims data. Although
not presented, uninsured patients in this study tended to
be Black, API, Hispanic, or foreign born, and the previous
explanations related to those factors could apply here, as
well.

The observed higher LTFU rates for cases reported
only by laboratories or physician offices could be due to
data quality issues. Compared to hospital reports that are
abstracted by registrars, laboratory and physician reports
are more likely to have missing/unknown values for SSN,
race, and ethnicity, which are commonly used for patient
follow-up linkages. However, it is unclear why the likeli-
hood of LTFU within 5 years was seemingly lower for cases
reported by laboratories and physician offices in the logistic
regression model based on alive patients, and we are plan-
ning further investigation.

In conclusion, identifying factors associated with
patient LTFU is important for cancer registries to identify
methods for improving follow-up data. This study indicates
that collecting high-quality and complete demographic
information is critical for conducting patient follow-up
through linkages with other data sources. The study also
revealed that LTFU was not random; rather, certain patient
groups have higher LTFU rates than others. Although some
of the factors associated with patient LTFU are not amenable
to change by cancer registries, more intense follow-up of
cases reported by a laboratory only or by physician offices
may be a possible, although resource-intensive, solution.
Linkage to LexisNexis databases, which contain public
and private information on individuals, to obtain correct
SSNis or residential address history could also be helpful to
improve future linkages aimed to confirm follow-up status.
In addition, for pediatric cancer patients, having reporting
facilities resubmit their most recent follow-up information
or linking with additional data sources, such as state immu-
nization records, could potentially improve the follow-up
rate for this age group. Unfortunately, there is one major
limitation of this study. Procedures and extent of follow-up
vary among registries and some of our findings might not
be generalizable to other central registries. Additionally,
due to the large size of our study population, even a small
difference can be statistically significant. Finally, the 5-year
LTFU rates reported in this study may be underestimated
because they were based on cases with complete 5-year
follow-up. However, we do not expect that the relative
effects observed between patient demographic and tumor
characteristics and LTFU would change substantially.

How varying LTFU rates among different patient or
cancer groups affect survival estimates will be investigated
in future studies, which will also examine LTFU in the
context of varying approaches to survival analyses (eg,
cohort vs period).
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The Case of the Missing 2020 Cancers: Using Claims
Data to Investigate a Deficit in Incident Cancer Case
Reports to the New York State Cancer Registry in 2020

Xiuling Zhang, PhD?; Margaret Gates Kuliszewski, ScD#?; Amy R. Kahn, MS%;Maria J. Schymura, PhD "

Abstract: Background: As the February 2022 Surveillance, Epidemiology, and End Results (SEER) Call for Data deadlines
approached, the New York State Cancer Registry had received reports for approximately 10% fewer consolidated inci-
dent cases for 2020 than expected. We used claims data to examine changes in the volume of cancer claim records during
the COVID-19 pandemic and possible contributors to the deficit in cancer reports. Methods: The New York State (NYS)
Statewide Planning and Research Cooperative System (SPARCS) requires reporting of all patient encounters from licensed
ambulatory surgery, emergency department, and hospital inpatient and outpatient providers. Each record includes
patient demographics and up to 17 diagnosis codes from the International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM). For this project, we extracted 6,725,416 SPARCS records with any malignant neoplasm code for
2018 through June 2021 for NYS residents. Using SAS 9.4, we focused on comparing the cancer-related records for 2020
to the records from 2019. Results: Overall, there were 5% more cancer-related records in 2019 than in 2018 (2,009,600 vs
1,914,364), but 8.2% fewer records in 2020 (1,844,054 total) than in 2019. Looking by month and year, the number of claims
in the first 2 months of 2020 exceeded the numbers from 2019 by 5%. However, a decrease in the number of claims started
in March 2020, with the biggest drop in April 2020, where there was a deficit of 38.8% for cancer-related encounter reports
relative to the same month the previous year. Although the numbers rose after April, the number of claims for the last half
of 2020 was still 4% lower than the same time frame in 2019. There were substantial decreases in the number of records in
2020 for all encounter types and across levels of each covariate examined, including age, sex, race/ethnicity, and facility
region of NYS. In analyses of all reporting facilities, facilities in New York City had a more pronounced and more pro-
longed drop in reporting in 2020 than facilities in the rest of the state. Conclusions: Although SPARCS data do not provide
definitive evidence of decreases in incident cancer diagnoses, these data suggest that there were fewer cancers diagnosed
among NYS residents in 2020. Additional analyses are needed to assess the impacts of COVID-19-related delays in cancer
diagnosis and treatment on stage at diagnosis and outcomes.

Key words: cancer registry, cancer reporting, claims, COVID-19, New York State

Introduction
Although it has never been easy to meet case complete-
ness goals, the New York State (NYS) Cancer Registry

time of the submission, the registry had received approxi-
mately 10% fewer incident cancer cases for 2020 than it had
received a year earlier for 2019 diagnoses. These estimates

(NYSCR) has always strived to attain the Centers for
Disease Control and Prevention (CDC)’s National Program
of Cancer Registries and, more recently, the National
Cancer Institute’s Surveillance, Epidemiology, and End
Results (SEER) Program’s 12-month data completeness
standards, the latter of which had traditionally been set at
95% based on expected number of annual incident cases.
However, as the February 2022 SEER Call for Data dead-
lines approached, reaching 95% completeness for 2020 cases
seemed impossible. Despite intense pressure on reporting
facilities by field staff to maintain their regular reporting,
completeness was stalled at 85% of the expected number
of incident cases based on our analyses of cancer reports
received and consolidated by the registry. Similarly, by the

were calculated prior to provisionally finalizing the NYS
incidence data, and also prior to implementation of a
2020 registry completeness estimate adjustment.! Potential
contributors to this decrease included reporting delays at
the facility level due to COVID-19-related factors or other
facility-specific factors and decreases in new cancer diag-
noses due to COVID-19-related delays in cancer screening
and diagnosis.

The COVID-19 pandemic disrupted health care world-
wide. By March 2020, the pandemic had spread globally,
and areas in New York City (NYC) and NYS were heavily
affected.>® Between the start of the pandemic and June 1,
2020, there were 203,792 laboratory-confirmed COVID-19
cases diagnosed among residents of NYC.> As the number
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of COVID-19 cases rose throughout the country, many states
and cities issued stay-at-home orders. The fear of COVID-19
infection and decreased availability of medical care due to
resources being diverted to COVID-19 resulted in many
people postponing their scheduled or needed medical care
or not seeking medical care at all. In addition, recommen-
dations and guidelines concerning the delay of “elective”
or nonurgent procedures were issued by organizations
including the CDC, the Centers for Medicare and Medicaid
Service, and the American College of Surgeons.7'10 Many
states, including NYS, ordered health care facilities, physi-
cians, and other health care providers and professionals
to delay nonurgent procedures.” As expected, there were
decreases in cancer care services during the pandemic,11'17
including a decrease in cancer screening. We therefore
sought to examine changes in cancer claims records to
assess the extent to which the COVID-19 pandemic and
resulting changes in health care utilization impacted the
diagnosis and reporting of incident cancer cases among
NYS residents for the diagnosis year 2020.

Methods

Data Source and Claims Selection

We obtained claims data for the analysis from the NYS
Department of Health’s Statewide Planning and Research
Cooperative System (SPARCS), a comprehensive all-payer
data reporting system that includes patient encounters
from licensed ambulatory surgery, emergency department,
and hospital inpatient and outpatient facilities. Each claims
record includes patient demographics, diagnoses, treat-
ments, services, charges, and up to 17 codes associated
with each encounter from the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM).18

We used the following criteria to select cancer-related
claims to include in the analyses: NYS residents, discharge
between January 1, 2018, and June 30, 2021, and ICD-10-CM
diagnosis codes C00-C96 for either the principal, other,
or admitting diagnosis (there are 5 diagnosis type codes
on SPARCS claims records: principal, other, external cause
of injury, admitting, and reason for visit). When there were
multiple records for a claim, we kept only the first record
per claim in the file based on the record order sequence
number. A total of 6,725,416 SPARCS claims records were
included in the analyses.

Since there is no direct patient identifier in SPARCS,
we used a combination of unique personal identifier (UPI),
date of birth, and sex to define a case in SPARCS. The UPI is
a combination of the first 2 and last 2 letters of the patient’s
last name, the first 2 letters of the first name, and the last
4 digits of the Social Security number. When more than 1
claims record had the same UPI, date of birth, and sex, we
considered them to be for the same patient. If the Social
Security number component of UPI was missing, the claims
were still considered to be from the same patient if they
had the same first 6 characters of the UPI and the same date
of birth, sex, and either patient zip code or both treating
facility and medical record number.

Data Analysis
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We conducted all the analyses using SAS 9.4. We exam-
ined the total number of cancer-related claims records by
discharge month and year, and we calculated the percent
change across time periods. We also conducted these
analyses for each type of encounter (inpatient, outpatient,
ambulatory surgery, or emergency department), and exam-
ined the percent change in cancer-related claims records by
encounter type for 2020 compared to 2019. We used a y?
test to examine differences in the number of cancer-related
claims for discharge year 2020 vs 2019 across encounter
types.

We further examined time trends in the number of
cancer-related claims records by discharge month and year
for various levels of each covariate of interest. Selecting
2019 as the pre-COVID comparison year, we compared the
2020 vs 2019 records by patient age (0-19, 20-29, 30-39,
40-49, 50-59, 60-69, 70-79, and =80 years), sex (male,
female, and other/unknown), race/ethnicity (non-Hispanic
White, non-Hispanic Black, non-Hispanic Asian and Pacific
Islander, Hispanic, and Other/Unknown ), the number of
encounters per patient (1, 2, 3, 4, 5-6, 7-9, 10-19, 220), and
facility region (all facilities in NYC vs all facilities in the rest
of the state based on the zip code of each facility’s address).
For analyses of facility region, we additionally examined
changes in the number of cancer-related records for each
encounter type by discharge year and changes in the total
number of records by discharge month and year. We used >
tests to examine the statistical significance of differences in
the number of observations for each level of the covariates
of interest by discharge year.

Results
Table 1 and Figure 1 show changes in the overall
number of cancer-related claims over time for discharge
year 2018 through June 30, 2021. In 2019, there were 5%
more cancer-related records than in 2018 (2,009,600 vs

Table 1. Number of Cancer-Related Claims Records
Obtained from New York State (NYS) Statewide Planning
and Research Cooperative System (SPARCS) for NYS
Residents by Discharge Time Frame, for Discharge Year
2018-2020

% Change in no. of

No. of cancer- encounters relative to

Discharge time

frame related encounters  the same time frame
the previous year

2018 1,914,346

2019 2,009,600 5.0
2020 1,844,054 -8.2
Jan—Feb 2019 321,763

Jan—Feb 2020 337,833 5.0
April 2019 172,112

April 2020 105,285 -38.8
Jul-Dec 2019 1,008,157

Jul-Dec 2020 967,637 -4.0
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Figure 1. Monthly Number of Cancer-Related Records Obtained from New York State (NYS) Statewide Planning and Research
Cooperative System (SPARCS) for NYS Residents for Discharge Year 2018 Through June 30, 2021
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1,914,346), but in 2020 the number of cancer-related records
was 82% lower than in 2019 (1,844,054 vs 2,009,600).
Looking by month and year, the number of claims in the
first 2 months of 2020 exceeded the numbers from 2019 by
5%. However, a decrease in the number of claims started in
March 2020, with the biggest drop in April 2020, when there
was a deficit of 38.8% for cancer-related encounter reports
relative to the same month the previous year. Although the
numbers increased after April 2020, the number of claims
for the last half of 2020 was 4% lower than the same time
frame in 2019.

Table 2 and Figure 2 display changes in the number of
cancer-related claims by month and year for each type of
encounter. There were substantial decreases in the number
of claims in 2020 compared to 2019 for all encounter types,
with the biggest decrease for emergency department claims

Table 2. Number of Cancer-Related Records Obtained
from New York State (NYS) Statewide Planning and
Research Cooperative System (SPARCS) for NYS Residents
by Encounter Type for Discharge Years 2019 and 2020

Encounter No. of records No. of records % Decrease in

type for 2019 for 2020 2020 relative
to 2019

Ambulatory 121,465 102,593 15.5

surgery

Emergency 49,923 41,215 17.4

department

Inpatient 198,239 172,790 12.8

Outpatient 1,639,973 1,527,456 6.9

Total 2,009,600 1,844,054 8.2

x?2 test: all P < .0001.
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(17.4%), followed by ambulatory surgery (15.5%), inpatient
claims (12.8%), and outpatient claims (6.9%). The change in
the number of claims for discharge year 2020 vs 2019 was
statistically significantly different across encounter types
(P < .0001). For all encounter types, the number of claims
dropped markedly in March and April 2020, increased from
May 2020 until July 2020, then leveled off between July
2020 and February 2021. The number of claims remained
significantly below the expected levels until March 2021 for
all encounter types with the exception of inpatient claims,
which had not returned to pre-COVID levels by the end
of the study period. It is notable that outpatient claims
returned to near pre-COVID levels fairly quickly, but the
other encounter types remained lower for a longer period.
Table 3 displays changes in the numbers of cancer-
related claims over time by age, sex, and race/ ethnicity. There
were substantial decreases across all levels of each covariate
of interest comparing 2020 to 2019. Among 8 age groups,
the largest decrease in the number of cancer-related claims
was observed for individuals aged 20-29 and >80 years
(13.1% and 11.3%, respectively), while the smallest decrease
in the number of claims was observed for individuals aged
70-79 and 60-69 years (6.2% and 6.8%, respectively). These
latter 2 categories accounted for over 50% of the total yearly
claims in both 2019 and 2020. Looking at the number of
cancer-related claims in 2020 vs 2019 among males and
females, a slightly larger decrease in claims was observed in
males than in females (8.6% vs 8.0% decrease). Substantial
decreases in the number of claims in 2020 vs 2019 were also
observed for most race/ethnicity groups, with the largest
decrease for non-Hispanic Asian Pacific Islander individ-
uals (12.7%), followed by non-Hispanic White (10.2%), and
non-Hispanic Black (8.0%) individuals. Smaller decreases
were observed for individuals with other or unknown race/
ethnicity (4.8%) and Hispanic ethnicity (only 0.5%). There
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Figure 2. Monthly Number of Cancer-Related Records Obtained From New York State (NYS) Statewide Planning and Research
Cooperative System (SPARCS) for NYS Residents by Claim Type for Discharge Year 2019 Through June 30, 2021
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Table 3. Percent Decrease in Cancer-Related Encounters Obtained from New York State (NYS) Statewide Planning and
Research Cooperative System (SPARCS) for NYS Residents for Discharge Year 2020 Compared to 2019 by Age, Sex, and
Race/Ethnicity

% Decrease in 2020

Variable 2019 2020 relative fo 2019
0-19 54,808 48,934 10.7
20-29 31,649 27,506 13.1
30-39 71,966 65,277 9.3
40-49 151,828 135,020 11.1
50-59 365,424 331,787 9.2
60-69 577,358 538,353 6.8
70-79 509,789 478,212 6.2
>80 246,778 218,965 11.3

Sex
Female 1,051,253 967,599 8.0
Male 958,319 876,378 8.6
Other/unknown 28 77 NA

Race/ethnicity
Non-Hispanic White 1,168,118 1,049,487 10.2
Non-Hispanic Black 258,870 238,215 8.0
Non-Hispanic API 91,728 80,119 12.7
Hispanic 206,809 205,779 0.5
Other/Unknown 284,075 270,454 4.8

Total 2,009,600 1,844,054 8.2

API, Asian/Pacific Islander; NA, not applicable. %2 test: P < .0001 for all 3 variables above.
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Table 4. Number of Cancer-Related Encounters per
Patient Obtained from New York State (NYS) Statewide
Planning and Research Cooperative System (SPARCS) for
NYS Residents for Discharge Years 2019 and 2020

% Decrease in
No. of records

o 2019 2020 2020 relative
perp to 2019
1 154,239 146,257 5.
2 72,273 66,822 7.5
3 40,364 37,566 6.9
4 26,276 23,821 9.3
5.6 30,563 27,888 8.8
7.9 22,946 21,369 6.9
10-19 29,424 27,292 7.2
20 22,396 20,231 9.7
Total 398,481 371,246 6.8

x? test: P < .0001

were statistically significant differences in the number of
cancer-related encounters by discharge year across levels of
all variables examined (P < .0001).

The number of patients with cancer-related encounters
decreased by 6.8% from 2019 to 2020 (Table 4). Looking at
the number of cancer-related encounters per patient, the
largest decrease in the number of patients was observed for
those with 20 or more claims records per year (9.7%) and the
smallest decrease was observed for those with only 1 claim
record per year (5.2%). The difference in the number of
patients from 2019 to 2020 differed significantly by number
of cancer-related encounters per patient (P < .0001).

As shown in Table 5 and Figure 3, facilities in NYC had
a more pronounced and slightly more prolonged drop in
cancer-related encounters in 2020 vs 2019 than facilities in
the rest of the state. This was true for the number of claims
both overall (13.5% vs 5.3% decrease in NYC vs the rest of
NYS, respectively) and by type of encounter (ambulatory
surgery, 26.4% vs 9.9%; emergency department, 20.9% vs
15.2%; inpatient service, 14.6% vs 11.7%; and outpatient
service, 12.2% vs 3.9%).The differences in the numbers of

Table 5. Number of Cancer-Related Claims Records Obtained from New York State (NYS) Statewide Planning and
Research Cooperative System (SPARCS) for NYS Residents by Encounter Type and Facility Region for Discharge Years

2019 and 2020

Claim type All facilities in New York City All facilities in the rest of NYS
Number of records % Decrease in Number of records % Decrease in
2020 relative 2020 relative
2019 2020 t0 2019 2019 2020 t0 2019
Ambulatory surgery 41,621 30,645 26.4 79,844 71,948 9.9
Emergency department 19,591 15,506 20.9 30,332 25,709 15.2
Inpatient 78,812 67,314 14.6 119,427 105,476 11.7
Outpatient 581,674 510,573 12.2 1,058,299 1,016,883 3.9
Total 721,698 624,038 13.5 1,287,902 1,220,016 5.3

x? test: P < .0001 for both all facilities in New York City and in the rest of NYS.

claims for discharge year 2020 vs 2019 were statistically
significant across encounter types for facilities in NYC and
for facilities in the rest of NYS (P < .0001).

Time trends by month and year in the numbers of
cancer-related records by category of patient age, sex and
race/ethnicity, number of encounters per patient, and
facility region were quite similar to the overall time trend
(some results not shown).

Discussion

In this analysis, we used claims data to examine
changes in the volume of cancer-related services during
the COVID-19 pandemic to assess the extent to which the
pandemic and resulting changes in health care utilization
impacted the diagnosis of incident cancer cases among NYS
residents. We observed an 8.2% decrease in cancer-related
claims in 2020 compared to 2019, which approximates the
10% missing cancer case reports observed leading up to the
February 2022 SEER Call for Data deadlines. The additional
1.8% difference not accounted for in the statewide discharge
records might in part reflect missing cases that would have
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been treated in nonlicensed facilities (eg, Veterans Affairs
hospitals) or physician offices, neither of which are captured
in SPARCS.

In time trend analyses, the decrease in the number of
cancer-related claims records started in March 2020, with
the biggest drop in April 2020, in which there was a deficit
of 38.8% for cancer-related encounter reports relative to the
same month the previous year. Although the numbers rose
after April, the claims for the last half of 2020 remained 4%
lower than for 2019. These changes in cancer-related claims
records in 2020 compared to 2019 are consistent with the
timeline of the COVID-19 pandemic, including trends in the
number of daily COVID-19 cases and deaths. ?

In analyses of changes in the number of cancer-related
claims records by covariates of interest, we observed very
similar time trends to the overall trends across encounter
types, age groups, sex, race/ethnicity, and facility region.
Analyses of the number of cancer-related encounters per
patient showed decreases across all categories of the number
of records per patient, and a decrease of 6.8% in the number
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Figure 3. Monthly Number of Encounters Obtained from New York State (NYS) Statewide Planning and Research Cooperative System
(SPARCS) for NYS Residents by Facility Region (All Facilities in New York City vs All Facilities in the Rest of NYS) for Discharge Year 2019
Through June 30, 2021
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of patients with cancer-related encounters in 2020 relative
to 2019. These results indicate widespread decreases in the
number of cancer-related encounters as well as the number
of patients seen for cancer-related encounters, supporting
both a drop in the number of services and in the number of
patients seeking care for cancer.

The decrease in cancer-related claim records for NYS
residents in 2020 relative to 2019 is consistent with other
research studies that reported drops in medical care, cancer
care visits, and cancer screening rates. 117 Using adminis-
trative claims data, Chen and colleagues reported a 90.8%
decrease in breast cancer screening, a 79.3% decrease in
colorectal cancer screening, and a 63.4% decrease in prostate
cancer screening for March through May 2020 compared
with the same time frame in 2019. The authors estimated
that these decreases corresponded to an absolute deficit of
3.9 million breast screenings, 3.8 million colorectal screen-
ings, and 1.6 million prostate screenings across the United
States during the first half of 2020.1* A decrease in screening
of this magnitude, along with delays in both routine and
diagnostic medical care, would be expected to lead to a
substantial deficit in the number of cancers diagnosed
during the COVID-19 pandemic. Although our analysis
included all types of cancer-related claims, and not just
those related to a diagnosis, the analysis results still support
a decrease in the number of cancer cases diagnosed in 2020.
The percent decrease in the number of cancer-related claims
in 2020 is consistent with the decreased number of cancer
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reports received by the NYSCR for diagnosis year 2020.
Although it is possible that the observed decrease in cancer-
related claims was due in part to existing cancer patients
not receiving necessary treatment or follow-up care due to
the COVID-19 pandemic, it is expected that these patients
would have resumed their cancer care by the end of 2020
and would be captured in later claims data. However, our
results indicate that the decrease in cancer-related claims
persisted through the end of 2020.

Strengths of this study include the use of a large
database of claims data with information on cancer-related
claims both during and prior to the start of the COVID-19
pandemic. This allowed us to examine changes over time
in the volume of cancer-related claims, as well as character-
istics of the patients with cancer-related claims before and
during the pandemic. However, the claims data also include
data for prevalent cancer cases, and it was not possible
to deduplicate the claims by person or by diagnosis. As a
result, some of the change in the volume of cancer-related
claims was likely related to existing cancer patients delaying
cancer treatment or other care, although these patients
would have been expected to resume care after the peak
of the pandemic. Other limitations of the data include
the unavailability of encounters from laboratories, other
states, and some physicians’ offices and radiation treatment
centers. It therefore provides an incomplete estimate of the
total number of cancer-related health encounters among
New York State residents.
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In summary, although SPARCS claims data do not
provide definitive evidence of a decrease in incident cancer
diagnoses, these data suggest that there were fewer cancers
diagnosed among NYS residents in 2020. Decreases in
cancer-related claims were seen across encounter types
and levels of age, sex, race/ethnicity, and facility region,
suggesting that there were fewer cancer diagnoses across
all levels of the population and throughout NYS. Additional
analyses are needed to assess the impacts of COVID-19-
related delays in cancer diagnosis and treatment on stage
at diagnosis and outcomes. In addition, work is needed
to ensure the continuity of cancer screening, diagnostic
services, and treatment during future public health emer-
gencies to minimize delays in cancer diagnosis and care and
ensure the best possible outcomes for individuals diagnosed
with cancer.
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Determining Fitness for Use of SEER Cause-Specific
Cause of Death in Analyses of Cause-Specific Survival

Bozena M. Morawski, MPH, PhD?; Mei-Chin Hsieh, PhD, CTR?; Manxia Wu, PhD¢; Recinda Sherman, PhD, CTR¢Y;
Angela B. Mariotto, PhD¢; Christopher /. Johnson, MPH?

Abstract: Background: Net and crude cancer survival statistics can be calculated using cause of death or expected sur-
vival from life tables. In some instances, using cause of death information may be advantageous. The Surveillance,
Epidemiology, and End Results (SEER) Program cause-specific cause of death variable (North American Association of
Central Cancer Registries [NAACCR] item #1914) designates that a patient died of their cancer. We evaluated how miss-
ingness in NAACCR item #1914 impacted survival estimates to determine fitness for use in NAACCR Cancer in North
America (CiNA) products. Methods: We used CiNA survival and prevalence data (November 2020 submission) to calcu-
late 60-month cause-specific survival among persons aged 15-99 years at time of diagnosis using NAACCR item #1914.
We treated missing/unknown causes of death in 3 ways: excluded from analysis, included as dead from this cancer, or
included as censored at time of last follow-up. Autopsy/ death-certificate-only cases were excluded from survival analyses.
We calculated the proportion of deaths with unknown/missing cause of death by registry and demographic variables.
Results: Generally, 60-month cause-specific survival estimates differed by <1% between the 3 approaches when NAACCR
item #1914 was missing/unknown for <3% of deaths. When applying a <3% fit-for-use standard to SEER cause-specific
cause of death, data from 34 registries were included in cause-specific survival analyses. The proportion of deaths with
missing/unknown cause of death varied by primary site, age at diagnosis, race/ethnicity, year of diagnosis, and registry.
Conclusions: We have identified missingness cut points for NAACCR item #1914, which strike a balance between scien-
tific integrity and registry inclusiveness, to designate data in NAACCR CiNA data products as fit for use in cause-specific

survival analyses.

Key words: survival estimates, cause-specific cause of death variable, cause of death

Background

Each year, members of the North American Association
of Central Cancer Registries (NAACCR) voluntarily submit
data to develop an aggregated resource for cancer surveil-
lance and research. This aggregated resource is used to
create multiple data products, including the Cancer in
North America (CiNA) monographs,!® and the CiNA
research data set. For inclusion in incidence data products,
registry data must meet certification criteria for submission
timeliness, completeness, and accuracy. The highest level
of certification is given to registries that meet the following
criteria: case ascertainment of 295% completeness; <3% of
cases are only identified via a death certificate; <0.1% of
tumors are duplicates per the NAACCR duplicate protocol;
all fields used to calculate incidence statistics (cancer type,
sex, race, age, and county) are error-free (ie, pass edits);
<2% of tumors are missing meaningful information on age,
sex, and county; <3% of tumors are missing meaningful
information on race (United States only); and the file is
submitted to NAACCR within 23 months of the end of the
submission diagnosis year.

For inclusion in the CiNA survival and prevalence
volumes and data sets, registries must additionally meet
Surveillance, Epidemiology, and End Results (SEER)

Program standards for follow-up or ascertain all deaths
through the study cutoff date (including state mortality
file linkage and National Death Index [NDI] linkage for US
registries and provincial/territorial mortality file linkage
for Canadian registries). In 2021, these criteria—which are
applied to the years of data included in survival and preva-
lence estimates —received their own NAACCR recognition,
“Fitness for Use for Survival & Prevalence Recognition.”
The criteria for this recognition only pertain to overall vital
status and not cause of death. Accordingly, current recog-
nition criteria are well aligned with the most commonly
used population-based cancer survival statistics that do not
require cause of death information: relative survival ratios
and the Pohar-Perme estimator.”

Net cancer survival can be calculated using a rela-
tive or cause-specific survival approach. Relative survival
estimates represent the ratio of the observed-to-expected
survival among cancer patients in the absence of competing
causes of death, where expected survival is determined
from matched life tables. Relative survival methods have the
advantage of not requiring cause of death information from
death certificates, which can be inaccurate.®® Additionally,
relative survival has the advantage of representing any
excess mortality experienced by cancer patients (eg, late
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cardiotoxic effects of therapy as opposed to mortality attrib-
utable to only the cancer). The accuracy of relative survival
measures can, however, be greatly influenced by the appro-
priateness of life tables selected to represent the expected
survival of the study population.!®!? Life tables should be
matched on factors influencing cancer-specific and overall
survival, such as age, sex, race/ethnicity, socioeconomic
status, geography,'® and factors relevant to the cancer under
study.’® In instances where life tables are not well matched to
the study population, cause-specific survival may be more
informative to researchers, public health professionals, and
policymakers than relative survival. Appropriate life tables
may be difficult to find for study populations that are not
well characterized (eg, calculating survival for screening-
related cancers that may be diagnosed among populations
that are healthier than the general population, or for cancers
where incidence and mortality are related to underlying risk
factors such as smoking). Finally, large shifts in population-
level mortality due to specific events (eg, decreases in life
expectancy at birth due to COVID-19 or the US opioid crisis)
may render previously appropriate life tables inappropriate.

As there is increased interest in estimating cause-
specific survival at the population level #1415 it becomes
increasingly important to ensure that researchers have
access to high-quality, population-level cause of death infor-
mation. More precisely, it is important that researchers be
aware of jurisdiction-specific limitations of population-level
data—in particular, when they intend to present regional,
registry-specific, or other subpopulation estimates. For
example, some registries may not be able to release cause of
death information to national bodies (ie, NAACCR, SEER,
and the National Program of Cancer Registries [NPCR]),
resulting in large-proportions of jurisdiction-specific miss-
ingness. Registry operations—in particular, timing and
sources of linkages—also impact the completeness of cause
of death information, whereby a particular follow-up or
diagnosis year is missing a higher-than-average proportion
of cause of death among deceased cancer patients. There are
numerous approaches to handling missing data, including
cause of death, and some of these ad hoc methods have been
shown to bias estimates.'#1%18 Acknowledging, however,
that many researchers conduct analyses of cancer surveil-
lance data (eg, CiNA, SEER) in SEER*Stat alone necessitates
the identification of data that are fit for use in cause-specific
survival upstream of data release to researchers. The impact
of cause of death missingness on survival estimates as
calculated in SEER*Stat has not been evaluated in the
NAACCR CiNA data set.

This study used the CiNA survival and prevalence
data to assess how the proportion of missingness in the
SEER cause-specific cause of death variable (NAACCR item
#1914) impacted survival estimates and establishes fit-for-
use cut points indicating when data should be excluded
from cause-specific survival analyses. The ultimate goal of
these efforts is to increase visibility around completeness of
cause of death information and improve the completeness
of cause of death data, such that no otherwise qualifying
tumors will be censored or excluded from analyses due to
missing cause of death information.

178

Methods

We evaluated the impact of excluding registries with
>0.5%, >2%, and >3% missing/unknown SEER cause-
specific cause of death on (1) the number of registries that
would be included in cause-specific survival analyses and
(2) the survival estimates themselves. We used NAACCR
CiNA survival and prevalence data for the United States
and Canada (December 2020 submission)!® to calculate
60-month cause-specific survival among persons aged
15-99 years at time of diagnosis with a malignant tumor
during 2011-2017. Following the methods in the NAACCR
CiNA monograph, estimates were age-standardized using
the International Cancer Survival Standards, which include
patients diagnosed at ages 15-99 years.* Follow-up time
was calculated using a blended approach.* For registries
meeting SEER follow-up standards, follow-up time was
calculated through the first of date of death, date of last
contact, or end of the study period (December 31, 2017).
For all other registries, the presumed alive method was
used, meaning follow-up time for patients not known
to be deceased was calculated through the end of the
study period. For registries conducting active follow-up
(ie, ascertaining vital status and date of last contact via
linkages with administrative or hospital databases), alive
cases with no follow-up time were excluded (about 0.17%).
Tumors reported only via death certificate or autopsy were
excluded, but proportions of these cases were evaluated by
primary site, patient demographics, and registry. Cause of
death was determined by the SEER cause-specific cause of
death field (NAACCR item #1914),%° which is described as
follows: To capture deaths related to the specific cancer but
not coded as such, the SEER cause-specific death classifica-
tion variables are defined by taking into account causes of
deaths in conjunction with tumor sequence (ie, only 1 tumor
or the first of subsequent tumors), site of the original cancer
diagnosis, and comorbidities (eg, AIDS and/or site-related
diseases).!>!> Other survival analysis parameters matched
those used in the CiNA survival volume (httpsy/www.
naaccr.org/wp-content/uploads/2022/06/CiN A.2015-2019.
v4.survival.pdf).*

Survival calculations were performed on blended
survival time in SEER*Stat version 8.4.0.1 using the actuarial
method.?! Three sets of survival estimates were calculated
by classifying tumors with missing/unknown cause of
death in the following ways: (1) excluding these tumors
from analyses; (2) including these tumors in analyses with
a cause of death of the cancer under study; (3) including
these tumors in analyses and censoring them at time of
death, with the assumption that the cause of death is not
cancer. All eligible tumors were included in analyses vs
restricting to first primary.!> We calculated proportion of
deaths with unknown or missing cause of death codes by
registry, primary site, patient demographics (age, race/
ethnicity, rural vs urban residence at time of diagnosis), and
other covariates. We then compared absolute differences
in 60-month cause-specific survival estimates as calculated
by each method described in (1)-(3) above, with particular
attention to instances where missingness in cause of death
yielded 21% absolute difference in survival estimates.
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Among registries with <3% missing/unknown SEER
cause-specific cause of death, we quantified differences
in the proportion missing/unknown SEER cause-specific
cause of death by registry and age at diagnosis (15-64
years vs 265 years), race/ethnicity (race and origin recode:
non-Hispanic white, non-Hispanic Black, non-Hispanic
American Indian/Alaska Native, non-Hispanic Asian or
Pacific Islander, Hispanic), county-level urban/rural resi-
dence at diagnosis (2013 Beale codes), type of reporting
source, follow-up source central, and primary site (SEER site
recode ICD-O-3/WHO 2008) to identify potential factors
driving missing/unknown cause of death. Follow-up
source central (NAACCR item #1791) indicates the source
of consolidated vital status, date of last contact, and cause
of death information, as applicable. Finally, we examined
patterns of missing/unknown cause of death by year of
diagnosis within registry to describe how the proportion of
deaths with missing/unknown cause may vary by changes
in registry practice or policy over time.

Results

We evaluated data from 58 central cancer registries (50
US states, the District of Columbia, 7 provincial Canadian
registries) receiving the CiNA “Fitness for Use for Survival
& Prevalence Recognition.” The percent missing/unknown
SEER cause-specific cause of death among 11,757,022 tumors
diagnosed during 2012-2017 with follow-up through the end
of 2017 ranged by registry, from 100% in 6 US or Canadian
registries to 0.02% for 1 US registry; the median proportion
of missing/unknown SEER cause-specific cause of death
across registries was 1.52% (Table 1). We saw evidence that
missingness in cause of death information was impacted by
year-to-year variation in registry operations. Within registry,
missingness varied across diagnosis years (data not shown).
Among registries where cause of death was missing for
<100% and >3% of tumors for all study years combined,
the number of years with <3% missing/unknown SEER
cause-specific cause of death information ranged from 0
to 6 of the 7 diagnosis years. There was a high degree of
correlation between which registries had >3% missing/
unknown SEER cause-specific cause of death overall and
those registries with >10% missing/unknown SEER cause-
specific cause of death for a specific year, indicating that
>10% missing/unknown SEER cause-specific cause of death
for a specific year was an additional informative marker of
biased survival estimates (data not shown).

As the percentage of tumors with missing/unknown
SEER cause-specific cause of death information increased,
absolute differences in all sites combined survival estimates
using the 3 methods also increased (Table 1, Figure 1).
For 10 registries with <100% and >3% missing/unknown
SEER cause-specific cause of death, the median absolute
difference in cause-specific survival estimates was 0.2%
(interquartile range [IQR], 0.1-1.0) between methods that
censored patients with unknown cause of death at date
of last follow0-up vs excluded them, 1.5% (IQR, 1.2-11.5)
between methods that censored patients with unknown
cause of death at date of last follow-up vs included
these patients as dead from their cancer, and 1.3% (IQR,
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1.1-10.5) between methods that censored patients with
unknown cause of death at date of last follow-up vs
excluded them, 1.4% (IQR, 0.9-14.5) between methods that
censored patients with unknown cause of death at date
of last follow-up vs included these patients as dead from
their cancer, and 1.2% (IQR, 0.9-13.3) between methods
that excluded patients from analyses vs classifying these
patients as dead from their cancer. An inclusion cut point of
<3% missing/unknown SEER cause-specific cause of death
strikes a balance between scientific integrity in survival esti-
mates and registry inclusiveness; ie, a minimal number of
registries are excluded from 5-year cause-specific survival
calculations and differences in estimates from included
registries demonstrated <1% differences in 5-year cause-
specific survival by method as calculated in SEER*Stat.
The selection of other cutoff points (eg, missingness of <2%
or <0.5%) yielded smaller median differences in survival
estimates (Table 1). However, these cut points exclude 22
and 9 additional registries, respectively, from cause-specific
survival analyses, with minimal corresponding benefit in
reducing bias in cause-specific survival estimates. Thus,
registries meeting the <3% missing/unknown cut point
were deemed fit for use.

Subsequent analyses evaluated patterns of missing-
ness using data from 34 US registries deemed fit for
use (<3% missing/unknown SEER cause-specific cause of
death). Substate registries covered by their entire state were
excluded from these analyses (ie, Greater California, Greater
Bay, Los Angeles, and Seattle) and substate registries not
covered by their entire state were included (ie, Detroit).
An examination of the percent of tumors missing cause of
death information by primary site (Table 2) demonstrated
that cancers of the blood (ie, leukemia, Hodgkin lymphoma,
and myeloma) had the highest mean proportions of missing
cause of death (3.7%, 2.7%, and 2.1%, respectively). Tumors
of the larynx (9.1%), liver and bile duct (5.4%), and stomach
(5.1%) also had particularly high maximum values of miss-
ingness, indicating that identifying cause of death for these
cancers might be more difficult in some registry jurisdic-
tions. Cause-specific survival estimates for specific primary
sites were impacted less when not stratifying by registry,
with the largest differences in survival estimates being 0.2
for liver and intrahepatic bile duct and stomach, 0.6 for
stomach, and 0.4 for stomach and cervix uteri between
methods.

Given the differences in cause of death completeness
by primary site and registry, we further analyzed tumor
missingness by patient demographic characteristics and
registry among the 34 registries meeting the <3% overall
cause of death missingness criterion (Table 3). The mean
and median values of cause of death missingness by age
category (age 15-64 years at diagnosis vs age =65 years at
diagnosis) were similar (median, 1.04% in 15-64 years vs
0.85% in 265 years; mean, 1.22% in 15-64 years vs 1.00%
in 265 years). Proportion of missingness was also similar
across diagnosis year and urbanicity of county of residence
at time of diagnosis. Differences in missingness by race/
ethnicity were larger, with the median proportion of miss-
ingness of 3.46% among Hispanic patients (all races) and
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Table 1. Ranking of Percent Missing Cause of Death and Impact on Cause-Specific 5-Year Survival Estimates, 2011-2017

Diagnosis Years (Site Recode ICD-O-3/WHO 2008, All Sites Combined)
NAACCR

5-year cause-specific survival Absolute difference in survival estimates

% DCO/

registry % Missing Cancer Censored- | Censored- | Excluded-
number S cob Censored | Excluded death excluded dead dead
Excluded per >3% missing/unknown criterion (registry n = 16)

60 0.74 - 164,106 100.0 100.0 100.0 0.0 0.0 0.0
62 1.22 - 5,988 100.0 100.0 100.0 0.0 0.0 0.0
11 1.82 100.0 436,323 100.0 100.0 58.2 0.0 41.8 41.8
55 0.34 100.0 31,972 100.0 100.0 100.0 0.0 0.0 0.0
59 0.71 100.0 23,203 100.0 100.0 100.0 0.0 0.0 0.0
58 0.81 100.0 36,351 100.0 100.0 100.0 0.0 0.0 0.0
54 0.28 86.03 43,200 93.1 90.8 54.7 2.3 38.4 36.0
39 0.72 81.48 17,594 91.5 89.6 59.7 1.9 31.8 29.9
40 2.29 48.75 39,187 79.6 78.5 65.2 1.2 14.5 13.3
50 3.36 9.57 195,327 71.0 70.8 68.6 0.3 2.5 2.2
44 0.18 8.00 98,293 70.3 70.1 68.8 0.2 1.6 1.4
19 1.41 6.85 351,005 66.8 66.8 66.6 0.0 0.2 0.2
35 2.92 5.25 136,701 68.8 68.7 67.6 0.1 1.2 1.1
37 1.98 4.73 24,074 71.9 71.9 71.0 0.1 0.9 0.9
23 1.87 4.49 170,860 64.4 64.2 63.1 0.2 1.3 1.1
38 1.60 4.31 328,945 71.0 70.7 69.6 0.2 1.4 1.2
Excluded per >2% missing/unknown criterion (registry n = 22)

16 0.83 2.56 29,752 66.8 66.8 66.7 0.0 0.0 0.0
271 1.02 2.50 211,430 70.8 70.7 70.1 0.1 0.6 0.5
4 3.05 2.42 197,943 65.7 65.5 64.9 0.1 0.7 0.6
272 1.01 2.30 257,052 67.1 67.0 66.4 0.1 0.7 0.6
3 0.92 2.18 134,915 70.2 70.1 69.5 0.1 0.6 0.5
7 1.03 2.16 24,374 69.9 69.9 69.4 0.1 0.6 0.5
27 1.19 2.11 1,077,506 68.2 68.1 67.6 0.1 0.6 0.5
41 2.30 1.94 147,373 70.8 70.7 70.4 0.1 0.4 0.4
273 1.32 1.90 608,521 67.6 67.6 67.1 0.1 0.6 0.5
21 2.58 1.77 702,655 67.2 67.1 66.7 0.1 0.5 0.4
12 0.95 1.72 173,361 62.7 62.7 62.4 0.1 0.3 0.2
13 1.53 1.71 18,573 67.3 67.2 66.8 0.1 0.5 0.4
1 2.75 1.57 105,279 64.1 64.0 63.6 0.1 0.5 0.4
42 2.67 1.53 59,198 64.5 64.4 64.0 0.1 0.5 0.4
56 0.19 1.51 117,475 67.8 67.7 67.3 0.1 0.5 0.4
20 1.75 1.49 208,898 68.3 68.3 68.0 0.0 0.3 0.3
15 1.43 1.49 63,098 67.7 67.6 67.3 0.1 0.4 0.3
5 1.32 1.44 37,221 67.3 67.2 67.0 0.1 0.3 0.3
26 1.07 1.43 720,505 69.7 69.7 69.3 0.1 0.4 0.3
33 1.40 1.37 46,069 67.4 67.3 67.0 0.1 0.4 0.3
311 0.57 1.09 165,574 70.4 70.3 70.1 0.0 0.3 0.3
18 1.19 1.05 161,946 64.8 64.7 64.4 0.0 0.3 0.3
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Table 1, cont. Ranking of Percent Missing Cause of Death and Impact on Cause-Specific 5-Year Survival Estimates,

2011-2017 Diagnosis Years (Site Recode ICD-O-3/WHO 2008, All Sites Combined)

NAACCR 5-year cause-specific survival

Absolute difference in survival estimates

registry A O Cancer Censored- | Censored- | Excluded-
number S cob Censored | Excluded death excluded dead dead
Excluded per >0.5% missing/unknown criterion (registry n = 9)

9 2.43 0.95 506,900 67.3 67.3 67.1 0.0 0.2 0.2
17 3.37 0.93 125,652 62.9 62.9 62.7 0.0 0.2 0.2
34 2.18 0.86 55,787 66.2 66.2 66.0 0.0 0.2 0.2
6 1.41 0.86 315,450 66.9 66.8 66.6 0.0 0.2 0.2
461 1.51 0.85 146,412 67.1 67.1 66.9 0.0 0.3 0.2
49 3.64 0.83 414,100 65.9 65.9 65.7 0.0 0.2 0.2
36 1.96 0.74 186,434 70.4 70.4 70.2 0.0 0.2 0.2
29 2.51 0.62 232,863 64.5 64.5 64.3 0.0 0.2 0.1
25 0.57 0.62 66,474 73.1 73.0 72.9 0.0 0.2 0.1
Never excluded (registry n = 11)

24 1.72 0.50 52,815 70.5 70.5 70.4 0.0 0.1 0.1
31 1.61 0.50 231,496 69.7 69.7 69.6 0.0 0.1 0.1
47 2.44 0.45 212,591 64.0 64.0 63.9 0.0 0.1 0.1
8 2.09 0.42 51,483 67.3 67.3 67.2 0.0 0.1 0.1
28 1.97 0.41 38,100 66.5 66.4 66.3 0.0 0.1 0.1
10 0.99 0.33 104,837 62.4 62.3 62.3 0.0 0.1 0.1
2 1.67 0.28 114,955 66.2 66.2 66.2 0.0 0.1 0.1
32 0.89 0.23 77,156 62.2 62.2 62.1 0.0 0.1 0.0
53 1.53 0.22 496,534 67.5 67.5 67.5 0.0 0.1 0.0
45 2.39 0.21 172,339 65.1 65.1 65.0 0.0 0.0 0.0
30 1.61 0.02 783,858 67.5 67.5 67.5 0.0 0.0 0.0

COD, cause of death; DCO, death certificate only; ICD-O-3, International Classification of Diseases for Oncology, Third Edition; NAACCR, North
American Association of Central Cancer Registries; WHO, World Health Organization. NAACCR member registries listed above include state, metro-
politan, provincial, and territorial registries.
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Table 2. Percent of Survival Records Missing Cause of Death (Maximum and Mean) and Survival Statistics for 34 US
Registries with < 3% Missing/Unknown Cause-Specific Cause of Death by Primary Site for Diagnosis Years 2011-2017

g g g g . Cause spec  Cause spec  Cause spec Dif Dif Dif
Primary site at diagnosis ~ Max Mean  Survival, n censored exclude dead censored censored exclude
exclude dead dead
All sites 2.4 1.1 7,048,111 67.0 66.9 66.7 0.0 0.3 0.3
Oral cavity and pharynx 2.8 0.8 199,700 67.9 67.9 67.6 0.0 0.3 0.3
Esophagus 4.5 1.7 77,217 23.3 23.2 23.1 0.1 0.2 0.2
Stomach 5.1 1.5 106,817 35.6 354 35.1 0.2 0.6 0.4
Colon and rectum 2.8 1.2 632,661 64.7 64.7 64.4 0.1 0.3 0.3
E'.Tfﬂ? intrahepatic 5.4 1.5 145,021 23.4 232 22.9 0.2 0.5 0.3
Pancreas 1.8 0.6 209,139 12.1 12.0 11.9 0.1 0.2 0.1
Larynx 9.1 1.7 57,895 65.7 65.7 65.4 0.1 0.3 0.3
Lung and bronchus 3.3 1.2 959,490 26.2 26.1 259 0.1 0.3 0.2
Melanoma of the skin 4.6 1.2 351,506 89.6 89.6 89.5 0.0 0.1 0.1
Breast 3.5 1.2 1,078,023 88.6 88.5 88.4 0.0 0.2 0.2
Cervix uteri 2.9 1.2 60,254 68.6 68.5 68.1 0.1 0.4 0.4
Corpus and uterus, NOS 1.9 0.7 240,459 81.0 81.0 80.8 0.0 0.2 0.2
Ovary 4.6 1.7 96,486 49.4 49.4 49.1 0.1 0.3 0.2
Prostate 2.9 0.5 895,181 92.7 92.7 92.5 0.0 0.2 0.2
Testis 3.8 1.2 40,157 95.3 95.3 95.3 0.0 0.1 0.1
Urinary bladder 2.8 1.2 329,458 77.2 77.2 76.9 0.0 0.3 0.2
Kidney and renal pelvis 2.8 1.2 275,887 77.5 77.5 77.2 0.0 0.3 0.2
Eyrjti;n?”d other nervous | 5 0.9 92,316 | 277 27.6 27.3 0.1 03 0.2
Thyroid 1.8 0.7 213,979 97.1 97.1 97.0 0.0 0.1 0.1
Hodgkin lymphoma 5.6 2.7 38,400 87.2 87.2 87.0 0.0 0.2 0.2
D%”F;;'O(’n‘fki” 3.0 1.0 315,332 72.5 72.5 72.2 0.0 03 0.3
Myeloma 12.5 2.1 114,643 59.7 59.6 59.3 0.1 0.3 0.3
Leukemia 12.8 3.7 219,241 61.1 61.0 60.7 0.1 0.3 0.3
Mesothelioma 3.4 1.4 14,752 12.1 12.0 11.9 0.1 0.2 0.1

Max, maximum; NOS, not otherwise specified; spec, specific.
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Figure 1. Scatterplot of Percent Missingness in Cause of Death vs Absolute Difference in Cause-Specific Survival Estimates
(Censored vs Dead from This Cancer)
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Table 3. Maximum, Mean, and Median Percent Missing COD by Demographic Characteristics, All Sites Combined, for 34
US Registries with < 3% Missing SEER Cause-Specific Cause of Death (Site Recode ICD-O-3/WHO 2008, All Sites) for

Diagnosis Years 2011-2017

Demographic category Diagnosis year Maximum (%) Mean (%) Median (%)
Age group (y)
15-64 20112017 2.97 1.22 1.04
265 2011-2017 2.28 1.00 0.85
Race and ethnicity
Hispanic (all races) 2011-2017 5.22 3.13 3.46
Non-Hispanic American Indian/Alaska Native 2011-2017 6.67 1.28 0.90
Non-Hispanic Asian or Pacific Islander 2011-2017 23.08 4.55 3.79
Non-Hispanic Black 2011-2017 15.38 1.90 1.25
Non-Hispanic White 2011-2017 2.06 0.85 0.79
Urban/rural (2013)
Metropolitan counties 2011-2017 2.93 1.10 0.87
Counties in metropolitan areas > 1 million population 2011-2017 4.92 1.23 0.95
Counties in metropolitan areas of 250,000 to 1 million population 2011-2017 2.26 1.02 0.90
Counties in metropolitan areas of < 250,000 population 2011-2017 2.93 1.09 0.94
Nonmetropolitan counties 2011-2017 2.62 1.02 0.88
Urban population of = 20,000 adjacent to a metropolitan area 2011-2017 2.71 0.87 0.62
Urban population of = 20,000 not adjacent to a metropolitan area 2011-2017 6.39 1.24 0.74
Urban population of 2,500 to 19,999, adjacent to a metropolitan area 2011-2017 2.98 1.00 0.91
Urban population of 2,500 to 19,999, not adjacent to a metropolitan area | 2011-2017 3.15 1.06 0.89
Comp rural < 2,500 urban population, adjacent to a metropolitan area 2011-2017 6.25 1.17 0.81
Comp rural < 2,500 urban population, not adjacent to metropolitan area 2011-2017 3.31 1.01 0.90
Missing or unknown state/county includes XX, YY, ZZ or 999 20112017 33.33 7.50 3.35
By year
2011 3.23 1.16 1.06
2012 3.07 1.07 0.99
2013 3.37 1.03 0.94
2014 2.39 1.00 0.86
2015 4.36 1.11 0.85
2016 2.85 1.00 0.79
2017 3.01 1.18 0.98

COD, cause of death; ICD-O-3, International Classification of Diseases for Oncology, Third Edition; SEER, Surveillance, Epidemiology, and End Results
Program; WHO, World Health Organization.
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3.79% in non-Hispanic Asian or Pacific Islander patients
vs 0.90% in non-Hispanic American Indian/Alaska Native
patients, 1.25% in non-Hispanic Black patients, and 0.79% in
non-Hispanic White patients. We noted that the proportion
missing/unknown also differentially impacted survival
estimates by method within registry by race/ethnicity, with
the largest median differences in estimates using dead from
their cancer vs censored as the cause of death—a difference
of 1.1% —among non-Hispanic Asian or Pacific Islander
patients and Hispanic patients (all races) (Table 4).

Discussion

This is the first time that the impact of registry-specific
cause of death missingness on survival estimates has been
evaluated using data for the United States and Canada.
This study used CiNA survival data to establish fit-for-use
criteria that indicate when data from specific registries
should be excluded from CiNA data products that intend to
present cause-specific survival. The results of these analyses,
which were based on the November 2020 data submis-
sion, support a recommendation that registries should be
deemed fit for use for cause-specific survival analyses when
<3% of tumors have missing/unknown SEER cause-specific
cause of death.

Additionally, we noted how patterns in cause of death
ascertainment mirror issues in ascertainment of vital status
overall,?>? illustrating how important it is for researchers to
investigate patterns of missingness in SEER cause-specific
cause of death for their specific study questions. Differential
cause of death missingness was noted in specific racial/
ethnic populations and for specific primary sites. For
example, a higher proportion of SEER cause-specific cause
of death was missing for persons diagnosed with gastric
cancers—rates of which are higher among Hispanic and
non-Hispanic non-white populations?*?°—among regis-
tries with higher proportions of non-Hispanic Asian or
Pacific Islander and Hispanic patients.?® In general, higher
proportions of SEER cause-specific cause of death were
missing for non-Hispanic Asian or Pacific Islander patients
and Hispanic patients. One factor contributing to higher
proportions of missing cause of death among Hispanic
and non-Hispanic Asian or Pacific Islander patients may
be related to NDI scoring (ie, that these populations have,
on average, lower linkage match scores for which NDI will
return vital status but not cause of death).

Missing or inaccurate Social Security number may
be the underling driver of many of the cause of death
missingness patterns that we see in these analyses. Among
Hispanic?? and non-Hispanic Asian or Pacific Islander
patients (personal communication with Dr. Scarlett Lin
Gomez, March 2022), the distribution of follow-up source
central differs from that of non-Hispanic White patients,
which may be due to difficulty in linking to death certificate
or patient emigration. In other words, updates are made to
vital status from sources that do not include cause of death,
such as hospital registrars. The relatively high proportion
of missing cause of death for specific primary sites (in
particular, leukemia, lymphoma, and Hodgkin lymphoma)
may be the result of those cancers being more frequently
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reported from pathology sources alone, which typically
do not include Social Security number, resulting in lower
matches to death data.

We also noted large differences in cause of death
missingness within registry by diagnosis year. These obser-
vations speak to the dynamic nature of missingness for
this field and the importance of examining missingness
within registry by year and at each analysis. Inadvertently
including data with a high proportion of missingness for
a given year based on a low percentage missingness for
all years, especially when presenting results by diagnosis
year or period, could yield biased or otherwise misleading
results.

One important limitation of these analyses is that by
changing the method of including tumors that did not
have cause of death information (excluded, dead from
the cancer under study, or censored), survival estimates
were not calculated using an identical tumor set, poten-
tially biasing our comparisons. However, these calculations
represent what would happen under real-life circumstances
of using these data in SEER*Stat. Thus, we felt that these
comparisons were appropriate. Additionally, we attempted
to evaluate cause of death missingness by follow-up source
central. We found that follow-up source central did not
reliably capture the data source of follow-up information.
For example, although linkage with the Social Security
Administration - Service for Epidemiological Researchers
(SSA-SER) data does not provide cause of death informa-
tion, 14.7% of tumors with follow-up source central listed
as SSA-SER were reported as having died of their cancer
(Table 5).

Based on this evaluation of cause-specific cause of
death, we recommend that the following guidelines be
implemented by anyone conducting cause-specific cause of
death analyses, in particular researchers and others using
CiNA data:

1. Registry-specific data should be excluded from cause-
specific survival calculations if >3% of cases are missing
cause-specific cause of death for that registry.

2. Registry-specific data should be excluded from
cause-specific survival if >10% of cases are missing
cause-specific cause of death for a single year of data
for that registry.

3. Because cause-specific cause of death missingness
varies by primary site and race/ethnicity, researchers
and others using these data should apply the above
rules to the data used for their specific research ques-
tions, including analyses by the data strata of interest
to their research.

Researchers may need to exclude data from additional
registries depending on their study population of interest.
Accordingly, researchers conducting analyses in SEER*Stat
should also conduct sensitivity analyses to evaluate the
impact of any missingness by registry or other subcat-
egory on the survival estimates using these 3 options for
classifying cause of death: exclusion, censoring, or dead
from the cancer. Researchers conducting analyses outside
of SEER*Stat should consider multiple imputation as a
potential solution to missing cause-specific cause of death,
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Table 4. Differences in Survival Estimates by Method and Race/Ethnicity Among Registries with < 3% Missing/Unknown Cause-Specific Cause of Death, Diagnosis Years 2011-2017

Absolute percentage difference in estimates

NAACCR registry number Excluded—dead from cancer Dead from cancer—censored Excluded—censored
NHW NHB NAIAN NAPI H NU NHW NHB NAIAN NAPI H NU NHW NHB NAIAN NAPI H NU

Total 0.29 0.34 0.33 0.89 0.86 0.59 0.34 0.41 0.39 1.05 1.00 0.61 0.05 0.07 0.06 0.16 0.14 0.02
13 0.29 1.09 0.19 2.84 1.17 0.00 0.36 1.24 0.25 3.50 1.36 0.00 0.07 0.15 0.06 0.65 0.18 0.00
4 0.48 0.67 0.81 0.98 1.35 0.29 0.58 0.80 0.99 1.20 1.60 0.33 0.10 0.14 0.18 0.21 0.24 0.03
1 0.33 0.68 0.60 0.96 0.89 0.72 0.40 0.80 0.74 1.14 1.01 0.73 0.07 0.13 0.14 0.17 0.11 0.01
27 0.26 0.33 0.31 0.95 1.08 0.59 0.31 0.41 0.35 1.13 1.26 0.59 0.05 0.07 0.05 0.18 0.18 0.01
41 0.33 0.65 0.32 1.02 0.57 0.26 0.39 0.77 0.37 1.17 0.67 0.27 0.06 0.12 0.05 0.15 0.09 0.00
3 0.44 0.68 0.00 1.23 1.31 1.00 0.52 0.79 0.00 1.38 1.52 1.04 0.08 0.12 0.00 0.15 0.20 0.03
5 0.22 0.34 0.00 0.34 0.77 2.25 0.27 0.40 0.00 0.39 0.86 2.45 0.05 0.07 0.00 0.05 0.09 0.19
30 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 0.12 0.29 0.00 1.37 0.89 0.41 0.14 0.35 0.00 1.58 0.99 0.42 0.02 0.05 0.00 0.21 0.10 0.01
33 0.23 0.34 0.00 0.41 0.19 0.70 0.28 0.38 0.00 0.51 0.23 0.72 0.05 0.05 0.00 0.10 0.04 0.02
8 0.05 0.64 0.00 0.51 0.85 0.00 0.06 0.74 0.00 0.61 1.00 0.00 0.01 0.10 0.00 0.10 0.15 0.00
2 0.05 0.23 0.00 1.28 0.73 0.00 0.06 0.27 0.00 1.50 0.82 0.00 0.01 0.04 0.00 0.22 0.10 0.00
12 0.23 0.35 1.06 0.95 0.93 0.30 0.29 0.44 1.26 1.11 1.08 0.30 0.06 0.08 0.20 0.16 0.14 0.00
18 0.21 0.32 0.43 1.25 1.24 1.60 0.24 0.38 0.58 1.47 1.45 1.69 0.04 0.07 0.15 0.22 0.22 0.09
34 0.19 0.64 0.26 0.35 0.34 0.00 0.21 0.70 0.28 0.35 0.35 0.00 0.03 0.07 0.02 0.00 0.01 0.00
461 0.15 0.34 0.15 0.63 0.74 1.06 0.17 0.41 0.16 0.77 0.86 1.07 0.03 0.07 0.02 0.14 0.12 0.01
36 0.12 0.74 0.18 1.37 1.32 1.08 0.14 0.87 0.21 1.60 1.51 1.11 0.02 0.13 0.03 0.23 0.20 0.02
10 0.04 0.11 0.00 1.08 0.93 0.00 0.05 0.13 0.00 1.29 1.06 0.00 0.01 0.03 0.00 0.21 0.13 0.00
47 0.07 0.16 0.34 1.02 0.33 0.70 0.08 0.19 0.42 1.17 0.39 0.79 0.01 0.03 0.08 0.15 0.06 0.09
28 0.10 0.00 0.06 1.21 0.52 0.00 0.13 0.00 0.08 1.50 0.64 0.00 0.03 0.00 0.02 0.29 0.12 0.00
15 0.29 0.42 0.33 2.00 1.18 0.74 0.35 0.51 0.36 2.35 1.39 0.75 0.06 0.09 0.03 0.35 0.21 0.01
24 0.09 0.35 0.00 1.74 0.30 0.31 0.10 0.40 0.00 2.00 0.33 0.34 0.01 0.05 0.00 0.26 0.03 0.03
42 0.29 0.31 0.58 0.71 0.55 0.60 0.35 0.36 0.68 0.82 0.66 0.68 0.06 0.05 0.10 0.11 0.11 0.08
26 0.20 0.41 0.28 0.81 0.95 1.28 0.24 0.49 0.32 0.94 1.11 1.33 0.03 0.08 0.04 0.13 0.16 0.06
7 0.46 0.75 0.70 4.90 0.00 0.84 0.54 0.75 0.80 5.14 0.00 0.94 0.07 0.00 0.11 0.24 0.00 0.10
49 0.14 0.18 0.50 0.95 0.93 0.44 0.16 0.22 0.53 1.09 1.09 0.46 0.02 0.03 0.04 0.14 0.17 0.01
17 0.13 0.18 0.11 0.79 1.09 0.53 0.15 0.21 0.13 0.95 1.24 0.54 0.02 0.03 0.02 0.16 0.16 0.01
9 0.18 0.28 0.22 0.65 0.70 0.35 0.21 0.33 0.25 0.75 0.80 0.36 0.03 0.05 0.04 0.10 0.09 0.01
45 0.03 0.03 0.00 0.14 0.32 0.09 0.04 0.04 0.00 0.15 0.34 0.09 0.01 0.01 0.00 0.01 0.02 0.00
16 0.03 0.00 0.04 0.00 0.73 0.00 0.04 0.00 0.05 0.00 0.83 0.00 0.01 0.00 0.01 0.00 0.10 0.00
29 0.11 0.19 0.99 0.63 1.07 0.69 0.13 0.22 1.12 0.75 1.20 0.76 0.02 0.03 0.14 0.12 0.13 0.07
21 0.23 0.37 0.49 1.17 0.83 1.98 0.27 0.43 0.57 1.34 0.96 2.03 0.04 0.06 0.08 0.17 0.13 0.05
25 0.08 0.59 0.00 0.74 0.91 0.00 0.09 0.66 0.00 0.87 1.05 0.00 0.01 0.07 0.00 0.13 0.15 0.00
31 0.09 0.08 0.11 0.13 0.22 0.37 0.10 0.08 0.11 0.13 0.23 0.37 0.01 0.00 0.00 0.01 0.02 0.00
32 0.04 0.09 0.00 0.90 0.31 0.35 0.05 0.10 0.00 1.08 0.34 0.38 0.01 0.02 0.00 0.18 0.04 0.03
20 0.29 0.19 0.45 0.33 0.31 1.02 0.32 0.22 0.49 0.37 0.34 1.10 0.03 0.03 0.04 0.04 0.03 0.09
Median diff 0.16 0.33 0.19 0.95 0.80 0.43 0.19 0.39 0.23 1.10 0.91 0.44 0.03 0.05 0.02 0.15 0.12 0.01

H, Hispanic (all races); diff, difference; NAIAN, non-Hispanic American Indian/Alaska Native; NAPI, non-Hispanic Asian or Pacific Islander; NHB, non-Hispanic Black; NHW, non-Hispanic white; NU, non-Hispanic unknown race.
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Table 5. Cause of Death Missingness by Follow-up Source Central for Deceased Patients Diagnosed While Residents of
Registries with <3% Missing Cause of Death, 2011-2017 Diagnosis Years, All Sites

Alive or dead Dead (attributable to Dead (missing/ Total

of other cause this cancer) unknown COD)
Follow-up source central Count Row % Count Row % Count Row % Count
Follow-up not performed for this patient 905 8.70 6,989 67.20 2,506 24.10 10,400
Medicare/Medicaid File 0 0.00 3 5.60 51 94.40 54
Center for Medicare and Medicaid
Services (formerly Health Care Finance 4 0.90 17 4.00 405 95.10 426
Administration [HCFA])
Department of Motor Vehicle Registration 3 16.70 6 33.30 9 50.00 18
National Death Index (NDI) 23,197 26.30 64,683 73.40 205 0.20 88,088
State death tape/death certificate file 525,157 23.30 1,730,082 76.70 1,627 0.10 2,256,873
S;:';fg’; Te’“ﬁ”lripa“ty death tape/ death 9 1.70 508 | 97.90 2 0.40 519
i/?;;f!f;lc:my Administration Death 34,071 20.10 130,498 | 76.80 5,321 3.10 169,890
Hospital discharge data 135 8.70 1,302 84.40 106 6.90 1,543
m&h) ?lae' ntenance organization 5 3.90 9 7.00 114 89.10 128
Sg:;i'j:t‘;“”ty epidemiological vital 163 5.90 406 | 14.70 2,197 79.40 2,766
Voter registration file 6 25.00 8 33.30 10 41.70 24
Linkages, NOS 10,894 22.20 37,520 76.30 746 1.50 49,160
Hospitals and treatment facilities 7,179 18.60 26,464 68.50 4,998 12.90 38,642
Physicians 388 7.10 4,690 85.30 423 7.70 5,501
Patient 1 0.70 4 2.70 141 96.60 146
Central or regional cancer registry 288 18.20 1,129 71.40 165 10.40 1,582
Other 161 5.30 1,559 51.20 1,326 43.50 3,046
Blank(s) 26 11.90 184 84.00 9 4.10 219
Total 602,592 22.90 2,006,061 76.30 20,361 0.80 2,629,025

COD, cause of death; NOS, not otherwise specified.

with special consideration for analyses involving registries
impacted by legislation- or registry operations-related
reason for high missingness.

These analyses underscore that registries differ in their
interpretation or have different policies governing cause of
death release. Cause of death ascertained from state death
records may not be releasable by central cancer registries
per agreements with state vital statistics departments.
Cause of death information is, however, used to calculate
SEER cause-specific cause of death, which may be able to be
released by central cancer registries in the absence of specific
cause of death information. Additionally, as described in the
data release guidelines published by NAACCR,” data on
fact, date, and cause of death identified through NDI link-
ages may be released to approved researchers after review
and approval by the cancer registry provided that the
registry annually provides NDI with information describing
the release of these data (ie, researcher name, organization,
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study title, date). Release of NDI fact, date, and cause of
death may be included in annual data submissions to
NPCR, the SEER Program, and NAACCR.

The results of these analyses also underscore the
importance of data processing sequence in the annual data
submissions. Specifically, if death linkage is conducted prior
to a particular case being reported to the registry (eg, late
reporting of interstate data or delayed reporting by hospi-
tals), vital status may not be appropriately recorded for that
patient. Central registries should be particularly cognizant
of the potential need to reconduct death linkages for these
new cases.

Conclusion
This paper aims to establish a standard for when
registry data is or is not fit for use for cause-specific
survival with the ultimate goal of encouraging registries to
improve their data quality. To this end, we have established
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a recommended cut point of <3% missing/unknown SEER
cause-specific cause of death by registry and/or any strata
for which cause-specific survival is reported. We have also
established that any registry with <3 % overall missing/
unknown SEER cause-specific cause of death but >10%
missing/unknown SEER cause-specific cause of death for 1
or more individual diagnosis years should also be excluded
from cause-specific survival analyses in SEER*Stat. This 3%
standard is a reasonable request of most registries, as most
US registries already met the standard prior to its quantifi-
cation. This cause-specific cause of death fit-for-use criterion
is a direct analogue to how other fit-for-use metrics are
applied to CiNA data products, and maintaining a similar
approach to cause-specific survival is sensible for CiNA
data products and surveillance publications.

This paper also serves to call researchers’ attention to
how missingness in cancer surveillance data is differential
and likely to impact survival estimates. In the absence of
multiple imputation or other more advanced statistical
techniques, we recommend that researchers working with
any subnational data set or who intend to present survival
estimates by subpopulations exclude data per the above
criteria. At minimum, we recommend conducting sensi-
tivity analyses as described.
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Short Report

Prostate Cancer Trends in Montana

Heather J. N. Zimmerman, MPH?

Abstract: Prostate cancer is the most common cancer among men in Montana and the second-most-common cause of can-
cer deaths. In 2014, prostate cancer incidence in Montana started increasing significantly, even as incidence in the United
States overall stayed about the same. The increased incidence was not accompanied by an increase in prostate cancer mor-
tality. Trends in local stage incidence and incidence among men aged 65 to 79 years mirrored the trends in overall prostate
cancer incidence and suggest that changes are due to screening behavior. However, it is difficult to determine what may
have caused increased screening among Montana men since 2014. Monitoring prostate cancer incidence and mortality is
an important tool in determining if there is a change in prostate cancer disease burden or in overdiagnosis, and informs

planning for possible public health intervention.

Key words: prostate cancer, Montana

Background

Prostate cancer is the most common type of cancer
among men, with about 990 new cases in Montana each
year.! Survival is very high among prostate cancer patients;
96% of patients survive for at least 5 years after diagnosis.?
But prostate cancer is still the second-most-common cause of
cancer-related deaths among men after lung cancer. About
140 Montana men die from prostate cancer each year.?

Prostate cancer can be detected through screening.
The prostate-specific antigen (PSA) test, a blood test that
measures levels of proteins produced by prostate cells,
along with a digital rectal examination, can provide an early
signal of prostate cancer. Screening behavior has a large
impact on incidence, since many prostate cancers never
cause symptoms and, without screening, would never be
diagnosed. In autopsy studies of US White or European
men who died of other causes, prostate cancer was found in
22% of men aged 50 to 59 years, 29% of men aged 60 to 69
years, 36% of men aged 70 to 79 years, and 47% of men aged
80 years or older.! Among US Black men, prostate cancer
was even more common, found in 46% of men aged 50 to
59 years, 47% of men aged 60 to 69 years, and 50% of men
aged 70 to 79 years.4

PSA testing was approved by the US Food and Drug
Administration to screen for prostate cancer in 1994 and
many organizations recommended annual screening in
men aged 50 years and older until about 2008.> However,
screening recommendations have varied widely between
organizations and over time. PSA testing may be beneficial
to some men, especially if they are at high risk for prostate
cancer, but there are also some potential problems with
routine PSA testing. PSA levels may be high because of
other conditions unrelated to cancer.® These false positive
results may lead to unnecessary biopsies and potential
adverse effects from the biopsy. Additionally, many prostate
cancers will never become symptomatic and do not need to

2Montana Department of Public Health and Human Services.

be treated. When these cases are detected and treated, it is
called overdiagnosis. Follow-up of large randomized trials
suggests that 20% to 50% of men diagnosed with prostate
cancer through screening may be overdiagnosed.® Because of
the potential harms from false positives and overdiagnosis,
in 2012, the US Preventive Services Task Force (USPSTF)
concluded that the benefits of screening did not outweigh
the harms and recommended against routine screening for
average-risk men.” In 2018, USPSTF updated their recom-
mendation to state that men aged 55 to 69 years should
discuss the potential risks and benefits of screening with
their health care provider before undergoing screening.”
USPSTF still recommends against prostate cancer screening
for men aged 70 years or older. Many other organizations
have similar recommendations for prostate cancer. Like
USPSTE, the American Cancer Society recommends shared
decision-making, but recommends starting that discussion
at age 50 years for average-risk men; at age 45 years for
African American men and men with a first-degree relative
diagnosed with prostate cancer before age 65 years; and at
age 40 years for men with more than 1 first-degree relative
diagnosed with prostate cancer before the age of 65 years.?

This report explores the trends in prostate cancer inci-
dence and mortality in Montana and the extent to which
observed changes are due to changes in screening behavior.

Methods

Data from the Montana Central Tumor Registry and
Montana death certificates were used to calculate age-
adjusted prostate cancer incidence and mortality rates
among Montana men from 1995 to 2019. Montana rates were
compared to rates in the United States overall using the US
Cancer Statistics public use data set for all years available at
the time of analysis (1999-2018).° Trends in incidence and
mortality rates in Montana and the United States overall
were examined using Joinpoint statistical software version

Address correspondence to Heather J. N. Zimmerman, MPH. Email: hzimmerman@mt.gov.

This publication was supported by the cooperative agreement number DP17-1701 from the Centers for Disease Control and Prevention (CDC). Its contents are
solely the responsibility of the authors and do not necessarily represent the official views of the CDC.
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4.9.0.0 developed by IMS, Inc under contract to the National
Cancer Institute. Incidence rates were also calculated by age
at diagnosis and by stage at diagnosis among Montana men.

Results
Prostate cancer incidence in Montana remained about
the same (around 190 new cases per 100,000 men) from
1999 to 2004 (Figure 1). Incidence then started decreasing
in Montana, with an annual percent change (APC) of -5.5%
from 2004 to 2014. Prostate cancer trends in the United

States overall were very similar as to Montana, with rates
remaining around 170 per 100,000 from 1999 to 2007,
followed by a significant decrease from 2007 to 2014 (APC,
-6.6%). After 2014, the trends in Montana and the United
States diverged, with Montana rates increasing significantly
(APC, 5.2%) while rates in the United States stayed around
105 per 100,000 from 2014 to 2019. Prostate cancer mortality
rates were about the same in Montana and the United States
overall and have been steadily declining since 1999.

Figure 1. Prostate Cancer Incidence (New Cases) and Mortality (Deaths) in Montana and the United States, 1999-2019

225

S N\

£ New Cases

(=3

(=3

e

S

(=]

-

=

L

o

2

©

e

=]

L

w

=

=

¢

-7

Ts)

< Deaths
34.8

1999 2001 2003 2005 2007

2009

133.3

—— MT

wees US

20.9

2011 2013 2015 2017 2019

Figure 2. Age-Adjusted Prostate Cancer Incidence Trends by Stage at Diagnosis, Montana, 1995-2019
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Figure 3. Age-Specific Prostate Cancer Incidence Trends, Montana, 1995-2019
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Prostate cancer incidence trends in Montana vary by
stage at diagnosis. Local stage incidence increased from
1995 to 2006, with an APC of almost 4%, and then decreased
from 2006 to 2014 (APC, -8.1%) and rose again from 2014
to 2019 (APC, 6.5%) (Figure 2). From 1995 to 2019, regional
stage incidence decreased (APC, -1.9%) and distant stage
incidence increased (APC, 1.6%). Prostate cancer incidence
trends were also different based on age at diagnosis.
Incidence among younger men (aged 40 to 59 years) was
low and stayed about the same from 1995 to 2019 (Figure 3).
Incidence among men aged 60 to 79 years increased slightly
from 1995 to 2000, decreased from 2000 to 2014, and then
increased again from 2014 to 2019, similar to the overall
statewide rate trends. Among men aged 80 years and older,
incidence decreased dramatically from 1995 to 2019. Men
aged 65 to 79 years had the highest rates from 2000 forward.

Discussion

Effective cancer screening programs should increase
the diagnosis of local stage disease and decrease the diag-
nosis of late-stage disease. Screening should also reduce
age at diagnosis so that incidence would increase among
younger age groups who are eligible for screening and
decrease among older age groups. The prostate cancer
incidence trends seen in Montana since 1995 are consistent
with changes caused by screening behavior, as most of
the change was in local stage disease among men aged 65
to 79 years. They are consistent with national trends and
can be attributed to changes in screening recommenda-
tions until 2014. Even after 2014, prostate cancer incidence
trends may be due to increased screening among Montana
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men despite screening recommendations staying the same.
More men may be getting screened in Montana because
of increased health insurance coverage starting in 2016.
Montana Medicaid expanded eligibility as part of the
Affordable Care Act on January 1, 2016, and almost 95,000
people gained coverage through the program as of 2019.1°
This increased insurance coverage did lead to a measurable
rise in the utilization of other preventive health services.!”
However, there may be other factors contributing to the
increased incidence.

Higher risk of prostate cancer is associated with older
age, African American race, and having a father or brother
with prostate cancer.® Some behavioral risk factors have
been suggested but there is not clear evidence to show they
increase prostate cancer risk. As Montana has not had a
significant demographic shift since 2014, it is unlikely that
the increased incidence is related to a change in prostate
cancer risk among Montana men and suggests that there
is not a need for any public health interventions to prevent
prostate cancer or increase screening.

Prostate cancer mortality in Montana has not increased
since 2014 and remains about the same as in the United
States overall. In fact, prostate cancer mortality continues to
decrease both nationally and in Montana. This is promising
and suggests that the increased incidence is not necessarily
problematic. However, it may be an indication of overdiag-
nosis. The Montana Central Tumor Registry will continue
to monitor prostate cancer incidence and mortality trends
to determine if intervention is needed to mitigate the risks
of overdiagnosis.
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Participation Rates and Characteristics of
Participants and Nonparticipants in Cancer
Patient Contact Studies in New York State
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Background
Cancer research studies involving patient contact often
use cancer registries to identify eligible patients, with a
goal of recruiting a representative sample
Low rates of participation may decrease the represen-
tativeness of the sample, introduce selection bias, and
limit generalizability of study results
We examined participation rates and characteristics of
participants and nonparticipants for 6 recent patient
contact studies conducted in New York State (NYS)

Methods
Analyses included patients who were sent an initial
study mailing for 1 of 6 patient contact studies before
November 1, 2021 (Table 1)
We conducted descriptive analyses to examine the
percent of patients who consented to further contact or
participated in each study
We used y? and Fisher’s exact tests to compare
demographic characteristics of participants and
nonparticipants in each study
All analyses were conducted using SAS 9.4

Table 1. Patient Contact Studies Included in Analyses

Results

For studies requiring active patient consent, 25.3% of

patients agreed to further contact for an intervention

study vs 51.3% for a study involving a telephone inter-

view only (Figure 1)

For studies requiring passive patient consent, 9% to

10% of patients assented to further contact and 75% to

79% passively consented after 4 weeks (Figure 1)

For 2 prostate cancer studies involving direct enroll-

ment by survey completion, 42.9% and 16.5%

participated in each study as of February 2022

(Figure 2)

There were statistically significant differences between

participants and nonparticipants in age at diagnosis,

race, and region/county at diagnosis for 1 or more
patient contact studies:

o Thyroid cancer patients who consented to further
contact were more likely to be White and less likely
to be Asian, Black, or other/unknown race (P <
.001); no differences were observed for diagnosis
year, sex, or age category

Cancer type Diagnosis years Physician consent Patient Consent Study Procedures
Thyroid 2011-2021 Passive Active Telephone interview
Bladder 2018-2019 Passive Active Intervention, biospecimen
Breast (female) 2019-2020 Passive Passive Surveys, biospecimen
Ovarian 2019-2020 Passive Passive Survey, optional biospecimen
Prostate 2020-2021 None Survey Completion Survey, optional HIPAA form
Prostate 2016 None Survey Completion Survey, optional biospecimen

Note: Passive consent provides the opportunity to decline further contact about a study; active consent requires assent to further contact about a study.

aNew York State Cancer Registry, New York State Department of Health, Albany, New York. " Department of Epidemiology and Biostatistics, University at Albany

School of Public Health, Rensselaer, New York.

This content was originally presented as a poster at the NAACCR 2022 Summer Forum, June 14-16, 2022.

This work was supported in part by cooperative agreement 6NU58DP006309 awarded to the New York State Department of Health by the Centers for
Disease Control and Prevention and by Contract 75N91018D00005 (Task Order 75N91018F00001) from the National Cancer Institute, National Institutes of
Health, Department of Health and Human Services. The studies referenced were funded by subcontracts via awards from the National Cancer Institute, the
Breast Cancer Research Foundation, the Patient-Centered Outcomes Research Institute, and the Prostate Cancer Foundation, as well as funding from United

BioSource, LLC.
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Figure 1. Participation Rates for Studies Requesting Patient Consent for Further Contact
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Figure 2. Participation Rates for Studies Involving Direct Enrollment of Patients
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o Bladder cancer patients who consented to further

contact were more likely to be ages 60-69 or 70-79
years and less likely to be <60 or >80 years of age
(P = .02); no differences were observed for race/
ethnicity, diagnosis year, or sex

Breast cancer patients who actively consented were
more likely to live outside of New York City (NYC)
(P < .001), while patients who refused further
contact were more likely to be 60-69 or 270 years of
age (P =.002); no differences were observed for race
or diagnosis year

Ovarian cancer patients who actively consented
were more likely to be White (P = .009) and live
outside of NYC (P = .002); no differences were
observed for diagnosis year or age category

Journal of Registry Management 2022 Volume 49 Number 4
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Prostate Study 2
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o In 1 prostate cancer study, participants were more
likely to be White, and in both prostate cancer
studies, participants were more likely to live outside
of NYC (all P <.001); no differences were observed
for ethnicity or age category

Conclusion
In recent patient contact studies conducted by the NYS
Cancer Registry, participation rates varied by study
design and contact procedures
o The overall study response rate is unknown for the

nonenrollment studies

Patient self-selection may lead to a study sample that
differs from the underlying population, including with
respect to age, race, and region of NYS
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Racial/Ethnic Disparities in COVID-19 Infection Among
Working-Age Women with Precancerous Cervical Lesion
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Key Messages

* The racial/ethnic disparities in COVID-19 infection
among women with precancerous cervical lesion (PCL)
was observed.

* Non-Hispanic Black (NHB) and Hispanic PCL
women had a higher risk of COVID-19 infection than
Non-Hispanic White (NHW) women.

* Younger working-age women had a higher risk of
COVID-19 infection.

* Women residing outside of the greater New Orleans
area had an increased risk of COVID-19 infection.

Background

PCL is most likely diagnosed in working-age women.
In Louisiana, over 98% of PCL cases were diagnosed at
age 18-65 years, and women aged 20-34 years had the
highest incidence rate. Before the Omicron variant spread,
COVID-19 prevalence was higher in young and middle-
aged adults and minorities in the United States. Because
most PCL cases occurred in the similar age group as COVID-
19, this study aimed to assess the racial/ethnic disparities in
COVID-19 infection on this specific population.

Objective
To assess the racial/ethnic disparities in COVID-19
infection among PCL women aged 18-65 years.

Methods
Study Cohort

Women with precancerous cervical lesion (PCL) diag-
nosed in 2009-2021, including CIN3, carcinoma in situ
(CIS), severe dysplasia, adenocarcinoma in situ (AIS), and
high-grade dysplasia for year 22019, were obtained from the
Louisiana Tumor Registry. We included PCL women aged
18-65 years either at time of a COVID-19 diagnosis or year
2021 for COVID-free patients. PCL women who died before
2020 were excluded.

COVID-19 Data

We linked eligible PCL women with the Louisiana
statewide COVID-19 2020-2021 data to identify patients
with COVID-19 infection.

Variables
* Outcome variable: COVID-19 diagnosis (yes vs no).

* Race/ethnicity was categorized as NHW, NHB,
Hispanic, and others.

* Other covariates included age, marital status, type
of insurance, census-track level socioeconomic status
(SES) quintiles (higher group indicates the higher SES),
and Louisiana metropolitan status (nonmetro, greater
New Orleans, and other metro).

Statistical Analysis

Descriptive statistics on covariates by COVID-19 infec-
tion status were presented and ! test was used to assess the
unadjusted association. Logistic regression was employed
to assess the racial/ ethnic differences in COVID-19 infection
among working-age women with PCL disease.

Results

* Of 14,589 eligible PCL women, 11.3% were diagnosed
with COVID-19 and 83% were confirmed with a posi-
tive polymerase chain reaction (PCR) test.

* NHB women had the highest percentage of COVID-19
infection (14.1%), followed by Hispanic women (11.8%)
(Table 1). NHW women and women with other race/
ethnicity had a similar infection rate (9.8% and 9.3%,
respectively) (Table 1).

* The COVID-19 infection rate decreased as age
increased, with 13.2% for PCL women aged 18-29
years and 9.6% for those aged 50-65 years.

* COVID-19 infection was higher in 2020 than in 2021
across all racial/ethnic groups (Figure 1).

* In the crude model, only NHB women showed a
higher risk of COVID-19 infection than NHW women.
However, after adjustment, the odds of infection for
NHB women were 55% higher (95% CI, 1.38-1.75)
and for Hispanic women was 30% higher (95% CI,
1.03-1.63) than NHW women (Table 2).

* Compared to those aged 50-65 years, younger age
groups were more likely to have COVID-19 with an
adjusted odds ratio (aOR) of 1.43 (95% CI, 1.16-1.76)
for ages 18-29 years, 1.22 (95% CI, 1.03-1.45) for ages
30-39 years (Table 2).

* Additionally, compared to greater New Orleans, PCL
women residing in nonmetro areas or other metro
counties had a higher risk of COVID-19 infection with
an aOR of 1.24 (95% CI, 1.02-1.51) and 1.17 (95% CI,
1.01-1.36), respectively (Table 2).

3Louisiana Tumor Registry/Epidemiology Program, School of Public Health, Louisiana State University Health Sciences Center, New Orleans, Louisiana.

This content was originally presented as a poster at the NAACCR 2022 Summer Forum, June 14-16, 2022.

This work was supported in part by Louisiana State University Health Sciences Center, the Centers for Disease Control and Prevention under cooperative
agreement of the National Program of Cancer Registries grant number NU58DP006332, and the National Cancer Institute’s contract number

HHSN2612018000071.
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Conclusions
After adjusting for age and socioeconomic covariates,
we found substantial variation in racial/ethnic disparities
in COVID-19 infection among working-age PCL women.

investigation.

Table 1. Patient Characteristics Among Working-Age Women with Precancerous Cervical Lesion Diagnosed in 2009-2021
by COVID-19 Infection Status

COVID-19 Diagnosis

COVID-19 Diagnosis

Variables No (N=12,945)  Yes (N=1,644) p-value | Variables No (N=12,945) Yes (N=1,644) p-value

Race/Ethnicity
NHW
NHB
Hispanic
Other
Age'
18-29
30-39
40-49
50-65
Marital status
Married
Single
Unknown

Count (%)

7952 (90.2)
4099 (85.9)
698 (88.2)
196 (90.7)

1561 (86.8)
6388 (88.6)
3310 (89.0)
1686 (90.5)
1031 (88.0)
2178 (87.7)
9736 (89.1)

Count (%)
<.0001
860 (9.8)
671 (14.1)
93 (11.8)
20 (9.3)
0.0058
237 (13.2)
821 (11.4)
408 (11.0)
178 (9.6)
0.1002
140 (12.0)
307 (12.4)
1197 (11.0)

Count (%)

Health insurance 0.0827
P/M/O 979 (86.7) 150 (13.3)
Medicaid 638 (89.0) 79 (11.0)

No/unknown 11328 (88.9) 1415 (11.1)

SES 0.0197
Group 1 2612 (87.3) 379 (12.7)

Group 2 2576 (88.7) 328 (11.3)
Group 3 2546 (89.7) 292 (10.3)
Group 4 2679 (88.3) 354 (11.7)
Group 5 2532 (89.7) 291 (10.3)

Metro status 0.5352
Non-metro 1883 (88.7) 241 (11.4)

GNO 2140 (89.4) 254 (10.6)
Other metro 8922 (88.6) 1149 (11.4)

Count (%)

'Age at COVID-19 diagnosis or year 2021
Abbreviation: NHB, non-Hispanic black; NHW, non-Hispanic white, P/M/O, Private/Medicare/other public;
GNO, Greater New Orleans

Figure 1. COVID-19 Infection Rate by Race/Ethnicity and COVID-19 Diagnosis Year
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Table 2. Factors Associated with COVID-19 Infection Among Working-Age Women with Precancerous Cervical Lesion
Diagnosed in 2009-2021

Variables
Health insurance

Medicaid vs P/M/O
No/unk vs P/M/O
SES

Group 2 vs 1

Group 3 vs 1

Group 4 vs 1

Group 5 vs 1
Metro status
Non-metro vs GNO
Other metro vs GNO

OR (95% Cl)

0.81 (0.61-1.08)
0.81 (0.68-0.97)

0.88 (0.75-1.03)
0.79 (0.67-0.93)
0.91 (0.78-1.06)
0.79 (0.67-0.93)

1.08 (0.90-1.30)
1.08 (0.94-1.25)

aOR (95%CI)

0.73 (0.54-0.98)
0.80 (0.66-0.97)

0.99
0.93
1.10
0.96

0.84-1.16
0.78-1.10
0.93-1.30
0.80-1.15

AAAA
RN

4 (1.02-1.51)

Variables
Health insurance

R (95% Cl) |

aOR (95%Cl)

Medicaid vs P/M/O
No/unk vs P/M/O
SES

Group 2 vs 1

Group 3 vs 1

Group 4 vs 1

Group 5 vs 1

Metro status
Non-metro vs GNO
Other metro vs GNO

7 (1.01-1.36)

0.81 (0.61-1.08)
0.81 (0.68-0.97)

0.73 (0.54-0.98)
0.80 (0.66-0.97)

0.88 (0.75-1.03) | 0.99 (0.84-1.16)
0.79 (0.67-0.93) | 0.93 (0.78-1.10)
0.91 (0.78-1.06) | 1.10 (0.93-1.30)
0.79 (0.67-0.93) | 0.96 (0.80-1.15)
1.08 (0.90-1.30) 4 (1.02-1.51)
1.08 (0.94-1.25) 7 (1.01-1.36)

'Age at COVID-19 diagnosis or year 2021

Abbreviation: aOR, Adjusted OR; NHB, non-Hispanic black; NHW, non-Hispanic white, P/M/O, Private/Medicare/other public; GNO,

Greater New Orleans
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Other risk factors that could cause these disparities, such
as comorbidities and individual behavior, need further
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NAACCR Third-Place Poster

New Hampshire Childhood Cancer
Survivor Study: A Qualitative Study

Angela Ricci*b; Meghan Longacre€; Nithya Ramesh<; Julie Kim®P; Adriane Burke; Judy Rees®

Background

e Childhood cancer crude incidence (2013-2017) was
reported as being highest in New Hampshire and the
Northeast (Siegel 2018).

* In response, the New Hampshire State Legislature set
aside funds to explore childhood cancer issues in the
Granite State.

e This funding allowed a multidisciplinary team led by
the New Hampshire State Cancer Registry (NHSCR) to
conduct several childhood cancer projects, including
the survivor study, to better understand experiences of
childhood cancer patients and their families

Objectives
* Identify core challenges and supports for survivors
and parents during active cancer treatment
* Describe survivors” and parents” experiences with the
transition to survivorship care
* Elicit recommendations to improve the experience of
pediatric cancer and survivorship care

Methods
Study Design
* Qualtrics online survey to collect sociodemographic
characteristics

* Focus groups and individual semi-structured inter-
views to elicit open-ended perspectives
* Project timeline January through June 2021

Table 1. Recruitment Qualifications

Parents of childhood cancer survivors

Recruitment

* Letters mailed to qualified patients and families after
review of patient list by oncologist at Dartmouth
Hitchcock Medical Center (Table 1)

* Social media advertising (Figure 1)

* Recruitment lasted 2 months (April through May 2021)

Analysis

* Two evaluators from the Center for Program Design
and Evaluation (CPDE) conducted focus group (90
minutes) and interviews (60 minutes) following a
semi-structured guide

* All sessions conducted virtually over Zoom

* Transcripts were uploaded and coded using Dedoose
research data app (version 8.3.47, SocioCultural
Research Consultants, LLC) using a mixed deductive-
inductive approach

* Coding and thematic statements were developed via
consensus between 2 analysts

Challenges
* Short timeline to design and complete the study

o Issues with use of college or medical center institu-
tional review board (IRB)

o Challenges with rules
honorarium

o IRB-related delays led to very short time left in
study period for recruitment and study completion

regarding participant

Childhood cancer survivors

>18 years of age

<18-25 years of age

English-speaking

English-speaking

Child diagnosed with cancer in the past 10 years and was <18 at
time of diagnosis

Diagnosed with cancer in the past 10 years

You and your child were New Hampshire residents at the time of
treatment; medical treatment may have occurred within or outside
New Hampshire (eg, Boston)

You were a New Hampshire resident at the time of treatment;
medical treatment may have occurred within or outside of New
Hampshire (eg, Boston)

Treatment included either chemotherapy or radiation

Treatment included either chemotherapy or radiation

Your child is currently living and has finished cancer treatment

You have finished cancer treatment

aDartmouth Cancer Center. ?Children’s Hospital at Dartmouth Health. Center for Program Design and Evaluation, Dartmouth College. 4New Hampshire
Department of Health and Human Services. °New Hampshire State Cancer Registry.

This content was originally presented as a poster at the NAACCR 2022 Summer Forum, June 14-16, 2022.
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Limitations
* Small sample size with only 2 survivor participants
* Parent participants were primarily mothers

Results
Participant characteristics (11 parents, 2 childhood
cancer survivors) are shown in Tables 1 and 2. Themes and
comments from parents and survivors are noted below.

THEME: Pediatric Cancer is an Isolating Experience

“We kept asking, is there other kids that were [daughter’s]
age or even older kids, just somebody that she could connect
with? I just needed somebody like us.” (Parent)

“It just seemed like a long, lonely trip, even though we had
support. It’s just the most isolating experience ['ve ever gone
through, and it’s still to this day, a couple of years later, when |
think about how painful it was, I don’t wish it on anybody. And
nobody can really understand what you’re going through, except
some other parent who has gone through it because nobody really
knows what it’s like to watch your child fight to survive.” (Parent)

“I just didn’t have the energy to be the cancer educator
every single time I had a conversation with somebody, so that |
found myself isolating from those people. And at a certain point, |
found it just to be easier to have no friends, because then I can
just focus on what I was doing.” (Parent)

“...as my treatment went on, I lost all of my friends
except two. So that played into effect senior year. I didn’t really
have anyone. And when 1 went to school, only two people ever
talked to me... people just got caught up in their lives... part of
it was they just didn’t understand why I still wasn’t healthy.”
(Survivor)

THEME: Patients and Families Have a Variety of
Ongoing Mental Health Needs

About half of participants identified mental health
needs including anxiety, depression, and post-traumatic
stress disorder for patient, parent, or siblings associated
with cancer diagnosis and treatment.

“I often felt his quality of life really took a back seat to
treating the cancer, which of course, is the most important
thing. I want him alive and healthy first. But a lot of the side
effects that came with the emotional piece... and I often felt like
I was just yelling into the wind, trying to find some respite for
him for the emotional roller coaster that he was going through.”
(Parent)

“You cannot overstate the effect on the entire family.
This diagnosis didn’t just happen to her, it happened to him [her
noncancer son], it happened to all of us, and we’re still strug-
gling with some of the emotional effects after...All these
pieces come together, the isolation, the fear, the anxiety just seems
to linger for a long time after.” (Parent)

THEME: Financial Toxicity is Common (Figure 2)

“We could have lost our house...if we didn’t have the
support of family that were able to financially help us, because just
cutting your income in half for a year and a half, most people can’t
support that. Even with a good deductible, it’s still so expensive,
and there has to be something available to families from the State.”
(Parent, employer-sponsored insurance)

Journal of Registry Management 2022 Volume 49 Number 4

THEME: Families Experience Lack of Support During
Transition to Survivorship

“It felt we were almost going through a war zone for two and
a half, three years, and then it ended, and we just felt like we
were adrift for so long. Just to have some continued interven-
tion,... whether it's somebody to help me put all those pieces
together of the after-effects of both the physical, emotional, and
psychological effects after treatment.” (Parent)

“Just to realize that even though you’re out of treatment
not all the services should stop.” (Parent)

“I wish somebody had told me that, "After cancer...” I
remember talking to somebody and they were like, 'Yea, you'll be
just fine.” But fine is like, you’ll be fine after cancer because
you're alive. Right? But what is that reality? A lot of things
change. And if I knew that going into cancer and afterwards, that
would have been a bit easier on myself.” (Survivor)

THEME: School Support is Inadequate for Children with
Cancer

* Prolonged school interruptions and older children
were associated with increased negative impact
* Challenges with continuing accommodations after
treatment ended
* Lack of knowledge among school personnel about
ongoing or late effects of cancer treatment
* Fatigue with respect to the need to repeatedly advocate
for child’s needs
“They [high school teachers] just didn’t understand. And I
could only explain so much. And there were a couple of teachers
that really cared and really tried. But a few of them just, were
done. Because I"ve been out in and out of school for three years. So
they were like, “Well you seem fine. I don’t understand why
you're not able to do the work.”” (Survivor)

Figure 1. Social Media Ad

If you live in NH, are over the age of 18,

and you or your child experienced
pediatric cancer in the past 10 years,
we need your helpl

The NH Division of Public Health
Services and Dartmouth-Hitchcock
wants to understand the challenges

faced by patients and families who
experience pediatric cancer.

To read about the study and determine if you are eligible, visit:

| https://tinyurl.com/dartmouthpedstudy

Participants will receive a $50 gift card at the end of the study.
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Table 2. Patient Cancer History
Characteristic n %

Patient cancer history*

Sex (female)

Female 9 69.2
Male 4

Age at diagnosis (y)

0-4 5 38.5
5-11 3 23.1
>12 5 38.5
Cancer type

Leukemia 8 61.5
Lymphoma 2 15.4
Solid tumor 3 23.1
Treatment type

Chemotherapy 6 46.2
Chemotherapy + surgery 5 38.5
Chemotherapy + radiation + other 2 15.4
Travel time for treatments

30-60 minutes 7 53.8
1-2 hours 4 30.8
>2 hours 2 15.4

Family-level characteristics*

Insurance status

Employer-sponsored 5 38.5
State-sponsored/Medicaid 5 38.5
Both 2 15.4
Household income

<$50,000 5 38.5
$50,000-$99,999 4 30.8
>$100,000 4 30.8

Participant demographics”

Ethnicity/race

White 10 76.9
Black 2 15.4
Hispanic 1 7.7
Sex

Female 11 84.6
Male 2

* Patient and family characteristics at time of diagnosis with cancer.

A Characteristics of study participant, patient, or parent.
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Figure 2. Financial Burdens Associated with Childhood Cancer
Among Study Participants

80

W Loss of income
Decreased work hours
M Loss of a job
W Difficulty affording necessities

Discussion
Our study identified significant challenges faced by
New Hampshire childhood cancer patients and their fami-
lies both during and after treatment. Particular areas of need
include:
* Interpersonal and mental health support
* Financial resources
* School-based support
* More comprehensive and integrated survivorship care
* Opportunities to connect to New Hampshire families
experiencing childhood cancer

Future Directions

* Ongoing discussion with New Hampshire Department
of Health through Childhood Cancer Projects regarding
increasing statewide networking and resources

* Evaluating DH resources for partnership for childhood
cancer survivor care at NCCC

* Considering additional grant support for ongoing
study and project development in the field of child-
hood cancer survivor care for residents of Northern
New England

Acknowledgements
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childhood cancer and their families. We thank the New
Hampshire Drinking Water and Groundwater Trust Fund
for funding this study.
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Journal of Registry Management Continuing Education Quiz—WINTER 2022

THE CASE OF THE MISSING 2020 CANCERS: USING CLAIMS DATA TO INVESTIGATE A DEFICIT
IN INCIDENT CANCER CASE REPORTS TO THE NEW YORK STATE CANCER REGISTRY
After reading the educational posters and completing the quiz, participants will be able to:

e Describe how changes in access to medical care due to COVID-19 likely affect cancer incidence rates
e Understand how state-specific patient claims databases can be leveraged to get an early picture of the impact of COVID-19

on cancer rates.

The COVID-19 pandemic had little impact on the amount or
type of health care utilized in 2020.

a) True

b) False

c) Unknown if true or false.

Cancer rates for 2020 are likely to be decreased due to which
of the following?
a) Decreases in cancer risk in the underlying population
b) Changes in the amount and type of health care accessed
in 2020
¢) The reason behind the decrease in rates is unknown
d) 2020 rates are not expected to decrease

The extent of the impact of public health orders in New York
State on health care utilization can be assumed to be the same
in other states.

a) True

b) False

The percent change in the overall number of 2020 versus 2019
cancer-related claims in New York State was greatest during
which of the following time frames?

a) January-February 2020

b) April 2020

¢) July-December 2020

d) The change was constant for all months of 2020

The percent change in the overall number of 2020 versus 2019
cancer-related claims in New York State was greatest for which
of the following encounter types?

a) Ambulatory surgery center claims

b) Emergency department claims

¢) Inpatient claims

d) Outpatient claims

Purchase Quiz to Earn CE:

1. Go to http://www.cancerregistryeducation.org/jrm-
quizzes

2. Select quiz and “Add to Cart” (You may be prompted to
login using your NCRA login).

3. Continue through the checkout process.

4. Once purchase is complete, the quiz will load automati-
cally into “My Learning Activities” page.

Journal of Registry Management 2022 Volume 49 Number 4

6.

10.

The percent change in the overall number of 2020 versus 2019
cancer-related claims in New York State was greatest for which
of the following age groups?

a) 0-19 years
b)20-29 years

c) 30-39 years

d) 40-49 years

e) 50-79 years

f) 280 years

The percent change in the overall number of 2020 versus 2019
cancer-related claims in New York state was greatest for which
of the following racial/ethnic groups?

a) Non-Hispanic White

b) Non-Hispanic Black

¢) Non-Hispanic Asian/Pacific Islander

d) Hispanic

How does the percent change in the overall number of 2020
versus 2019 cancer-related claims for New York City compare
to the rest of New York State?

a) The same

b) Higher in New York City

c) Lower in New York City

d) Unknown

The percent change in cancer-related claims only impacted the
early months (March-April) of 2020.

a) True

b) False

The percent change in cancer-related claims was a decrease
regardless of race, ethnicity, age, month of diagnosis,
geographic location, or facility type. Does this mean that the
impact of COVID-19 on access to medical care affected all
patients equally?

a) True

b) False
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Approach to Meeting CoC Standard 6.1: Cancer Registry Quality
Control. Summer;49(2):64-65.

Building a Melanoma Research Registry Within a Cancer
Reporting Software

Bone J, Pekatos P. Building a Melanoma Research Registry Within
a Cancer Reporting Software. Summer;49(2):58-61.
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Casefinding: Beyond Path Reports
Bruton C. Casefinding: Beyond Path Reports. Summer;49(2):67-68.

COVID-19 Response to Cancer Conference

Sheridan C. COVID-19 Response to Cancer Conference. Sum-
mer;49(2):62-63.

Current and Emerging Informatics Initiatives Impactful to
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M, Post AR, Gopalakrishnan R, Burbin EB. Current and Emerg-
ing Informatics Initiatives Impactful to Cancer Registries. Win-
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Data Quality Control for Electronic Pathology Reporting

Wu Q, Ganz C, Li L. Data Quality Control for Electronic Pathol-
ogy Reporting. Fall;49(3):95-96.

Data Sharing for the Common Good: An Ethical Obligation?

Hill TP. Data Sharing for the Common Good: An Ethical Obliga-
tion? Summer;49(2):54-55.

Demystifying the RCRS Guidelines for Breast BCSRT
Measure

McNellis G, Fuller H. Demystifying the RCRS Guidelines for
Breast BCSRT Measure. Summer;49(2):56-57.
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Expanding Research Access to West Virginia Cancer Registry
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McCoy MP. Expanding Research Access to West Virginia Cancer
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Fall 2022 Continuing Education Quiz

Mitchell 'S, Vida C. Fall 2022 Continuing Education Quiz.
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Identifying Duplicate Cancer Cases Across State Boundaries:
Pseudonymization as a Method to Encrypt Identifiers

Riddle BL, Eliassen MS, Celaya MO, Bancroft C, Johnson A, Oh
J, Chawla C, Rees JR. Identifying Duplicate Cancer Cases Across
State Boundaries: Pseudonymization as a Method to Encrypt
Identifiers. Fall;49(3):88-91.

Identifying Factors Associated with Loss to Follow-up
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Qiao B, Austin AA, Schymura MJ, Zhang X, Sherman CG.
Identifying Factors Associated with Loss to Follow-up Among
Patients Reported to the New York State Cancer Registry. Win-
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Improving Precision of Do Not Contact Codes: Results

of a Manual Review to Inform Coding and Case Contact
Procedures
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Millar MM, Doherty JA. Improving Precision of Do Not Contact
Codes: Results of a Manual Review to Inform Coding and Case
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Integration of Cancer Screening Data into Routine Cancer
Surveillance Systems: A Florida Pilot Project
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Costantini A, Adams C. Learning from our Children: Adapting
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Linking the All-Payers Claims Database (APCD) to the
Colorado Central Cancer Registry: An Evaluation

Arend ). Linking the All-Payers Claims Database (APCD) to the Col-
orado Central Cancer Registry: An Evaluation. Spring;49(1):35-36.
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Mapping Cancer Incidence among Hereditary Cancer Types
in Michigan, 2014-2018

Fritzler J, Spivak G. Mapping Cancer Incidence among Hereditary
Cancer Types in Michigan, 2014-2018. Summer;49(2):69-70.
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Nevada Central Cancer Registry’s Legislative
Accomplishments

Ogushi A, Reed R. Nevada Central Cancer Registry’s Legislative
Accomplishments. Fall;49(3):97-98.
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Qualitative Study

Ricci A, Longacre M, Ramesh N, Kim J, Burke A, Rees J. New
Hampshire Childhood Cancer Survivor Study: A Qualitative
Study. Winter;49(4):198-200.

New Jersey’s Response to the Call for Firefighter Cancer
Data: Creating a Retrospective Cohort to Study Cancer
Mortality among New Jersey Firefighters through Data
Linkages and an Honest Broker

Stroup AM, Harris G, Wilson M, Black TM, Graber JM. New Jer-
sey’s Response to the Call for Firefighter Cancer Data: Creating
a Retrospective Cohort to Study Cancer Mortality among New
Jersey Firefighters through Data Linkages and an Honest Broker.
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S. Operational Characteristics of Central Cancer Registries That
Support the Generation of High-Quality Surveillance Data.
Spring;49(1):10-16.
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Prostate Cancer Trends in Montana
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Hsieh M, Lefante T, Yi Y, Wu X. Racial/Ethnic Disparities in COV-
ID-19 Infection Among Working-Age Women with Precancerous
Cervical Lesion. Winter;49(4):196-197.

Reducing Morbidity and Mortality for Washington State
Residents Impacted by Heritable Cancer Syndromes (HBOC
and LS) by Enhancing Public Health Surveillance and
Increasing Appropriate Referrals for Genetic Services
Cheteri MK, Shridhar N, Crain P, Peterson J, Santiago PM. Re-
ducing Morbidity and Mortality for Washington State Residents
Impacted by Heritable Cancer Syndromes (HBOC and LS) by En-
hancing Public Health Surveillance and Increasing Appropriate
Referrals for Genetic Services. Spring;49(1):43-44.

Responding to Constituent Cancer Concerns: The Maine
Cancer Registry’s Cancer Inquiry Group

Bancroft C, Haggan K, Boris K, Cross J, Huston S, Yob D. Re-
sponding to Constituent Cancer Concerns: The Maine Cancer
Registry’s Cancer Inquiry Group. Fall;49(3):92-93.

Results of Year 2 Data Quality Evaluation of CDC’s National
Program of Cancer Registries: Weighing the Evidence,
Identifying Research Gaps, and Evaluating Outputs of a
Prevention Research Agenda

Traverso-Ortiz M, Duran D, Mesnard M, Ng D, Dailey S. Results
of Year 2 Data Quality Evaluation of CDC’s National Program of
Cancer Registries: Weighing the Evidence, Identifying Research
Gaps, and Evaluating Outputs of a Prevention Research Agenda.
Summer;49(2):75-78.
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Mitchell S, Vida C. Spring 2022 Continuing Education Quiz.
Spring;49(1):46.
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the Missing 2020 Cancers: Using Claims Data to Investigate a
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Histopathological Grouping Scheme Provides Clinically
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Categories for Cancer Registry Data
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Project: Right on Track
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ful to Obtain Physical Address for Cases with Only PO Box Re-
ported. Spring;49(1):37-38.
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National Cancer Registrars Association
CALL FOR PAPERS

The Journal of Registry Management, official journal of the National Cancer Registrars Association (NCRA), announces
a call for original manuscripts on registry methodology or research findings related to the 7 subjects listed below and
related topics.

Topics:

1.
2.

NSk »

Birth Defects Registries

Cancer Registries

a. AJCC TNM Stage

b. Cancer and Socioeconomic Status
c. Cancer and Health Disparities
Trauma Registries

Recruitment, Training, and Retention
Public Relations

Quality Review

Registry Management

Contributed manuscripts are peer-reviewed prior to publication. Manuscripts of the following types may be submitted
for publication:

1.

Methodology Articles addressing topics of broad interest and appeal to the readership, including methodological
aspects of registry organization and operation.

Research articles reporting findings of original, reviewed, data-based research.
Primers providing basic and comprehensive tutorials on relevant subjects.

“How I Do It” Articles describe tips, techniques, or procedures for an aspect of registry operations that the author
does particularly well. The “How I Do It” feature in the Journal provides registrars with an informal forum for sharing
strategies with colleagues in all types of registries.

Opinion papers/editorials including position papers, commentaries, essays, and interviews that analyze current or
controversial issues and provide creative, reflective treatments of topics related to registry management.

Bibliographies which are specifically targeted and of significant interest will be considered.
Letters to the Editor are also invited.

Address all manuscripts to: Neisha Johnson, Journal of Registry Management,
(703) 299-6640 ext. 319, JRMEditor@ncra-usa.org.

Manuscript submission requirements are given in “Information for Authors” found near the back of each Journal and on
the NCRA website at httpy//www.ncra-usa.org/jrm.
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Journal of Registry Management
INFORMATION FOR AUTHORS

Journal of Registry Management (JRM), the official journal of the National Cancer Registrars Association, invites submission of original manuscripts on topics related to management of
disease registries and the collection, management, and use of cancer, trauma, AIDS, and other disease registry data. Reprinting of previously published material will be considered for
publication only when it is of special and immediate interest to the readership. JRM encourages authorship by Certified Tumor Registrars (CTRs); special value is placed on manuscripts
with CTR collaboration and publication of articles or texts related to the registry profession. CTR continuing education (CE) credits are awarded; a published chapter or full textbook
article equals 5 CE hours. Other published articles or documents equal CE hours. All correspondence and manuscripts should be addressed to Neisha Johnson at JRMEditor@ncra-usa.
org or (703) 299-6640 ext. 319.

Manuscripts may be submitted for publication in the following categories: Articles addressing topics of broad interest and appeal to the readership, including Methodology papers
about registry organization and operation; Research papers reporting findings of original, reviewed, data-based research; Primers providing tutorials on relevant subjects; and “How I
Do It” papers arealso solicited. Opinion papers/editorials including position papers, commentaries, and essays that analyze current or controversial issues and provide creative, reflective
treatments of topics related to registry management; Letters to the Editor; and specifically-targeted Bibliographies of significant interest are invited.

The following guidelines are provided to assist prospective authors in preparing manuscripts for the Journal, and to facilitate technical processing of submissions. Failure to follow the
guidelines may delay consideration of your manuscript. Authors who are unfamiliar with preparation and submission of manuscripts for publication are encouraged to contact the
Editor for clarification or additional assistance.

Submission Requirements

Manuscripts. The terms manuscripts, articles, and papers are used synonymously herein. Email only submission of manuscripts is encouraged. If not feasible, submit the original
manuscript and 4 copies to the Editor. Manuscripts should be double-spaced on white 8-1/2” x 11” paper, with margins of at least 1 inch. Use only letter-quality printers; poor quality
copies will not be considered. Number the manuscript pages consecutively with the (first) title page as page one, followed by the abstract, text, references, and visuals. The accompanying
cover letter should include the name, mailing address, email address, and telephone number of the corresponding author. For electronic submission, files should be IBM-compatible
format in Corel WordPerfect™, Microsoft® Word for Windows®, or converted to ASCII code.

Manuscripts (Research Articles). Articles should follow the standard format for research reporting (Introduction, Methods, Results, Discussion, References), and the submission
instructions outlined above. The introduction will normally include background information, and a rationale/justification as to why the subject matter is of interest. The discussion
often includes a conclusion subsection. Comprehensive references are encouraged, as are an appropriate combination of tables and figures (graphs).

Manuscripts (Methodology/Process Papers). Methodology papers should follow the standard format for research reporting (Introduction, Methods, Results, Discussion), or for explanatory
papers not reporting results (Introduction, Methods, Discussion), as well as the submission instructions outlined above.

Manuscripts (“How I Do It” articles). The “How I Do It” feature in the Journal provides registrars with a forum for sharing strategies with colleagues in all types of registries. These
articles describe tips, techniques, or procedures for an aspect of registry operations that the author does particularly well. When shared, these innovations can help registry professionals
improve their skills, enhance registry operations, or increase efficiency.

“How I Do It” articles should be 1,500 words or less (excepting references) and can contain up to 2 tables or figures. To the extent possible, the standard headings (Introduction, Methods,
Results, Discussion) should be used. If results are not presented, thatsection may be omitted. Authors should describe the problem orissue, theirsolution, advantages (and disadvantages)
to the suggested approach, and their conclusion. All submitted “How I Do It” articles will have the benefit of peer/editorial review.

Authors. Each author’s name, degrees, certifications, title, professional affiliation, and email address must be noted on the title page exactly as it is to appear in publication. The
corresponding author should be noted, with mailing address included. Joint authors should be listed in the order of their contribution to the work. Generally, a maximum of 6 authors
for each article will be listed.

Title. Authors are urged to choose a title that accurately and concisely describes the content of the manuscript. Every effort will be made to use the title as submitted; however, Journal
of Registry Management reserves the right to select a title that is consistent with editorial and production requirements.

Abstract. A brief abstract must accompany each article or research paper. The abstract should summarize the main point(s) and quickly give the reader an understanding of the
manuscript’s content. It should be placed on a page by itself, immediately following the title page.

Length. Authors are invited to contact the Editor regarding submission of markedly longer manuscripts.

Style. Prepare manuscripts using the American Medical Association Manual of Style, 11th ed. (2020).

Visuals. Use visuals selectively to supplement the text. Visual elements—charts, graphs, tables, diagrams, and figures —will be reproduced exactly as received. Copies must be clear
and properly identified, and preferably emailed. Each visual must have a brief, self-explanatory title. Submit each visual on a separately numbered page at the end of the manuscript,
following the references.

Attribution. Authorsare to provide appropriate acknowledgment of products, activities, and support especially for those articles based on, or utilizing, registry data (including
acknowledgment of hospital and central registrars). Appropriate attribution is also to be provided to acknowledge federal funding sources of registries from which the data are obtained.

References. References should be carefully selected, and relevant. References must be numbered in order of their appearance in the text. At the end of the manuscript, list the references
as they are cited; do not list references alphabetically. Journal citations should include author, title, journal, year, volume, issue, and pages. Book citations should include author, title,
city, publisher, year, and pages. Authors are responsible for the accuracy of all references. Examples:

1. LeMaster PL, Connell CM. Health education interventions among Native Americans: a review and analysis. Health Education Quarterly. 1995;21(4):521-538.

2. Hanks GE, Myers CE, Scardino PT. Cancer of the prostate. In: DeVita VT, Hellman S, Rosenberg SA. Cancer: Principles and Practice of Oncology. 4th ed. Philadelphia, PA:].B. Lippincott

Co.; 1993:1073-1113.

Key words. Authors are requested to provide up to 5, alphabetized key words or phrases which will be used in compiling the Annual Subject Index.

Affirmations

Copyright. Authors submitting a manuscript do so on the understanding that if it is accepted for publication, copyright in the article, including the right to reproduce the article in all
forms and media, shall be assigned exclusively to NCRA. NCRA will not refuse any reasonable requests by the author(s) for permission to reproduce any of his or her contributions to the
Journal. Further, the manuscript’s accompanying cover letter, signed by all authors, must include the following statement: “We, the undersigned, transfer to the National Cancer Registrars
Association, the copyright for this manuscript in the event that it is published in Journal of Registry Management.” Failure to provide the statement will delay consideration of the manuscript.
It is the author s responsibility to obtain necessary permission when using material (including graphs, charts, pictures, etc) that has appeared in other published works.

Originality. Articles are reviewed for publication assuming that they have not been accepted or published previously and are not under simultaneous consideration for publication
elsewhere. If the article has been previously published or significantly distributed, this should be noted in the submission for consideration.

Editing

Journal of Registry Management reserves the right to editall contributions for clarity and length. Minor changes (punctuation, spelling, grammar, syntax) will be made at the discretion of
the editorial staff. Substantive changes will be verified with the author(s) prior to publication.

Peer Review

Contributed manuscripts are peer-reviewed prior to publication, generally by 3 reviewers. The Journal Editor makes the final decision regarding acceptance of manuscripts. Receipt of
manuscripts will be acknowledged promptly, and corresponding authors will be advised of the status of their submission as soon as possible.

Reprints
Authors receive 5 complimentary copies of the Journal in which their manuscript appears. Additional copies of reprints may be purchased from the NCRA Executive Office.
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