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Presenter
Presentation Notes
The National Program of Cancer Registries (NPCR) of CDC has grown to cover about 96% of the U.S. population. Studying the NPCR population-based cancer survival and incorporating the relative survival outcomes into the United States Cancer Statistics  annually will provide valuable insight into the cancer burden and impact in the U.S. A relative survival tool will not only help CDC researchers but will also help other researchers in case SEER*Stat is not their optimal choice for the time being.We will described the NPCR relative survival SAS tool in 4 sections.



Introduct ion
Relat ive survival is widely used to 

measure cancer survival for populat ion-
based cancer surveillance systems
 Observed survival of a group of cancer patients
 Expected survival of a comparable group from 

general population
 Ratio of observed survival and expected survival

Presenter
Presentation Notes
Survival analysis in cancer research analyzes survival time of cancer patients from the date of cancer diagnosis to the death of these patients in population-based cancer surveillance. Relative survival analysis has two major components, observed survival of a group of cancer patients and expected survival of a comparable group from general population. The ration of observed survival and expected survival is relative survival rate. The relative survival has such an advantage of canceling out the background competing risk of death that make it very attractive for cancer survival analysis since the cause of death information is either unavailable or unreliable in cancer data.



Introduct ion
Background of NPCR SAS tools for relat ive survival 

analysis
 It is a by-product of NPCR’s relative survival analysis 

production for USCS, an extension of our work in 
preparing NPCR data for relative survival analysis 
using SEER*Stat
 The SAS tool turned out to be a good QC tool for 

validating results produced by SEER*Stat
 It can also benefit other researchers who would like 

to take the advantage of the SAS flexibility to 
conduct customized relative survival analysis

Presenter
Presentation Notes
CDC is in the process to make NPCR data available to SEER*Stat During the process of generating NPCR data for relative survival study in SEER*Stat, CDC realized that an internal tool developed to QC the NPCR relative survival study could be used as a relative survival estimation tool for some NPCR states and researchers who have limited capability to operate SEER*Stat.This tool will allow them to independently estimate population-based cancer site specific relative survival rate that are equivalent to those from SEER*Stat, minimizing the concerns of result consistency with SEER*Stat of these researchers to transition into SEER*Stat for more advance survival analysis in the future.



Data Preparat ion
November 2012 NPCR submission and 

major inclusion criteria
 Diagnosis year 2003-2010 with follow-up to 2010
 25states based on NDI linkage and data quality
 Age at diagnosis between 0-99
 Malignant cases only with coding rules 2001+ (ICD-

O-3)
 No death certificate or autopsy only cases
 Missing month and day date of  diagnosis and date 

of last contact were imputed with a SEER date 
imputation SAS program

Presenter
Presentation Notes
NPCR 2012 November data submission is the base to create the NPCR survival analytical dataset.Some of the major inclusion criteria are:Cases diagnosed between 2003-2010 with follow up to 201025 states who conducted the NDI linkage and meet the data quality standardsAge at diagnosis between 0-99 due to NCHS life table age limitationMalignant cases only with 2001 or later ICD-O-3 coding rules (SEER*Stat defaults to malignant cases with 2000 ICD-O-2 coding rules)No death certificate and autopsy only casesMissing month and day date of  diagnosis and date of last contact were imputed with a SEER date imputation SAS program. The cases without valid dates after imputation were removed.



Data Preparat ion
NDI linkage and presumed-alive
 NPCR states are not funded for active follow-up 
 To obtain more complete death information,  CDC 

funds NPCR states to conduct NDI linkage at least 
every other year. Not all states participate
 Cases not known to be deceased by the NDI 

linkages will be assumed alive and censored at 
the end of study period (presumed-alive)
 Total cases included:   n = 6,383,241
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Presentation Notes
Obtaining complete follow-up information of cancer patients is essential to the relative survival analysis. The absence of complete follow-up information of a cancer cases may be supplemented by active follow-up with cancer patients. However, NPCR registries are not funded to conduct active follow-up. NPCR registries mainly used passive follow-up to obtain complete follow-up information of cancer cases except for population migration and rare lossesIn order to remove the effect of population migration on death information, starting in 2008, CDC made NDI available at no cost to all NPCR registries. CDC recommends the linkage to be conducted by NPCR registries at least every other year. Some states don’t participate in NDI linkage at all. The states selected into this study conducted the NDI linkage that covered the whole study period. Cases were not known to be deceased by the NDI linkages will be assumed alive and censored at the end of study period (presumed-alive)Total case = 6,383,241



Data Preparat ion
Life tables for expected survival
 Used NCHS U.S. 2000-2009 life tables by individual 

year (White and Black), Ages 0-99 (updated in 
2014)
 For patients having missing and unknown sex 

and/or race information, the total race table was 
used
 Omitted case whose follow-up age was greater 

than 100 due to life table age limitation

Presenter
Presentation Notes
The expected survival rates of comparable general populations were calculated from NCHS U.S. 2000-2009 life tables by individual year for white and black only with age 0-99. The tables were updated by NCHS in 2014 with revised methodology and updated intercensal population estimates.For patients having missing and unknown sex and/or race information, the total race table was used according to SEER*Stat.For some patients who attained ages during the subsequent follow up periods were greater than 100 were removed from those follow up periods. The limitation of age from 0-99 by the life tables is the cause. 



Methods and Processes
Survival est imat ion
 Observed survival:  Actuarial life table method
 Standard error is given by Greenwood’s formula

 Expected survival:  Ederer II method
 Relative survival = observed survival/Expected 

survival
 Standard error is given as the standard error of 

observed survival divided by expected survival rate

Presenter
Presentation Notes
The observed survival rates were calculated with actuarial life table method and starndard errors can be estimate with Greenwood’s formula.The expected survival rates were calculated with Ederer II method.Relative survival rate is the ratio of observed survival and expected survival. The standard error of relative survival is given as the standard error of observed survival rate divided by expected survival rate.



Methods and Processes
Estimation process
 The core survival estimation process: Paul Dickman’s 

SAS Macro
 Reprogramming were made to facilitate analysis
 Estimate relative survival for multiple cancer sites
 Estimate relative survival by predefined categorization(e.g., 

by sex, age groups or combinations)

 Additions to make NPCR tool comparable to 
SEER*Stat
 Implemented case selection options similar to those of 

SEER*Stat (e.g., primary site)
 Allowed adjustment of abnormal relative survival rate 

patterns 

Presenter
Presentation Notes
The relative survival estimation process is based on the SAS Macro developed by Paul Dickman. In order to make analysis and reporting easier, some reprogramming was applied to the SAS macro:The NPCR tool will allow multiple cancer sites to be estimated at the same time and be reported into individual reports in either RTF or PDF formatUsers can predefine categories that he/she wants to see and execute the analysis for all the categorizations at the same time in one report, for example, you may want to see by sex, by sex and age group respectively and the NPCR tool will produce all of them at the same execution without extra runs.In order to let NPCR tool to be consistent with SEER*Stat so that the researchers can move seamless into SEER*Stat in the future, there were many improvements to allow that to happen. Here are two main examples:To implement cases retention rules that are similar to those of SEER*Stat after you make primary selection in SEER*Stat, such as the 1st primary only, multiple primaries, etc.To implement abnormal relative survival pattern adjusting mechanisms that are similar to those of SEER*Stat for situations like relative survival rates greater than 100%, relative survival rates increasing with the progress of follow-up time, etc.



Methods and Process
NPCR SAS tool
 Three basic modules

1. Data reprocessing/date imputation for incidence data
2. Relative survival estimation and reporting
3. SEER*Stat database creation (life table and incidence 

data)

 Implemented with SAS 9.2 with batch processing 
 For large compressed SEER*Stat databases, 7-Zip 

command line  called by SAS 9.2 is required  to 
create GZIP files

Presenter
Presentation Notes
NPCR SAS tool has 3 basic modules: Data processing module: Reprocess incidence data to conform to the format for the relative survival estimation module. It also imputes missing or unknown month and day of date of last contact and date of diagnosis using SEER SAS program.Relative survival estimation and reporting moduleSEER*Stat database creation module for uploading data into SEER*Stat for both incidence and customized life tables.The tool is implemented with SAS 9.2 with batch processingFor large compressed SEER*Stat databases, 7-Zip 9.20 command line called by SAS 9.2 is required to create GZIP files automatically



Results and Discussions
Validat ion Analysis
 NPCR SAS tool and SEER*Stat used the same set of 

NPCR incidence data and NCHS life tables
 Relative survival rates and standard errors were 

estimated by race, gender and age group of 0-44, 
45-54, 55-64, 65-75, and 75-99
 24 cancer sites as USCS
 All-sites-combined used the first primary only; 

other sites allowed multiple primaries
 Comparison analysis on RS rate for 6 major sites; 

Standard errors on 1 cancer site

Presenter
Presentation Notes
To compare the results from NPCR SAS tool and SEER*Stat, the same set of data and NCHS life tables were used by both tools.Relative survival rates and standard errors were estimated by race , gender and age group of 0-44, 45-54, 55-64, 65-75, and 75-99.We compared all 24 cancer sites as those published in USCS.All-sites-combed used the 1st primary only and other sites allowed multiple primaries.In here, we will show the comparisons of relative survival rates of 6 major cancer sites and the standard errors of 1 cancer sites to save time.



Results and Discussions
Results: All-sites-combined

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 78.1 85.5 63.5 74.5 78.1 85.5 63.5 74.5 0.0 0.0 0.0 0.0

Ages 45-54 67.5 78.6 60.6 65.3 67.5 78.6 60.6 65.3 0.0 0.0 0.0 0.0

Ages 55-64 68.9 70.5 65.8 59.1 68.9 70.5 65.8 59.1 0.0 0.0 0.0 0.0

Ages 65-74 66.9 61.6 66.3 52.5 66.9 61.6 66.3 52.5 0.0 0.0 0.0 0.0

Ages 75+ 55.5 50.2 51.5 41.1 55.5 50.3 51.5 41.2 0.0 -0.1 0.0 -0.1

Presenter
Presentation Notes
This is the table of relative survival rates of All-sites-combined and all rates are shown in percentages:The 1st column is for age at diagnosis categoriesThe 2nd column cluster is for NPCR SAS tool by race and genderThe 3rd column cluster is for SEER*Stat by race and genderThe 4th column cluster is for the net between two tools by race and genderThe rates estimated by the two tools are almost identical except for minor differences at Age 75+ in females****NOTE****If someone ask why there are small differences, we can say like this: “We investigated the sources that might contribute to such minor differences. It is highly suspected that the two tools might deal the withdrawn cases with slightly different approach in some scenarios. However, we don’t know exactly how SEER*Stat operates. So, we can only guess for now.” 



Results and Discussions
Results: Colon and Rectum

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 67.3 71.8 61.0 63.8 67.3 71.8 61.0 63.8 0.0 0.0 0.0 0.0

Ages 45-54 69.8 73.1 61.5 66.7 69.8 73.0 61.5 66.7 0.0 0.1 0.0 0.0

Ages 55-64 68.5 70.1 60.6 64.7 68.5 70.1 60.6 64.7 0.0 0.0 0.0 0.0

Ages 65-74 66.1 68.1 57.0 61.9 66.1 68.0 56.9 61.9 0.0 0.1 0.1 0.0

Ages 75+ 59.5 60.1 47.2 50.4 59.5 60.2 47.3 50.4 0.0 -0.1 -0.1 0.0

Presenter
Presentation Notes
This is the table of relative survival rates of colon and rectum cancer and all rates are shown in percentagesThe rates estimated by the two tools are almost identical except for several minor differences



Results and Discussions
Results: Lung and bronchus

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 25.6 33.3 19.2 27.6 25.6 33.3 19.2 27.6 0.0 0.0 0.0 0.0

Ages 45-54 18.7 27.4 15.0 22.2 18.7 27.4 15.0 22.2 0.0 0.0 0.0 0.0

Ages 55-64 18.0 25.6 14.8 21.0 18.0 25.6 14.8 21.1 0.0 0.0 0.0 -0.1

Ages 65-74 17.3 23.3 14.0 19.4 17.3 23.3 14.1 19.4 0.0 0.0 -0.1 0.0

Ages 75+ 13.2 16.6 10.1 14.4 13.2 16.7 10.2 14.5 0.0 -0.1 -0.1 -0.1

Presenter
Presentation Notes
This is the table of relative survival rates of lung and bronchus cancer and all rates are shown in percentagesThe rates estimated by the two tools are almost identical except for several minor differences



Results and Discussions
Results: Breast (female)

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 + 89.3 + 78.9 + 89.3 + 78.9 + 0.0 + 0.0

Ages 45-54 + 90.9 + 80.4 + 90.9 + 80.3 + 0.0 + 0.1

Ages 55-64 + 90.4 + 80.6 + 90.4 + 80.5 + 0.0 + 0.1

Ages 65-74 + 90.7 + 81.8 + 90.7 + 81.8 + 0.0 + 0.0

Ages 75+ + 88.6 + 77.4 + 88.6 + 77.4 + 0.0 + 0.0

Presenter
Presentation Notes
This is the table of relative survival rates of female breast cancer and all rates are shown in percentagesThe rates estimated by the two tools are almost identical except for several minor differences



Results and Discussions
Results: Prostate

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 95.2 + 96.5 + 95.2 + 96.5 + 0.0 + 0.0 +

Ages 45-54 98.0 + 97.5 + 98.0 + 97.5 + 0.0 + 0.0 +

Ages 55-64 99.3 + 97.9 + 99.3 + 97.9 + 0.0 + 0.0 +

Ages 65-74 99.8 + 97.1 + 99.8 + 97.1 + 0.0 + 0.0 +

Ages 75+ 94.4 + 87.3 + 94.5 + 87.3 + -0.1 + 0.0 +

Presenter
Presentation Notes
This is the table of relative survival rates of prostate cancer and all rates are shown in percentagesThe rates estimated by the two tools are almost identical except for one minor difference



Results and Discussions
Results: Urinary bladder

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 88.5 87.8 78.4 60.3 88.5 87.8 78.4 60.3 0.0 0.0 0.0 0.0

Ages 45-54 84.7 84.4 75.8 60.0 84.7 84.4 75.8 60.0 0.0 0.0 0.0 0.0

Ages 55-64 82.6 82.3 72.0 64.1 82.6 82.4 72.0 64.1 0.0 -0.1 0.0 0.0

Ages 65-74 79.1 77.4 70.2 59.5 79.1 77.4 70.1 59.5 0.0 0.0 0.1 0.0

Ages 75+ 71.8 65.7 59.5 49.8 71.8 65.8 59.4 49.9 0.0 -0.1 0.1 -0.1

Presenter
Presentation Notes
This is the table of relative survival rates of urinary bladder cancer and all rates are shown in percentagesThe rates estimated by the two tools are almost identical except for several minor differences



Results and Discussions
Results: Urinary bladder (standard error)

S1-NPCR SAS Tool S2-SEER*Stat Net S1 and S2 

DX Age Whites Blacks Whites Blacks Whites Blacks 

% M F M F M F M F M F M F 

Ages <45 0.6 0.9 2.6 4.9 0.6 0.9 2.6 4.9 0.0 0.0 0.0 0.0

Ages 45-54 0.4 0.6 1.6 2.7 0.4 0.6 1.6 2.7 0.0 0.0 0.0 0.0

Ages 55-64 0.3 0.5 1.4 2.0 0.3 0.5 1.4 2.0 0.0 0.0 0.0 0.0

Ages 65-74 0.3 0.5 1.4 1.8 0.3 0.5 1.4 1.8 0.0 0.0 0.0 0.0

Ages 75+ 0.4 0.5 1.9 1.8 0.4 0.5 1.8 1.8 0.0 0.0 0.1 0.0

Presenter
Presentation Notes
The comparisons of standard errors shown the same pattern as the comparisons of rates. In order to save time, only one tale is showing hereThis is the table of standard errors of relative survival rates of urinary bladder cancer shown in percentagesThe standard errors estimated by the two tools are almost identical except for one minor



Conclusions
Conclusions
 The results from the NPCR SAS tool and SEER*Stat 

were almost identical in both relative survival 
rates and standard errors
 The NPCR SAS tool can be used for the state level 

relative survival analysis if the state level life 
tables are available
 If SEER*Stat life tables are applied,  NPCR SAS tool 

could be used seamlessly along with SEER*Stat 
but with more flexibilities and customization for 
advanced analysis.



Contact Information
Xing Dong xdong@icif.com
Reda Wilson dfo8@cdc.gov

NPCR http://www.cdc.gov/cancer/npcr/index.htm

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 

Centers for Disease Control and Prevention.

Thank You!
Quest ions?

Centers for Disease Control and Prevention

NCCDPHP, DCPC, Cancer Surveillance Branch

mailto:xdong@icif.com
mailto:dfo8@cdc.gov
http://www.cdc.gov/cancer/npcr/index.htm

	Development of NPCR SAS Tool for Population-Based Cancer Relative Survival Analysis
	ACKNOWLEDGEMENT 
	Outline
	Introduction
	Introduction
	Data Preparation
	Data Preparation
	Data Preparation
	Methods and Processes
	Methods and Processes
	Methods and Process
	Results and Discussions
	Results and Discussions
	Results and Discussions
	Results and Discussions
	Results and Discussions
	Results and Discussions
	Results and Discussions
	Results and Discussions
	Conclusions
	Thank You!��Questions?

