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Abstract

We describe a simple statistical model that allows for a comparison of staging data from the 

Centers for Disease Control and Prevention’s (CDC’s) National Program of Cancer Registries 

during 1998–2008. In this program, cancers diagnosed during 1998–2000 were coded according to 

Summary Stage 1977, those diagnosed during 2001–2003 according to Summary Stage 2000, and 

those diagnosed during 2004–2008 according to the Collaborative Stage system. These changes in 

stage coding systems were associated with an abrupt shift in the distribution of extent of disease 

for colorectal cancer, particularly changes in the proportion of local vs regional stage disease, in 

some states. The method described here adjusts for the use of different staging systems over time 

so that temporal trends in the distribution of extent of disease can be evaluated. The method is 

applied to the proportion of localized stage colorectal cancer, but should be applicable to other 

cancers.
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Introduction

In the United States, the age-adjusted incidence rate for colorectal cancer (CRC) was 44.4 

per 100,000 persons in 2008 for men and women combined.1 Moreover, approximately 10% 

of all cancers diagnosed among both sexes combined were invasive CRC.1 Of cancers that 

affect both men and women, CRC is the second most common cancer (lung cancer is the 

most common),1 thus highlighting the importance of accurately measuring the extent of 

CRC among a population. Although screening, diagnosis, and treatment of CRC are 

fundamental to managing this disease, surveillance also plays a significant role in assessing 
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the public health burden of this cancer. This is especially true for evaluating changes in 

stage at diagnosis. Staging is critical for determining the proper treatment and for evaluating 

results of management and clinical trials, and staging serves as a benchmark in reporting 

cancer incidence and outcomes, both domestically and internationally.2 Monitoring changes 

in stage at diagnosis by using a central cancer registry is an important method for assessing 

the effectiveness of cancer-screening efforts at the population level, and for identifying 

populations where screening interventions have not been adopted or effectively delivered. 

Over the years, there have been considerable refinements in cancer staging on the basis of 

new information about the characteristics of a specific cancer and how these characteristics 

influence prognosis.2

Summary stage was developed to categorize the extent of disease (EOD)—how far a cancer 

has spread from its point of origin.3,4 This staging system combines information about both 

clinical and pathological documentation to assign EOD.3,4 For cancer diagnosed before 

2001, Summary Stage 1977 was used for staging,3 whereas for cancer diagnosed during 

2001–2003, Summary Stage 2000 was used to assign a stage.4 The National Cancer Institute 

also used EOD coding beginning in 1988.5

Collaborative stage (CS) was developed to consolidate the principles of 3 different coding 

systems: the American Joint Committee on Cancer (AJCC) primary tumor, regional lymph 

nodes, and distant metastasis (TNM) staging; Summary Stage 1977 (SS77); and Summary 

Stage 2000 (SS2000).6,7 As a result, the CS system allows for stage assignment by using all 

3 systems. For cancer diagnosed after 2003, the Collaborative Stage System was used to 

assign a stage. Because of the changes in classifying stage over time, it is often difficult to 

meaningfully interpret trends in stage at diagnosis. For example, the percentage of cases 

diagnosed with early stage CRC may change significantly because of changes in the staging 

system from year to year. It is important to adjust for these shifts in stage when assessing 

trends in stage at diagnosis over time.

The purpose of this report is to describe a methodology by which the staging data from 

CDC’s National Program of Cancer Registries (NPCR) can be compared during 1998–2008. 

This method corrects for changes in coding systems during this period. In addition, we 

applied the methodology to 5 Surveillance Epidemiology and End Results (SEER) state 

registries to determine if stage coding changes had a similar effect on NPCR and SEER state 

registries. We illustrate the method by examining local stage diagnoses for CRC—cecum 

(International Classification of Diseases for Oncology, 3rd edition8= C180), appendix 

(C181), ascending colon (C182), hepatic flexure (C183), transverse colon (C184), splenic 

flexure (C185), descending colon (C186), sigmoid colon (C187), large intestine — NOS 

(C188, C189, C260), rectosigmoid junction (C199), and rectum (C209)—during this period 

to ascertain if the proportion of CRC diagnosed as localized disease has increased across 

states and in the United States overall. However, the method should be applicable to other 

cancers as well. An increase in the diagnosis of localized CRC across states would bode well 

for increased survival from CRC in the long and short term, and also would indicate that the 

uptake of CRC screening has been effective.
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Methods

The methodology was applied to data from CDC’s NPCR state registries and the 5 state 

registries supported by the National Cancer Institute through the Surveillance and 

Epidemiology and End Results (SEER) program. Data were used from 43 NPCR and the 5 

SEER state registries. For each state, we computed the proportion of CRCs that was 

diagnosed at local stage each year during the 10-year period from 1998 to 2008. The 

proportion of CRC diagnosed as local stage was obtained by dividing the number of cancers 

classified as local by the total number of CRC cases, excluding unstaged cases. Mississippi 

and South Dakota were excluded from the analysis because these registries did not submit 

data to the CDC for 3 or more years during the period. The District of Columbia was not 

included because the analysis was restricted to state registries.

We estimated the annual change in local stage CRC for each of the 48 states by regressing 

the log-odds of local stage (ie, the logarithm of the number of cases with localized disease 

divided by the number with regional and distant disease) on year of diagnosis. To evaluate 

the potential effect of changes in CRC staging, we included a stage indicator variable for 

years 2001–2008, reflecting potential coding changes occurring because of SS2000 (an 

indicator variable taking the value 1 for years 2001–2008). In addition, we included an 

indicator variable for potential coding changes occurring in 2004 with CS coding through 

the use of another indicator variable taking the value 1 for years 2004–2008. The purpose of 

these indicator variables was to ensure that any trend in the log-odds of localized CRC with 

year was not affected by the use of a new cancer staging system incompatible with older 

coding systems. The methodology is described in more detail in the appendix.

We also fit a random effects logistic regression models adding indicator variables for older 

age (ie, ≥ 50 years at diagnosis), male gender, and black race to the model containing the 2 

indicators for staging changes and the ordinal variable for age. The data was abstracted from 

the NPCR and SEER analytic file by using the program SEER*Stat,9 and all analyses were 

performed by using Stata version 11.10

Results

We examined the data to assess how many central registries reported staging data with shifts 

in local stage that correlated by year with changes in the staging systems. On the basis of our 

models, 28 of 43 NPCR states displayed an abrupt and statistically significant increase (p < 

0.05) in local stage CRC in 2004, which corresponds with the implementation of 

collaborative stage (data not shown). Six states displayed a decrease in local stage CRC in 

2004, but none of these decreases was statistically significant. No SEER state registry (ie, 

Hawaii, Iowa, Connecticut, New Mexico, Utah) displayed a statistically significant change 

in the proportion of localized disease in 2004. The unweighted mean increase in the log-

odds of localized disease for all 48 states in 2004 from the model is 0.152 (95% CI: 0.117, 

0.188) with a range of −0.087 to 0.470.

The changes in the log-odds of localized disease in 2001 from the model associated with the 

coding changes introduced by SS2000 were considerably smaller. Thirty-six states displayed 
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an increase in localized disease in 2001; 13 of these increases were statistically significant, 

and all were NPCR states (data not shown). Twelve states displayed a decrease in localized 

disease in 2001, but only 2 (Louisiana and New York) were statistically significant. The 

unweighted mean change in 2001 was 0.033 (0.007, 0.059) with a range −0.258 to 0.194.

The overall findings for the 48 states for white and black groups are shown in Figures 1a and 

2a, respectively, and illustrate the adjustment of the proportion of local stage disease. 

Because the random effect component associated with state from our logistic model was 

very small, it could be ignored without introducing bias in our parameter estimates. Thus, 

we can obtain valid estimates after combining the results for all states. There is a large 

change in the logodds of localized CRC in 2004 and a much smaller change in 2001 for 

whites and blacks (Figures 1a and 2a). The adjusted log-odds of localized disease in Figures 

1a and 2a (boxes) are standardized to the staging system used during 2004–2008. The points 

for localized disease are lifted by the corresponding estimates of the indicator variables for 

stage coding changes, reflecting the increase in localized CRC attributable to coding 

changes. The slope of interest in Figures 1a and 2a corresponds to a line that fits the adjusted 

points. If the stage coding changes in 2001 and 2004 were ignored and a model were fitted 

to the observed data (the circles), one would obtain an erroneously high estimate of the 

change in local stage CRC with time (the 10-year odds ratio for whites, for example, would 

be estimated as 1.33 instead of 1.04, while for blacks, the 10-year odds ratio would be 

estimated as 1.50 instead of 1.17).

In addition, we graphed the proportion of local, regional, distant, and unknown stage CRC 

without adjustment to assess the results of the new staging systems further for whites and 

blacks, as shown in Figures 1b and 2b. The lines connecting the points in these figures are 

from models that include the 2 stage change indicator variables. These data show that the 

increase in localized disease in 2004 mirrors the decrease in regional disease. The proportion 

of unknown stage decreased gradually over the period and there was a slight increase in the 

proportion of distant disease. Although the proportion of distant disease has increased 

among blacks (Figure 2b), this increase may result from the corresponding decrease in 

unstaged disease during the period.

After adjusting for coding changes in stage, we observed that among whites, 31 of the 48 

states included in the analysis displayed an increase in the proportion of local stage CRC 

over the period; however, only 4 increases were statistically significant (p < 0.05%, 

California, Connecticut, Texas, and Wisconsin; Table 1a). Seventeen states displayed a 

decrease in local stage CRC; however, the only statistically significant decrease was in 

Alabama (p < 0.001, Table 1a). The weighted mean annual increase (ie, weighted by the 

inverse variance of the slope estimates) in the log-odds of localized disease from the model 

for the 48 states was 0.0040 (95% CI: 0.0008, 0.0071). This mean increase indicated that the 

odds of local stage CRC increased by a factor of 1.04 (4%) during the 10-year period (95% 

CI: 1.01, 1.07). The increase in the odds ratio for localized disease was higher for the 5 

SEER states (OR = 1.15) than it was for the 43 NPCR states (OR = 1.04), but the difference 

was not statistically significant.
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For assessing stage among blacks, we restricted the analysis to states with 250 or more black 

CRC cases during the period and adjusted for changes in coding systems. Of the 35 states 

meeting this criterion, 23 displayed an increase in the proportion of local stage CRC, of 

which 6 were statistically significant (p < 0.05; Iowa, Louisiana, New York, North Carolina, 

and Virginia; Table 1b). Twelve states displayed a decrease in local stage CRC among 

blacks, but this decrease was statistically significant (p = 0.011, Table 1b) in only 1 state. 

The weighted mean annual increase in the log-odds of localized disease from the model for 

the 35 states is 0.0153 (95% CI: 0.0062, 0.024). Thus, for blacks the odds of localized CRC 

increased by 1.17 over the 10-year period (1.06, 1.28). Only 2 SEER states (Connecticut and 

Iowa) had 250 or more black CRC cases, so we did not compare the increase for NPCR and 

SEER states for black groups.

On the basis of the random effects logistic model described in the methods section, the odds 

of localized CRC for men vs women is nearly the same (OR = 1.04, men compared with 

women), whereas the proportion of localized disease is less common among black compared 

with white groups (OR = 0.85; 95% CI: 0.84, 0.86), and localized disease is more common 

among cases aged 50 years or older (OR = 1.42; 95% CI: 1.40, 1.44).

We repeated the analysis after removing all the data from 4 states that did not meet the 

NPCR quality standards for publication in the United States Cancer Statistics (USCS) for 3 

or more years during 1998–2008 (Arkansas, North Carolina, Tennessee, and Virginia) and 

the data for 1998 from Georgia, New Hampshire, and Maryland that also did not meet USCS 

quality standards in that year. The exclusion reduced the study size by 9%. However, the 

overall findings did not change meaningfully. For example, in the reduced dataset, the 

corresponding OR for a 10-year increase among whites displayed in Figure 1a was 1.04 

(95% CI: 1.01, 1.08), while for blacks, the corresponding OR for the 10-year increase 

displayed in Figure 1b was 1.13 (95% CI: 1.02, 1.24). Therefore, we chose to report only the 

findings from the full data set.

As a check on the validity of our methodology, we attempted to duplicate our findings by 

using the smaller population covered by SEER 17 for the period 2000–2008. Because stage 

coding changes had little effect on EOD staging in the SEER states in our analysis, we used 

SS2000 for this analysis, and we did not include an indicator variable for the introduction of 

CS in 2004. We simply regressed the logarithm of the age-adjusted rates on year. The odds 

of local stage CRC among whites increased by 3% (OR = 1.03; 95% CI: 1.01, 1.06) during 

the 8-year period (OR = 1.04; 95% CI: 1.01, 1.08), projected for 10 years). Among blacks, 

the odds increased by 20% (OR = 1.20; 95% CI: 1.12, 1.29) during the 8-year period (OR = 

1.25; 95% CI: 1.15, 1.37, for 10 years). The difference in this increase is statistically 

significantly different for whites and blacks (p < 0.001). Thus, the findings from SEER 17 

agree well with those obtained by using the NPCR and SEER states.

Discussion

When we assessed the proportion of CRC cases diagnosed at a local stage during 1998–2008 

in NPCR, a shift in stage was apparent in 2004 in 28 of 43 states, which corresponds with 

the implementation of CS. The shift in 2001 related to the introduction of SS2000 was 
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smaller, but still observable in 36 NPCR states. We developed a method to adjust for these 

shifts in order to assess changes in the proportion of CRC diagnosed at local stage over time. 

If the stage coding changes in 2001 and 2004 were not accounted for in an analysis, the 

resulting odds ratios for local stage would be incorrect at a national level and for most states.

On the basis of the random effects logistic model, we were able to examine differences in 

the odds of localized CRC by gender and race. Although the odds of localized disease was 

similar for men and women, the proportion of localized disease was less common among 

black compared with white groups. In addition, differences were noted among states in the 

rate of change in the proportion of local stage CRC over time. These differences need to be 

examined more closely to assess the possible reasons. Our focus was on demonstrating the 

methods for conducting these types of analyses.

We included data from NPCR states in our analyses that did not meet standards for 

publication in USCS for 3 or more years during 1998–2008 (Arkansas, North Carolina, 

Tennessee, and Virginia) and the data for 1998 from Georgia, New Hampshire, and 

Maryland that also did not meet USCS quality standards in that year. However, when we ran 

the analysis again excluding these data, the results did not change significantly. We 

compared results from this analysis with an analysis of SEER 17 data to validate of our 

methodology for the period 2000–2008. The SEER state registries in our analysis did not 

demonstrate the shifts in staging because of the introduction of SEER SS2000 or CS and, 

consequently, we assumed that the SEER 17 registries also did not require adjustment. The 

observation that the findings from our adjusted analysis agree well with those of the 

unadjusted SEER 17 analysis supports the validity of our methodology.

Other investigators have examined differences in cancer staging resulting from the adoption 

of the CS in 2004. Wu et al reported that staging differences observed during 2003–2004 for 

18 cancers could not be explained by linear trends in stage distribution during 2001–2004 or 

by a decrease in the percentage of unstaged cancers.11 They attributed some of the observed 

changes in staging to differences in coding of direct extension or lymph node involvement in 

the SS2000 and CS systems. Duong et al compared staging of uterine cancer during 2001–

2003 (SS2000) and 2004–2005 (CS) by using NPCR and SEER registries covering 

approximately 80% of the US population.12 They report slight decreases in the proportion of 

in situ and localized uterine cancer with the CS system, as well as a slight decrease in the 

proportion of unstaged cancers by using the CS system. The authors concluded that the CS 

system introduced in 2004 provides valid data and compares well to the SS2000 system. In 

the present paper, we extend these findings and present a methodology to allow for inclusion 

of the SS2000 and CS staging systems in a trend analysis that encompasses both staging 

systems. The introduction of CS coding in 2004 caused an abrupt increase in the 

classification of localized CRC and a corresponding decrease in regional CRC in NPCR 

states. A similar but considerably attenuated pattern occurred in 2001 with the introduction 

of SS2000. These changes probably are largely an artifact of the new coding schemes, and 

correction for these changes must be made in evaluating whether or not CRC is being 

diagnosed earlier in more recent years.
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The indicator variables in the model both for 2001 and 2004 had little effect for SEER 

states. The absence of abrupt changes in CRC staging in the SEER program associated with 

changes in staging systems probably reflects the fact that SEER has a long and extensive 

history of coding EOD and, hence, the changes did not affect SEER CRC stage distribution. 

However, the inclusion of the indicator variables in the regression model for the SEER 

registries would not bias the estimates associated with the annual change in the proportion of 

local stage CRC in the SEER states. On the other hand, it is critical to include the indicator 

variables for stage coding changes for NPCR states. Without the correction for staging 

changes, one would observe that the proportion of local stage CRC had increased 

considerably during the 10-year period both for whites and blacks and might attribute these 

large increases in local stage CRC to earlier detection through screening. However, the bulk 

of the increase in local stage CRC is an apparent artifact introduced by refinements to the 

stage coding systems. That part of the increase potentially attributable to screening is 

considerably less as evidenced by the adjusted NPCR data as well as by the unadjusted 

SEER 17 data.

In summary, we describe a methodology that allows for a comparison of cancer staging in 

the period 1998–2008 by NPCR state tumor registries and at a national level. The 

methodology employs standard regression techniques that are widely used and for which 

computer software is readily available. The method could be applied easily at state 

registries. Central cancer registries play an important role in the evaluation of the success of 

screening interventions. Stage at diagnosis is one important measure of the success of cancer 

screening. Assessing changes in stage at diagnosis over time has been hampered in NPCR 

by the changes in stage introduced by updated staging systems used during the past 10 years. 

Health departments and comprehensive cancer coalitions can use this methodology to adjust 

for these changes and properly evaluate stage at diagnosis within their region or within 

specific populations. Of course, it is also important to examine all possible reasons for shifts 

in cancer stage when interpreting results from proportional analyses. In addition, this 

methodology can be used for assessing rates of disease by stage; however, rates will reflect 

changes in population risk, as well as changes caused by earlier diagnosis.
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Appendix

The regression model is the following:

where λ is the log-odds of local stage CRC in state i in year j, SS2000 and CS are the 

indicator variables described in the methods section, and Year is year of diagnosis (1998–
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2008, coded 1–11). The model was run separately for whites and blacks for each of the 48 

states, so we obtained 48 slope parameters β̂3 's for each racial group. In addition, we 

computed OR10 = exp(10* β̂3), which is the estimated increase in the odds of local stage 

CRC during the 10-year period. We fit the logistic model for all 48 states with the addition 

of a random component effect for state. However, the magnitude of the random component 

because of state in the model was trivial, so we could ignore this error component without 

introducing bias. Effectively, this allows for collapsing on state and reporting the findings 

for all states combined.

To facilitate interpretation of the model results, we adjusted the staging data for all years to 

be comparable to the CS coding introduced in 2004. We accomplished this task by adding β̂2 

to the observed log-odds of local stage CRC for years 2001–2003 and by adding β̂2 + β̂1 to 

the observed log-odds of CRC for years 1998–2000. We then fit a straight line to the 

adjusted values, which has the following form:
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Figure 1. 
a. Log-odds of Observed and Adjusted Local Stage CRC Stage by Year among Whites

b. Proportion of Local, Regional, Distant, and Unknown CRC Stage by Year among Whites
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Figure 2. 
a. Log-odds of Observed and Adjusted Local Stage CRC Stage by Year among Blacks

b. Proportion of Local, Regional, Distant, and Unknown CRC Stage by Year among Blacks.
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