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Abstract

Purpose—Researchers are using diagnosis codes from health claims to identify metastatic

disease in cancer patients. The validity of this approach has not been established.

Methods—We used the linked 2005–2007 SEER-Medicare data to assess the validity of

metastasis codes at diagnosis from claims compared with stage reported by SEER cancer

registries. The cohort included 80,052 incident breast, lung, and colorectal cancer patients ages 65

and older. Using gold-standard SEER data, we evaluated sensitivity, specificity, positive

predictive value (PPV) and negative predictive value (NPV) of claims-based stage, survival by

stage-classification, and patient factors associated with stage misclassification using multivariable

regression.
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Results—For patients with a registry report of distant metastatic cancer, the sensitivity,

specificity, and PPV of claims never simultaneously exceeded 80% for any cancer: lung (42.7%,

94.8%, 88.1%), breast (51.0%, 98.3%, 65.8%), and colorectal (72.8%, 93.8%, 68.5%).

Misclassification of stage from Medicare claims was significantly associated with inaccurate

estimates of stage-specific survival (p<0.001). In adjusted analysis, patients who were older,

Black, or living in low-income areas were more likely to have their stage misclassified in claims.

Conclusion—Diagnosis codes in Medicare claims have limited validity for inferring cancer

stage and metastatic disease.
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Introduction

Researchers are increasingly using administrative claims data to identify cancer metastasis

and infer stage at diagnosis and recurrence among cancer patients.1–7 However, the validity

of diagnostic codes for metastasis in claims data has not been well-established in population-

based data. A prior study examined the accuracy of metastasis codes to infer stage for six

common cancers and concluded that Medicare claims have limited utility for defining cancer

stage at diagnosis compared to cancer registry data.1 However, this study only included

patients diagnosed between 1984 and 1993 and the accuracy of metastasis coding may have

improved since that time. Additionally, this study only examined hospital claims and

assessment of physician claims may also be useful in identifying metastases.

More recent studies have suggested that hospital and physician claims may have utility for

assessing metastasis, but these studies have been generally restricted to single academic

institutions and small samples, limiting their generalizability.2,4 For instance, Thomas et. al

examined claims data to identify lung cancer stage and concluded that the metastases codes

were useful for patients seen in an academic institution with private insurance, but should be

utilized with caution on a broader basis.2 No recent studies have included large population-

based cohorts or evaluated the possible implications of misclassification on stage-specific

survival.

In this study, we assessed the accuracy of metastasis codes from health claims using the

population-based linked Surveillance, Epidemiology and End Results (SEER)-Medicare

data. Specifically, we compared the validity of metastasis codes from Medicare claims in the

period following cancer diagnosis with SEER historic stage as the gold standard for three

common cancers in the U.S—breast, colorectal, and lung cancers. We also assessed the

impact of misclassification on stage-specific survival and whether inferring stage from

Medicare claims results in systematic stage misclassification for any patient groups.

Findings from this study have direct relevance for research using Medicare and other

administrative claims data to identify metastasis and infer stage at the time of diagnosis.
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Methods

Data sources

We used the linked SEER-Medicare data for this study. The SEER population-based

registries include nine states (California, Connecticut, Hawaii, Iowa, Kentucky, Louisiana,

New Jersey, New Mexico, and Utah) and six metropolitan areas (Atlanta, Detroit, Los

Angeles, San Francisco-Oakland, San Jose-Monterey, and Seattle), representing

approximately 28% of the U.S. population.8 SEER registries have detailed reporting

guidelines and extensive training efforts to instruct registrars on coding of stage.9–11 SEER

registries also engage in quality improvement initiatives and have contractual obligations to

meet specific data quality goals and develop methods to prevent and correct errors in the

data. 12

The SEER-Medicare linkage was first completed in 1991 and has been updated on a regular

basis since that time.13,14 In order to link SEER with Medicare data, the registries

participating in the SEER program send individual identifiers for all persons in their files

which are matched, using a deterministic algorithm, to identifiers contained in Medicare's

master enrollment file. For each year’s linkage, 93 percent of persons age 65 and older in the

SEER files were matched to the Medicare enrollment file. Further detail on the process of

matching individuals from SEER data with Medicare records has been described

elsewhere.14

For each patient, the SEER data contain a unique case number, each occurrence of a primary

incident cancer, month and year of diagnosis, tumor stage at diagnosis, treatment

information, and date and cause of death for patients that have died. The Medicare data

include all hospital, physician, and outpatient clinic claims for Medicare covered services

from enrollment until death for beneficiaries with fee-for-service coverage among those ages

65 and older.8

Sample selection

From the SEER-Medicare data, we selected all patients ages 65 and older who were

diagnosed between January 1, 2005 and December 31, 2007 with breast, lung, or colorectal

cancers (n=158,262). Individuals were excluded from the cohort for the following reasons:

males with breast cancer (n=441); month of diagnosis was unknown (n=691); SEER month

of death was unknown (n=5); SEER historic stage was in situ or unknown (n=19,566); did

not have continuous part A/B, fee-for-service enrollment from diagnosis month until 2

months after diagnosis month or death (n=40,806);and died ≤ 2 months after the diagnosis

month (n=16,701). After exclusions, a total of 80,052 breast, lung, and colorectal cancer

patients with local, regional, or distant disease were included in this study.

Measures

Defining Stage at Diagnosis—We used SEER historic stage as the gold standard,

because this is most comparable to how metastasis codes in Medicare claims have been used

to infer stage. SEER historic stage uses both clinical and pathological documentation of the

extent and spread of disease obtained from the medical record.10,11 Coding instructions for
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SEER historic stage follow guidelines established by The North American Association of

Central Cancer Registries (NAACCR).10 In the Medicare claims data, ICD-9-CM diagnosis

codes for secondary malignant neoplasms to specific organs were used to identify

metastases, which were defined as regional or distant metastases for each cancer site (See

Appendix Table 1). We reviewed hospital inpatient and physician claims from diagnosis

month until 2 months afterwards and classified patients as having metastases if they had

either a single inpatient claim with metastasis code(s) or two physician claims on separate

days with metastasis codes, as has been done elsewhere.15,16 The requirement for 2 days of

physician claims with metastases codes helps to eliminate inaccuracies in coding that can

occur when “ruling out” metastases as part of diagnostic work-up. Patients without any

metastases codes in inpatient claims or with metastases codes only in physician claims on a

single day were classified as having local disease.

Because patients could have multiple diagnosis codes for metastases in their claims that

could result in their classification as having both regional and distant disease at diagnosis,

we used a sequential strategy to classify stage as either regional or distant. Within the

inpatient and physician claims files, the strategy used: 1) diagnoses codes on each claim to

classify that claim; 2) claims for each day to classify the day; and 3) days with claims to

classify the patient as having either regional or distant disease. For example, a claim with 1

regional and 2 distant metastases codes was classified as a distant claim, a day with 1

regional claim and 2 distant claims was classified as a distant day, and a patient with 1

regional day and 2 distant days was classified as having distant disease at diagnosis. If there

were equal numbers of regional and distant claims or days, individuals were classified as

having distant disease. There was a small percentage of individuals (1.3%) who did not have

any Medicare claims and were classified as having local disease. Finally, because some

researchers are interested in assessing the presence of any metastasis, rather than the extent

of the metastases, we also created a summary measure for any metastases (i.e., regional or

distant).

As part of a sensitivity analyses, we also evaluated a less stringent definition of Medicare-

claims based stage, and only required a single claim with a metastases diagnosis code in

either the inpatient or physician files. We also evaluated a 4 month diagnosis window to

assess the impact of the evaluation interval on our findings.

Accuracy measures—We calculated the sensitivity, specificity, positive predictive value

(PPV), and negative predictive value (NPV) of the Medicare claims to infer stage, using

SEER historic stage as the gold standard. For each patient, we created a variable for whether

stage was misclassified by claims. Among those with stage misclassification, we also

assessed whether claims would result in an earlier stage classification than registry or a more

advanced stage classification than registry.

Evaluation of patient factors associated with stage misclassification—To

assess whether the accuracy of Medicare claims to identify metastatic cancer varied by

patient characteristics, we examined age at diagnosis (65–69, 70–74, 75–79, 80+), race

(White, Black, Other/Unknown), gender, and median census tract income in 2000 quartiles

(lowest-<$34,456; second -$34,456–$45,760; third- $45,671–$61,234; highest- $61, 235+).
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Each patient’s Charlson comorbidity score (0, 1, 2+) was measured by reviewing diagnoses

reported on hospital and physician Medicare claims in the year prior to cancer diagnosis.

Given that our cohort was composed of cancer patients, we used a version of the Charlson

index that 17 excluded cancer diagnoses, as has been done elsewhere.17

Data Analysis

For each cancer site, we compared aggregate stage distribution from SEER data with

aggregate stage distribution inferred from Medicare claims. At the individual patient level,

we calculated the sensitivity, specificity, PPV, and NPV of stage inferred from the patient’s

Medicare claims relative to the gold-standard SEER data for all cancers.

To explore the implications of stage misclassification on survival, we compared stage-

specific overall survival for subsets of patients where SEER and Medicare claims-based

stage classification agreed and disagreed. Survival was calculated from the first day of the

month of diagnosis until death or December 31, 2007, the date of data censoring. We used p-

values generated from the log-rank test for homogeneity of survival curves to evaluate of the

impact of stage misclassification on survival and calculated 95% confidence intervals.

Although we examined survival for all stages of breast, colorectal, and lung cancers, we

present results for local and distant stage lung and breast cancers since these represent the

worst and best case scenarios for misclassification.

Lastly, we evaluated whether Medicare claims-based stage systematically misclassified

stage for any patient group. We conducted multivariable logistic regression analyses to

identify patient factors associated with stage misclassification, including age, race, gender,

SEER registry, Charlson comorbidity score, and median census tract income. We also

assessed whether patient factors were associated with the direction of stage misclassification

(i.e., claims resulting in earlier or later stage classification vs. registry) in multivariable

polytomous logistic regression analyses. Since the Charlson comorbidity score is measured

in the year prior to cancer diagnosis, these sets of analyses were restricted to patients ages 66

and older.

Results

Table 1 presents socio-demographic and health characteristics of individuals diagnosed with

breast, colorectal, and lung cancers. Among lung and breast cancer patients, there were

similar distributions by age category. A greater proportion of colorectal cancer patients were

ages 80 and older compared to other cancer sites. For all three cancer sites, the majority of

the sample was White race. Among those ages 66 and older, comorbidity varied by cancer

site, with 27.0% of lung cancer patients having a Charlson score of 2 or more compared to

19.5% and 13.8% of colorectal and breast cancer patients, respectively.

Aggregate distributions of stage

Figures 1A–1C depict the aggregate distribution of stage at diagnosis inferred from

Medicare claims compared to SEER historic stage by cancer site. For all three cancers,

Medicare claims-based stage classifications overestimated distributions of local and

underestimated distributions of regional disease when compared to SEER data.
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Discrepancies were greatest for lung cancer, including a substantially lower percentage of

distant disease using the claims-based measure compared to SEER stage (22.9% vs. 47.4%,

respectively).

Accuracy of Medicare claims for inferring stage

The sensitivity, specificity, PPV and NPV of the metastasis codes in Medicare claims

relative to SEER stage is presented in Table 2. As shown in Table 2, none of the stage-

specific accuracy measures simultaneously exceeded 80% for any of the cancer sites.

Similarly, none of the “any metastases” measures simultaneously exceeded this threshold.

For patients with distant disease at diagnosis in the SEER data, the sensitivity, specificity

and PPV of the claims were: lung (42.7%, 94.8%, 88.1%), breast (51.0%, 98.3%, 65.8%),

and colorectal cancer (72.8%, 93.8%, 68.5%). In our sensitivity analyses using a less

stringent definition of stage (i.e. only requiring a single metastasis code in physician claims),

sensitivity was generally higher for regional and distant disease, but PPV was lower. Our

sensitivity analyses using a 4-month window to classify stage in Medicare claims revealed

similar findings (data not shown).

Comparison of survival based on SEER gold standard and Medicare claims-based stage at
diagnosis

We also compared survival based on stage from Medicare claims to SEER stage for each

cancer. Figures 2A and 2B illustrate a subset of these analyses for men with lung cancer and

women with breast cancer. Survival based only on SEER stage is shown in each panel with a

solid, dark blue line and was considered the gold standard. The shaded area around the lines

represents the 95% confidence intervals. As shown in panel 1 of Figure 2A, the pink line

represents survival for patients with agreement between local stage inferred from Medicare

claims and SEER historic stage. Here, the pink line appears superimposed on SEER survival

(dark blue line), demonstrating that when a patient’s stage inferred from the Medicare

claims corresponds to SEER stage, their survival is accurately represented. We also

examined survival for patients with local stage derived from Medicare claims where the

SEER data reported either regional stage (green line) or distant stage (brown line). For

patients misclassified by Medicare claims as local stage, their observed survival was

significantly poorer than for patients where the Medicare claims based measure

corresponded to SEER stage (p<0.001) and the gold standard SEER survival.

Panel 2 of Figure 2A illustrates similar data for distant stage of lung cancer in men. Notably,

among patients with disagreement for distant stage, survival is markedly better compared to

SEER survival for distant stage (dark blue line) and these curves are represented by the

green (SEER local) and brown (SEER regional) lines. For women with breast cancer,

patterns of survival by Medicare claims-based stage and SEER data (Figure 2B, Panels 1

and 2) were similar to patterns for men with lung cancer. Misclassification of stage was

significantly associated with –inaccurate estimates of stage-specific survival for all cancers

(p<0.001).
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Patient Factors Associated with Misclassification of Cancer Stage at Diagnosis Inferred
from Medicare Claims

Table 3 presents results from multivariable logistic regressions evaluating the association

between patient socio-demographic factors and stage disagreement between Medicare

claims-based measures of stage at diagnosis and SEER data. In adjusted analysis, older age

was consistently associated with greater stage misclassification in Medicare claims for all

cancers (p<0.01 for all). Black patients were significantly more likely to have stage

misclassification compared to other patients for lung (p<0.001) and breast cancers (p<0.01).

Compared to those from the highest census-tract income areas, patients residing in lower

census-tract income areas were more likely to have misclassification of stage by Medicare

claims-based measures for all three cancers. Polytomous regression results indicated that

misclassification for adults who were older, Black breast and lung cancer patients, and those

living in lower census-tract income areas was in the direction of claims inferring an earlier

stage of disease at diagnosis than the gold standard registry stage (Appendix Tables 2–4).

Discussion

In this study, we evaluated the validity of metastases codes in Medicare claims for inferring

stage at diagnosis for breast, colorectal, and lung cancers. Overall performance of the

metastases codes from claims data compared to the gold standard of SEER stage was poor

and never simultaneously exceeded 80% for sensitivity, specificity, PPV and NPV for any

stage for any cancer. Our findings are consistent with prior studies and demonstrate that use

of claims alone to infer cancer stage at diagnosis will misclassify a significant number of

patients and lead to a biased assessment of survival.1,2,4 Use of claims alone to infer stage

may also introduce bias in analyses where stage is evaluated as a confounder or effect

modifier of other associations.

This study builds on prior research that has evaluated the validity of administrative claims to

identify metastases in several important ways. Our assessment of stage-specific survival

demonstrates that using Medicare claims to infer stage will inaccurately represent survival,

with the greatest discrepancies for cancers with a higher proportion of advanced disease

patients (e.g. lung and colorectal cancers). We also identified patient factors associated with

systematic misclassification of inferred stage from Medicare claims. We found

disproportionate stage misclassification in older cancer patients and individuals living in

lower income census-tracts for all three cancers. Black lung and breast cancer patients were

also more likely to have stage misclassification than their White counterparts. Additionally,

our findings indicated that stage from claims was commonly misclassified as earlier stage of

disease at diagnosis compared to the gold standard registry stage. Potential reasons for

greater misclassification among these groups are likely tied to a combination of factors, such

as health care setting, coding practice variations by type of institution, and individual-level

discrepancies in quality of coding. Black patients and older adults are less likely to receive

cancer treatment 18–21 and may also be less likely to receive complete diagnostic evaluation

or staging. Possible explanations for this include limited access to care, transportation

barriers, and geographic-based differences in availability of health care resources.18–22
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Our analysis of the validity of Medicare claims for identifying metastasis focused on the

time of diagnosis. We could not evaluate the validity of health claims for identifying

metastasis, for inferring recurrence, or for calculating disease-free survival because there is

not a gold standard measure of recurrence in population-based data. Although the period

following diagnosis is when cancer patients are likely to be evaluated comprehensively, the

poor performance we observed in the diagnosis period suggests that metastases codes alone

in claims data will also have limited utility for accurately identifying metastasis for inferring

cancer recurrence or disease progression. A recent population-based study using health

maintenance organization (HMO) and the Cancer Care Outcomes Research and Surveillance

Consortium (CanCORS) study data assessed disease-free status 14 and 60 months after

diagnosis and concluded that no set of codes for metastasis were highly sensitive or specific

among breast, lung, colorectal and prostate cancer patients.23 Additionally, Warren, et al.

used the SEER-Medicare data to examine indicators of recurrence after initial treatment and

found that claims with metastasis codes and the dates of these claims were poor indicators of

recurrence or its timing.24 Therefore, our study provides additional evidence that relying on

diagnosis codes for metastasis in claims will misclassify recurrence or disease-free survival

among cancer patients.

While our findings suggest that there are substantive challenges to using administrative data

to identify cancer metastasis and infer stage, they also offer insight into efforts that may

improve data related to metastasis and cancer stage. Claims alone are unlikely to have

sufficient detail to reliably identify metastatic disease, either at diagnosis or at disease

progression. Administrative data-based algorithms can be modified to emphasize different

aspects of validity (e.g., PPV).25 Additionally, the development of electronic health records

(EHR) and natural language processing tools offer opportunities to enhance information

collected for cancer patients so that accurate stage and disease progression information

could be reported in a consistent and comprehensive manner.26,27

Notably, this study had several strengths, including a large population-based sample, a

cancer registry gold-standard definition of stage at diagnosis, the evaluation of validity for

each stage as well as the broader category of “any metastases” and an assessment of the

impact of stage misclassification on survival. We also conducted several sensitivity analyses

to evaluate different Medicare claims algorithms for inferring stage, different windows of

time following diagnosis, and different model specifications of misclassification. Despite

these strengths, there were also limitations that should be noted. We were not able to provide

information on groups that were excluded from the analyses, such as patients younger than

age 65 or those receiving coverage through Medicare managed care. In addition, these

findings may not be generalizable to patients treated outside of SEER regions.

In conclusion, our findings suggest that metastases codes should not be used to infer stage at

diagnosis because this strategy results in substantial misclassification, particularly for certain

socio-demographic groups. Furthermore, metastases codes alone from Medicare claims will

likely have limited validity for inferring recurrence and estimating disease-free survival.

Future research should utilize data sources with comprehensive stage information, such as

registries or medical records, and make efforts to replicate this study’s findings among

younger cancer patients and other cancer sites. Additionally, efforts to standardize the EHR
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to collect cancer stage and recurrence information should be a priority for future health

services research.
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Figure 1.
Figure 1A. Aggregate Distributions of Breast Cancer Stage at Diagnosis from SEER Data

and Inferred from Medicare Claims

Figure 1B. Aggregate Distributions of Colorectal Cancer Stage at Diagnosis from SEER

Data and Inferred from Medicare Claims

Figure 1C. Aggregate Distributions of Lung Cancer Stage at Diagnosis from SEER Data and

Inferred from Medicare Claims
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Figure 2.
Figure 2A, Panel 1. Comparison of Overall Survival for Men with Local Lung Cancer by

Stage at Diagnosis Inferred from Medicare Claims to SEER Data

Figure 2B, Panel 1. Comparison of Overall Survival for Women with Local Breast Cancer

by Stage at Diagnosis Inferred from Medicare Claims to SEER Data

Figure 2A, Panel 2. Comparison of Overall Survival for Men with Distant Lung Cancer by

Stage at Diagnosis Inferred from Medicare Claims to SEER Data
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Figure 2B, Panel 2. Comparison of Overall Survival for Women with Distant Breast Cancer

by Stage at Diagnosis Inferred from Medicare Claims to SEER Data
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Appendix Table 1

Diagnosis Codes used to Identify Metastases in Medicare Claims and Infer Stage

Site Regional Metatases Distant Metastases

Lung 196.1 Intrathoracic lymph nodes-
Bronchopulmonary
Intercostal
Mediastinal
Tracheobronchial
197.0 Lung Bronchus
197.1 Mediastinum
197.2 Pleura
197.3 Other respiratory organs-Trachea

Lymph nodes 196.0, 196.2–196.9
Abdomen 197.4–197.6, 197.8
Liver 197.7
Bone 198.5
Brain 198.3
Carcinomatosis 199.0
Other sites 198.0–198.2, 198.4,198.6–198.8x

Colorectal 196.2 Intra-abdominal lymph nodes
Intestinal
Mesenteric
Retroperitoneal
197.5 Large intestine and rectum

Lymph nodes 196.0, 196.1, 196.3–196.9
Lung 197.0–197.3
Abdomen 197.4, 197.6, 197.8
Liver 197.7
Bone 198.5
Brain 198.3
Carcinomatosis 199.0
Other sites 198.0–198.2, 198.4, 198.6–198.8x

Breast 196.3 Lymph nodes of axilla and upper limb
Brachial
Epitrochlear
Infraclavicular
Pectoral
198.81 Breast

Lymph nodes 196.1, 196.2, 196.4–196.9
Lung 197.0–197.3
Abdomen 197.4–197.6, 197.8
Liver 197.7
Bone 198.5
Brain 198.3
Carcinomatosis 199.0
Other sites 198.0–198.2, 198.4, 198.6–198.7, 198.82, 198.89
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