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Background: The presence of comorbid medical conditions can significantly affect a cancer
patient’s treatment options, quality of life, and survival. However, these important data are
often lacking from population-based cancer registries. Leveraging routine linkage to hospital
discharge data, a comorbidity score was calculated for patients in the California Cancer Registry
(CCR) database.

Methods: California cancer cases diagnosed between 1991 and 2013 were linked to statewide
hospital discharge data. A Deyo and Romano adapted Charlson Comorbidity Index was calculated
for each case, and the association of comorbidity score with overall survival was assessed with
Kaplan—Meier curves and Cox proportional hazards models. Using a subset of Medicare-enrolled
CCR cases, the index was validated against a comorbidity score derived using Surveillance,
Epidemiology, and End Results (SEER)-Medicare linked data.

Results: A comorbidity score was calculated for 71% of CCR cases. The majority (60.2%)
had no relevant comorbidities. Increasing comorbidity score was associated with poorer overall
survival. In a multivariable model, high comorbidity conferred twice the risk of death compared
to no comorbidity (hazard ratio 2.33, 95% CI: 2.32-2.34). In the subset of patients with a SEER-
Medicare-derived score, the sensitivity of the hospital discharge-based index for detecting any
comorbidity was 76.5. The association between overall mortality and comorbidity score was
stronger for the hospital discharge-based score than for the SEER-Medicare-derived index, and
the predictive ability of the hospital discharge-based score, as measured by Harrell’s C index, was
also slightly better for the hospital discharge-based score (C index 0.62 versus 0.59, P<0.001).
Conclusions: Despite some limitations, using hospital discharge data to construct a comorbid-
ity index for cancer registries is a feasible and valid method to enhance registry data, which can
provide important clinically relevant information for population-based cancer outcomes research.
Keywords: administrative health care data, data linkages, population-based, validation, cancer
registry, hospital discharge data, survival

Plain language summary

Population-based cancer registries collect information about cancers that occur in residents of
geographically defined areas. These data are used to assess whether cancer-related outcomes
differ for certain groups within the population. Many registries do not collect information on the
presence of medical conditions other than cancer. Yet, these underlying medical conditions often
affect the types of treatments offered and the patient’s life expectancy. This study demonstrated
the feasibility and accuracy of obtaining information on underlying medical conditions by link-
ing cancer registry data to hospital discharge reports, leveraging a procedure already routinely

performed by registries to update each patient’s follow-up information. This study used hospital
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discharge data to derive a score that represented the presence of
serious coexisting medical conditions in cancer patients. Higher
scores were associated with higher probability of death, and the
scores derived from hospital discharge data were stronger predic-
tors of mortality than those from a more costly and time-consuming
linkage with Medicare. The addition of this comorbidity score to
registry data adds minimal cost to the operation of the registry, but
is extremely valuable because it allows researchers to have a more
accurate picture of the underlying health of the population and to
take it into account when studying cancer-related outcomes.

Introduction
Population-based cancer registries are an invaluable resource
for cancer outcomes research. Their population-based nature
enables the assessment of “real world” outcomes and ensures
broad generalizability of findings. However, while these reg-
istries capture detailed cancer data and patient demographics,
they often lack data on other important factors, hampering
the translation of population-based research to clinical patient
care, and limiting the utility of registry data in compara-
tive effectiveness research. The lack of information on the
presence of coexisting medical conditions, which influence
treatment options, quality of life, and survival, is one of the
greatest shortcomings of population-based cancer registry
data. These data are often used to identify disparities in care
and outcomes, yet findings may be confounded by unrecog-
nized differences in the underlying health of the population
subgroups. Additionally, in order to apply the findings of
population-based studies to clinical care, physicians need to
be able to assess the comparability of the study population to
their patient population, which may bear significantly differ-
ent comorbidity burdens. The routine addition of comorbid-
ity data to cancer registry data should greatly enhance the
value of registry data for research and increase its relevance
to clinicians, health care administrators, and policy makers.
In population-based cancer research, data on comorbidity
usually come from linkages with other sources of admin-
istrative health care data, and several measures have been
developed to quantify the burden of comorbid disease using
administrative data.! The Charlson Comorbidity Index is one
of the most widely used measures and has been validated
in many settings, including cancer.'® The National Can-
cer Institute (NCI)’s Surveillance, Epidemiology, and End
Results (SEER) program has routinely linked its database of
SEER-affiliated cancer registries with Medicare data. While
the value of the SEER-Medicare linked data is unparalleled
as a source of detailed information of treatment and comor-
bidities, files are limited to SEER registries and patients
who are mostly 65 years and older. Another limitation of

the SEER-Medicare files is the lack of detailed claims data
for Medicare beneficiaries enrolled in health maintenance
organizations compared to those enrolled in fee-for-service
plans.” Accordingly, a method that can be used by cancer
registries to capture comorbidity information for all patients
on a routine basis would be desirable.

Specialized large-scale linkages to external health care
databases that are conducted on a project-specific basis can
be costly, time-consuming, resource-intensive, and fraught
with regulatory and legal challenges.”® However, some central
cancer registries already have mechanisms in place to conduct
routine linkages to large administrative databases, including
hospital discharge data, to obtain passive follow-up for vital
status. Leveraging these linkages to obtain additional data
could substantially enhance the value of standard data col-
lected by cancer registries. The purpose of this study was to
construct and validate a comorbidity index based on hospital
discharge data that could be replicated by other registries. To
accomplish this purpose, we specifically sought to 1) derive
a Charlson comorbidity score for cancer patients in Califor-
nia and 2) validate this index by comparing overall survival
estimates obtained through its use with estimates from a
SEER-Medicare-derived index.

Methods
The California Cancer Registry (CCR) is the state-mandated
cancer surveillance system that has been collecting data on
all cancers diagnosed in residents of the state since 1988.°!2
Data are collected through a network of regional registries,
which are also affiliated with the SEER program. As part of
routine passive follow-up activities, the CCR annually links
its database to the Office of Statewide Health Planning and
Development (OSHPD) patient data. OSHPD is California’s
source for hospital discharge data and includes hospital inpa-
tient discharge reports as well as emergency department and
ambulatory surgery encounters. OSHPD provides International
Classification of Diseases diagnosis codes for the principal
diagnosis and up to 24 other diagnoses for all inpatient admis-
sions from 1991 forward, and for all ambulatory surgery and
emergency department encounters from 2005 forward.!>-°
All patients in the CCR database who were diagnosed
with cancer between 1991 and 2013 were linked to OSHPD
patient discharge data (PDD), emergency department data
(EDD), and ambulatory surgery data (ASD) using probabilis-
tic matching on social security number, date of birth, sex, and
zip code. Patients in the CCR data may have multiple cancer
diagnoses. With the objective of quantifying the comorbidity
burden at the time of each cancer diagnosis, for every linked
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patient, all admissions that occurred from a year prior to
each cancer diagnosis through 6 months (180 days) follow-
ing the diagnosis were selected. A list of diagnostic codes
relevant for the calculation of the Charlson Comorbidity
Index was compiled (Table S1).'° Using the freely available
SAS macro from the NCI, the Deyo and Romano adapted
Charlson Comorbidity Index was calculated.'”!* This index is
a weighted score based on the presence of 16 medical condi-
tions: congestive heart failure, myocardial infarction (acute
and old), peripheral vascular disease, cerebrovascular disease,
dementia, chronic pulmonary disease, rheumatologic disease,
peptic ulcer disease, mild liver disease, moderate/severe
liver disease, diabetes, diabetes with chronic complications,
hemi- or paraplegia, renal disease, and acquired immune
deficiency syndrome. A score of 0 indicates that no relevant
comorbidities were recorded for that patient. For each cancer
patient, admissions occurring within the defined time period
were searched for the presence of any of these diagnoses.
The association of the comorbidity score with overall
survival was assessed. Survival time was calculated from date
of a cancer diagnosis to date of death or last follow-up, with
missing day imputed as 15. Cases with unknown month of
last contact (n=579) were excluded from the survival analysis.
Cases alive on December 31, 2014, were censored on this date.
Overall survival following a cancer diagnosis was calculated
for all cases using the Kaplan—-Meier method and the log-rank
test was used to compare survival by comorbidity score. A Cox
proportional hazards model was also constructed to assess the
association of comorbidity score with the cancer patients’ over-
all survival. Hazard ratios (HRs) were obtained, both crude and
adjusted for the following potential confounders: age, sex, race/
ethnicity, cancer stage at diagnosis, and a previously described
neighborhood-level measure of socioeconomic status (SES).202!
In the 2013 Annual Report to the Nation, Edwards et al
reported on the comorbidity burden of SEER cancer patients
calculated using the linked SEER-Medicare database.’ Via
a special data request made to NCI’'s SEER program, the
Medicare-based comorbidity index was obtained for those
SEER patients that were originally reported by CCR reg-
istries.”>? These data were utilized to further validate our
comorbidity measure. For each cancer case, the indexes
derived from each source — hospital discharge data and
SEER-Medicare — were compared and, using the Cox model
described above, the strength of association of each index with
overall mortality in our population was compared. Addition-
ally, Harrell’s concordance index* (C index) was calculated
for the models. The C index measures the proportion of pairs
where the predicted and observed outcomes are concordant

and can be interpreted as a measure of the model’s predictive
performance; a higher C index indicates better predictive
performance. C indexes were calculated using the “survival”
package® in R version 3.2.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria), and compared using the
“compareC” package.?® All other statistical analyses were
conducted in SAS version 9.4 (SAS Institute, Cary, NC, USA).

This study was covered under the protocol for the Greater
Bay Area Cancer Registry approved by the Cancer Prevention
Institute of California’s Institutional Review Board. Informed
consent was not required as the analysis was conducted as a
part of the CCR routine activities under the California state
mandate for cancer reporting.

Results

Of the 3,634,058 cases in the CCR database diagnosed
between 1991 and 2013, 3,294,586 (90.7%) had a match in
at least one of the three OSHPD files. Of those, 2,583,704
(78.4%) had an admission during the time period of interest
that could be used to calculate the comorbidity index. The
proportion of cases with a matching OSHPD admission that
had comorbidity data varied by year of diagnosis, patient
demographics, and cancer site.

The availability of comorbidity data was higher for
women (81.1%), cases at the extremes of age (83.3% for
persons aged 0—19 years, and 81.7% for persons aged 80
years and older), and for Asian/Pacific Islander patients
(83.1%), and lower for men (75.7%), young adults aged
20-29 years (71.4%), non-Hispanic whites (77.4%), and
patients with unknown race/ethnicity (45.4%). Comorbidity
data were available for a higher proportion (87.5%) of cases
diagnosed in 2005-2013, the years for which the ASD and
EDD files were available, than those diagnosed in years for
which only PDD files were available, 1991-2004 (71.3%)
(Table 1). Overall, the proportion of cases with comorbid-
ity data ranged from a high of 95.9% for uterine cancers to
a low of 46.7% for melanomas, but this varied by year of
diagnosis (Table 2). The effect of the availability of ASD and
EDD files was greater for cancer sites where treatment is less
often provided in inpatient settings, such as for melanoma,
testicular, bladder, and breast cancers.

Of'the cases with comorbidity data, the majority (60.2%)
had a comorbidity score of 0, indicating no relevant comorbid
conditions, and less than a quarter (22%) had a score of 1.
Only 9.2% had a score of 3 or higher, reflecting a heavy
comorbidity burden.

As can be seen in Figure 1, an increasing comorbid-
ity score was significantly associated with poorer overall
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Table | Characteristics of cancer cases with comorbidity data in
California hospital discharge files

Characteristic Comorbidity No comorbidity Total N

data, % data, %
Age at diagnosis (years)
0-19 83.3 16.7 28,360
20-29 71.4 28.6 54,379
30-39 74.6 25.4 131,862
4049 77.4 22.6 312,023
50-59 79.0 21.0 567,237
60-69 78.2 21.8 807,414
70-79 77.4 22.6 842,901
>80 81.7 18.4 550,410
Sex
Male 75.7 24.3 1,609,739
Female 8l.1 18.9 1,684,847
Race/ethnicity
Non-Hispanic White 774 22.6 2,296,920
Non-Hispanic Black 799 20.1 210,893
Hispanic 82.7 17.3 455,737
Asian/Pacific Islander 83.1 16.9 279,034
Other 80.5 19.5 12,565
Unknown 45.4 54.6 39,437
Year of diagnosis
Years with PDD only ~ 71.3 28.7 1,846,667
(1991-2004)
Years with PDD 87.5 12.5 1,447,919
+ ASD + EDD
(2005-2013)
Total 78.4 21.6 3,294,586

Note: Percentages may add up to >100 due to rounding.
Abbreviations: ASD, ambulatory surgery data; EDD, emergency department data;
PDD, patient discharge data.

survival. Without adjusting for potential confounders, the
risk of overall mortality was approximately double for cases
with a comorbidity score of 1 (HR 1.99, 95% CI: 1.99-2.00)
compared to those with no comorbidity, almost triple for a
comorbidity score of 2 (HR 2.82, 95% CI: 2.81-2.84), and
quadruple for a score of 3 or higher (HR 3.95, 95% CI:
3.93-3.98) (Table 3). Although attenuated after adjusting
for age, sex, race/ethnicity, SES, and cancer stage at diag-
nosis, there was still a significant independent association of
comorbidity score with overall mortality (Table 3). Compared
to cases with no comorbidities, those with a comorbidity
score of 1 had a 50% higher risk of death (HR 1.50, 95%
CI: 1.49-1.50). A score of 2 conferred a 79% higher risk
(HR 1.79, 95% CI: 1.78-1.80) and a score of 3 or higher
was associated with more than double the mortality risk (HR
2.33,95% CI: 2.32-2.34).

The comorbidity score derived using hospital discharge
data was compared to that derived using SEER-Medicare data
in the subset of patients for which this datum was available
in both sources. Although our methods differed from those

used by NCI, both measures were intended to be a reflection
of comorbidity burden at the time of cancer diagnosis. The
comorbidity score based on hospital discharge data was the
same as the Medicare claims-based score in 55.4% of cases,
and within 1 point for 85% of cases. The discrepancy in score
was not due to hospital discharge data consistently over- or
undercapturing Charlson comorbidities; the comorbidity
score based on hospital discharge data was lower in 54%
and higher in 46% of cases when the scores were different.

Using SEER-Medicare as the gold standard, the sensitiv-
ity of hospital discharge data for detecting any comorbidity
versus none was 76.5, and the sensitivity for detecting moder-
ate/high comorbidity (score of 2 or more) was 61.6. While
the concordance between the two measures was >90% for
all specific comorbid conditions except chronic pulmonary
disease (85.2%) and congestive heart failure (89.6%), the
sensitivity of the hospital discharge-based measure for detect-
ing specific comorbid conditions varied greatly (Table S2).
For conditions with a prevalence of >10%, however, the
sensitivity was generally good. Additionally, the negative
predictive value of the hospital discharge measure was 290%
for all conditions.

In both univariable and multivariable Cox models, the
comorbidity score derived from hospital discharge data
proved to be a stronger predictor of overall mortality than
the comorbidity scores derived with SEER-Medicare data.
Both the C indexes and the estimated HRs were higher in the
hospital discharge-derived model (Table 4).

Discussion

Almost all states in the US maintain statewide hospital
discharge databases,?” and the North American Association
of Central Cancer Registries has published guidelines on
the use of information from hospital discharge databases
to enhance the data collected by central cancer registries.?
Some states, such as California, have incorporated linkage
to hospital discharge data as part of routine registry operat-
ing procedures. Using data available through routine central
cancer registry follow-up activities, a comorbidity index was
calculated, which can be used in health outcomes research to
quantify the burden of comorbid conditions at the time of the
patient’s cancer diagnosis. For cancer registries that already
conduct routine linkage to state hospital discharge data, this
comorbidity measure has clear advantages. It creates minimal
additional burden to registry operations because the data used
to derive this index come from an established routine linkage
process. Additionally, it has the advantage of being available
for the majority of the cancer population represented in the
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Table 2 Proportion of cancer cases with comorbidity data by cancer type and hospital discharge file

Cancer type Overall, % PDD only PDD+ASD+EDD Difference in percent matching
(1991-2004), % (2005-2013), % by discharge file availability, %*

Corpus uteri 95.9 95.1 96.8 1.8
Gallbladder 95.7 94.8 96.8 1.9
Ovary 95.5 94.7 96.7 1.9
Other digestive organs 95.1 94.0 96.3 23
Small intestine 94.9 94.1 95.8 1.6
Stomach 94.1 933 95.2 1.9
Kidney and renal pelvis 939 93.0 94.7 1.7
Colon 93.1 91.9 95.1 33
Pancreas 93.0 91.4 94.8 33
Thyroid 925 89.9 94.4 4.5
Bones and joints 91.2 89.5 93.5 4.0
Other urinary organs 90.7 86.9 95.7 87
Esophagus 89.5 86.2 93.8 7.6
Brain and other nervous system 89.1 89.2 89.0 0.1
Liver and bile duct 89.1 87.6 90.2 2.6
Rectum 88.7 85.5 93.4 79
Lung and bronchus 88.4 85.8 92.3 6.5
Uterus, not otherwise specified 86.9 83.2 89.9 6.7
Soft tissue including heart 84.0 76.2 92.9 16.7
Other endocrine 82.3 79.9 834 35
Other 8l1.2 787 84.4 5.7
Myeloma 77.0 70.9 83.8 12.9
Oral cavity and pharynx 77.0 67.4 89.0 21.6
Urinary bladder 76.6 63.8 933 295
Breast 753 61.3 92.8 315
Lymphomas 75.2 65.3 87.6 224
Leukemia 749 70.9 80.2 9.3
Anus, anal canal, and anorectum 73.5 61.6 82.8 21.2
Other respiratory system 714 58.5 922 337
Testis 71.0 51.9 93.8 41.9
Other female genital organs 69.4 54.7 87.8 33.1
Cervix uteri 67.4 60.8 93.4 326
Other male genital organs 64.3 49.9 82.0 32.1
Prostate 62.0 56.4 70.8 14.4
Eye and orbit 59.3 382 86.2 47.9
Other nonepithelial skin 58.2 395 78.5 39.0
Melanomas — skin 46.7 25.4 66.0 40.7

Note: *May not be equal to Column 3 (PDD+ASD+EDD) - Column 2 (PDD only) due to rounding.
Abbreviations: ASD, ambulatory surgery data; EDD, emergency department data; PDD, patient discharge data.

registry database, regardless of age, cancer type, or insurance
coverage. This is in contrast to SEER-Medicare, the primary
population-based linked database containing comorbidity
information, which is limited by patient age (e.g. age 65 years
for Medicare eligibility), SEER affiliation, and health plan
participation (e.g. Medicare fee-for-service versus Medicare
Advantage), as well as health care network-based linked data,
such as The Oncoshare Project, which is limited by cancer
site (e.g. breast cancer) and treating institution.”

However, the index derived from hospital discharge data
does have some limitations. Although a comorbidity index
was calculated for the majority (71%) of cancer cases in the
CCR, the availability of data did vary significantly by cancer

site and year of diagnosis. In California, hospital discharge
data are only available for patients who had an inpatient
admission or an encounter at an ambulatory surgery center
or emergency department. For most cancer patients this
will occur at the time of cancer-directed surgery. Therefore,
the nature of this data source dictates that cancers managed
surgically will be more completely represented than those
primarily treated with systemic or radiation therapy.

To compensate for the lack of data on routine outpatient
care, the time window around the date of diagnosis used
to identify comorbid conditions was extended. We felt that
limiting the encounters used in the calculation of the index
to the year prior to diagnosis, as is often done, would have
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Figure | Overall survival by comorbidity score for California cancer cases.

Table 3 Association of Charlson Comorbidity Index with overall mortality among California cancer patients

10

15

0 1

Logrank p<0.0001

20

25

Characteristic

Univariable model

Multivariable model

HR 95% HR HR 95% HR
confidence limits confidence limits
Lower Upper Lower Upper
Charlson 0 Reference Reference
Comorbidity | 1.99 1.99 2.00 1.50 1.49 1.50
Index Score 2 2.82 2.8l 2.84 1.79 1.78 1.80
3 or higher 3.95 393 3.98 233 2.32 2.34
Age at diagnosis Per year 1.04 1.04 1.04
Sex Male Reference
Female 0.85 0.85 0.86
Race/ethnicity Non-Hispanic White Reference
Asian/Pacific Islander 0.85 0.84 0.85
Hispanic 0.88 0.87 0.88
Non-Hispanic Black 1.05 1.04 1.05
Other/unknown 0.64 0.63 0.66
SEER summary In situ 0.69 0.69 0.70
stage Localized Reference
Regional 1.82 1.81 1.83
Distant 5.11 5.09 5.13
Unstaged 3.73 371 3.75
SES quintile | (lowest SES) 1.39 1.38 1.40
2 1.29 1.28 1.30
3 1.21 1.21 1.22
4 1.12 1.12 1.13
5 (highest SES) Reference

Abbreviations: SES, socioeconomic status; HR, hazard ratio; SEER, Surveillance Epidemiology and End Results.

biased our data toward capturing only the sickest patients —

those with medical conditions serious enough to require

hospital-based care independent of their cancer diagnosis.

Cancer-related care is increasingly provided on an outpatient

basis and contact with a hospital facility (including ambula-

tory surgery centers) during the peri-diagnostic period may
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Table 4 Association of hospital discharge- and Medicare-derived Charlson indexes with overall mortality

Comorbidity score Unadjusted model

HR (95% CI)

Adjusted model®
HR (95% CI)

Model using OSHPD-
derived score

Model using SEER-
Medicare-derived score

Model using OSHPD-
derived score

Model using SEER-
Medicare-derived score

C index = 0.62 C index = 0.59 C index = 0.77 Cindex = 0.76
| 1.69 (1.67-1.70) 1.45 (1.43—1.46) 1.53 (1.51-1.54) 1.32 (1.31-1.34)
2 2.36 (2.33-2.38) 1.84 (1.82-1.87) 1.91 (1.88-1.93) 1.56 (1.54-1.58)
3 or higher 3.23 (3.19-3.27) 2.51 (2.48-2.53) 2.45 (2.42-2.48) 1.97 (1.95-1.99)

Notes: *Model adjusted for age, sex, race/ethnicity, cancer stage, and quintile of neighborhood SES.
Abbreviations: HR, hazard ratio; OSHPD, Office of Statewide Health Planning and Development; SES, socioeconomic status; SEER, Surveillance, Epidemiology, and End

Results.

only occur at the time of cancer-related surgery.3*3? With
potential treatment delays and the increasing use of neoad-
juvant therapy, the time between diagnosis and surgery can
be prolonged well beyond the month of diagnosis.** In the
CCR, the mean time from diagnosis to surgery for patients
who had neoadjuvant therapy was 132 days, and the 75th
percentile was 174 days, which is ~6 months. By extend-
ing the time window to 6 months postdiagnosis, we were
able to maximize our ability to capture comorbidity data
while minimizing the potential for the misclassification of
treatment-related conditions as preexisting comorbidities.
Sensitivity analysis revealed that the inclusion of encounters
occurring up to 6 months after diagnosis did not significantly
affect results compared to using a comorbidity index based
on only the 12 months prior to diagnosis (Tables S3A-D).
The Charlson Comorbidity Index consists of a limited
number of conditions, and most of the common adverse
effects resulting from cancer therapy are not conditions
that contribute to the index. Some conditions, such as heart
failure and renal disease, are associated with cancer treat-
ment and could potentially be misclassified as preexisting
comorbid conditions using our index. However, treatment-
related cardio- and nephrotoxicity are treatment- and agent-
specific and occur in only a fraction of patients receiving
that particular treatment. Thus, the number of potentially
misclassified cases is multiplicatively reduced by the pro-
portion of patients receiving a particular treatment within
6 months of diagnosis, the proportion of those patients that
develop a condition included in the Charlson index, and the
proportion of those developing that condition who develop
it within 6 months of diagnosis. For example, anthracyclines
are chemotherapeutic agents that have been associated with
cardiac toxicity in up to 1.6%-2.1% of patients.** In our
data, the potential misclassification of anthracycline-induced
heart failure as a preexisting comorbidity would be limited
to cases diagnosed with a cancer for which anthracycline
chemotherapy is indicated, multiplied by the proportion of

those cancers that received an anthracycline, multiplied by
the proportion that began their anthracycline-based treatment
within 6 months of diagnosis, multiplied by the proportion
that developed cardiotoxicity acutely. Compared to the gain
in the number of cases we were able to link by extending
the time window (N=1,022,768), the number of cases with
potentially misclassified comorbidities should be small.
Reassuringly, no excess of codes for congestive heart failure
or chronic renal disease was noted in encounters from the
6 months following diagnosis; the prevalence of specific
comorbid conditions identified by our algorithm was similar
between the encounters preceding diagnosis and those fol-
lowing diagnosis (Table S3C).

As with any measure based primarily on inpatient
administrative data, there is potential to under-ascertain
conditions that are commonly managed on an outpatient
basis. Detection of these conditions in our data relied
primarily on their coding as secondary diagnoses during
an episode of hospital-based care. Because most of the
conditions in the Charlson Comorbidity Index would affect
patient management, and potentially affect hospital billing
and reimbursement, they would likely be captured in the
secondary diagnoses.*3¢ We tried to assess the degree of
under-ascertainment of these conditions by comparing our
comorbidity score to one derived using both inpatient and
outpatient Medicare claims. The agreement between the
two sources was fairly good. The score based on hospital
discharge data was not consistently higher or lower than
the Medicare-based score. While we did find that our index
under-ascertained some conditions that are generally man-
aged as an outpatient, such as diabetes, the false-negative
rate for these conditions using our index was only about
5%—6%. Because our comorbidity index was intended to
measure the overall comorbid burden, not specific medi-
cal conditions, we did not feel that this compromised the
interpretation of our score. The validity of our hospital
discharge-based index as a measure of underlying health
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status was confirmed by its association with overall mortal-
ity, which was significantly stronger for our index than for
the Medicare-based index, and by its performance in pre-
dicting overall mortality, which was better than that of the
Medicare-based index. Thus, while the comorbidity scores
based on different sources of administrative data may not
be identical, we are confident that our measure adequately
captures significant comorbidity.

Conclusion

Despite some limitations, the comorbidity score derived from
hospital discharge data provides an important enhancement
to population-based cancer research. By leveraging routine
registry operation activities, we derived a valid measure of
the burden of comorbid disease among cancer patients. This
comorbidity index can potentially be implemented by other
cance