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ABSTRACT
Aims: The ability of a patient to receive anti-cancer treatment depends on a variety of factors, includ-
ing performance status (PS), which is typically measured using the Eastern Cooperative Oncology
Group (ECOG) scale. This study hypothesized that there would be a strong and positive correlation
between ECOG PS values and healthcare resource utilization (HCRU) and a strong and negative correl-
ation with the use of anti-cancer therapy.
Materials and methods: Patients with colorectal, lung or gastric cancer were included in this retro-
spective analysis of administrative claims data linked to electronic medical records (EMR). All-cause
HCRU (hospitalization/inpatient care, emergency room visits, systemic anti-cancer therapy, radiation
therapy, outpatient physician visits, hospice, home health care and key supportive care treatments
such as anti-emetics, hematopoietic treatments, transfusions, and durable medical equipment) was
evaluated by baseline ECOG PS value and PS over time. Adjusted multivariable regression analysis was
used to assess the relationship between baseline ECOG PS and HCRU. Regression analyses were con-
ducted to explore the relationship between other baseline variables and HCRU.
Results: There were 1311 patients included in this study. There was low correlation between PS and
any HCRU variable or receipt of anti-cancer therapy (correlation coefficients all <0.10). In regression
analyses, the proportion of patients with poor PS (PS ¼ 2þ) who were hospitalized was not signifi-
cantly different from those with good PS (PS ¼ 0/1) (28.9% versus 19.3%, p¼ .07).
Limitations: The low rate of reporting of PS and the small sample size of patient groups in this study.
Conclusions: There is very little evidence of a relationship between ECOG PS and HCRU, ECOG PS, or
anti-cancer therapy in this study, in part due to low rates of and lack of variability in reported PS.
There is some evidence that baseline comorbidities were significantly associated with HCRU and
should be accounted for in future research evaluating HCRU.
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Introduction

An estimated 1,762,450 new cases of cancer are diagnosed
annually in the USA1. The primary therapeutic approach for
most cancers remains surgical resection, radiation therapy,
with or without targeted/biologic therapy and/or chemother-
apy. For patients with advanced or metastatic cancer, sys-
temic anti-cancer therapy is the primary modality.

The choice of systemic therapy is based on multiple fac-
tors, such as tumor burden and biomarker status, concomi-
tant conditions, and performance status (PS). In oncology, PS
is a measure of functional ability and is typically measured
by the Eastern Cooperative Oncology Group (ECOG) scale; a
higher value reflects a lower PS.2–4 For example, an ECOG PS
of 0 indicates that the patient is fully active, a value of 1
indicates that the patient is restricted in strenuous activity

but ambulatory, a value of 2 indicates that the patient is
ambulatory at least 50% of the time but unable to work, a
value of 3 indicates that the patient is confined to bed or
chair for more than 50% of the time with only limited self-
care, a value of 4 indicates that the patient is disabled and
bedridden, and 5 represents death4. The ECOG PS scale may
be referred to as the World Health Organization or Zubrod
scale5. The Karnofsky scale also measures patient PS, and is
evaluated in 10-point increments from 0 to 100 with a lower
value reflecting a lower PS3. A Karnofsky PS value may be
converted to the ECOG scale as follows: ECOG 0¼ Karnofsky
90/100; ECOG 1¼ Karnofsky 70/80; ECOG 2¼ Karnofsky 50/
60; ECOG 3¼ Karnofsky 30/40; ECOG 4¼ Karnofsky 10/20;
and ECOG 5¼ Karnofsky 0.4,6 The majority of clinical trials
limit enrollment to the healthiest patients who have an
ECOG PS value of 0 or 1; however, a practicing clinician may

CONTACT Lisa M. Hess Hess_lisa_m@lilly.com Eli Lilly and Company, Indianapolis, IN 46285, USA
Supplemental data for this article is available online at https://doi.org/10.1080/21556660.2020.1851504.

� 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
www.tandfonline.com/ijda

JOURNAL OF DRUG ASSESSMENT
2021, VOL. 10, NO. 1, 10–17
https://doi.org/10.1080/21556660.2020.1851504
Article 0006.R1/1851504

http://crossmark.crossref.org/dialog/?doi=10.1080/21556660.2020.1851504&domain=pdf&date_stamp=2020-12-15
http://orcid.org/0000-0003-3631-3941
https://doi.org/10.1080/21556660.2020.1851504
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com


often care for patients with poor PS. Limited data exist to
support evidence-based decision making or to aid in the
management of treatment expectations.

The role of PS to direct or inform patient care is not con-
sistent across various cancers. For patients with metastatic
non-small cell lung cancer (NSCLC), National Comprehensive
Cancer Network (NCCN) oncology treatment guidelines have
changed considerably since 2018 with the incorporation of
multiple novel biomarker-driven therapies, many of which
have more favorable toxicity profiles and are recommended
for the treatment of patients with ECOG PS of 0–4; however,
for patients without actionable biomarkers, recommendations
for systemic treatment are limited to patients with an ECOG
PS �2 (with fewer recommendations for PS of 2), and sup-
portive care only for those with PS 3 or 47. The NCCN colon
cancer treatment guidelines recommend specific regimens
for those with excellent PS, and refer to a pan-tumor guid-
ance for older adults in the case of an elderly patient.8,9 The
clinical treatment guidelines for gastric cancer state that
patients with unresectable advanced, recurrent or metastatic
disease with Karnofsky PS �60 or ECOG PS �3 should
receive supportive care10. The evidence for the benefit of
systemic therapy is limited to the care of patients with better
PS based on the patients enrolled to clinical trials, but this
relationship varies considerably, as demonstrated by the het-
erogeneity of NSCLC, colorectal cancer and gastric cancer
guidelines with regard to PS.

It was hypothesized that patients who receive systemic
therapy whose ECOG PS is �2 may require additional health
care resources such as hospitalizations, emergency room (ER)
visits, supportive care, and physician office visits during anti-
cancer treatment. It was also hypothesized that patients with
lower PS may receive less systemic therapy. Given the gap in
evidence of the relationship between PS and healthcare
resource utilization (HCRU), this study was designed to evalu-
ate this in the setting of colorectal, lung and gastric cancers.

Methods

A retrospective analysis was conducted of linked healthcare
claims and electronic medical record (EMR) data from the
MarketScani Oncology EMR-Claims Dataset. This dataset links
records from the MarketScan Commercial and Medicare
Supplemental Claims Databases and Oncology EMR Database
using a deterministic methodology. The resulting dataset
contains data for over 50,000 unique patients who have
undergone cancer treatment in U.S. community oncology
practices over a 3-year period. All variables present in either
the claims or EMR databases are available in the linked data-
set, including person-level clinical HCRU, expenditures, and
enrollment across inpatient, outpatient, prescription drug,
and carve-out services. Records in the linked dataset are de-
identified to comply with U.S. patient confidentiality
requirements.

Three tumor types were selected for study to represent
different approaches to PS and treatment decision making as
demonstrated in NCCN treatment guidelines. Colorectal can-
cer guidelines include recommendation for those with

excellent PS and the choice of systemic anti-cancer therapy
versus supportive care and guidelines for NSCLC recommend
supportive care for those with PS >2.11,12 Supportive care is
recommended for patients with small cell lung cancer with
PS �2, but small cell cancers represent <15% of all lung can-
cers. Gastric cancer guidelines recommend supportive care
for those with a PS �210. Therefore, eligible patients were
those with a documented diagnosis of colorectal, lung, or
gastric cancer (ICD-9-CM codes, 153.0x-154.1x, 162.2x-162.9x
or 151.x, respectively) on two separate dates. Patients were
required to be age 18 years or older at the time of the initial
(index) diagnosis, have recorded at least one PS value from
45 days prior to the index diagnosis through any time after
the index diagnosis, must have made at least two visits to
the oncologist practice collecting the EMR between July 1,
2011 and September 30, 2014, and could not have other
malignant conditions, other than non-melanoma skin cancer.
In addition, patients in each cancer cohort were required to
have linked EMR and claims data during the 6-month pre-
index period to ensure baseline data were captured.

Since PS can change dynamically throughout the treat-
ment and follow-up periods, PS periods were developed for
this study to capture the time during which patients had
consistent PS values. The baseline PS period began with the
first recorded PS value (baseline PS value) no greater than
45 days prior to the index diagnosis through the earliest of
the following: the end of continuous enrollment in the data-
base; end of the study period; death; or a change (increase/
decrease) in PS. For patients with a subsequent increase or
decrease in score, subsequent PS periods were created simi-
larly, until all available follow-up data for each patient had
been considered for inclusion in a PS period. These were
subsequently numbered (e.g. PS Period II, PS Period III) until
the last observed period as defined above.

All-cause resource utilization measures (binary indicators,
frequency counts, and continuous variables) were based on
inpatient, outpatient and outpatient pharmacy claims with
dates of service during the follow up period. Procedure
codes, National Drug Codes (NDCs), place of service codes,
and provider type codes were used to identify relevant
claims. The frequency of resources was standardized to
counts per month by dividing each patient’s total number of
services by the number of months in their PS period. This
standardization was necessary because the length of follow
up varied. Categories of HCRU included hospitalization/
inpatient care, ER visits, systemic anti-cancer therapy, radi-
ation therapy, outpatient physician visits, hospice, home
health care and key supportive care such as anti-emetics,
hematopoietic treatments, transfusions, and durable med-
ical equipment.

Statistical analysis plan

Descriptive analyses summarized HCRU by PS value as well
as by tumor type and PS period. For these analyses, the PS
periods were combined based on the ECOG PS values of 0/1,
2, 3, and 4. To account for differences in duration of time
patients were in each PS period, HCRU was reported as a
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percentage of time during the period (e.g. for duration of
time with inpatient stays), or as the proportion of PS periods
for the values of 0/1, 2, 3 or 4, during which the
HCRU occurred.

Partial Spearman’s rank correlations were calculated to
evaluate the strength of the relationships between PS values
in the PS period with HCRU, adjusting for patient age, sex,
payer and baseline Charlson Comorbidity Index (CCI) score.
All available PS periods were included. For all analyses, a
pre-determined value of correlation coefficient of r� 0.40
was considered evidence for a moderate to strong correl-
ation. This value approximately matches a published “rule-of-
thumb” that a correlation less than 0.25 represents a weak
correlation; 0.25–0.5 a weak one; 0.5–0.75 a moderate one;
and greater than 0.75 is considered strong13. A correlation of
as low as 0.20 could be detected with greater than 90%
power (alpha ¼ 0.05) with a sample as small as 400. In the
case of smaller sample sizes (less than 400), analyses were
considered exploratory as the identification of very small cor-
relations (such as 0.20) were not possible. No subgroup ana-
lysis was conducted in any subgroup with a sample less
than 30.

Multivariable regression-based analyses were also used
to assess the relationships between PS values and HCRU
adjusting for demographics and baseline clinical characteris-
tics. Generalized linear model (GLM) specifications varied
depending on the resource outcome variable as follows:
binary indicator of any utilization – GLM with logit link and
scaled binomial error distribution; count of services – GLM
with log link and negative binomial error distribution; and
for continuous variables – GLM with identity link and nor-
mal error distribution, and their extension to repeated
measures data i.e. generalized estimating equations (GEE)
was considered. These are parametric methods which,
although they require assumptions about the distributions
of the variables, offer greatly more power to detect effects
than non-parametric (distribution-free) methods such as
rank correlations particularly when small numbers
are involved.

The small sample size and the small numbers of patients
with more than one PS period and with a PS value greater
than 2 caused a calculation break-down when GEE analyses
were attempted, particularly for binary variables such as
inpatient admission. Given the data limitations and GEE cal-
culation break-down, non-repeated measures GLMs of the
baseline PS period were considered the best approach.
Consequently the final analyses used collapsed PS score cate-
gories (0, 1, 2þ), as well as terms for the tumor type inter-
action with the collapsed PS score, which somewhat negated
the consequences of the small patient numbers while retain-
ing an ability to compare between tumor types.

Results

Study cohort

A total of 1311 patients met eligibility criteria and were
included in this study; these included 783 colorectal, 485
lung and 43 gastric cancer patients. A summary of the

demographic and clinical characteristics of the study cohort
is provided in Table 1. Colorectal cancer patients were a
mean of 65.4 years of age and more than half were male.
The mean age of lung cancer patients was 69.3 years and
approximately half of these patients were female. Of the 43
gastric cancer patients, the average age was 66.1 years
and approximately two-thirds were male. At initial (index)
diagnosis, the majority of patients had an ECOG PS score of
0 or 1.

Amongst colorectal, lung and gastric cancers, only one
assessment of PS was reported in the EMR after the index
date for 75.7%, 67.2% and 69.8% of patients, respectively
(Table 2). The mean length of follow-up among the 783 colo-
rectal cancer patients was 493.5 days and consisted of only
1216 PS periods. Approximately half of colorectal cancer peri-
ods had PS ¼ 0 (50.6%), 34.8% of periods had PS ¼ 1, 11.3%
had PS ¼ 2, and 2.9% had PS ¼ 3. Less than 1% of PS peri-
ods had PS ¼ 4. Lung cancer patients (N¼ 485) had a mean
length of follow-up of 377.2 days, consisting of 785 PS peri-
ods. 34.4% of lung cancer PS periods had PS ¼ 0, 38.6% had
PS ¼ 1, 20.2% had PS ¼ 2, and 6.5% had PS ¼ 3. Less than
1% of PS periods had PS ¼ 4. Among the 43 gastric cancer
patients, the mean length of follow-up was 429.7 days and
consisted of 77 PS periods. 39.6% of gastric cancer PS periods
had PS ¼ 0, 40.7% had PS ¼ 1, 15.4% had PS ¼ 2, 3.3% had
PS ¼ 3 and 1.1% had PS ¼ 4.

Resource utilization

Only 39, 54 and 3 (colorectal, lung, and gastric cancer,
respectively) periods had a PS value of 3, while only 6, 2 and
1 (colorectal, lung, and gastric cancer, respectively) periods
had a PS value of 4, limiting the ability to statistically gener-
alize the HCRU for patients with these PS categories (Table 3
and Figure 1). Therefore, results were described for the peri-
ods with PS scores of 0, 1 and 2þ.

Hospitalizations and emergency room visits

Hospitalization occurred in 18.9%, 21.6% and 23.3% of all
periods with PS 0/1 (baseline or subsequent periods) for
patients with colorectal, lung and gastric cancer, respectively
(Figure 1). Hospitalizations occurred in 23.8%, 33.3%, and
35.7% of all PS periods with values of PS 2 for colorectal,
lung and gastric cancer patients, respectively.
Hospitalizations involving surgery occurred in 13.4%, 11.7%
and 12.3% of all PS periods with values of 0/1, and in 13.2%,
10.7%, and 28.6% of periods with PS 2 for patients with colo-
rectal, lung and gastric cancer, respectively. ER visits occurred
in 20.3%, 28.0% and 20.5% of all PS periods with values of
0/1 and in 25.2%, 30.4%, and 21.4% of all periods with PS 2
for colorectal, lung and gastric cancer, respectively. Notably,
the numbers for the different tumors can be small when
stratified by PS, as seen with the example of ER visits where
the numbers for colorectal, lung and gastric cancer were 38,
51 and 3, respectively.
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Systemic anti-cancer and radiation therapy

Systemic anti-cancer therapy use was present in 35.1%,
37.1% and 52.1% of all PS 0/1 periods and for all PS 2 peri-
ods was 43.0%, 44.0% and 64.3% for patients with colorectal,
lung and gastric cancer, respectively. Radiation was less com-
monly present, with 3.4%, 15.7% and 6.8% of all PS periods
with values of 0/1 and 4.0%, 19.6% and 21.4% of all PS peri-
ods with a value of 2 receiving radiation therapy among
patients with colorectal, lung and gastric cancer, respectively.

Hospice, home health care and other supportive care

Hospice use was low for all PS 0/1 periods: 5.3%, 4.8% and
9.6% for colorectal, lung and gastric cancer patients, respect-
ively, but hospice use was reported in 17.9%, 9.5%, and 7.1%
of all PS 2 periods and 20.5%, 16.7% and 33.3% of all PS 3

periods, although the numbers were very small. Home health
care utilization was not common across any of the cancers at
any PS time period. Durable medical equipment was used by
patients in 39.8%, 35.1% and 31.5% of all PS 0/1 periods and
40.4%, 41.7%, and 35.7% of all PS 2 periods for colorectal,
lung and gastric cancer patients, respectively. Anti-emetic
use in all PS 0/1 periods was 40.0%, 45.3%, and 43.8%, and
was 42.4%, 50.0%, and 64.3% for all PS 2 periods for patients
with colorectal, lung and gastric cancer, respectively. Among
these patient groups, hematopoietic agents were used in
13.5%, 16.1% and 23.3% of all PS 0/1 periods in 29.1%,
19.0%, and 28.6% of all PS 2 periods, respectively.
Transfusions were also patterned similarly with 1.4%, 4.3%
and 1.4% in all PS 0/1 periods and 2.6%, 7.7%, and 7.1% in
all PS 2 periods for colorectal, lung and gastric cancer,
respectively. To be noted is the small number of patients in
the PS stratifications; particularly for the PS 2 group.

Table 1. Demographic and clinical characteristics of eligible study population (N¼ 1311).

Demographic characteristics

Colorectal cancer patients Lung cancer patients Gastric cancer patients

n¼ 783 n¼ 485 n¼ 43

N/mean/median %/SD/min, max N/mean/median %/SD/min, max N/mean/median %/SD/min, max

Age (mean, SD) 65.4 13.1 69.3 10.2 66.1 12.9
Median, min, max 65 29, 95 70 38, 90 68 34, 89

Gender (N, %)
Male 430 54.9% 238 49.1% 27 62.8%
Female 353 45.1% 247 50.9% 16 37.2%

Race/Ethnicity (N, %)
White 564 72.0% 359 74.0% 27 62.8%
Black 41 5.2% 30 6.2% 4 9.3%
Hispanic 7 0.9% 2 0.4% 5 11.6%
Other 95 12.1% 52 10.7% 2 4.7%
Unknown/missing 76 9.7% 42 8.7% 5 11.6%

Geographic region (N, %)
Northeast 195 24.9% 119 24.5% 8 18.6%
North Central 136 17.4% 126 26.0% 8 18.6%
South 326 41.6% 187 38.6% 23 53.5%
West 126 16.1% 53 10.9% 4 9.3%
Unknown 0 0.0% 0 0.0% 0 0.0%

Primary payer (N, %)
Commercial 399 51.0% 174 35.9% 18 41.9%
Medicare 384 49.0% 311 64.1% 25 58.1%

Clinical characteristics N/Mean/median %/SD/min, max N/mean/median %/SD/min, max N/mean/median %/SD/min, max

Disease stage (N, %)
Stage 0 1 0.1% 1 0.2% 0 0.0%
Stage I 47 6.0% 62 12.8% 5 11.6%
Stage II 149 19.0% 51 10.5% 5 11.6%
Stage III 189 24.1% 76 15.7% 5 11.6%
Stage IV 85 10.9% 72 14.8% 8 18.6%
Unknown / missing 312 39.8% 223 46.0% 20 46.5%

Charlson Comorbidity Index (CCI)a

Mean CCI (mean, SD) 3.16 2.76 4.09 3.13 3.14 2.69
CCI¼ 0 (N, %) 115 14.7% 39 8.0% 6 14.0%
CCI¼ 1 (N, %) 28 3.6% 20 4.1% 0 0.0%
CCI¼ 2 (N, %) 331 42.3% 133 27.4% 21 48.8%
CCI¼ 3 (N, %) 110 14.0% 95 19.6% 5 11.6%
CCI¼ 4 (N, %) 34 4.3% 56 11.5% 2 4.7%
CCI¼ 5 (N, %) 18 2.3% 19 3.9% 1 2.3%
CCI¼ 6 (N, %) 5 0.6% 12 2.5% 1 2.3%
CCI¼ 7 (N, %) 4 0.5% 6 1.2% 0 0.0%
CCI¼ 8 (N, %) 92 11.7% 33 6.8% 6 14.0%
CCI¼ 9 (N, %) 32 4.1% 34 7.0% 0 0.0%
CCI¼ 10þ (N, %) 14 1.8% 38 7.8% 1 2.3%

Length of follow-up (days)
Mean, SD 493.5 511.3 377.2 403.7 429.7 370.5
Median, Min, Max 365 1, 3395 240 1, 2300 312 4, 1765

Abbreviations. SD, standard deviation.
aDuring the 6-month pre-index period.
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Association between baseline PS score and resource
utilization

None of the partial Spearman’s rank correlation coefficients
calculated from all the periods’ data attained a strongly cor-
related value of �0.40 between PS period and HRCU
variables; all correlation coefficients were positive, but low
(Table 4). While HCRU was found not to be strongly corre-
lated with PS in these lowly powered rank correlations, the
more powerful regression analyses using the baseline period
only suggested that increasing PS could lead to increased
odds for an outpatient physician visit for colorectal cancer
patients as compared to lung and gastric cancer patients.
There was also an indication for a similar increase but only
for a PS score of 1 for radiation therapy (Supplementary
Table 1). Of note, CCI was the only covariate that demon-
strated a significant relationship across all categories
of HCRU.

Supplementary Table 2 provides results tabulated by PS
score from the regression analyses that are summarized in

Supplementary Table 1 using the baseline PS period only
with PS 0 as the reference group i.e. the results for PS scores
of 1 and 2þ are with respect to PS 0. The PS 0 and PS 1
results were relatively similar with regards to HCRU, except
for physician visits, hospice care and nutritional supplemen-
tation, where PS 0 was higher. Patients with a PS value of 2
spent a significantly higher proportion of the baseline PS
period hospitalized and used more durable medical equip-
ment but had significantly fewer ER visits and physician visits
(all p< .01).

Discussion

This study provides no evidence that patients with poor PS
use greater health care resources than patients with more
favorable PS values. Given the relatively low numbers of
both patients and PS periods in the data used in this ana-
lysis, as well as a lack of recorded changes in PS over time,
resulting in a lack of power to identify any effects other than

Table 2. Performance status (PS) periods observed in the data.
Colorectal cancer patients Lung cancer patients Gastric cancer patients

n¼ 783 n¼ 485 n¼ 43

N/mean %/SD/min, max N/mean %/SD/min, max N/mean %/SD/min, max

Total number of performance status (PS)
periods during the follow-up period

1342 831 91

Number of PS periods during follow-up (N, % of patients)
1 593 75.7% 326 67.2% 30 69.8%
2 68 8.7% 84 17.3% 4 9.3%
3 52 6.6% 33 6.8% 3 7.0%
4 26 3.3% 19 3.9% 1 2.3%
5 8 1.0% 8 1.6% 1 2.3%
6 15 1.9% 6 1.2% 1 2.3%
7 5 0.6% 2 0.4% 1 2.3%
8 3 0.4% 2 0.4% 1 2.3%
9 2 0.3% 0 0.0%
10 2 0.3% 1 0.2%
11þ 9 1.1% 4 0.8% 1 2.3%

Baseline PS period value (N, %)
0 503 64.2% 215 44.3% 23 53.5%
1 226 28.9% 182 37.5% 15 34.9%
2 46 5.9% 73 15.1% 3 7.0%
3 6 0.8% 15 3.1% 2 4.7%
4 2 0.3% 0 0.0% 0 0.0%

PS score in last observed PS period (N, %)
0 486 62.1% 182 37.5% 21 48.8%
1 207 26.4% 182 37.5% 15 34.9%
2 58 7.4% 83 17.1% 4 9.3%
3 26 3.3% 36 7.4% 2 4.7%
4 6 0.8% 2 0.4% 1 2.3%

PS periods by ECOG score
Number of PS periods with PS¼ 0 (N,% of PS periods) 679 50.6% 286 34.4% 36 39.6%
Duration of period in days (mean, SD) 375.5 455.2 300.4 361.3 283.4 320.0
Median, Min, Max 209 1, 3395 169 1, 2029 171 1, 1242
Number of PS periods with PS¼ 1 (N,% of PS periods) 467 34.8% 321 38.6% 37 40.7%
Duration of period in days (mean, SD) 210.8 274.2 207.1 242.7 166.4 200.4
Median, Min, Max 119 1, 2079 114 1, 1652 90 1, 731
Number of PS periods with PS¼ 2 (N,% of PS periods) 151 11.3% 168 20.2% 14 15.4%
Duration of period in days (mean, SD) 175.8 271.7 156.4 242.3 90.5 141.8
Median, Min, Max 85 1, 1772 71 1, 1341 19 3, 486
Number of PS periods with PS¼ 3 (N,% of PS periods) 39 2.9% 54 6.5% 3 3.3%
Duration of period in days (mean, SD) 133.6 254.3 78.6 124.0 260.0 258.3
Median, Min, Max 27 1, 1066 31 1, 618 121 101, 558
Number of PS periods with PS¼ 4 (N,% of PS periods) 6 0.4% 2 0.2% 1 1.1%
Duration of period in days (mean, SD) 204.5 248.4 17.5 4.9 71.0 –
Median, Min, Max 97 1, 551 18 14, 21 71 71, 71
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very large ones, this is not surprising. The inability to reject
the null hypotheses concerning PS scores and their relation-
ship to HCRU and cancer therapy suggests that if such rela-
tionships exist they are weak ones below the threshold of
those that can be picked up with the sample sizes of this
study. One of the challenges in making a conclusive finding
from these data is perhaps the most important finding itself,
as is the case with many null studies as new knowledge is
uncovered versus confirmed14. Despite the importance of PS
in oncology clinical assessment and treatment selection as
defined in national treatment guidelines, this study identified
that about 40% of eligible patients had only one such assess-
ment documented in their medical record (data not shown).
These data bring to question the clinical relevance of deci-
sion making related to PS in routine practice, the limitations
of which have been noted by others15,16.

When evaluating the study according to the primary
objective, the inability to detect a strong relationship
between PS and HCRU could suggest that patients with
declining PS would appear to be unlikely to create major
additional burdens on the health care system, but in fact the
findings support the important role of comorbidities. These
data suggest that the underlying health of the patient, and
perhaps not PS, is an important factor associated with
resource use for all patients included in this study, as the
result was consistent among those with colorectal, lung or
gastric cancer. Underlying health conditions may play an
important role in the relationship between PS and HCRU; a
relationship was observed only among those with survival
outcomes of less than 1 year in melanoma; unfortunately no
data were presented related to comorbid conditions in this
study, which may have helped to explain this relationship17.

There were no strong correlations identified that might
suggest decreased HCRU for patients whose PS is improved.
However, due to the small number of patients particularly in
the gastric cancer cohort, subsequent lack power, and lack of
recordings of varying in PS score within patients over time,
the possibility that this relationship exists cannot be ruled
out. The limited ECOG PS data recorded in the patient record
created challenges in evaluating the relationship between PS
and HCRU over time. Other solutions may include estimating
PS from claims data, but this would not be directly translat-
able to the point of delivery of clinical care18. This is a gap
in observational data that should be addressed to investigate
this relationship. In this study, even among patients with
ECOG PS recorded in the medical record, most had only one
PS value recorded. The lack of variation in PS scores limited
the ability to evaluate changes over time. Additionally, the
sample size for the gastric cancer cohort (n¼ 43) was very
low, limiting the ability to detect strong relationships, thus
all gastric cancer analyses can be considered exploratory. As
with all studies that obtain data from secondary data sour-
ces, the data are not collected for research purposes, and
key variables (such as PS scores over time) may not be avail-
able. Patients could have changed PS, but the data may not
necessarily reflect those changes. Additionally, other variables
used as covariates (such as cancer stage) are not always pre-
sent for each patient record and cannot easily be imputed.Ta
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Importantly, this study was based on a subset of patients in
the overall database that had PS scores recorded in the EMR
and may not be representative of all colorectal, lung or gas-
tric cancer patients.

While we did not find evidence of the relationship
between PS and HCRU, there are considerable aspects to be
learned from this study. This study was able to investigate
some aspects of the relationship between PS and HCRU for
patients with colorectal, lung or gastric cancer during the
course of care. The results do suggest the possible existence
of some relationships between recorded covariates and

HCRU at the patient baseline of oncology care, although
weaker than was detectable with the available data. Other
possible explanations for the lack of evidence observed for
PS and HCRU are that patients with Medicare plans have
greater odds for ER visits than those with Commercial plans,
as well as that colorectal cancer patients have lower odds for
such visits. It is also possible that the odds of systemic anti-
cancer therapy increase with increasing stage of cancer and
that patients with colorectal cancer have a lower odds for
radiation therapy than patients with lung cancer.
Comorbidities as measured by the CCI, which records a
broader burden of underlying diseases and can be easily
derived from claims datasets, may be associated with HCRU.
The strength of the CCI relationship brings into question the
role of PS in HCRU and in clinical care. Further work should
evaluate this in the real-world setting of clinical practice
where reliance on PS may not be practical or feasible in the
metastatic setting.

Conclusions

This study emphasizes the importance and difficulties of
measuring and accounting for performance status and rein-
forces the importance of including comorbidity evaluation in
any HCRU research study. It additionally suggests that per-
formance status, despite being a common criterion for clin-
ical trial participation and a factor included in treatment

Colorectal cancer Lung cancer Gastric cancer
PS 0/1 PS 2 PS 3 PS 4 PS 0/1 PS 2 PS 3 PS 4 PS 0/1 PS 2 PS 3 PS 4

Number of pa�ents 742 108 35 6 421 136 47 2 40 8 3 1
Dura�on of 
hospitaliza�on*, mean 
days (SD)

7.1 (9.1) 13.4 (27.0) 13.6 (13.5) 24.8 (31.1) 6.4 (6.6) 5.4 (5.4) 6.4 (4.1) 0 (0.0) 4.9 (4.3) 4.8 (5.3) 14.0 (--) 0 (0.0)

ER visits per month*, 
mean (SD)

0.3 (0.4) 0.4 (0.4) 0.6 (0.4) 0.1 (0.0) 0.3 (0.3) 0.6 (0.6) 0.8 (0.7) 0.0 (0.0) 0.5 (0.4) 0.1 (0.0) 0.0 (0.0) 0.8 (--)

Percentage of period 
receiving an�-cancer 
therapy, mean (SD)

55.6% 
(35.3%)

66.0% 
(33.2)

76.6% 
(19.8)

9.5% (--) 57.8% 
(30.9)

55.8% 
(32.9)

63.8% 
(31.5)

0.0% 
(0.0)

64.3% 
(35.1)

71.6% 
(32.2)

0.0% (0.0) 0.0% 
(0.0)

Percentage of period 
receiving hospice care, 
mean (SD)

74.2% 
(34.2)

80.1% 
(35.3)

94.6% 
(15.3)

64.3% 
(50.5)

69.0% 
(36.6)

75.3% 
(31.0)

63.5% 
(44.1)

100% (--) 96.5% 
(7.8)

31.8% (--) 13.9% (--) 0 (0.0)

Figure 1. Health care resource utilization by performance status (PS) periods for patients with colorectal, lung or gastric cancer.

Table 4. Partial Spearman correlations of performance status (PS) period with
health care resource utilizationa.
Covariate – combined population Correlation

coefficient

Inpatient days 0.0628
Percentage of PS period as an inpatient 0.0798
Monthly count of claims for emergency room visits 0.0431
Monthly count of claims for physician office visits 0.0846
Days receiving systemic anti-cancer therapy 0.0630
Proportion of PS period receiving systemic

anti-cancer therapy
0.0991

Days of with radiation therapy 0.0615
Proportion of PS period receiving radiation therapy 0.0658
Days of inpatient surgical care 0.0114
Percentage of PS period as inpatient surgical care 0.0180
Days of non-surgical inpatient care 0.0635
Percentage of PS period as non-surgical inpatient care 0.0697
aAdjusted for age, sex, payer, and Charlson Comorbidity Index score using all
available PS periods.
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guidelines, may not be a critical factor in the evaluation of
resources used for patient care in routine practice, though
interpretation is limited by sample size.
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