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ABSTRACT

Objectives Functional status assessments of activities

of daily living may improve prognostic precision during
initial diagnostic evaluations in young and middle-aged
adults with cancer. However, the association between
pretreatment functional status and survival in these
patients is poorly understood. This study aimed to evaluate
the prognostic value of functional status in young and
middle-aged patients with cancer.

Design Multicentre retrospective cohort study.

Setting We used a cancer registry from Osaka Prefecture,
Japan. The data were linked to administrative claims data
from 35 hospitals in the same prefecture.

Participants Patients aged 18-69 years who received
new diagnoses of gastric, colorectal or lung cancer
between 2010 and 2014.

Main outcome measure Cox proportional hazards
models of 5-year all-cause mortality were developed

to examine the prognostic impact of pretreatment
functional status, which was categorised into three
levels of functional disability (none, moderate and
severe) based on Barthel Index scores. The models
controlled for age, sex, comorbidities, cancer stage and
tumour histology.

Results We analysed 12 134 patients. Higher mortality
risks were significantly associated with moderate
functional disability (adjusted HR 1.44 (95% Cl 1.18 to
1.75),1.35 (95% CI 1.08 t0 1.68) and 1.74 (95% Cl 1.50 to
2.03) in patients with gastric, colorectal and lung cancer,
respectively) and severe functional disability (adjusted HR
3.56 (95% Cl 2.81 to 4.51), 2.37 (95% Cl 1.89 to 2.95)
and 2.34 (95% Cl 2.00 to 2.75) in patients with gastric,
colorectal and lung cancer, respectively).

Gonclusion Accounting for functional status at cancer
diagnosis may improve the prediction of survival time in
young and middle-aged adults with cancer. Functional
status has potential applications in survival predictions
and risk adjustments when analysing outcomes in patients
with cancer.
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Strengths and limitations of this study

» The linkage of administrative claims and cancer reg-
istry data enabled the examination of the association
between pretreatment functional status and overall
survival in young and middle-aged adults with newly
diagnosed gastric, colorectal and lung cancer.

» This large multicentre study is the first to provide
evidence of the long-term prognostic impact of pre-
treatment functional disability on overall survival in
younger patients with specific cancer types from a
single data set that accounted for potentially con-
founding clinical factors.

» Functionally disabled patients with cancer may be
under-represented because the study population
was restricted to subjects from designated cancer
care hospitals, which tend to accommodate more
functionally sound patients.

» We were unable to examine whether functional sta-
tus and performance status, which are widely used
in risk adjustments of survival outcomes, had similar
predictive values for mortality.

INTRODUCTION
Cancer was the second leading cause of death
in younger adults aged 20-69 years world-
wide in 2016.! However, advances in cancer
screening and therapeutic strategies have
considerably extended patient survival times.”
Survival is a major outcome for cancer
treatment, and its accurate prognostication
is integral to clinical patient management
and health policy design. The availability
of precise prognoses can inform clini-
cians’ decisions in therapeutic options and
advanced care planning with patients and
their caregivers. Furthermore, ascertaining
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the variations in patient survival at the institutional
and regional levels can aid policymakers in identifying
opportunities to improve health services, although such
analyses must account for differences in patient case
mix. Patient factors that are consistently and strongly
associated with cancer outcomes include age, sex, cancer
type and disease progression.” In addition, perfor-
mance status—which quantifies the general well-being
of patients—is an established prognostic factor that is
correlated with survival time in patients with cancer.* At
present, performance status is commonly assessed using
scoring instruments such as the Karnofsky and Eastern
Cooperative Oncology Group scales.

A similar measure of patient well-being is functional
status, which assesses a person’s ability to maintain inde-
pendence through their performance in activities of
daily living (ADL). Among the various ADL evaluation
tools, the Barthel Index is widely used for patients with
chronic conditions, particularly in nursing and reha-
bilitation care settings. In the oncology setting, older
patients with cancer frequently undergo comprehensive
geriatric assessments that include functional status as a
component.” However, cancer can also affect the func-
tional status of younger and middle-aged adults, with a
non-negligible proportion showing reduced ADL scores
at the time of cancer diagnosis (9% in 45—64 years vs 19%
in >65 years).’

Although performance status and functional status
both describe the overall fitness of patients, they involve
different components and objectives. Because the former
is largely dependent on the assessing clinician’s general
impressions of each patient’s activity level and ability to
work, it can lack sufficient detail to identify seemingly
minor but clinically important functional impairment.
In contrast, the latter involves the use of standardised
multi-item tools for clinicians to rate the activities that an
individual must perform in order to live independently at
home and within society.

While the prognostic value of functional status in older
patients with cancer has been documented,”? its use in
younger adults is less understood.'*™® The prognostic rele-
vance of functional disability has been explored in samples
with heterogeneous mixtures of cancer types,'’ ' small-
sized and single-centre samples,'* narrowly defined
groups (eg, specific cancer stages and treatment modal-
ities)'*" and short-term outcomes.'’ ' Understanding
the relationship between functional status and overall
survival time in specific populations can aid clinicians
in formulating more accurate prognoses, and enable
more robust risk adjustments using routinely collected
data (such as administrative claims and electronic health
records) to support policymaking. Functional status may
also present a viable proxy of performance status in risk
adjustment models when the latter is unavailable. This
study examined if pretreatment functional status was a
long-term prognostic factor in young and middle-aged
adults with newly diagnosed gastric, colorectal and lung
cancer.

METHODS

Data sources

In this retrospective observational study, eligible patients
were identified from a record-linked database comprising
cancer registry and administrative claims data. This data-
base has been previously used in a variety of studies.” 1720
The study region was Osaka Prefecture, the most densely
populated prefecture in western Japan with a population
of 8.8 million people. Registry data were drawn from the
population-based Osaka Cancer Registry, and included
patient-level information on cancer type, tumour
histology, cancer diagnosis date, cancer stage and vital
status. The registry acquires information on vital status
from local government offices at 3, 5 and 10 years after
diagnosis. These registry data were linked in part to
Diagnosis Procedure Combination (DPC) administrative
claims data, which are produced by Japanese acute care
hospitals and submitted to insurers for reimbursements.
DPC files were collected from 36 hospitals designated
as cancer care hospitals by the national or prefectural
government. These hospitals, mostly located in urban
areas, provide first-line treatment to approximately half
of all patients with cancer in the study region. The DPC
data included inpatient clinical summaries for each
patient as well as health insurance claims for outpatient
and inpatient care.

Study population

We first identified 13095 patients aged 18-69 years who
were newly diagnosed with gastric, colorectal or lung
cancer (designated the index cancer) at any of the 36
hospitals between 1 January 2010 and 31 December
2014; and had been hospitalised for the treatment of
the index cancer within 3months before or after the
month of diagnosis. Patients aged 70 years or older
were not included because this is a commonly used cut-
off age to designate older adults in geriatric oncology
studies.”

The three target cancer types were selected due to their
high prevalence in the study region, and identified using
the topography codes of the International Classification
of Diseases for Oncology, Third Edition (ICD-O-3) (C16.x
for gastric cancer, C18.x-C20.x for colorectal cancer and
(C33.x-C34.x for lung cancer). Patients were excluded if
they had recorded diagnoses of carcinoma in situ (n=536),
sarcoma (ICD-O-3 morphology codes: 8800-8936, 8990—
8991, 9020, 9040-9044, 9120-9133, 9150, 9170 and
9180-9251; n=47), haematological tumour (ICD-O-3
morphology codes: 9590-9989; n=12), melanoma (ICD-
O-3 morphology codes: 8720-8790; n=3) or blastoma
(ICD-O-3 morphology codes: 8970-8974; n=1). We also
excluded patients without records of vital status (n=136),
ADL on admission (n=38) or cancer stage (n=188). The
final study population comprised 12134 patients from
35 hospitals (one of the target hospitals had no eligible
patients).
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Study outcome

The outcome of interest was overall survival with a
maximum of 5years of follow-up. Survival time was calcu-
lated from the diagnosis date of the index cancer to the
date of death from any cause (ie, all-cause mortality) or
end of follow-up, whichever occurred first. Information
on all-cause mortality was obtained from the registry data.

Functional status assessment

Functional status was assessed using the Barthel Index
as measured by nursing staff.”’ Japanese hospitals are
required to assess and record ADL in patients using the
Barthel Index on admission for inpatient care, and the
corresponding scores are included in administrative
claims data. For patients who had undergone two or
more hospitalisations within 3months before or after
the month of diagnosis, we examined data from the first
hospitalisation that involved the index cancer.

The Barthel Index measures performance in the
following domains: feeding (score: 0, 5 or 10), grooming
(0 or 5), bathing (0 or 5), dressing (0, 5 or 10), bowel
control (0, 5 or 10), bladder control (0, 5 or 10), toilet use
(0, 5 or 10), chair/bed transfers (0, 5, 10 or 15), ambu-
lation (0, 5, 10 or 15) and stair climbing (0, 5 or 10).*!
Total scores range from 0 to 100, with higher scores indi-
cating better functional status. Based on a previous review
study, the original continuous score was collapsed into a
categorical variable according to the level of functional
disability: no disability (score: 100), moderate disability
(60-95) and severe disability (0-55).%

Covariates

Patient and tumour characteristics that were available in
the data and expected to be associated with survival time
were incorporated into the statistical models as covariates.
Patient characteristics included age at diagnosis (18-59,
60-64 and 65-69 years), sex and baseline comorbidities.
Age and sex were obtained from the registry data, and
comorbid diagnoses were obtained from the administra-
tive claims data. Comorbidity burden is a well-established
prognostic factor that is negatively correlated with func-
tional status.”” ** Baseline comorbidities were measured
using the Quan adaptation of the Charlson Comorbidity
Index (CCI) based on International Classification of
Diseases, Tenth Edition codes.?* The CCI included 11
comorbid conditions (congestive heart failure, chronic
pulmonary disease, dementia, connective tissue disease,
mild liver disease, moderate or severe liver disease,
diabetes with chronic complications, renal disease, hemi-
plegia or paraplegia, haematological and solid cancer
diagnosed before the index cancer, and HIV infection).”
Metastatic cancer was not included as it may represent
an extension of the index cancer. The total CCI score
was computed by summing up the individual compo-
nent scores (ranging from 1 to 4) that account for their
mortality risks.”” Patients were grouped into three catego-
ries according to their CCI scores: no comorbidity (score:

0), moderate comorbidities (1-2) and severe comorbidi-
ties (=3).

Tumour characteristics included surveillance, epide-
miology and end results summary stage at diagnosis,
which was classified into localised, regional and distant.*®
For lung cancer, tumour characteristics also included
histology (small cell carcinoma as indicated by ICD-O-3
morphology codes 8041-8045, and non-small cell carci-
noma as indicated by all other ICD-O-3 morphology
codes) as it is a known prognostic factor for this cancer.”’
In summary, four baseline characteristics (ie, age, sex,
comorbidities and cancer stage) were adjusted in multi-
variable analyses for gastric and colorectal cancer, whereas
five baseline characteristics (ie, age, sex, comorbidities,
cancer stage and tumour histology) were adjusted for
lung cancer.

Statistical analysis
For the main analyses, Cox proportional hazards models
were constructed to examine the association between
functional status and overall survival for each cancer
type while adjusting for the baseline characteristics.
Using these models, we estimated the adjusted HRs
(aHRs) and 95% ClIs for all-cause mortality. A prelim-
inary analysis found that Spearman’s rank correlation
coefficient between functional status and comorbidity
was 0.033 (p=0.034), 0.073 (p<0.001) and -0.016
(p=0.33) for gastric, colorectal and lung cancer, respec-
tively. Interactions between the main effects were tested,
and no clinically important interaction was identified.
Next, adjusted survival curves according to the three
functional status categories were generated for each
cancer type.”® The estimates were produced by calcu-
lating the average of the individual predicted survival
curves throughout the follow-up period. Functional
status-specific 5-year survival rates were also extracted
from the adjusted survival curves.”® To examine the
association of functional status with overall survival
according to cancer stage, we constructed additional
Cox proportional hazards models for each cancer
type stratified by stage while adjusting for the baseline
characteristics (excluding cancer stage). In addition,
we also performed subgroup analyses to examine the
association of functional status with overall survival in
younger patients aged 18-59 years using Cox propor-
tional hazards models that adjusted for the baseline
characteristics. The assumption of proportional hazards
was confirmed through visual inspection of the log-log
survival curve plots (data not shown).

Statistical significance was defined as p<0.05 (two
sided). Analyses were performed using SAS software,
V.9.4 (SAS Institute).

Patient and public involvement
There was neither patient nor public involvement in this
study.
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Table 1 Patient characteristics, tumour characteristics and functional status at cancer diagnosis according to cancer type
Gastric cancer Colorectal cancer Lung cancer

Total 4198 4112 3829
Follow-up, median, years (IQR) 4.02 (2.41-5.00) 4.15 (3.48-5.00) 3.02 (1.05-4.35)
All-cause mortality 1338 (31.9) 1084 (26.4) 2163 (56.5)
Age (years)

18-59 1234 (29.4) 1470 (35.7) 1049 (27.4)

60-64 1248 (29.8) 1151 (28.0) 1101 (28.8)

65-69 1711 (40.8) 1491 (36.3) 1679 (43.8)
Sex

Male 2934 (70.0) 2347 (57.1) 2616 (68.3)
Comorbidities*

None 3471 (82.8) 3419 (83.1) 2834 (74.0)

Moderate 647 (15.4) 641 (15.6) 897 (23.4)

Severe 75 (1.8) 52 (1.3) 98 (2.6)
Cancer stage

Localised 2369 (56.5) 1913 (46.5) 1146 (29.9)

Regional 844 (20.1) 1303 (31.7) 1018 (26.6)

Distant 980 (23.4) 896 (21.8) 1665 (43.5)
Tumour histology

Small cell carcinoma - - 446 (11.6)
Functional statust

No disability 3877 (92.5) 3733 (90.8) 3397 (88.7)

Moderate disability 220 (5.2) 226 (5.5) 240 (6.3)

Severe disability 96 (2.3) 153 (3.7) 192 (5.0)

Values are expressed as number (column percentage) unless otherwise indicated. Percentages may not add up to 100% because of

rounding.

*Comorbidities were measured using the Charlson Comorbidity Index, with 0 point indicating none, 1-2 points indicating moderate

comorbidities and >3 points indicating severe comorbidities.

TFunctional status was measured using the Barthel Index, with 100 points indicating no disability, 60-95 points indicating moderate disability

and 0-55 points indicating severe disability.

RESULTS

The analysis was conducted using 4193 patients with
gastric cancer, 4112 patients with colorectal cancer and
3829 patients with lung cancer. Table 1 summarises the
baseline patient and tumour characteristics of the study
population. The median follow-up periods were 4.02,
4.15 and 3.02 years for patients with gastric, colorectal
and lung cancer, respectively. During follow-up, all-cause
mortality occurred in 1338 (31.9%) patients with gastric
cancer, 1084 (26.4%) patients with colorectal cancer and
2163 (56.5%) patients with lung cancer. For all three
cancer types, large proportions of the study popula-
tion were aged 65-69 years (40.2%) and male (65.0%);
no comorbidities were reported in 80.1% of patients.
Approximately half of all patients with gastric (56.5%)
and colorectal (46.5%) cancer were diagnosed with local-
ised cancer, whereas 43.5% of patients with lung cancer
had distant cancer. Small cell carcinoma was identified in
11.6% of patients with lung cancer.

The distribution of functional status categories is also
presented in table 1. The majority (92.5%) of patients
with gastric cancer had no disability; 5.2% and 2.3% had
moderate and severe disability, respectively. Similarly, the
majority (90.8%) of patients with colorectal cancer had
no disability; 5.5% and 3.7% had moderate and severe
disability, respectively. A slightly smaller proportion of
patients with lung cancer (88.7%) had no disability; 6.3%
and 5.0% had moderate and severe disability, respectively.

Survival analysis

Table 2 shows the all-cause mortality rates according to the
baseline characteristics and functional status categories.
All-cause mortality occurred in 29.7%, 50.0% and 78.1%
of patients with gastric cancer with no disability, moderate
disability and severe disability, respectively; 24.4%, 38.1%
and 57.5% of patients with colorectal cancer with no
disability, moderate disability and severe disability, respec-
tively; and 53.3%, 76.7% and 87.5% of patients with lung
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Figure 1 Adjusted overall survival curves stratified by

functional status in patients with gastric cancer. Age, sex,
comorbidities and cancer stage were adjusted.

cancer with no disability, moderate disability and severe
disability, respectively.

The results of the Cox proportional hazards models
that described the association of functional status with
overall survival are also presented in table 2. In patients
with gastric cancer, functional disability was significantly
associated with a higher mortality risk relative to no
disability (moderate disability: aHR=1.44 (95% CI 1.18 to
1.75); severe disability: aHR=3.56 (95% CI 2.81 to 4.51)).
In patients with colorectal cancer, functional disability was
significantly associated with a higher mortality risk relative
to no disability (moderate disability: aHR=1.35 (95% CI
1.08 to 1.68); severe disability: aHR=2.37 (95% CI 1.89 to
2.95)). In patients with lung cancer, functional disability
was significantly associated with a higher mortality risk
relative to no disability (moderate disability: aHR=1.74
(95% CI 1.50 to 2.03); severe disability: aHR=2.34 (95%
CI2.00 to 2.75)).
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Figure 2 Adjusted overall survival curves stratified by
functional status in patients with colorectal cancer. Age, sex,
comorbidities and cancer stage were adjusted.
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Figure 3 Adjusted overall survival curves stratified by
functional status in patients with lung cancer. Age, sex,
comorbidities, cancer stage and tumour histology were
adjusted.

Figures 1-3 present the adjusted overall survival curves
stratified by functional status for patients with gastric,
colorectal and lung cancer, respectively. The adjusted
5-year survival rates of patients with no disability, moderate
disability and severe disability were 67.2%, 65.5% and
50.8% for gastric cancer; 72.6%, 70.0% and 62.3% for
colorectal cancer; and 42.3%, 33.0% and 31.3% for lung
cancer, respectively.

The results of the Cox proportional hazards models
stratified by cancer stage are provided in table 3. Among
patients with localised cancers, moderate disability was
significantly associated with a higher mortality risk for
gastric cancer, and severe disability was significantly asso-
ciated with a higher mortality risk for all three cancer
types. Among patients with regional cancers, moderate
disability was not associated with a higher mortality risk;
however, severe disability was significantly associated with
a higher mortality risk for colorectal and lung cancer.
Among patients with distant cancers, moderate disability
was significantly associated with a higher mortality risk for
gastric and lung cancer, and severe disability was signifi-
cantly associated with a higher mortality risk for all three
cancer types. Each of the baseline characteristics yielded
aHRs similar to those from the primary models without
stratification of cancer stage (data not shown).

In the subgroup analyses of patients aged 18-59years,
we analysed 1234 patients with gastric cancer, 1470
patients with colorectal cancer and 1049 patients with
lung cancer. The baseline characteristics of these patients
are summarised in online supplemental table 1, and
the results of the Cox proportional hazards models are
provided in online supplemental table 2. Restricting the
study population to younger patients did not markedly
affect the results of the survival analyses, which remained
similar to those of the main analyses. Functional disability
was significantly associated with a higher mortality risk,
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with the exception of moderate disability in patients with
gastric cancer.

DISCUSSION
Using a record-linked database of administrative claims
and cancer registry data, this study examined the asso-
ciation between pretreatment functional status and
overall survival in young and middle-aged adults with
newly diagnosed gastric, colorectal and lung cancer. This
large multicentre study is, to our knowledge, the first to
provide evidence of the long-term prognostic impact of
pretreatment functional disability on overall survival in
younger patients with specific cancer types from a single
data set that accounted for potentially confounding
clinical factors. The main finding was that functional
disability prior to initial cancer treatment was consis-
tently and significantly associated with a higher risk of all-
cause mortality. Although the importance of functional
status as a prognostic factor has been well established
in older cancer populations,®” our results provide new
evidence from younger patients with cancer. Overall, our
results are concordant with those of previous reports that
involved heterogeneous samples, smaller samples and
shorter follow-up periods.'*™"°

The following three mechanisms have been proposed
to explain the relationship between functional disability
and premature mortality in patients with cancer: (1)
compromised cancer treatment plans, (2) poorer cancer
treatment outcomes, and (3) poorer health conditions
prior to cancer occurrence. In the first mechanism, func-
tional disability is thought to shift the treatment course
away from more aggressive options.29 This concept is
supported by the significant associations between severe
functional disability and increased mortality irrespective
of cancer stage in our analyses. In particular, patients
with severe functional disability may be limited to less
aggressive treatments. In the second mechanism, func-
tionally disabled patients may be more likely to experi-
ence treatmentrelated adverse events such as increased
Chemotoxicity,go thereby resulting in poorer outcomes.
This explanation is supported by the greater impact
of functional disability on survival in advanced-stage
tumours (relative to early-stage tumours) regardless of
cancer type or level of functional disability in our cancer
stage-stratified analyses. These findings also agree with
those of a prior study on lung cancer that observed
larger differences in mortality risk among different levels
of performance status in non-surgical patients than in
surgical patients.31 In the third mechanism, functionally
disabled patients may die as a result of other conditions
apart from the index cancer.”® As functional disability
can be the result of pre-existing diseases or conditions,
it may not be an independent cause of mortality, but
instead reflect the patients’ underlying health conditions.
In addition to these three mechanisms, another possible
mechanism may be that functional disability results in

reduced physical activity, which contributes to chronic
inflammation that elevates the risk of mortality."*

Implications

The present study demonstrated that Barthel Index scores
acquired from administrative claims data have potential
applications in risk adjustment models for survival in
younger patients with cancer, which has been previously
shown in older patients.*” In Japan’s acute care hospitals,
Barthel Index scores are required to be calculated for
each patient on admission. The availability of functional
status in routinely collected data varies among and within
countries, but Barthel Index scores are regularly recorded
in several types of facilities in some countries.”™** As infor-
mation on functional status has potential value in clinical
practice and research, hospitals in other countries may
find it beneficial to include such measures in routine data
collection for administrative or auditing purposes.

Furthermore, the Barthel Index may have applications
in rehabilitation services and inpatient nursing care in
some specific hospitals, units and wards due to its wide-
spread use as an ADL assessment tool. Knowledge of
probable outcomes based on comprehensive, individu-
alised and evidence-based consideration of patient and
tumour characteristics (including functional status) can
inform the clinical decision-making process in cancer
treatment strategies.

Our finding that patients with cancer with pre-existing
functional disability at the time of diagnosis had signifi-
cantly poorer survival indicates a need for interventions
to improve prognoses, such as the early initiation of reha-
bilitation services that focus on improving functional
status. These results provide useful insight for healthcare
professionals to plan and deliver such services.”

Future work

Future studies should examine if functional status and
performance status have similar predictive values for
mortality in younger patients with cancer. While perfor-
mance status measures are widely used for risk adjust-
ments of survival outcomes, these are not available in
Japan’s administrative claims data. Moreover, these
measures are also notincluded in the cancer registry data
of Japan and numerous other countries. Further research
should also explore the specific types of physical activi-
ties that require assistance. Simply summing the scores of
various ADL domains may not provide an accurate repre-
sentation of the full extent or characteristics of functional
disability.

Limitations

This study has several limitations. First, functionally
disabled patients with cancer may be underrepresented
in our study because the study population was limited to
subjects from designated cancer care hospitals, which
tend to accommodate more functionally sound patients.
As a consequence, further analyses that evaluate patients
with cancer in other settings are needed to confirm or
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refute our findings. Second, we did not have information
on the causes of death. By using overall survival instead
of cancer-specific survival, our analysis describes the gross
effects of functional disability. Access to information on
cause-specific mortality would shed more light on the
detailed mechanisms by which functional disability exerts
its effects.

CONCLUSIONS

This study provides novel findings on functional status
as a prognostic factor for young and middle-aged adult
patients with cancer. Our results suggest that incorpo-
rating pretreatment functional status into prognostic
tools can enhance the prediction of outcomes in patients
with gastric, colorectal and lung cancer. In addition, the
inclusion of functional status can improve risk adjustment
models for survival rates in patients with newly diagnosed
cancer when comparing outcomes among institutions or
regions.
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