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ABSTRACT

Background. The number of elderly patients with gas-
trointestinal cancer is rising as the population ages. This
study aimed to assess the impact of a preoperative geriatric
assessment on postoperative survival and to develop a
geriatric prognostic scoring system (GPSS) for elderly
patients.

Methods. Patients (n = 544) age 75 years or older who
had undergone radical surgery for gastrointestinal cancer
were recruited for this observational study. Geriatric
assessments (GAs) using the Barthel Index, the Mini-
Mental State Examination, Instrumental Activities of Daily
Living, the Vitality Index, and the Geriatric Depression
Score were administered before surgery. Multivariable
analysis was performed using a Cox proportional hazard
regression model to identify significant prognostic factors.
The GPSS was developed using regression coefficients of
the multivariable regression to predict overall survival
(OS). Thereafter, 165 consecutive patients were prospec-
tively validated to test the authors’ model.
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Results. The independent predictors of OS appeared to be
GA as well as age, type of cancer, clinical stage, perfor-
mance status, and body mass index. The patients were
classified into high- and low-risk groups according to the
GPSS. The overall 3-year survival was 79% in the low-risk
group and 26% in the high-risk group (hazard ratio [HR],
5.69; 95% confidence interval [CI] 4.35-7.42; p < 0.0001).
Furthermore, when GPSS was applied to independent
cohorts, the patients in the high-risk group showed signif-
icantly poorer prognoses than those in the low-risk group
(HR, 4.49; 95% CI 2.65-7.60; p < 0.0001).

Conclusions. Geriatric assessments were closely associ-
ated with postoperative OS. The GPSS is useful in
predicting postoperative prognosis and may help determine
treatment strategies for elderly patients with gastrointesti-
nal cancer.

Gastrointestinal cancers comprise approximately 30% of
cancer diagnoses and 37% of cancer-specific deaths
worldwide.! The number of geriatric patients with gas-
trointestinal cancers is rising substantially as the population
ages. Although surgery is regarded as a mainstay of man-
agement for gastrointestinal cancer, postoperative
morbidity and mortality rates are higher for elderly patients
than for younger patients.”™ Before elderly patients
receive surgery, it is important to predict postoperative
outcomes and classify the risk.


https://doi.org/10.1245/s10434-019-07687-z
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-019-07687-z&amp;domain=pdf
https://doi.org/10.1245/s10434-019-07687-z

Prognostication of Aged Cancer Patients

3645

The geriatric assessment (GA) is an interdisciplinary
diagnostic tool that can be used to assess both cognitive
function and frailty at a single point in time. The GA is
widely used as a tool to identify problems in the daily life
of elderly patients.>®

Several studies have reported that the GA is an effective
risk assessment tool for toxicity and postoperative com-
plications in elderly patients with cancer who are receiving
chemotherapy and undergoing surgery.”'® We also
reported previously that the GA is useful for predicting
postoperative delirium and complications after gastroen-
terologic cancer surgery in elderly patients.'""'?

Recently, increasing evidence indicates that several
approaches toward comprehensive geriatric assessments
(CGAys), including GA, comorbidity, nutrition status, and
performance status (PS), might be useful prognostic tools
for a variety of malignant diseases and their associated
treatments.'>™'” Several prognostic models for overall
survival (OS) in the general geriatric population are pro-
posed, but they have not been formally validated for older
patients with cancer.

This study aimed to analyze the relationship of GA to
OS. Furthermore, on the basis of these results, we devel-
oped a geriatric prognostic scoring system (GPSS) to
predict OS after surgery for elderly patients with gas-
trointestinal cancer and validated the efficacy of the GPSS
in an independent cohort.

METHODS
Patients

From December 2005 to December 2013, 688 patients
age 75 years or older were treated for gastrointestinal
cancer at Osaka University Hospital, and 544 of these
patients who met the inclusion criteria were recruited for
the study (Fig. 1). Patients were deemed eligible for the

688 patients were screened for eligibility

117 non-surgical treatment because of far
advanced disease and other reasons
(respiratory, cardiac, etc.)

571 patients were received operation

9 exploratory laparotomy and/or bypass
18 diagnosed as R1/R2

544 patients were recruited in the analysis

FIG. 1 Flow of patients in this study

study if they (1) had been referred for surgery after a
diagnosis of esophageal, gastric, duodenal, colonic, rectal,
hepatic, or biliopancreatic cancer; (2) had received curative
resection (R0O); (3) could read Japanese and provide
informed consent; and (4) had no documented diagnosis of
dementia.

This study was approved by the Ethics Committee of
Osaka University Hospital, with the protocol entitled
“observational study for discovery of beneficial factors
influencing postoperative course in elderly undergoing
surgery.” Informed consent for gastrointestinal surgery and
oral consent for the GA were obtained from each patient.

From January 2014 to December 2015, 165 patients
were enrolled in the study as an independent cohort. These
patients were eligible based on the aforementioned criteria.

Preoperative Multidimensional Geriatric Assessment

The geriatricians in the geriatric medicine department of
the Osaka University Graduate School of Medicine per-
formed the GA before admission or during the hospital stay
before surgery. The instruments included in the GA were
the Mini-Mental State Examination (MMSE),'® the Geri-
atric Depression Score (GDS), the Vitality Index (VI), the
Barthel Index, and Instrumental Activities of Daily Living
(IADL).

The enrolled patients were classified based on the GA as
those with a MMSE total score of 30 (normal function,
> 24; cognitive dysfunction, < 23), those with a GDS total
score of 15 (normal function, < 6; mild-to-moderate
depression, 6-10; severe depressionm, > 11), those with a
total VI score of 10 (quality of life of elderly subjects with
dementia), those with a total Barthel Index score of 100
(functional status using activities of daily living [ADLY]),
those with a total IADL score of 5 for men and 8 for
women (functional status using IADL). Only full marks
were regarded as normal functioning for the VI, ADL, and
IADL.

The GA cumulative index was calculated for each
patient from the results of each GA domain (ADL, IADL,
GDS, MMSE, and VI). The score was the sum of each
domain (total score, 5), with a score of 5 indicating normal
function (robust), a score of 4 indicating mild dysfunction
(pre-frail), and a score lower than 4 indicating severe
dysfunction (frail). Body mass index (BMI) was calculated
by dividing weight by height squared (kg/m?).

Follow-Up Evaluation

All the patients were followed up at 3- to 4-month
intervals for the first 2 years, at 6-month intervals for
5 years, and at 12-month intervals thereafter. All the
patients underwent a physical examination and computed
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tomography (CT) scan and were assessed for recurrence or
metastasis. The last general follow-up assessment of sur-
vivors was performed at the end of September 2017.

Statistical Analysis

Statistical analyses were performed with JMP 9.0.1
(SAS, Cary, NC, USA). Continuous variables are expres-
sed as the mean + standard deviation, and were compared
using Student’s ¢ test. Categorical data are expressed as
counts and percentages and were compared with the Chi
square test or Fisher’s exact test. The surviving patients
were censored on the day of their last contact.

Overall survival was defined as the time between the
date of the operation and the date of death from any cause.
Prognostic variables were assessed by the log-lank test, and
OS was analyzed using the Kaplan—Meier method. Cox’s
proportional hazard (PH) regression model was used to
analyze independent prognostic factors. Regression coef-
ficients from the Cox PH regression were used to compute
the Geriatric Prognostic Score (GPS)" as follows:

GPS = X(age)i + X(sex)i + X(cancer type)i + X(cStage)i
+ X(PS)i + X(BMI)i + X(PNI)i + X(CGA)i,

where X()i is the score of each predictor in patient i.

The score was assigned to each factor by multiplying the
regression coefficient (log. hazard ratio) by 10 and
rounding it to the nearest integer. The GPS for patient i was
obtained from the sum of the score of each predictor.

To assess the discriminatory power of the GPS in pre-
dicting survival, a logistic regression model was used
separately to compute the area under the receiver operating
characteristic (ROC) curves for 1-year survival after sur-
gery. The optimal cutoff point was identified with the
maximal Youden index (sensitivity + specificity — 1). In
addition, the corresponding sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) were calculated according to the ROC results. The
statistical significance for each model was set at a two-
sided significance level of 5%.

RESULTS
Patient Characteristics

The patient characteristics of the established cohort are
listed in Table 1. The mean age of all 544 patients was
79.3 £ 3.7 years, and about 40% of the patients were
80 years or age or older. Of the 544 patients, 81 had eso-
phageal, 139 had gastric/duodenal, 183 had colorectal, 68
had hepatic, and 73 had bile-duct/pancreatic cancer. About
two-thirds of the patients had a diagnosis of stage 1 or 2

cancer, and about half of these patients underwent surgery
laparoscopically and/or thoracoscopically.

Preoperative Geriatric Assessment

About 30 min were required to perform the interview
and to retrieve all the relevant information for the GA
components. The preoperative GA scores are shown in
Table 1. According to each of the GA components, the
number of patients regarded as frail in their physical
function and mental status was 20 based on the ADL, 124
based on the IADL, 179 based on the MMSE, 101 based on
the GDS, and 36 based on the VI. According to all the
components of the GA, 254 patients were regarded as
having normal function (robust). Of the 544 patients, 177
(33%) exhibited poor function in one component (pre-frail)
and 113 (21%) exhibited poor function in at least two
components (frail) of the GA. The distribution of the GA
cumulative index is shown in Table 1.

Approximately 93% of the patients had a PS of 0 or 1.
More than 70% of the patients had a BMI in the normal
range (Table 1).

Prognostic Factors for Overall Survival

The mean follow-up period was 1125 days for the living
patients and 634 days for the deceased patients. The 3-year
OS was 65.7%, and the 5-year OS was 53.4%.

Age, sex, cancer type, clinical stage, PS, BMI, and GA
were entered into multivariate analyses for OS (Table 2).
Six variables (excluding sex) were identified as significant
prognostic factors. The patients regarded as robust
according to the GA had a significantly longer survival
than those regarded as pre-frail or frail (pre-frail: hazard
ratio [HR], 1.69; 95% confidence interval [CI] 1.23-2.32 vs
frail: HR, 2.19; 95% CI 1.53-3.13).

Cancer type was significantly related to prognosis. The
prognosis for the patients with colorectal cancer was sig-
nificantly better than for those with the other four types of
cancer. The prognoses did not differ among the four other
types of cancer (data not shown). More advanced cancer
stage was closely related to shorter survival compared with
stages 1 and 2 disease (HR, 1.63; 95% C, 1.11-2.41), stage
3 disease (HR, 3.87; 95% CI 2.76-5.48), or stage 4 disease
(HR, 8.37; 95% CI 4.43-15.07). The patients with poorer
PS and excessively low BMI had a significantly shorter
survival.

Development of the GPSS
We developed the GPSS to predict the OS of elderly

patients after surgery. The HR, regression coefficient, and
score of each predictor are shown in Table S1. The areas
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TABLE 1 Bas.eline (.:linical Age (years) 793 + 3.6 %
and demographic variables
Sex Male 367 67.5
Female 177 32.5
Performance status 0 409 75.2
1 99 18.2
2 24 4.4
3 10 1.8
4 2 0.4
BMI (kg/m?) <185 72 132
18.5-25.0 385 70.8
> 25 87 16
Site of primary tumor Esophageal site 81 14.9
Gastric/duodenal site 139 25.6
Colorectal site 183 33.6
Hapatic site 68 12.5
Biliopancreatic site 73 13.4
Clinical stage 1 231 425
2 142 26.1
3 155 28.5
4 16 2.9
Surgery type Open 292 53.7
Laparo-/thoraco-scopic 252 46.3
Operating time (min) 283 £+ 1387
Blood loss (g) 487 + 794
Transfusion Yes 136 25.9
No 389 74.1
Unknown 20
ADL < 80 20 3.7
> 80 524 96.3
IADL Male < 5; female < 8 124 22.8
Male 5; female 8 420 77.2
MMSE <24 179 33
> 24 365 67
GDS <6 443 81.4
>6 101 18.6
VI <10 36 6.6
10 508 93.4
CGA cumulative index Robust 254 46.7
Pre-frail 177 325
Frail 113 20.8

BMI, body mass index; ADL, activities of daily living; IADL, instrumental activities of daily living;
MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Score; VI, Vitality Index; CGA,

comprehensive geriatric assessment

under the ROC curve for the GPS and 1-year mortality both
were 0.80 (Fig. S1).

When the optimal GPS cutoff value of 30 was used to
predict the 1-year mortality, the sensitivity and specificity
were respectively 64.8% and 80.8%, and the PPV and NPV
were respectively 33.6 and 93.9. The patients were clas-
sified into high- and low-risk groups on the basis of the

optimal cutoff point. The number of patients in the high-
and low-risk groups were respectively 137 and 407.

The Kaplan—Meier analysis of OS based on GPS risk-
group status showed good linear separation of the survival
distribution across the risk categories (Fig. 2). The 1- and
3-year OS rates were respectively 94.3% and 79.0% in the
low-risk group compared with 66.4% and 26.0% in the
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TABLE 2 Multivariate

. . n HR 95% CI p Value
analysis of overall survival

Age (years) 75-79 325 1 0.0002
80-84 171 1.68 1.25-2.24
85— 47 2.13 1.32-3.35

Sex Female 176 1 0.12
Male 367 1.27 0.94-1.72

Cancer type Colorectal 182 1 < 0.0001
Stomach 139 2.29 1.56-3.37
Esophagus 81 2.92 1.92-4.43
Liver 68 2.40 1.44-3.93
Bile duct/pancreas 73 3.50 2.25-5.42

cStage 1 231 1 < 0.0001
2 142 1.63 1.11-2.41
3 155 3.87 2.76-5.48
4 16 8.37 4.43-15.07

PS 0 408 1 0.0003
1 99 1.85 1.33-2.52
2- 36 1.91 1.16-3.05

BMI (kg/m?) >25 87 1 0.022
18.5-25.0 384 091 0.63-1.34
<185 72 1.56 0.96-2.54

CGA cumulative index Robust 254 1 < 0.0001
Pre-frail 177 1.69 1.23-2.32
Frail 113 2.19 1.53-3.13

HR, hazard ratio; CI, confidence interval; PS, performance status; BMI, body mass index; CGA, com-

prehensive geriatric assessment

high-risk group. The high-risk group was associated with
increased mortality compared with the low-risk group (HR,
5.69; 95% CI 4.35-7.42; p < 0.0001).

Considering the influence of cStage, which was a strong
prognostic factor, we performed a subanalysis. The patients
were classified into four stages (cStages 1, 2, 3, and 4).
Kaplan—Meier analysis of OS based on GPSS risk status
was performed for each stage (Fig. 2B-E). The 3-year OS
rates for the low- and high-risk groups were respectively
83.2% and 43.8% for cStage 1 disease, 74.7% and 33.0%
for cStage 2 disease, and 68.5% and 27.2% for cStage 3
disease.

The patients in the low-risk group had a significantly
longer survival than those in high-risk group for cStages 1
to 3 disease. On the other hand, for cStage 4 disease, the
3-year OS in the low- and high-risk groups were respec-
tively 16.7% and 26.5%, and the two GPSS risk statuses
did not differ significantly.

Validation of GPSS by Independent Cohort

The patient characteristics in the independent cohort are
listed in Table 3. We validated the ability of GPSS to
predict OS in the independent cohort. When the previous
optimal cutoff value of 30 for the GPS was applied to
predict 1-year mortality, 43 patients were classified into the
high-risk group, and 122 patients were classified into the
low-risk group, with a sensitivity of 70% and a specificity
of 80.7%. The PPV was 33, and the NPV was 95.1. The
predictive power of the GPSS in the independent cohort
was the same as in the established cohort.

Kaplan—-Meier analysis of OS based on the GPS risk-
group status also showed a linear separation of the survival
distributions across the risk categories in the independent
cohort (Fig. 3). The 1- and 2-year OS rates were respec-
tively 95.1% and 84.6% in the low-risk group compared
with 72.1% and 40.3% in the high-risk group.
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FIG. 2 Overall survival curves for patients with gastrointestinal cancer classified according to the GPSS in established cohort. A All stages,

B cStage 1, C cStage 2, D cStage 3, E cStage 4

DISCUSSION

We investigated whether a preoperative geriatric
assessment could enable us to predict the postoperative
prognosis for elderly patients with gastrointestinal cancer.
The GA as well as cancer type, stage, age, and so on were
independent prognostic factors in the multivariate analysis
of OS for elderly patients undergoing curative resection for
gastrointestinal cancer.

In this study, we evaluated overall survival as the end
point for the usefulness of GA and GPSS, but we examined
the cause of death. The rate of death from cancer for the
patients with each GA score was 21% (53/254 patients) for
the patients regarded as robust, 23% (41/177 patients) for
those considered pre-frail, and 27% (30/113 patients) for
those considered frail. On the other hand, the rate of death
from another cause for the patients with each GA score was
8% (21/254) for the patients considered robust, 15% (26/
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TABLE 3 Patient characteristics in the independent cohort

Age (years) 791 £31 %
Sex Male 117 70.5
Female 49 29.5
PS 0 139 83.7
1 23 13.9
2 4 2.4
3 0 0.0
4 0 0.0
BMI (kg/m?) <18.5 29 17.4
18.5-25 120 722
>25 17 10.2
Site of primary tumor  Esophageal site 29 17.5
Gastric/duodenal site 38 229
Colorectal site 57 343
Hapatic site 13 7.8
Biliopancreatic site 29 17.5
Clinical stage 1 71 42.8
2 37 223
3 49 29.5
4 9 54
ADL < 80 4 2.4
> 80 162 97.6
TADL Male < 5; female <8 43 25.9
Male 5; female 8 123 74.1
MMSE <24 84 50.6
> 24 82 494
GDS <6 136 81.9
>6 30 18.1
VI <10 12 7.2
10 154 92.8
CGA cumulative index Robust 32 19.3
Pre-frail 98 59.0
Frail 36 21.7

PS, performance status; BMI, body mass index; ADL, activities of
daily living; IADL, instrumental activities of daily living; MMSE,
Mini-Mental State Examination; GDS, Geriatric Depression Score;
VI, Vitality Index; CGA, comprehensive geriatric assessment

177) for those considered pre-frail, and 24% (27/113) for
those considered frail. The poorer the GA score, the worse
was the rate of death from another cause.

The impact of the GA score on overall survival might
have been due to geriatric-related death rather than cancer
death. The results suggest that the GA is a multidisci-
plinary evaluation tool that can add to the definition of
frailty in elderly patients and should be incorporated to
help guide treatment decisions.

Surgeons and oncologists have been skeptical of GAs
because they have regarded performing GAs as a time-
consuming task. In this study, the approximate time needed
to perform the GA test by the geriatrician was 30 min.
However, some studies report that a systematic GA is
superior to physicians’ clinical judgment in identifying
frailty.?°~*? Although performing the GA test certainly was
a time-consuming task, it was not so complicated that it
must be administered only by geriatricians. The GA can be
performed not only by physician, but also by nurses and
patients’ self-report.”® Thus, education and awareness
about applying the GA to routine clinical practice may
enable us to identify patients with unrecognized vulnera-
bility, to prevent undertreatment and harmful
overtreatment, and to provide adequate intense treatment.

In this study, we developed a GPSS that integrates these
factors, including a GA, to predict OS after surgery for
elderly patients with gastrointestinal cancer. It was possible
to stratify the postoperative prognosis according to GPS.
Furthermore, the GPSS was validated as useful for prog-
nostic predictions in an independent cohort.

According to our results, the GPSS could be very useful
in predicting postoperative OS for these patients. Our
findings indicate that surgery should be offered to elderly
patients, even to the oldest old, as a curative treatment
when they are considered fit by the GPSS. In addition,
surgical indications for patients in the high-risk GPSS
group should be carefully determined, even if they received
their diagnosis at an early stage of cancer.

This study had several limitations. The study comprised
a single-center cohort. Some selection bias could not be
avoided because our hospital is a large academic center.
Some of the patients had already been referred by their
primary care physician and had undergone a preoperative
surgical evaluation. Thus, the patients in this study may be
not representative of the general population. However, the
GA and GPS had discriminative power with respect to
postoperative survival despite this selection bias. Further
studies with larger and more widespread populations at
multiple centers (both nonreferral and referral centers) are
needed to validate the utility of the GPSS for elderly
patients with gastrointestinal cancer. In addition, the GPSS
should be investigated with elderly patients who have other
types of cancer.

In conclusion, the current study suggests that GA and
nutrition status as well as cancer type and stage are closely
associated with postoperative survival for patients with
gastrointestinal cancer. The current prognostic model (i.e.,
the GPSS) may provide indications for treatment strategies
for elderly patients with gastrointestinal cancer. However,
the predictive ability of the GPSS for postoperative sur-
vival should be prospectively validated with a larger
number of patients.
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FIG. 3 Overall survival curves for patients with gastrointestinal
cancer classified according to the GPSS in independent cohort
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