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Abstract

Context: Appropriate selection of aging patient who fit for cancer surgery is an art-of-state.

Objectives: This study aimed to identify predictive factors pertinent to 3-month postoperative
mortality in geriatric cancer patients.

Methods: A total of 8,425 patients over 70 years old with solid cancer received radical surgery
between 2007 and 2012 at four affiliated hospitals of the Chang Gung Memorial Hospital were
included. The clinical variables of patients who died within 3 months post-surgery were analyzed
retrospectively. Recursive partitioning analysis (RPA) was performed by randomly selecting 50% of
the patients (testing set) to identify specific groups of patients with the lowest and highest
probability of 3-month postoperative mortality. The remaining 50% were used as validation set of
the model.

Results: Patients’ gender, Eastern Cooperative Oncology Group performance (ECOG scale),
Charlson comorbidity index (CCI), American Society of Anesthesiologist physical status, age,
tumor staging, and mode of admission were independent variables that predicted 3-month
postoperative mortality. The RPA model identified patients with an ECOG scale of 0-2, localized
tumor stage, and a CC| of 0-2 as having the lowest probability of 3-month postoperative mortality
(1.1% and 1.3% in the testing set and validation set, respectively). Conversely, an ECOG scale of
3—4 and a CCI >2 were associated with the highest probability of 3-month postoperative mortality
(55.2% and 47.8% in the testing set and validation set, respectively).

Conclusion: We identified ECOG scale and CCl score were the two most influencing factors
that determined 3-month postoperative mortality in geriatric cancer patients.

Key words: postoperative mortality, solid cancer, geriatric patients, predictive factors

Introduction

Radical surgical resection is the most common,
and sometimes the only, curative modality for solid
cancer patients. However, surgery may compromise
outcome and even lead to death in medically unfit or

frail patients (1-6). Old age is a reliable negative pre-
dictor of outcome after cancer surgery (7). In a na-
tionwide study in the United States evaluating the
impact of age on postoperative outcome for colorectal
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cancer patients over a ten years period, elder patients
were associated with a higher hospital cost, increased
length of stay, and higher in-hospital mortality and
morbidity compared to younger patients (8). The dif-
ference in postoperative mortality rates between older
and younger patients became wider as age increases.
In a European based study, the postoperative mortal-
ity for patients aged 85-89 years and those 90 years
and older after cancer surgery was 2-fold and 3-fold
higher than patients aged 80-84 years, respectively
(9). In contrast, many studies suggested that, with
careful preoperative selection, surgical treatment can
be performed at acceptable risk and with good out-
comes in elderly patients of various types of cancer
(10-19).These disparities suggest that age is not the
sole predictor of postoperative mortality, which can
also be affected by various other factors such as
comorbidity and functional status (20-22).

As populations are aging and cancer incidences
increase worldwide, there is an urgent clinical need to
address the merits and demerits of surgical treatment
in elderly cancer patients. Overtreatment may result
in high postoperative mortality due to disregarding
aging patients’ frailty. On the other hand, elderly pa-
tients are less likely to be offered standard cancer
treatment because of the unfamiliarity of medical
personnel with caring for elderly patients (23), or
concern about their ability to tolerate treatment (24);
thus, the outcome is suboptimal owing to under-
treatment (25). Since the high risk of postoperative
mortality for aging patients should be weighed
against the potential benefit, proper selection of aging
patients who qualify for surgery, and identifying
vulnerable subjects who do not qualify, may assist in

the decision-making process as well as the designing
of treatment alternative (7). To address this, we ana-
lyzed preoperative clinical variables of patients 70
years and older to identify factors that are correlated
with mortality within 3-months of cancer surgery.

Materials and methods

Patient selection

A total of 37,288 patients who underwent opera-
tions for solid cancers between January 2007 and De-
cember 2012 at four hospitals affiliated with the
Chang Gung Memorial Hospital system (CGMH)
(The Linkou, Keelung, Chiayi, and Kaohsiung
branches of the CGMH) were included in this study.
All patients with either pathologically- or radio-
graphically suspicious malignancies underwent rad-
ical resection of their primary cancers with curative
intent. Patients who received palliative resection or
bypass surgery were excluded, as were patients with
skin cancers and superficial urinary bladder cancers.
Overall, 890 of 37,288 patients (2.4%) died within 3
months post-surgery. The total numbers of patients
<70 and 270 years of age were 28,836 and 8,452, re-
spectively, and the numbers of those patients who
died within 3-month postoperative months were 447
(1.6%) and 443 (5.2%), respectively (p<0.001). The
characteristics of patients 70 years and older were
analyzed retrospectively to identify preoperative
variables pertinent to 3-month postoperative mortal-
ity. The study design is presented in Figure 1. The
study was approved by the Institutional Review
Boards at all CGMH branches, in compliance with the
Helsinki Declaration (1996).

Patients with solid cancer received radical surgery at four hospitals affiliated
with the Chang Gung Memorial Hospitals in Taiwan, 20072012 (n = 37.288)
Overall, 890 patients (2.4%) died within 3 months after surgery.

28,836 patients aged less than 70
| years were excluded from analysis.

¥

i Among them, 447 patients (1.6%)
died within 3 months after surgery.

Among them, 443 patients (5.2%) died within

Eligibility: 8.452 patients aged over 70 years were included in the analysis.

3 months after surgery.

y

partitioning analysis.

postoperative mortality.

—>Clinical variables associated with 3-month postoperative mortality were analyzed by
univariate and multivariate logistic regression.
->Significant variables identified in the multivariate mode were further analyzed by recursive

—>To identify specific groups of patients with lowest and highest probability of 3-month

Figure 1. Study flow chart
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Data collection

The administrative and clinical data collected
before surgery included patients’ demographics,
American Society of Anesthesiologist physical status
(ASA score), and the Charlson comorbidity index
(CCI). Demographic of every patient including age,
gender, Eastern Cooperative Oncology Group per-
formance status (ECOG scale), admission mode (elec-
tive or emergency), existence of past cancer history,
preexisting comorbidities, cancer site by anatomic
location, histological grade of differentiation, and
clinical tumor stage were recorded by primary care
clinicians preoperatively using a prospective-
ly-formulated electronic record form. This form has
been provided by the institutional cancer center with
the intent to improve quality of care for cancer pa-
tients since 2006 after implementation of the Cancer
Prevention and Treatment Act in Taiwan. Data qual-
ity is maintained for completeness and accuracy by
individual multidisciplinary teams and well-trained
cancer center personnel. Tumor stage was recorded as
localized, regional, advanced, and unclassified using
the Surveillance, epidemiology, and end results pro-
gram (SEER) summary stage classification (26). ASA
scores were provided by anesthesiologists at prean-
esthetic evaluation, whereas CCIs were calculated
from tabulated electronic record forms using The In-
ternational Classification of Diseases (Ninth Revision)
coding. A modified CCI that excluding the scores for
patient age and type of cancer was used in this study.
Patients with a diagnosis of more than one tumor or
those receiving multiple surgeries for their primary
tumors within the study period were analyzed from
the date of surgery for the first tumor or the first sur-
gery. All included patients were followed until death
or June 30, 2014. Survival time was determined from
the time of surgery to death or the date last known to
be alive. All dates of death were obtained from the
National Registry of Death database in Taiwan.

Statistical analysis

Basic demographic data were summarized as n
(%) for categorical variables and medians with inter-
quartile ranges (25-75%) for continuous variables.
Distribution of clinical variables was tabulated as n
(%) by 3-month postoperative mortality status and
compared using the chi-square test. Differences be-
tween continuous variables were analyzed using
t-tests for normally distributed data and Wilcoxon
rank sum tests for non-normally distributed data.
Possible clinical variables for 3-month postoperative
mortality after cancer surgery were examined by
univariate and multivariate logistic regressions. Sig-
nificant variables identified in the multivariate mode
were further analyzed by recursive partitioning anal-

ysis (RPA) (27), which is a decision tree method for
identifying specific groups of patients with a greater
probability of a specific outcome. The first node of
RPA included all patients; the node was split if the
Chi-square statistical test was significant for any var-
iable beyond the 0.05 probability level. Each splitting
resulted in two homogeneous subgroups with respect
to the 3-month postoperative mortality status. Ter-
minal nodes were defined as those with fewer than 50
patients or when no possible partition exceeded the
adjusted minimum significant value. RPA was per-
formed by randomly selecting 50% of the patients,
defined as the testing set, to identify optimal patient
classifications, whereupon the remaining 50% of the
patients, defined as the validation set, were used to
estimate the hazard ratio (HR) of 3-month postopera-
tive mortality among these classifications by univari-
ate logistic regression. This was done with the intent
of generating preliminary data toward a model that
would predict those patients likely to experience
3-month postoperative mortality after cancer surgery.
The SPSS 17.0 software (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. All statistical as-
sessments were two-sided. A p value smaller than 0.05
was considered significant.

Results

In total, 443 patients (5.2%) died within 3 months
after cancer surgery. All the clinical variables are
summarized in Table 1. The 3-month postoperative
mortality was significantly higher in patients who
were male, older than 80, those with a primary tumor
site from visceral organs (thorax, central nerve sys-
tem, stomach, hepatobiliary and pancreas), poor
ECOG scale, poorly differentiated grade of tumor,
non-elective admission type, higher ASA score, and
higher number of comorbidities.

No difference in terms of previous cancer history
was observed between the two patient groups.

Univariate and multivariate analyses of clinical
variables to predict 3-month postoperative mortality
are presented in Table 2. The 3-month postoperative
mortality was significantly different with respect to
gender (5.9% in male vs. 44 % in female), primary
tumor location (2.0% in patients with breast or thyroid
cancer; 4.8% in patients with colorectal, gynecologic,
or urologic cancer; 5.0% in head, neck, and thorax
cancer; 7.5% in gastric and hepato-biliary-pancreatic
cancer, and 9.4% in patients with tumors of the central
nervous system), tumor stage (2.7%, 5.5%, 13.9%, and
10.2% in localized, regional, advanced, and unclassi-
fied stages, respectively), histological grade of differ-
entiation (3.6%, 4.4%, 6.8%, and 7.4% in well-, mod-
erately-, poorly-, and unclassified differentiation, re-
spectively), ECOG scale (2.6%, 3.7%, 29.6%, and 57.6%

http://lwww.jcancer.org



Journal of Cancer 2016, Vol. 7

17

in ECOG scale 0-1, 2, 3, and 4, respectively), admis-
sion type (4.9% in elective admission vs. 15.5% in
non-elective admission), CCI (3.4%, 4.7%, 7.2%, 18.5%,
and 33.8% in CCI 0, 1, 2, 3-4 and 5-8, respectively),
ASA scores (2.6%, 6.2%, and 43.2% with ASA scores
1-2, 3, and 4-5, respectively) and age (4.0%, 8.7%, and
11.1% in ages 70-79, 80-89 and over 90, respectively).

Only gender, tumor stage, ECOG scale, admis-
sion type, CCI, ASA score, and age were independent
variables that predicted 3-month postoperative mor-
tality after cancer surgery as determined by the mul-
tivariate analysis.

The result of the RPA model is illustrated in
Figure 2. In the testing set, patients were divided into
eight classifications ranging from the lowest (1.1%) to

Table 1. Basic patient demographic data

the highest (55.2%) probability of 3-month postopera-
tive mortality after cancer surgery, based on the deci-
sion tree method. Patients with a good ECOG scale
(0-1) and fewer comorbidities (CCI 0-2), defined as
the reference group, had the lowest probability of
3-month postoperative mortality after cancer surgery.
The highest probability of 3-month postoperative
mortality (55.2% and 47.8% in the training set and
validation set, respectively) after cancer surgery was
observed among patients with a poor ECOG scale
(3-4) and multiple comorbidities (CCI >2). In the
validation set, significant differences were observed
between the reference group and other groups ac-
cording to RPA, with HRs ranging from 1.85 to 67.3
(Table 3).

Variable Categories Overall, n (%) Alive at 3 months after sur- Dead within 3 months after surgery, P value
gery, n (%) n (%)

Total 8,452 (100) 8,009 (100) 443 (100)

Gender Male 4,753 (56.2) 4,471 (55.8) 282 (63.7) <0.001a
Female 3,699 (43.8) 3,538 (44.2) 161 (36.3)

Age Mean (IQR) 75 (72-80) 76.3 (71-81) 78.4 (72-84) <0.0010
70-79 6320 (74.8) 6,066 (75.7) 254 (57.3) <0.001a
80-89 2006 (23.7) 1,831 (22.9) 175 (39.5)
90-99 126 (1.5) 112 (1.4) 14 (3.2)

ECOG scale 0-1 5,473 (64.8) 5,331 (66.6) 142 (32.1) <0.001a
2 2,315 (27.4) 2,229 (27.8) 86 (19.4)
3 598 (7.1) 421 (5.3) 177 (40.0)
4 66 (0.8) 28 (0.3) 38 (8.6)

CCI 0 4,548 (53.8) 4,392 (54.8) 156 (35.2) <0.0012
1 2,420 (28.6) 2,306 (28.8) 114 (25.7)
2 988 (11.7) 917 (11.4) 71 (16.0)
3 310 (3.7) 253 (3.2) 57 (12.9)
4 118 (1.4) 96 (1.2) 22 (5.0)
5 73 (0.5) 30 (0.4) 15 (3.4)
6 16 (0.2) 10 (0.1) 6(1.4)
7 4 (0.04) 2(0.02) 2(0.5)
8 3(0.03) 3(0.03) 0(0)

ASA score 1 131 (1.5) 125 (1.6) 6 (1.4) <0.0012
2 3,159 (37.4) 3,079 (38.4) 80 (18.1)
3 5,067 (60.0) 4,751 (59.3) 316 (71.3)
4 93 (1.1) 52 (0.6) 41 (9.3)
5 2(0.02) 2(0.02) 0(0)

Primary cancer site Thorax 1,117 (13.0) 1,064 (13.3) 53 (12.0) <0.0012
CNS 96 (1.1) 87 (1.1) 9(2.0)
Esophagus 39 (0.5) 34 (0.4) 5(1.1)
Stomach and small bowel 891 (10.5) 823 (10.4) 68 (15.3)
Colorectum 3,378 (40.0) 3,213 (40.1) 165 (37.2)
Liver-pancreas-biliary 853 (10.1) 791 (9.9) 62 (14.0)
Gynecological 271 (3.2) 260 (3.2) 11 (2.5)
Genitourol. 1,259 (14.9) 1,200 (15.0) 59 (13.3)
Breast 436 (5.2) 432 (5.4) 4(0.9)
Thyroid 112 (1.3) 105 (1.3) 7 (1.6)

Previous cancer history  Yes 1,170 (13.8) 1,107 (13.8) 63 (14.2) 0.432
No 7,282 (86.2) 6,902 (86.2) 380 (85.8)

Tumor grade Well 845 (10.0) 815 (10.2) 30 (6.8) <0.0012
Moderately 4,429 (52.4) 4,236 (52.9) 193 (43.6)
Poorly 1,538 (18.2) 2,164 (27.0) 157 (35.4)
Unclassified 857 (10.1) 794 (9.9) 63 (14.2)

Tumor stage Localized 4,457 (52.7) 4,335 (54.1) 122 (27.5) <0.0012
Regional 2,539 (30.0) 2,399 (30.0) 140 (31.6)
Advanced 877 (10.4) 755 (9.4) 122 (27.5)
Unclassified 579 (6.9) 520 (6.5) 59 (13.3)

Admission type Elective 8,174 (96.7) 7,774 (97.1) 400 (90.3) <0.0012
Emergency 278 (3.3) 235 (2.9) 43 (9.7)

IQR, interquartile range; CNS, central nerve system; ECOG scale, Eastern Cooperative Oncology Group performance status; CCI, Charlson comorbidity index; ASA score, American

Society of Anesthesiologist physical status; Genitourol., genitourological.
aChi-square test, "Unpaired two-sided t-test
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Figure 2. Recursive partitioning analysis of the testing set (n = 4,244). The classification mode is represented by a roman numeral below each node of the
decision-tree, and was used for univariate logistic regression analysis in the validation set (see Table 3). 3MPM, 3-month postoperative mortality; df, degrees
of freedom; ECOG scale, Eastern Cooperative Oncology Group performance status; CCl, Charlson comorbidity index.

Table 2. Univariate and multivariate analysis of 3-month postoperative mortality

Variable Categories No of patients dead within 3 months  Univariate, P value Multivariate, P value
of surgery/ total patients, (%) HR (95% CI) HR (95% CI)
Gender Male 282/4753 (5.9) 1 1
Female 161/3699 (4.4) 0.72 (0.59-0.88) 0.001 0.72 (0.57-0.90) 0.004
Age 70-79 254/6320 (4.0) 1 1
80-89 175/2006 (8.7) 2.28 (1.87-2.79) <0.001 1.84 (1.46-2.31) <0.001
90 14/126 (11.1) 2.99 (1.69-5.28) <0.001 1.59 (0.82-3.07) 0.17
ECOG scale 0-1 142/5473(2.6) 1 1
2 86/2315 (3.7) 1.45 (1.10-1.90) 0.008 1.09 (0.81-1.47) 0.56
3 177/598 (29.6) 15.8 (12.4-20.1) <0.001 9.11 (6.88-12.1) <0.001
4 38/66 (57.6) 50.9 (30.4-85.3) <0.001 16.3 (8.27-32.1) <0.001
CCI 0 156/4548 (3.4) 1 1
1 114/2420 (4.7) 1.39 (1.09-1.78) 0.009 1.26 (0.96-1.65) 0.094
2 71/988 (7.2) 2.18 (1.63-2.91) <0.001 1.5 (1.08-2.08) 0.015
3-4 79/428 (18.5) 6.73 (4.76-8.53) <0.001 447 (3.17-6.32) <0.001
5-8 23/68 (33.8) 14.4 (8.49-24.4) <0.001 8.09 (4.22-15.5) <0.001
ASA score 1-2 86/3290 (2.6) 1 1
3 316/5067 (6.2) 248 (1.94-3.16) <0.001 1.05 (0.78-1.39) 0.76
4-5 41/95 (43.2) 28.3 (17.9-44.8) <0.001 2.3 (1.21-4.39) 0.012
Primary tumor site Breast, Thyroid 11/548 (2.0) 1 1
CRC, GYN, GU 235/4908 (4.8) 2.46 (1.33-4.52) 0.004 1.32 (0.68-2.56) 041
HN, Esophagus, Lung, others 58/1156 (5.0) 2.58 (1.34-4.95) 0.004 1.64 (0.81-3.32) 0.17
HPB, Stomach, Small bowel 130/1744 (7.5) 3.93(2.11-7.33) <0.001 1.93 (0.98-3.77) 0.056
CNS 9/96 (9.4) 5.05 (2.03-12.5) <0.001 0.56 (0.19-1.59) 0.27
Previous cancer history ~ No 380/7282 (5.2) 1 1
Yes 63/1170 (5.4) 1.03 (0.79-1.36) 0.81 1.10(0.81-1.50) 0.54
Tumor grade Well 30/845 (3.6) 1 1
Moderately 193/4429 (4.4) 1.24 (0.84-1.83) 0.29 0.91 (0.58-1.41) 0.66
Poorly 157/2321 (6.8) 1.97(1.32-2.94) 0.001 1.38 (0.87-2.20) 0.17
Unclassified 63/857 (7.4) 2.16 (1.38-3.37) 0.001 1.47 (0.88-2.48) 0.15
Tumor stage Localized 122/4457 (2.7) 1 1
Regional 140/2539 (5.5) 2.07 (1.62-2.66) <0.001 1.66 (1.26-2.20) <0.001
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Advanced 122/877 (13.9) 574 (442-747)  <0.001 460 (3.41-6.20) <0.001
Unclassified 59/579 (10.2) 403 (292-557)  <0.001 263 (1.76-3.94) <0.001
Admission type Elective 400/8174 (4.9) 1 1
Emergency 43/278 (15.5) 356 (2.53-5.00)  <0.001 1.86 (1.20-2.88) 0.005

ECOG scale, Eastern Cooperative Oncology Group performance status; CCl, Charlson comorbidity index; ASA score, American Society of Anesthesiologist physical status; CRC, colorec-
tum; GYN, gynecological; GU, genitourological; HN, head and neck; HPB, hepato-pancreatico-biliary; CNS, central nerve system.

Table 3. Univariate logistic regression analysis for patients with
3-month postoperative mortality as determined by the classifica-
tion model (Figure 2) based on recursive partitioning analysis: the
validation set (n = 4,208)

Classifi- No. of patients who died within Hazard ratio (95% CI) of P value
cation 3 months of surgery/total patients who died within 3

patients, n (%) months of surgery
I 27/2009 (1.3) 1 (reference)
I 11/125 (8.8) 7.08 (3.43-14.6) <0.001
1 32/1303 (2.5) 1.85 (1.10-3.10) 0.02
v 6/69 (8.7) 6.99 (2.79-17.5) <0.001
v 41/379 (10.8) 8.90 (5.41-14.7) <0.001
VI 22/79 (27.8) 28.3 (15.2-52.7) <0.001
v 54/198 (27.3) 27.5 (16.8-45.0) <0.001
VI 22/46 (47.8) 67.3 (33.7-134.4) <0.001

CI: confidence interval

Discussion

We analyzed prospectively collected preopera-
tive clinical data of 8,452 cancer patients 70 years or
older underwent surgery. We found the overall
3-month postoperative mortality after cancer surgery
was 5.2% in patients 70 years and older, which was
3.3-fold higher than in patients under 70 years old
(p<0.001). In addition to age, gender, tumor stage,
ECOG scale, ASA score, admission type, and comor-
bidities were independent factors predicting 3-month
postoperative mortality by multivariate analysis. The
combination of the above factors can provide better
risk stratification of 3-month postoperative mortality
in elder patients slated to undergo cancer surgery.

Consistent with previous studies (1-6), univari-
ate analysis in our study population showed that age
is an independent factor associated with patients’
postoperative mortality. However, our multivariate
model revealed that the difference in 3-month post-
operative mortality between patients aged 70-79
years and those 90 years and over was insignificant,
although the lower number of patients in the 90 years
and older group may partially limit the statistical
power. More importantly, the impact of age on post-
operative mortality was diminished after adjusting for
other covariates such as comorbidities, performance
status, and emergency or elective admission; these
factors significantly influenced the outcome of post-
operative mortality. Our study showed that age alone
is not a sufficient predictor of 3-month postoperative
mortality after cancer surgery.

Oncogeriatric patients are often associated with
an increasing prevalence of frailty, multiple comor-

bidities, and decline of functional reserve. Appropri-
ate comprehensive preoperative evaluation of func-
tional status, nutritional status, cognitive abilities, and
associated comorbidities can assist in the identifica-
tion of patients at risk of postoperative mortality
(28-31). However, some of the geriatric assessments
and frailty scoring used by well-trained geriatric
physicians were cumbersome (31); therefore, they
were not widely applied in routine clinical practice.
The ECOG scale and ASA score are commonly used to
measure the functional status in oncologic practice
(32-34). In a recent study comparing the ECOG scale
and ASA score as a measure of functional status for
predicting the length of hospitalization after colon
cancer surgery (35), both scores similarly predicted
postoperative length of stay. Furthermore, using both
scores simultaneously better predicted postoperative
length of stay than a single score (35).

The CCI is one of the most commonly used
comorbidity indexes (36, 37), and it was initially used
to assess the role of comorbidity on mortality risks in
longitudinal studies (36). Higher CCI has since been
shown to be associated with a poor outcome in cancer
patients undergoing surgery (38). Mayr and col-
leagues (39) compared ASA score, ECOG scale, and
CCI for risk adjustment of postoperative 90-day mor-
tality for patients with bladder cancer; each of the
three scores significantly increased the predictive ac-
curacy of postoperative mortality. In line with previ-
ous reports, our study showed that the ECOG scale,
CCL and ASA scores were independent prognostic
factors for predicting post-operative mortality in a
variety of cancer types. Considering their accuracy
and the ease of their acquisition, we believe the ECOG
scale, CCI, and ASA scores should be widely used as
predictors of postoperative mortality for elderly pa-
tients in routine clinical practice.

In our study, primary tumor localization, tumor
stage, and histological differentiation grade were all
significant predictors of postoperative mortality after
cancer surgery on univariate analysis. Tumor-related
variables may influence a patient’s surgical outcome
in two ways: First, the severity of surgical procedures
can lead to the destruction of vital organs and im-
pairment of functional abilities such as cognition, di-
gestion, and respiration. Second, the type of cancer in
each individual determines life expectancy. Accord-
ingly, we found that the probabilities of 3-month
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postoperative mortality in colorectal, esophageal,
hepato-biliary-pancreatic, and central nervous system
cancer patients are 2.5-, 2.6-, 3.9-, and 5.1-fold greater,
respectively, than that of breast and thyroid cancers
on univariate analysis. In line with previous reports
(40, 41), our study showed that emergency hospital
admission carried a 2.5-fold postoperative risk of
death over elective admission in all age groups, and
the risk was especially higher in elderly patients
(3.3-fold mortality rate compared to elective surgery
in patients over 75 years old). Our analysis revealed
that, in addition to patients’ characteristics, tu-
mor-related variables also influenced postoperative
mortality in solid cancer patients undergoing cancer
surgery.

This study showed that postoperative mortality
in oncogeriatric patients was influenced by multiple
factors related to patient and tumor characteristics,
not solely age. The RPA classification model was de-
veloped by combining patient and tumor factors per-
tinent to postoperative mortality risk in this study,
and the model was validated as accurate in terms of
risk stratification for postoperative mortality in on-
cogeriatric patients. Using the RPA model, we deter-
mined that the majority of patients over 70 years old
(47.6% and 47.7% of all patients in the testing and
validation sets, respectively) had the lowest probabil-
ity of postoperative mortality (1.1% and 1.3% in the
testing and validation sets, respectively). This was
consistent with the postoperative mortality rate (1.6%)
in patients aged under 70 years old.

Furthermore, the RPA model identified a small
subset of elderly patients (1.4% and 1.1% of all pa-
tients in the testing and validation sets, respectively)
with a significantly higher probability of postopera-
tive mortality (55.2% and 47.8% in the training set and
validation set, respectively) with a ECOG scale 3-4
and CCI score >2. Our model provides a clear estima-
tion of 3-month postoperative mortality risk. We be-
lieve that the risk model will assist patients and clini-
cians with making treatment decisions and providing
appropriate postoperative care.

The strengths of our study included large patient
numbers from multiple institutes across Taiwan over
a 6-year duration, and all clinical variables were col-
lected from a prospectively- formulated electronic
record form. Additionally, all independent predictive
factors were easy to access and available before or
soon after the time of surgery; therefore, this risk
stratification model can be used in routine clinical
practice to predict 3-month postoperative mortality in
geriatric patients with solid cancer.

There are some limitations in this study. First,
the number of events was small and the occurrence
rate was low; hence, this risk stratification model may

not represent a patient’s true mortality risk. Second,
we used the universal factors of all patients to con-
struct the risk model, and it was not possible to strat-
ify postoperative risk among patients according to
specific cancers that were treated by different surgical
methods. In addition, our study model was built on
Taiwanese patient population. The clinical practice
and healthcare system in Taiwan may differ from
other countries. Therefore, this model may not be ap-
plied to all cancer patients worldwide. Last and most
importantly, our analysis only included patients who
underwent surgery; as such, there was a selection bias
towards elderly patients who were offered and re-
ceived surgical treatment.

Conclusions

The 3-month postoperative mortality in elderly
cancer patients was affected by multiple factors. We
identified ECOG scale and CCI score, rather than age
per se, were the two most influencing factors that de-
termined 3-month postoperative mortality in geriatric
cancer patients. Age should not be the sole factor for
selecting elderly patients for cancer surgery.
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