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Abstract

Background: Accurate quality of life (QoL) data and functional results after cancer surgery are lacking for older patients. The
international, multicenter Geriatric Oncology Surgical Assessment and Functional rEcovery after Surgery (GOSAFE) Study
compares QoL before and after surgery and identifies predictors of decline in QoL. Methods: GOSAFE prospectively collected
data before and after major elective cancer surgery on older adults (�70 years). Frailty assessment was performed and
postoperative outcomes recorded (30, 90, and 180 days postoperatively) together with QoL data by means of the three-level
version of the EuroQol five-dimensional questionnaire (EQ-5D-3L), including 2 components: an index (range¼0-1) generated
by 5 domains (mobility, self-care, ability to perform the usual activities, pain or discomfort, anxiety or depression) and a vi-
sual analog scale. Results: Data from 26 centers were collected (February 2017-March 2019). Complete data were available for
942/1005 consecutive patients (94.0%): 492 male (52.2%), median age 78 years (range¼70-95 years), and primary tumor was
colorectal in 67.8%. A total 61.2% of all surgeries were via a minimally invasive approach. The 30-, 90-, and 180-day mortality
was 3.7%, 6.3%, and 9%, respectively. At 30 and 180 days, postoperative morbidity was 39.2% and 52.4%, respectively, and
Clavien-Dindo III-IV complications were 13.5% and 18.7%, respectively. The mean EQ-5D-3L index was similar before vs 3
months but improved at 6 months (0.79 vs 0.82; P< .001). Domains showing improvement were pain and anxiety or depres-
sion. A Flemish Triage Risk Screening Tool score greater than or equal to 2 (odds ratio [OR] ¼ 1.58, 95% confidence interval [CI]
¼ 1.13 to 2.21, P ¼ .007), palliative surgery (OR ¼ 2.14, 95% CI ¼ 1.01 to 4.52, P ¼ .046), postoperative complications (OR ¼ 1.95,
95% CI ¼ 1.19 to 3.18, P ¼ .007) correlated with worsening QoL. Conclusions: GOSAFE shows that older adults’ preoperative
QoL is preserved 3 months after cancer surgery, independent of their age. Frailty screening tools, patient-reported outcomes,
and goals-of-care discussions can guide decisions to pursue surgery and direct patients’ expectations.

The number of older cancer patients is rapidly increasing (1),
but the optimal surgical care and outcomes remain underinves-
tigated. Despite acknowledging that this age group is unique

and heterogeneous, information on the implications of surgery
on individual patients is often limited (1-3). Knowledge comes
from retrospective databases or institutional experiences (4).
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Older and/or frail patients are often excluded from large and
randomized control trials (4,5).

Retrospective analysis carries well-known biases and pre-
vents researchers from answering relevant, real-world ques-
tions such as “How is my life going to change after surgery?”
and “Will I be functional again after treatment?” (6). Cancer has
become a leading cause of death in older patients, and treat-
ment plans may affect the quality of life (QoL) (7). The objective
is to identify the most appropriate treatment based on the
patient’s cancer, function, and goals.

The literature is unable to answer these fundamental
queries because QoL, functional recovery (FR), and other
patient-reported outcomes (PROs) are missing from prospective
studies, and older patients were often excluded from relevant
investigations (8).

The goal of the Geriatric Oncology Surgical Assessment and
Functional rEcovery after Surgery (GOSAFE) study was to obtain
prospective data on the variation of both QoL and FR after major
cancer surgery. The GOSAFE study was promoted by a multidis-
ciplinary group supported by the European Society of Surgical
Oncology (ESSO) and the Surgical Task Force of the
International Society of Geriatric Oncology (SIOG) to investigate
how the association between frailty assessment and PROs will
shift care to personalized treatment and aim to improve clinical
and functional outcomes. We report on the primary outcome:
QoL derangement after surgery and factors predicting worsen-
ing in QoL. Secondary outcomes, postoperative morbidity or
mortality, and factors predicting postoperative mortality are
also reported.

Methods

The GOSAFE study was a multicenter, international, prospective
observational cohort study carried out at 26 hospitals world-
wide (Supplementary Table 1, available online). This study was
approved by each center’s institutional review board and ethics
committee. The study was registered at https://clinicaltrials.
gov/ (identifier: NCT03299270). The study protocol is available in
the Supplementary Material (available online).

Inclusion Criteria

All consecutive patients aged 70 years and older undergoing
elective major surgery with curative or palliative intent for a
solid malignancy were eligible. Primary procedures (ie, any re-
section for any cancer via any operative approach) were in-
cluded. The goal was to obtain information about real-life
practices in the surgical care of older patients; therefore, cogni-
tive impairment was not considered an exclusion criterion.
Informed consent was obtained by the appropriate health-care
proxy.

Exclusion Criteria

Patients undergoing emergent or urgent surgery or planned
hospital stay less than 48 hours were excluded. Centers failing
to provide at least 20 consecutive patients were excluded.

The heterogeneity in the study population was instrumental
to a real-world investigation, aiming to define possible risk fac-
tors predicting variations in QoL, FR, and symptoms.

The primary outcome of the study was the comparison of
QoL data before and after surgery (3 and 6 months). The use of
the the three-level version of the EuroQol five-dimensional

questionnaire (EQ-5D-3L) in the surgical population was previ-
ously described and internationally validated; it includes 2 com-
ponents: an index and a visual analog scale (VAS) score
(Supplementary Figure 1) (9,10). The index is based on patients’
satisfaction in 5 domains (5D: mobility, self-care, ability to perform
usual activities, pain or discomfort, anxiety or depression) across 3
levels (3L: no problem, some problems, extremely problematic).
Based on the scoring of all 5 domains and through an algorithm
that converts individual patients’ answers into a global index
based on the country of origin, a score is calculated ranging from 0
(poorest QoL) to 1 (best possible QoL). The value set generated
from the European population (EQ) was used as the reference co-
hort (11). The VAS score is generated by asking the patient how
they ranked their QoL compared with their peers on a scale from 0
to 100.

There are several advantages of the EQ-5D-3L, including ease
and speed of implementation in a busy surgical practice. In addi-
tion, the EQ-5D-3L had been validated in numerous surgical stud-
ies (12,13) and for use in patients with cognitive disorders (14).

Secondary outcomes were 1) to detect short- and long-term
postoperative morbidity and mortality, and 2) to detect any asso-
ciation between risk factors (including data resulting from the
frailty assessment tools) and QoL. Because morbidity and mortal-
ity are linked with QoL, predictors of 90-day mortality were
assessed and morbidity was recorded (scored according to the
Clavien-Dindo classification complication grade [CD] classifica-
tion) (15). The CD classification only accounts for the most severe
adverse event for each patient; however, all complications were
recorded during the study period for each patient because, espe-
cially in older adults, complications are typically cumulative.

The baseline evaluation and postoperative follow-up assess-
ments require approximately 20 minutes to complete and were
carried out by health-care providers in the outpatient clinic as
part of routine preoperative evaluation (16). No formal prehabi-
litation protocol was required, and optimization was performed
for individual patients based on the center’s standard practice.
Postoperative follow-up visits at 90 and 180 days allowed mea-
suring of QoL and functional status. When a routine office visit
was not planned, an ad-hoc in-person appointment or tele-
phone interview was scheduled.

The selection of frailty screening tools was based on the level
of evidence from the literature and previous experience from the
research consortium (17,18). The Eastern Collaborative Oncology
Group Performance Status (ECOG PS) (19), Katz Activities of Daily
Living (20), the 5-item Flemish version of the Triage Risk
Screening Tool (fTRST) (21,22), the Timed Up and Go (TUG) test
(23), the Geriatric 8 (G8) (24), the Nutritional Risk Screening (25),
American Society of Anesthesiologists (ASA) score (26), and the
Charlson Age Comorbidity Index (CACI) (27). Specifics about
frailty screening tests and perioperative assessment were previ-
ously reported (Supplementary Table 2, available online) (16).

Online inspections were conducted by the research coordi-
nators (Z.C. and F.F.) to maintain the highest possible data qual-
ity. STrengthening the Reporting of OBservational studies in
Epidemiology reporting standards for cohort studies were en-
tirely followed.

Statistical Analysis

Continuous variables were reported as median (minimum-max-
imum values) or mean (SD). Categorical variables were reported
by means of frequencies. McNemar’s test was used to evaluate

A
R

T
IC

LE

970 | JNCI J Natl Cancer Inst, 2022, Vol. 114, No. 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/114/7/969/6565327 by U

niversity Library user on 19 August 2022

https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac071#supplementary-data
https://clinicaltrials.gov/
https://clinicaltrials.gov/
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac071#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac071#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac071#supplementary-data


change in the domains of EQ-5D-3L from baseline to 3 or
6 months after surgery.

Primary outcome analysis for missing data was performed
using a complete case analysis.

Patients who died before the 3-month evaluation were excluded
from the QoL data analysis (28). These cases were considered in the
mortality data analysis and reported in the Results section.

Logistic regression analyses investigating the association of
variables with the outcomes of death and worsened EQ-5D-3L
index (yes or no) at 3 or 6 months after surgery were performed.
Crude and adjusted odds ratios (ORs) with 95% confidence inter-
vals (CIs) were reported. A P value of less than .05 was consid-
ered statistically significant.

Stepwise regression models starting with no predictor were
carried out, and final models for mortality and QoL were chosen
according to a criteria based on statistical appropriateness to
contain partial overlapping of domains and items from the
frailty screening tools. Association among frailty screening vari-
ables was explored through a stratified analysis, and test of ho-
mogeneity was carried out.

Akaike Information Criteria (AIC) and Bayesian Information
Criteria (BIC) were used for model comparison considering the
fit and complexity of the models. Models with the lower BIC and
AIC were superior for reporting the relationship between out-
comes and risk factors. During stepwise process, when variables
were found to be associated, the ones generating the model
with best BIC and AIC were selected.

The VAS score components of the EQ-5D-3L and the EQ-5D-3L
index were considered continuous variables, and an analysis of
variance for repeated measures was performed comparing pre-
operative vs 3-month vs 6-month results. Bonferroni’s correction
was used for post hoc comparisons. Linear mixed effects models,
which are robust to individual changes, were used to analyze EQ-
5D VAS score or EQ-5D index as dependent variable focusing on
the main effect of time (baseline, evaluation at 3 months, and
evaluation at 6 months) accounting for patient intra-variability.
All statistical analyses were carried out using Stata/MP 15.0 for
Windows (Stata-Corp LP, College Station, TX, USA).

Results

Data from 26 centers were prospectively collected from
February 2017 to March 2019 on 942 out of 1005 (94.0%) initially
enrolled patients. Three patients had incomplete baseline data,
47 did not meet the inclusion criteria, and 2 patients died before
surgery. Thirteen patients enrolled from centers that did not
achieve the critical core volume were also excluded (Figure 1).

There were 492 men (52.2%), and the median age was
78 years (range¼ 70-95 years). Primary tumor was colorectal
cancer in 67.8% patients (633 of 942); 61.2% (572 of 942) of surger-
ies were performed via minimally invasive approach. A total
51.9% patients lived alone, 47.3% were at home with family or
caregivers, and only 8 patients (0.8%) resided in residential care
facilities before surgery (Table 1). A procedure-specific break-
down is included in Supplementary Table 3 (available online).

The number of patients with positive indicators of frailty
varied extensively by the frailty screening tool used from 5.4%
to 68.9% of the cohort (Table 1).

QoL data were available for 942 patients at baseline, 762
patients at 3 months, and 770 at 6 months (69 patients missed
the 3-month visit but followed-up at 6 months for QoL analysis).
Eighty-nine (89 of 942, 9.4%) and 45 (45 of 942, 4.8%) patients
were lost to follow-up or follow-up was not correctly performed

(ie, QoL test not administered during follow-up visits) at 3 and 6
months, respectively (Figure 1).

Data showed that at 3 months after surgery, most patients
reported stable QoL according to the EQ-5D-3L compared with
their preoperative status (Figure 2). Repeated-measures analysis
based on the EQ-5D index showed an improvement over time
(P< .001). Based on the EQ-5D index, QoL was improved
6 months after surgery. The mean EQ-5D-3L index was equiva-
lent before and at the 3-month mark (baseline value¼ 0.79,
SD¼ 0.21 vs 3-month value¼ 0.79, SD¼ 0.23, P> .99), and it was
statistically significantly improved 6 months after surgery
(baseline value¼ 0.79, SD¼ 0.20 vs 6-month value¼ 0.82,
SD¼ 0.22, P¼ .01). The linear mixed effect model, accounting for
variability for individual patients, showed an effect of time over
EQ-5D index (beta coefficient¼ 0.013, P¼ .001).

Similar results were recorded when analyzing the visual
component of the EQ-5D-3L. The mean VAS score was 69.9
(SD¼ 18.3) before surgery vs 71.3 (SD¼ 19.4) and 73.3 (SD¼ 16.1)
at 3 and 6 months. The analysis of variance of the VAS scale on
3 time points was statistically significant (P< .001), and the post
hoc comparison revealed a statistically non-significant varia-
tion between the preoperative and 3-month evaluations
(P¼ .06), whereas at 6 months, the variation was statistically dif-
ferent (P< .001). The linear mixed effect model showed an effect
of time over EQ-5D VAS (beta coefficient¼ 1.381, P< .001).

Figure 2 demonstrates the fluctuation of EQ-5D-3L domains.
After 3 and 6 months, both pain and anxiety or depression im-
proved, with 69.2% and 74.3%, respectively, and 70.7% and 74.1%
of patients, respectively, reporting no issues at 3 or 6 months
(compared with 63.1% and 61.5%, respectively, before surgery,
P< .001). Conversely, analysis of mobility, self-care, and ability
to perform usual activities showed a lower level of satisfaction
after surgery (76.1%, 88.6%, and 78.6%, respectively, before sur-
gery vs 73.8%, 83.7%, and 72.5%, respectively, at 6 months with P
¼ .03, <.001, and .001, respectively).

Logistic regression analysis was performed to identify risk
factors for worsening QoL at 3 and 6 months. Patients were di-
chotomized into 2 groups: 1) patients who had a higher or equal
preoperative EQ-5D-3L index than postoperative, and 2) patients
who had a lower (worse) index preoperatively than postopera-
tive. Table 2 reports the univariate and multivariable analysis.
At 3 months, postoperative complications (OR ¼ 1.67, 95%
CI ¼ 1.17 to 2.38, P ¼ .004 for CD I-II; OR ¼ 2.20, 95% CI ¼ 1.34 to
3.61, P ¼ .002 for CD III-IV) correlated with worsening QoL. A
trend was also noted in the 3-month analysis for history of de-
lirium (OR ¼ 1.94, 95% CI ¼ 0.99 to 3.76, P ¼ .05) and for fTRST �
2 (OR ¼ 1.37, 95% CI ¼ 0.98 to 1.92, P ¼ .06). This trend was con-
firmed in the 6-month analysis for fTRST � 2 (OR ¼ 1.58, 95%
CI ¼ 1.13 to 2.21, P ¼ .007), postoperative CD III-IV complications
(OR ¼ 1.95, 95% CI ¼ 1.19 to 3.18, P ¼ .007), and palliative surgery
(OR ¼ 2.14, 95% CI ¼ 1.01 to 4.52, P ¼ .046) that are all related
with reduced QoL. Age 80 years and older, ASA score, and
disease location (other sites vs lower gastrointestinal) were not
associated with decreased QoL.

Association analysis between frailty screening variables that
were statistically significant in the univariate analysis (fTRST,
G8 scores) was investigated before the multivariable model due
to multicollinearity: stratified analysis reported a similar odds
ratio of being fTRST of at least 2 for patients with G8 of 14 or less
and patients G8 greater than 14 as well as odds ratio of being
G8 14 or less was similar for patients with a fTRST of at least 2
and patients with a fTRST less than 2 (Phomogeneity ¼ .86 for both
comparisons). Interaction among G8 and fTRST was not
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statistically significant (Pinteraction ¼ .85). These results confirm
there was no evidence of interaction.

Supplementary analysis was performed on patients with
and without QoL evaluation at 3 months, and a similar pattern
of frailty index (fTRST, ASA, G8, Nutritional score, Katz
Activities of Daily Living, MiniCog and TUG) was observed
among the 2 groups.

Thirty-day mortality occurred in 34 cases (3.7%). Ninety-day
and 180-day mortality were 6.3% and 9.0%, respectively.
Postoperative morbidity recorded with the CD classification was
39.2% at 30 days and 52.4% at 180 days. Severe complications (CD
III-IV) affected 13.5% and 18.7% of all patients at 1 and 6 months
after surgery (Supplementary Table 4, available online) Table 4
reports the complication rate by site of primary tumor.

Age and disease location were not associated with 90-day
mortality, but univariate analysis showed that frailty correlated
with a higher risk of mortality as detected by the ASA score,
CACI, fTRST, G8, ECOG, Nutritional Risk Screening, and TUG.
Open surgery was also correlated (Table 3) with higher mortal-
ity. On the multivariable analysis, only the CACI of 7 or more
(OR¼ 2.46, 95% CI¼ 1.39 to 4.32, P¼ .002), moderate or severe
malnutrition (OR¼ 2.67, 95% CI¼ 1.27 to 5.66, P¼ .01), and open
surgery (OR¼ 2.45, 95% CI¼ 1.35 to 4.46, P¼ .003) were related to
an increased 90-day mortality risk.

Discussion

The GOSAFE study reports, for the first time to our knowledge,
prospective data on how surgery can prolong life while

preserving quality in a large cohort of real-world older patients
undergoing major cancer surgery. The study also suggests
which metrics are likely to be associated with worsening of
postoperative QoL. Our analysis highlights how chronological
age has a very limited role in predicting outcomes and empha-
sizes variables that are usually neglected from routine workup
strategies.

Focusing research on patient-centered care and evaluating
outcomes with a direct impact on patients’ daily lives can result
in an efficient and value-based health-care system (29).
Published data show that older patients aim for alternative out-
comes, that is, activity level, independence, and QoL in addition
to oncologic results (30-32). However, designing prospective
studies focusing on PROs in the geriatric population presents
several challenges: older patients may minimize symptoms,
caregivers might be completing PRO scoring sheets on the
patient’s behalf, and cognitive impairment and other geriatric
syndromes might weaken the accrual and accuracy (33). In the
GOSAFE study, the QoL questionnaire EQ-5D was completed in
94.9% of cases, and a specifically designed version was com-
pleted by the health-care proxy because of severe cognitive im-
pairment in 50 patients (5.1%). Neither cognitive impairment
nor dementia were exclusion criteria from the study, because
the validated version of the EQ-5D-3L for cognitively impaired
patients was offered. In this study, more than 20% of patients
screened positive for cognitive impairment by the MiniCog (�2),
and only 2% of patients reported this using the CACI and 12% by
the G8 score. This highlights the potential implications of
underappreciating cognitive impairment preoperatively,

Figure 1. Geriatric Oncology Surgical Assessment and Functional rEcovery after Surgery (GOSAFE) study flow diagram. amissing for quality of life (QoL) analysis only.
bpatients with no data available.
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including the patient’s perioperative decision-making capacity
and the risk of postoperative delirium (34).

QoL was chosen as the primary endpoint of this study, but
routine frailty screening represents the foundation of personal-
ized care for older cancer patients (35). The GOSAFE provides an
accurate insight into a prospectively collected group of 942
patients who were screened for frailty before major cancer sur-
gery. A remarkable finding was the wide variation between the
tools: the same patient population proved frail at 5.4% according
to the TUG, 49.3% per the ASA, and 68.9% according to G8. A di-
verse association between the tests we used was noted [ie, QoL
and mortality (36,37)]. We also verified that no modification ef-
fect or confounding was present between different frailty
screening tools. Our results prove that routine frailty screening
is feasible: it helps to stratify risks while allowing surgeons to
predict postoperative results and counsel patients. Age alone
does not correlate with either postoperative mortality or wors-
ening QoL (38). Several frailty screening tools correlate with a
higher risk of postoperative mortality at 90 days: CACI of 7 or
more, moderate or severe malnutrition, and CD III-IV complica-
tions were highly predictive of death. Although specific compli-
cations cannot be predicted, surgeons should track and discuss
their operative outcomes and use the information about the
long-term impact of complications on QoL to guide the commu-
nication with patients and families. In addition, frailty screen-
ing and nutritional information allow preoperative risk

Table 1. Demographic data and baseline frailty screening

Variable
Overall (n¼ 942)

No. (%)

Sex
Male 492 (52.2)
Female 450 (47.8)

Median age, y (range) 78 (70-95)
Age, y

70–74 299 (31.7)
75–79 295 (31.3)
80–84 233 (24.7)
�85 115 (12.3)

Living situation
Home independent 489 (51.9)
Home with family or caregiver 445 (47.3)
Residential care 8 (0.8)

Medication use
None 57 (5.9)
Median no. of drugs (range) 4 (1-28)

History of falls 6 mo before operation 92 (9.8)
Previous delirium 52 (5.5)
Smoking habits

Yes 78 (8.3)
No (former) 409 (43.5)
No (never) 454 (48.2)
Missing 1

Cancer site
Endocrine 8 (0.9)
Upper GI 105 (11.2)
Lower GI 633 (67.8)
HBP 104 (11.1)
Soft tissue or bone 14 (1.5)
Thoracic 36 (3.9)
Genito-urinary 10 (1.1)
Gyn 3 (0.3)
Other 21 (2.2)
Unknown 8

Type of surgery
Curative 885 (94.8)
Palliative 49 (5.2)
Unknown 8

Surgical approach
Open 354 (37.9)
Minimally invasive 536 (57.3)
Robotic 36 (3.9)
Other 8 (0.9)
Missing 8

G8 score
G8� 14a 648 (68.9)
G8> 14 293 (31.1)
Missing 1

fTRST
0 233 (24.8)
1 363 (38.6)
�2a 345 (36.6)
Missing 1

ADL SCORE
<5a 76 (8.1)
�5 860 (91.9)
Missing 6

MiniCog Total score
0–2a 193 (20.8)
3–5 734 (79.2)
Missing 15

(continued)

Table 1. (continued)

Variable
Overall (n¼ 942)

No. (%)

ASA score
1–2 467 (50.7)
3–4a 455 (49.3)
Missing 20

PS ECOG
ECOG 0 520 (55.5)
ECOG 1 274 (29.3)
ECOG� 2a 152 (15.2)
Missing 6

Charlson Age Comorbidity Index
3–6 610 (64.8)
�7a 332 (35.2)
Timed Up and Go
� 20 s 790 (94.6)
>20 sa 45 (5.4)

Missing 107
Nutritional status score
Normal 607 (65.5)
Mildly impaired 230 (24.8)
Moderately impaireda 68 (7.3)
Severely impaired 22 (2.4)
Missing 15

Laboratory tests, median (range)
Albumin, g/L 40 (20-70)
Hgb, g/dL 12.3 (6.10-17.4)
Creatinine, mg/dL 0.9 (0.15-11.3)

aIndicates abnormal values. Please see Supplementary Table 2 (available online)

for frailty screening tests and threshold. ADL ¼ activities of daily living; ASA ¼
American Society of Anesthesiologists; PS ECOG ¼ Performance Status Eastern

Cooperative Oncology Group; fTRST ¼ Flemish version of the Triage Risk

Screening Tool ; G8 ¼ Geriatric 8; GI ¼ gastrointestinal; HBP ¼ pancreas, duode-

num, liver, biliary tree; Hgb ¼ hemoglobin; Other ¼ intrabdominal sarcoma,

spleen, pelvic recurrence of rectal adenocarcinoma, colon cancer with gastric

infiltration.
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Figure 2. Percentage of patients without deficits at baseline, 3 months, and 6 months for the 5 EQ-5D-3L domains.

Table 2. Univariate and multivariable model showing association with perioperative parameters and likelihood to have worse QoL as mea-
sured by the EQ-5D-3L index at 3 and 6 months after surgerya

3-month QoL 6-month QoL

Baseline covariates
OR for univariate

model (95% CI) P
OR for multivariable

model (95% CI) P
OR for univariate

model (95% CI) P
OR for multivariable

model (95% CI) P

Age
�80 y vs <80 y 0.95 (0.69 to 1.30) .76 1.06 (0.77 to 1.44) .73

ASA score
3–4 vs 1–2 1.21 (0.89 to 1.64) .21 1.02 (0.75 to 1.39) .87

CACI
�7 vs 3–6 1.27 (0.92 to 1.76) .13 1.26 (0.91 to 1.74) .16

fTRST
�2 vs <2 1.66 (1.21 to 2.26) .002 1.37 (0.98 to 1.92) .06 1.79 (1.30 to 2.46) <.001 1.58 (1.13 to 2.21) .007

G8 score
�14 vs >14 1.49 (1.06 to 2.09) .020 1.34 (0.93 to 1.91) 1.55 (1.10 to 2.18) .01 1.38 (0.96 to 1.99) .08

PS ECOG
�2 vs 0 to 1 1.40 (0.92 to 2.13) .11 1.42 (0.92 to 2.19) .11

NRS
Mildly impaired vs normal 0.78 (0.54 to 1.12) .18 1.00 (0.70 to 1.44) .96
Mod þ sev impaired vs normal 0.66 (0.38 to 1.16) .15 1.14 (0.68 to 1.95) .60

TUG
>20 vs �20 1.85 (0.94 to 3.64) .07 1.81 (0.91 to 3.60) .09
Surgical approach

Open vs minimally invasive or robotic 1.31 (0.96 to 1.79) .09 1.21 (0.88 to 1.65) .23
Type of surgery

Palliative vs curative 1.75 (0.89 to 3.47) .10 2.42 (1.17 to 4.98) .02 2.14 (1.01 to 4.52) .046
Previous delirium

Yes vs no 2.61 (1.37 to 4.96) .003 1.94 (0.99 to 3.76) .05 1.55 (0.81 to 2.99) .18
Complication at surgery

Only GI–GII vs none 1.85 (1.31 to 2.61) <.001 1.67 (1.17 to 2.38) .004 1.08 (0.75 to 1.56) .66 0.99 (0.68 to 1.44) .98
At least GIII–IV complication vs none 2.57 (1.59 to 4.18) <.001 2.20 (1.34 to 3.61) .002 2.23 (1.38 to 3.59) .001 1.95 (1.19 to 3.18) .007

Site of disease
Lower GI vs other site of disease 1.37 (0.98 to 1.92) .06 1.26 (0.89 to 1.79) .18 1.41 (1.01 to 1.95) .04 1.35 (0.95 to 1.89) .08

aASA¼American Society of Anesthesiologists; CACI ¼ Charlson Age Comorbidity Index; CI ¼ confidence interval; fTRST¼Flemish version of the Triage Risk Screening

Tool; GI ¼ gastrointestinal; mod þ sev ¼moderately and severely; NRS ¼ nutritional risk screening; OR ¼ odds ratio; PS ECOG¼Performance Status Eastern Cooperative

Oncology Group; QoL ¼ quality of life; TUG ¼ timed up and go; GI-GII ¼ Grade I or Grade II (Clavier-Dindo classification); GIII-GIV ¼ Grade III or Grade IV (Clavier-Dindo

classification)
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stratification and optimization, help set and understand expect-
ations, and, when appropriate, promote consideration of
adapted care.

The GOSAFE study also shows that cancer surgery in older
patients is effective in maintaining QoL in addition to benefits
of cancer cure and symptoms relief. More than three-quarters
of the study population reported equal or improved QoL accord-
ing to the EQ-5D-3L index. The main domains that statistically
significantly improved at 3 to 6 months were anxiety or depres-
sion and pain or discomfort, which may otherwise limit inde-
pendence during the recovery period. Although no standardized
increment level was previously validated among geriatric
patients undergoing major surgery, other researchers reported
an increment of 0.13 in the EQ-5D-3L index as the minimal clini-
cally important difference (from 0.79, SD¼ 0.20 to 0.82, SD¼ 0.22
preoperative or at 3 months vs 6 months, P< .05) (39).

A limitation of this study is the fact that 135 of 942
patients missed their QoL measurements at 3 and 6 months.
The most reported reason was the lack of dedicated study
resources to perform tests. This limitation is worth reporting
first because it highlights the challenging endeavor of con-
ducting large observational studies with no financial support.
In addition, PRO measurement tools used for older patients
were not specifically designed for an older surgical population.
Although other established instruments such as the EORTC
Quality of Life Questionnaire - Elderly Cancer Patients Module
(EORTC QLQ-ELD14) (40) would have been valuable alterna-
tives, we prioritized instruments that were quicker to imple-
ment and less affected by the limitation of resources.
Moreover, we used the EQ-5D-3L, previously validated in large
Western population studies, to allow the recruitment of cogni-
tively impaired patients who are frequently encountered in

our daily practice. Postoperative mortality was analyzed to-
gether with QoL data to appreciate the whole spectrum of out-
comes that matter to older patients.

Additionally, logistic regression analysis demonstrated that
the type of surgical procedure performed and cancer type does
not predict changes in QoL, which could be seen as a limitation
due to lack of internal validation. At the same time, the analysis
shows that postoperative complications, which vary depending
on the type of surgery and cancer site (Table 4), are the key pre-
dictors of poor short- and long-term outcomes. To further ap-
preciate these many variables, site-specific subgroup analysis
according to cancer type will be performed in future publica-
tions. Similarly, a subgroup analysis will be performed compar-
ing palliative vs curative procedures. A third confounding
variable is a positive selection bias, where participating centers
have a track record of excellence in onco-geriatric management,
possibly influencing the outcomes. Similarly, health-care pro-
viders involved in the GOSAFE Study might have been
“geriatric-minded”, and, despite the limited number of cases
where a geriatrician was actively involved (8%), the majority of
surgeons were able to offer geriatric-specific management,
which is unique (41).

Previously unknown PROs and FR data are highlighted from
the GOSAFE. The study shows that cancer surgery in older
adults can provide definitive treatment for their cancer while
preserving QoL. Anxiety or depression and pain or discomfort
are the areas mostly improved by surgical care. Frailty screening
tools, history of delirium, palliative surgery, and postoperative
complications correlate with a worse QoL at 3 and 6 months af-
ter surgery. The predictive tools we have identified should be
combined, along with a conversation about the goals of care
and measurement of PRO, to direct the preoperative decision on

Table 3. Univariate and multivariable models for mortality analysis

Baseline covariates OR for univariate model (95% CI) P OR for multivariable model (95% CI) P

Age
�80 y vs <80 y 1.01 (0.58 to 1.78) .94 — —

ASA scorea

3-4 vs 1–2 3.27 (1.76 to 6.09) <.001 — —
CACI
�7 vs 3–6 2.68 (1.54 to 4.63) <.001 2.46 (1.39 to 4.32) .002

fTRSTa

�2 vs <2 2.24 (1.30 to 3.87) .004 — —
G8 scorea

�14 vs >14 2.80 (1.30 to 6.01) .008 — —
PS ECOGa

�2 vs 0–1 2.57 (1.39 to 4.77) .003 — —
Nutritional risk screening

Mildly impaired vs normal 1.78 (0.94 to 3.35) .07 1.64 (0.85 to 3.17) .13
Mod þ sev impaired vs normal 3.36 (1.63 to 6.95) .001 2.67 (1.27 to 5.66) .01

TUGa

>20 s vs �20 s 3.62 (1.51 to 8.67) .004 — —
Surgical approach
Open vs minimally invasive or robotic 2.87 (1.64 to 5.02) <.001 2.45 (1.35 to 4.46) .003
Type of surgeryb

Palliative vs curative 4.69 (2.19 to 10.00) <.001 — —
Site of disease

Other site of disease vs lower GI 1.42 (0.81 to 2.48) .21 1.13 (0.61 to 2.08) .67

aDuring stepwise process, this variable was not included due to association with CACI. ASA ¼ American Society of Anesthesiologists; CACI ¼ Charlson Age

Comorbidity Index; CI ¼ confidence interval; fTRST ¼ Flemish version of the Triage Risk Screening Tool; G8 ¼ Geriatric 8; GI ¼ gastrointestinal; mod þ sev ¼moderately

and severely; OR ¼ odds ratio; PS ECOG¼Performance Status Eastern Cooperative Oncology Group; TUG ¼ timed up and go.
bDuring stepwise process, this variable was not included due to association with surgical approach.

A
R

T
IC

LE

I. Montroni et al. | 975

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/114/7/969/6565327 by U

niversity Library user on 19 August 2022



whether to pursue surgery and what kind of surgery to conduct
and to help direct patients’ expectations.
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Data Availability

Individual participant data that underlie the results reported in
this article, after de-identification, including data dictionaries,
will be made available. The data underlying this article will be
shared at reasonable request to the principal author. Proposals
should be directed to Dr Isacco Montroni (isacmontroni@yahoo.
com); information regarding accessing data will be provided
upon contact. The study protocol is available in the supplemen-
tary material.

A
R

T
IC

LE

I. Montroni et al. | 977

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/114/7/969/6565327 by U

niversity Library user on 19 August 2022

mailto:isacmontroni@yahoo.com
mailto:isacmontroni@yahoo.com
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac071#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djac071#supplementary-data


References
1. Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. Lyon,

France: International Agency for Research on Cancer; 2020. https://
gco.iarc.fr/today. Accessed April 22, 2022.

2. De Angelis R, Sant M, Coleman MP, et al.; EUROCARE-5 Working Group.
Cancer survival in Europe 1999–2007 by country and age: results of
EUROCARE-5—a population-based study. Lancet Oncol. 2014;15(1):23–34.

3. Montroni I, Ugolini G, Saur NM, et al. Personalized management of elderly
patients with rectal cancer: expert recommendations of the European
Society of Surgical Oncology, European Society of Coloproctology,
International Society of Geriatric Oncology, and American College of
Surgeons Commission on Cancer. Eur J Surg Oncol. 2018;44(11):1685–1702.

4. Chesney TR, Haas B, Coburn NG, et al.; Recovery After Surgical Therapy for
Older Adults Research–Cancer (RESTORE-Cancer) Group. Patient-centered
time-at-home outcomes in older adults after surgical cancer treatment.
JAMA Surg. 2020;155(11):e203754. doi:10.1001/jamasurg.2020.3754.

5. Bertagnolli MM, Singh H. Treatment of older adults with cancer - addressing
gaps in evidence. N Engl J Med. 2021;385(12):1062–1065. doi:10.1056/
NEJMp2106089.

6. Fried TR, Bradley EH, Towle VR, Allore H. Understanding the treatment pref-
erences of seriously ill patients. N Engl J Med. 2002;346(14):1061–1066.

7. Armstrong M. The Evolution of Death, Office for National Statistics. https://
www.statista.com/chart/11125/the-evolution-of-death/. Accessed April 22,
2022.

8. Scher KS, Hurria A. Under-representation of older adults in cancer registra-
tion trials: known problem, little progress. J Clin Oncol. 2012;30(17):2036–2038.

9. EuroQol group. EuroQol - a new facility for the measurement of health-
related quality of life. Health Policy (New York). 1990;16(3):199–208. doi:
10.1016/0168-8510(90)90421-9.

10. Rabin R, Gudex C, Selai C, et al. From translation to version management: a
history and review of methods for the cultural adaptation of the EuroQol
five-dimensional questionnaire. Value Health. 2014;17(1):70–76.

11. Greiner W, Weijnen T, Nieuwenhuizen M, et al. A single European currency
for EQ-5D health states. Results from a six-country study. Eur J Health Econ.
2003;4(3):222–231.

12. Devlin NJ, Brooks R. EQ-5D and the EuroQol Group: past, present and future.
Appl Health Econ Health Policy. 2017;15(2):127–137. doi:10.1007/s40258-
017-0310-5.

13. Sanjida S, Obermair A, Gebski V, et al. Long-term quality of life outcomes of
women treated for early-stage endometrial cancer. Int J Gynecol Cancer. 2020;
31(4):530–536. doi:10.1136/ijgc-2020-002145.

14. Dowson HM, Ballard K, Gage H, et al. Quality of life in the first 6 weeks follow-
ing laparoscopic and open colorectal surgery. Value Health. 2013;16(2):
367–372.

15. Dindo D, Demartines N, Clavien PD. A new proposal with evaluation in a co-
hort of 6336 patients and results of a survey. Ann Surg. 2004;240(2):205–213.

16. Montroni I, Rostoft S, Spinelli A, et al. SIOG surgical task force/ESSO GOSAFE
study group GOSAFE - Geriatric Oncology Surgical Assessment and
Functional rEcovery after surgery: early analysis on 977 patients. J Geriatr
Oncol. 2020;11(2):244–255.

17. Huisman MG, Audisio RA, Ugolini G, et al. Screening for predictors of adverse
outcome in onco-geriatric surgical patients: a multicenter prospective cohort
study. Eur J Surg Oncol. 2015;41(7):844–851.

18. Audisio RA, Pope D, Ramesh HSJ, et al.; PACE participants. Shall we operate?
Preoperative assessment in elderly cancer patients (PACE) can help. A SIOG
surgical task force prospective study. Crit Rev Oncol Hematol. 2008;65(2):
156–163.

19. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
Eastern Cooperative Oncology Group. Am J Clin Oncol. 1982;5(6):649–655.

20. Katz S, Akpom CA. A measure of primary sociobiological functions. Int J
Health Serv. 1976;6(3):493–508.

21. Deschodt M, Wellens NI, Braes T, et al. Prediction of functional decline in
older hospitalized patients: comparative multicenter study of three screen-
ing tools. Aging Clin Exp Res. 2011;23(5-6):421–426.

22. Zattoni D, Montroni I, Saur NM, et al. A simple screening tool to predict out-
comes in older adults undergoing emergency general surgery. J Am Geriatr
Soc. 2019;67(2):309–316.

23. Pamoukdjian F, Paillaud E, Zelek L, et al. Measurement of gait speed in older
adults to identify complications associated with frailty: a systematic review.
J Geriatr Oncol. 2015;6(6):484–496.

24. Bellera CA, Rainfray M, Mathoulin-P�elissier S, et al. Screening older cancer
patients: first evaluation of the G-8 geriatric screening tool. Ann Oncol. 2012;
23(8):2166–2172.

25. Kondrup J, Rasmussen HH, Hamberg O, et al.; ESPEN Working Group.
Nutritional risk screening (NRS 2002): a new method based on an analysis of
controlled clinical trials. Clin Nutr. 2003;22(3):321–336.

26. Owens WD, Felts JA, Spitznagel EL Jr. ASA physical status classifications: a
study of consistency of ratings. Anesthesiology. 1978;49(4):239–243.

27. Chang CM, Yin WY, Wei CK, et al. Age-adjusted Charlson comorbidity index
score as a risk measure of perioperative mortality before cancer surgery. PLoS
One. 2016;11(2):e0148076.

28. Little RJ, D’Agostino R, Cohen ML, et al. The prevention and treatment of
missing data in clinical trials. N Engl J Med. 2012;367(14):1355–1360.

29. Porter ME. What is value in health care? N Engl J Med. 2010;363(26):2477–2481.
30. Ipsos MORI on behalf of Macmillan Cancer Support. Exploring the attitudes

and behaviours of older people living with cancer. 2015. https://www.ipsos.
com/sites/default/files/publication/0800-03/SRI_Health_Macmillan_Older_
People_August_2015.pdf. Accessed October 3, 2020.

31. Banks E, Byles JE, Gibson RE, et al. Is psychological distress in people living with
cancer related to the fact of diagnosis, current treatment or level of disability?
Findings from a large Australian study. Med J Aust. 2010;193(S5):S62–S67.

32. Ramello M, Audisio RA. Understanding older patients: communication as the
key step for a comprehensive approach. Eur J Surg Oncol. 2020;46(3):301–304.

33. Doolin JW, Halpin M, Berry JL, et al. Why focus on patient-reported outcome
measures in older colorectal cancer patients? Eur J Surg Oncol. 2020;46(3):
394–401.

34. Watt J, Tricco AC, Talbot-Hamon C, et al. Identifying older adults at risk of de-
lirium following elective surgery: a systematic review and meta-analysis. J
Gen Intern Med. 2018;33(4):500–509.

35. Saur NM, Montroni I. The opposite of undertreating is frailty screening. Eur J
Surg Oncol. 2019;45(7):1127–1128.

36. Kenig J, Szabat K, Mitu�s J, et al. Usefulness of eight screening tools for predict-
ing frailty and postoperative short- and long-term outcomes among older
patients with cancer who qualify for abdominal surgery. Eur J Surg Oncol.
2020;46(11):2091–2098.

37. Ap�ostolo J, Cooke R, Bobrowicz-Campos E, et al. Predicting risk and outcomes
for frail older adults: an umbrella review of frailty screening tools. JBI
Database System Rev Implement Rep. 2017;15(4):1154–1208.

38. Shahrokni A, Alexander K. The age of talking about age alone is over. Ann
Surg Oncol. 2019;26(1):12–14.

39. Sagberg LM, Jakola AS, Solheim O. Quality of life assessed with EQ-5D in
patients undergoing glioma surgery: what is the responsiveness and mini-
mal clinically important difference? Qual Life Res. 2014;23(5):1427–1434. doi:
10.1007/s11136-013-0593-4.

40. Wheelwright S, Darlington AS, Fitzsimmons D, et al. International validation
of the EORTC QLQ-ELD14 questionnaire for assessment of health-related
quality of life elderly patients with cancer. Br J Cancer. 2013;109(4):852–858.
doi:10.1038/bjc.2013.407.

41. Shahrokni A, Tin AL, Sarraf S, et al. Association of geriatric comanagement and 90-
day postoperative mortality among patients aged 75 years and older with cancer.
JAMA Netw Open. 2020;3(8):e209265. doi:10.1001/jamanetworkopen.2020.9265.

A
R

T
IC

LE

978 | JNCI J Natl Cancer Inst, 2022, Vol. 114, No. 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/114/7/969/6565327 by U

niversity Library user on 19 August 2022

10.1001/jamasurg.2020.3754
https://www.statista.com/chart/11125/the-evolution-of-death/
https://www.statista.com/chart/11125/the-evolution-of-death/
10.1016/0168-8510(90)90421-9
10.1136/ijgc-2020-002145
https://www.ipsos.com/sites/default/files/publication/0800-03/SRI_Health_Macmillan_Older_People_August_2015.pdf
https://www.ipsos.com/sites/default/files/publication/0800-03/SRI_Health_Macmillan_Older_People_August_2015.pdf
https://www.ipsos.com/sites/default/files/publication/0800-03/SRI_Health_Macmillan_Older_People_August_2015.pdf
10.1007/s11136-013-0593-4
10.1038/bjc.2013.407
10.1001/jamanetworkopen.2020.9265

