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Objectives: Advanced pancreatic cancer (APC) disproportionately
impacts older adults. Randomized trials demonstrate improved
overall survival (OS) with combination chemotherapy including
5-fluorouracil, irinotecan, leucovorin, and oxaliplatin (FOLFIR-
INOX) or nab-paclitaxel and gemcitabine compared with gemcita-
bine alone, but with increased toxicity. Older adults are at increased
risk of side effects from chemotherapy. The aim of this study was to
assess the efficacy and toxicity of chemotherapy in older adults
with APC.

Methods: Patients diagnosed with APC from 2011 to 2016 were
identified using the Manitoba Cancer Registry. Patient and treatment
characteristics, toxicity, and outcomes of patients 65 years of age and
above treated with palliative chemotherapy were compared by
treatment regimen. OS was assessed using the Kaplan-Meier
method. A Cox regression was used to identify independent
predictors of OS.

Results: A total of 87 patients aged 65 years and above received
palliative chemotherapy: 52 (59.7%) FOLFIRINOX, 21 (24.1%) nab-
paclitaxel and gemcitabine, and 14 (16.1%) gemcitabine, with a
median age of 69 (65 to 84), 75 (65 to 88), and 73 (67 to 82), Eastern
Cooperative Oncology Group (ECOG) performance status difference
in hematologic toxicity between regimens (P= 0.807). An increase in
nonhematologic toxicity was seen with FOLFIRINOX (P< 0.001),
specifically neuropathy (P= 0.008), fatigue (P< 0.001), and nausea/
vomiting (P= 0.008). FOLFIRINOX was associated with improved
radiologic response (P= 0.05) and OS (P= 0.035). PS, baseline
carbohydrate antigen 19-9 level, and chemotherapy regimen were
independent predictors of survival.

Conclusions: FOLFIRINOX is associated with improved response and
OS in older adults with APC. FOLFIRINOX has a manageable safety
profile in this population and should be considered in fit older adults
with APC.
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P ancreatic cancer is the fourth leading cause of cancer-
related death in America,1 with only 10.8% of patients alive

5 years after diagnosis.2,3 Pancreatic cancer is often diagnosed
at an advanced and incurable stage.2 First-line treatment for
advanced pancreatic cancer (APC) consists of combination
chemotherapy with fluorouracil, leucovorin, irinotecan, and
oxaliplatin (FOLFIRINOX) or nab-paclitaxel with gemcitabine
(NG). These 2 regimens have shown improved progression-free
survival, and overall survival (OS) compared with single-agent
gemcitabine (GEM) in phase III clinical trials.4,5 However, the
median age of patients enrolled in these trials was less than 65,
even though APC disproportionally impacts older adults, with a
median age at diagnosis of 70 years.3 As such, the benefit and
tolerability of combination chemotherapy in older adults with
APC is unclear.

Within the medical literature, the definition of older adults
(also referred to as elderly) ranges from 50 to 80 years old.6

Most commonly, older adults are defined as people 65 years
and above.6,7 As chronological age increases, comorbidities
occur more commonly, and there is heterogeneity in functional
status among older adults.8 With advancing age, there is also an
increased risk of frailty and subsequent risk of side effects from
chemotherapy.8–10 Due to this individualized process of aging,
it is important to consider biological age in addition to chro-
nological age when advising the optimal treatment for
patients.11 Studies have shown that oncogeriatric assessments
can provide information on the risk of chemotherapy toxicity
and aid in the appropriate selection of older patients who are
candidates for aggressive surgical and chemotherapeutic
intervention.12,13 However, accessing comprehensive geriatric
assessments in the clinic can be difficult, and there remains
limited data regarding the efficacy and toxicity of combination
chemotherapy for older adults with APC.

There may be a subset of older adults who benefit from
aggressive combination chemotherapy.14 The objective of this
study was to describe the treatment patterns, toxicity, and
outcomes of patients 65 years of age and above treated with
first-line palliative intent chemotherapy for APC.

METHODS
With University of Manitoba Health Research Ethics Board

approval, we undertook a retrospective cohort study evaluating
patients aged 65 years and above, diagnosed with APC from
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2011 to 2016, and treated with palliative chemotherapy in
Manitoba, Canada. Patients were identified from the Manitoba
Cancer Registry, a population-based central cancer registry that
captures all cancer diagnoses in Manitoba.15,16 Patient and
treatment characteristics including demographics, Eastern
Cooperative Oncology Group (ECOG) performance status,
comorbidities, clinical stage, first-line chemotherapy regimen
received (FOLFIRINOX, NG, or GEM), hematologic and non-
hematologic toxicities, emergency department (ED), and Urgent
Cancer Care (UCC) visits and hospitalizations, radiologic
response and survival were recorded. As previously described,17

chemotherapy toxicities during the first 3 months of treatment
were collected by chart review, with toxicities defined as grade
≥ 2 toxicity as per Common Terminology Criteria for Adverse
Events (CTCAE), version 4.03,18 unless stated otherwise.
Hematologic toxicities captured included anemia (hemoglobin
<100 g/L), neutropenia (absolute neutrophil count <1.5×109/L),
febrile neutropenia (neutropenia with a measured fever), and
thrombocytopenia (platelet count <100×109/L).

Transfusion of blood products (including packed red
blood cells, platelets, or fresh frozen plasma) were recorded.
Nonhematologic toxicities captured included grade ≥ 2
peripheral neuropathy, fatigue, nausea/vomiting, and diarrhea.
Nephrotoxicity was defined as an increase in 50 mmol/L.

Visits to the ED, UCC, or hospitalizations were
captured via chart review. If an ED or UCC visit occurred
within 30 days of chemotherapy administration in the first
3 months of treatment, this was considered to be treatment-
related toxicity. Hospitalizations and number of days in the
hospital were similarity captured within 30 days of chemo-
therapy administration during the first 3 months of treatment.
Treatment response was assessed based on imaging reports
and interpretation by the primary oncologist. Response to
therapy was defined as either a radiologic complete response
or partial response using the Response Evaluation Criteria in
Solid Tumors, version 1.1 (RECIST).19

Descriptive statistics were used to report baseline char-
acteristics. Patient characteristics, radiologic response, and
survival were compared according to the first-line chemo-
therapy regimen. The Kaplan-Meier method was used to esti-
mate survival over time according to the first-line chemotherapy
regimen. Univariable analysis was performed to assess the
impact of clinically relevant factors on survival. A Cox pro-
portional hazards multivariable regression model was used to
identify independent predictors of survival. Statistical analyses
were performed using SPSS (version 24) and R (version 4.1.0).

RESULTS
There were 87 patients 65 years of age and above diagnosed

with APC who received palliative intent chemotherapy between
2011 and 2016 in Manitoba, Canada. Patient characteristics
according to chemotherapy regimen are summarized in Table 1.
There were 52 patients (59.7%) who received first-line FOLFIR-
INOX, 21 patients (24.1%) received NG and 14 patients (16.1%)
received GEM. The median age differed by regimen (P=0.003),
with a median age of 69, 75, and 73 in those treated with FOL-
FIRINOX, NG, and GEM, respectively. ECOG performance sta-
tus also differed according to the regimen (P< 0.001), with 48
(92.3%), 9 (42.9%), and 12 (85.7%) having an ECOG of 0 to 1 in
those treated with first-line FOLFIRINOX, NG, and GEM,

TABLE 1. Patient Characteristics by Chemotherapy Regimen

n (%)

FOLFIRINOX
(N= 52)

NG
(N= 21)

GEM
(N= 14) P

Age (median) 69 75 73 0.003
Male sex 31 (59.6) 8 (38.1) 8 (57.1) 0.240
ECOG
0 13 (25.0) 0 (0.0) 1 (7.1) < 0.001
1 35 (67.3) 9 (45.0) 11 (78.6)
2 4 (7.7) 9 (45.0) 1 (7.1)
3 0 (0.0) 2 (10.0) 1 (7.1)

Weight loss > 10% 16 (30.8) 11 (55.0) 6 (42.9) 0.108
Nonsmoker (never) 18 (34.6) 11 (52.4) 5 (35.7) 0.200
CA 19-9 (median) 191 171 235 0.847
Lines of chemotherapy
1 35 (67.3) 17 (81.0) 14 (100.0) 0.033
2 17 (32.7) 4 (19.0) 0 (0.0)

CA 19-9 indicates carbohydrate antigen 19-9; ECOG, Eastern Cooperative
Oncology Group; FOLFIRINOX, 5-fluorouracil, irinotecan, and oxaliplatin;
GEM, gemcitabine; NG, nab-paclitaxel and gemcitabine.

TABLE 2. Hematologic and Nonhematologic Toxicities by Chemotherapy Regimen

n (%)

FOLFIRINOX (N= 52) NG (N= 21) GEM (N= 14) P

Hematologic toxicities* 40 (81.6) 16 (76.2) 11 (84.6) 0.807
Neutropenia 35 (67.3) 11 (52.4) 7 (50.0) 0.225
Febrile neutropenia 5 (9.6) 2 (9.5) 0 (0.0) 0.030
Thrombocytopenia 12 (23.1) 10 (47.6) 1 (7.1) 0.490
Anemia 20 (38.5) 15 (71.4) 6 (42.9) 0.062
Transfusion 6 (11.5) 3 (14.3) 4 (28.6) 0.807

Nonhematologic toxicities 50 (96.2) 21 (100) 7 (50.0) < 0.001
Neuropathy 19 (36.5) 3 (14.3) 0 (0.0) 0.008
Fatigue 43 (82.7) 21 (100) 5 (35.7) < 0.001
Nausea/vomiting 26 (50.0) 6 (28.6) 1 (7.1) 0.008
Diarrhea 23 (44.2) 4 (19.0) 3 (21.4) 0.065
AKI 4 (7.7) 2 (9.5) 0 (0.0) 0.270

Hospitalization 25 (48.0) 5 (23.8) 9 (64.3) 0.063
No. ED/UCC visits, mean (SD) 0.88 (1.08) 1.08 (0.96) 0.57 (0.85) 0.270

*Hematologic data available for 49 patients treated with FOLFIRINOX, 21 with NG and 13 with GEM.
AKI indicates acute kidney injury, defined as serum creatinine ≥ 1.5 times the baseline creatinine; ED, emergency department; FOLFIRINOX, 5-florouracil,

irinotecan, and oxaliplatin; GEM, gemcitabine; NG, nab-paclitaxel and gemcitabine; UCC, Urgent Cancer Care.
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respectively. Second-line chemotherapy was received by 17
(32.7%) patients in the FOLFIRINOX group, 4 (19%) in the NG
group, and none in the GEM group.

Hematologic and nonhematologic treatment toxicity during
the first 3 months of first-line chemotherapy is shown in Table 2.
Data on hematologic toxicity was available for 49 patients in the
FOLFIRINOX group, 21 in the NG group, and 13 in the GEM
group. There was no statistically significant difference in overall
hematologic toxicity according to the treatment regimen.
Although febrile neutropenia was uncommon, there was a stat-
istically significant increase in the incidence of febrile neu-
tropenia with the use of combination therapy (P= 0.030). More
patients experienced nonhematologic toxicities with FOLFIR-
INOX and NG, compared with GEM (96.2% vs. 100% vs.
50.0%, respectively, P< 0.001). Furthermore, 19 patients
(36.5%) in the FOLFIRINOX group experienced neuropathy,
compared with 3 (14.3%) and 0 patients (0%) in the NG and
GEM groups, respectively (P= 0.008). FOLFIRINOX (82.7%)
and NG (100%) were more frequently associated with fatigue
compared with GEM (35.7%) (P< 0.001). Nausea and vomiting
were more common in patients treated with FOLFIRINOX and
NG when compared with GEM (50.0% and 28.6% vs. 7.1%,
respectively, P= 0.008). There were no differences in ED, UCC
visits, or days admitted in hospital according to the chemo-
therapy regimen.

Tumor response and survival outcomes are shown in
Table 3. More patients treated with FOLFIRINOX had a radio-
logic response compared with NG and GEM (32.7% vs. 14.3%
vs. 0%, P= 0.005). The median OS was 9.1 months in patients
who received FOLFIRINOX, 7.7 months in patients who
received NG, and 4.6 months in those who received GEM
(P= 0.035) (Fig. 1). Characteristics included in the univariable

analysis (Table 4) were age, sex, loss of > 10% body weight over
the 6 months preceding diagnosis, median baseline carbohydrate
antigen 19-9 (CA 19-9), and smoking history. On univariable
analysis, receipt of FOLFIRINOX was associated with improved
OS with a hazard ratio (HR) of 0.45 (95% confidence interval
[CI]: 0.25-0.84, P= 0.013), while an ECOG performance status
of 2 to 3 was associated with a worse OS with an HR of 2.18
(95% CI: 1.22-3.90, P= 0.008), and elevated baseline CA 19-9
was also associated with worse OS with an HR of 1.10 (95% CI:
1.00-1.01, P= 0.029). On multivariable analysis, ECOG, baseline
CA 19-9, and chemotherapy regimen were independent predictors
of survival (Table 5). FOLFIRINOX was associated with
improved OS with a HR of 0.46 (95% CI: 0.23-0.93, P= 0.029).

DISCUSSION
While there have been advancements in the treatment of

APC over the last decade, the prognosis remains poor.3

TABLE 3. Response and Survival Outcomes According to
Treatment Received

FOLFIRINOX NG GEM P

Response, n (%) 17 (32.7) 3 (14.3) 0 (0.0) 0.005
Median survival (mo) 9.1 7.7 4.6 0.035

FOLFIRINOX indicates 5-florouracil, irinotecan, and oxaliplatin; GEM,
gemcitabine; NG, nab-paclitaxel and gemcitabine; response, complete response
and partial response.

FIGURE 1. Kaplan-Meier curve depicting the cumulative survi-
vorship for FOLFIRINOX (5-fluorouracil, irinotecan, and oxalipla-
tin) (black), nab-paclitaxel+gemcitabine (gray), and gemcitabine
(dashed).

TABLE 4. Cox Regression Hazard Univariable Model Assessing
Impact of Multiple Variables on Overall Survival

HR 95% CI P

Chemotherapy
FOLFIRINOX 0.45 0.24-0.84 0.013
NG 0.63 0.31-1.26 0.189
GEM 1

ECOG
0-1 1
2-3 2.18 1.22-3.90 0.008

CA 19-9* 1.01 1.00-1.01 0.029
Age 1.02 0.97-1.07 0.475
Sex
Male 1.17 0.75-1.84 0.491
Female 1

Weight loss > 10%
Yes 0.98 0.57-1.69 0.983
Unknown 1.03 0.59-1.81
No 1

Never smoker
Yes 1.10 0.68-1.78 0.914
Unknown 1.10 0.51-2.38
No 1

*CA 19-9 was analyzed as a continuous variable and divided by 1000.
CA 19-9 indicates carbohydrate antigen 19-9; CI, confidence interval; ECOG,

Eastern Cooperative Oncology Group; FOLFIRINOX, 5-florouracil, irinotecan,
and oxaliplatin; GEM, gemcitabine; HR, hazard ratio; NG, nab-paclitaxel and
gemcitabine.

TABLE 5. Cox Regression Hazard Multivariable Model Assessing
Impact of Chemotherapy Regimen and ECOG on Overall Survival

HR 95% CI P

Chemotherapy
FOLFIRINOX 0.46 0.23-0.93 0.029
NG 0.48 0.22-1.05 0.068
GEM 1

ECOG
0-1 1
2-3 2.20 1.18-4.10 0.013

CA 19-9* 1.01 1.00-1.02 0.027

*CA 19-9 was analyzed as a continuous variable divided by 1000.
CA 19-9 indicates carbohydrate antigen 19-9; CI, confidence interval; ECOG,

Eastern Cooperative Oncology Group; FOLFIRINOX, 5-florouracil, irinotecan,
and oxaliplatin; GEM, gemcitabine; HR, hazard ratio; NG, nab-paclitaxel and
gemcitabine.
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Combination chemotherapy regimens such as FOLFIRINOX
and NG have demonstrated an improvement in OS in clinical
trials.4,5 However, these trials may not accurately reflect the
real-world population of patients with APC, which tends to be
older, with a median age of diagnosis of 70.3 Taking clinical
trial data and subsequent age-related subgroup analyses into
consideration,4,5 Higuera et al11 have recommended that
FOLFIRINOX be reserved for patients up to 75 years of age,
with an ECOG of 0 to 1. For patients with an ECOG of ≥ 2, or
for patients above 75 years with an ECOG of 0 to 1, NG can be
considered.11 However, due to the underrepresentation of older
adults in randomized control trials, sample sizes are small, and
the level of evidence on which to base clinical decisions for this
group of patients is less than ideal.

Underrepresentation of older adults in clinical trials is a
well-known issue. A systematic review of 109 phase III and IV
randomized control trials found that the mean age of study
participants was 61.20 This review identified 22 trials that
excluded individuals over a specific age and 50 trials that had
eligibility criteria (functional limitations, decreased life
expectancy, cognitive impairment) that would disproportionally
exclude older adults.20 A retrospective study of age-related
enrollment in US Food and Drug Administration novel cancer
therapy trials between 1999 and 2002 found that only 36% of
patients enrolled in registered trials were 65 years and above,
while 60% of the US cancer population is 65 years and above.21

The proportion of patients 70 years and above and 75 years and
above was even lower, at 20% and 9%, respectively.21 Another
study showed that only 32% of patients enrolled in phase II and
III clinical trials from 3 National Cancer Institute databases
were elderly.22 In trials led by the Canadian Cancer Trials
Group (CCTG) from 1990 onwards, only 40.8% of patients
were 65 years and above.23 The deficiency of research in older
adults is particularly problematic when a disease such as APC
disproportionally affects older adults.3

Our study offers insight into the treatment patterns and
outcomes of older patients with APC in a real-world setting. A
retrospective cohort study of 473 patients with metastatic pan-
creatic cancer,24 showed that only 25% of real-world patients with
metastatic pancreatic cancer would have been eligible for enroll-
ment in the ACCORD11 trial examining the impact of
FOLFIRINOX,4 whereas 45% of patients would have met the
eligibility criteria for enrollment in the MPACT trial investigating
the role of NG in APC.5 The predominant reasons for ineligibility
included age and performance status.24 In a review of 38 phase III
trials for APC, the median age of enrollment was only
62.7 years.25 In our study of older patients receiving chemotherapy
for APC, over half of the patients received FOLFIRINOX, with a
median age of 69. Patients who received NG and GEM were
older. Other studies have confirmed that in real-world practice,
combination chemotherapy is being offered to older patients,
however, the regimen may differ according to age. In a retro-
spective population-based analysis of 636 patients with APC
across Canada, FOLFIRINOX, NG, and GEM were administered
in 27.0%, 32.4%, and 40.5% of patients above 75; 40.6%, 32.7%,
and 26.7% patients 65 to 74; and 44.4%, 42.5%, and 13.0% of
patients below 65, respectively (P=0.007).26 The older patients in
our study who received FOLFIRINOX had a better ECOG per-
formance status. The observation that FOLIFINOX is often
reserved for patients with a maintained performance status has
been described in other studies. A retrospective review from the
British Columbia Cancer Agency showed that patients treated with
FOLFIRINOX were younger and had a better performance status,
while patients who received NG were more likely to have an
ECOG ≥2.27

While our study was limited to patients with APC who
received chemotherapy, other studies have confirmed variable
rates of chemotherapy receipt in older adults with pancreatic
cancer. In an analysis of patients with APC across Canada,
those below 65 were more likely to receive chemotherapy
compared with those 65 to 74 and above 75 years old.26 Using
the Surveillance, Epidemiology, and End Results (SEER)
database, age was a significant predictor of whether a patient
received chemotherapy for APC.28 A retrospective review from
Japan of 895 patients with unresectable pancreatic cancer
evaluated the proportion of patients who received the best
supportive care instead of chemotherapy.29 The proportion of
patients receiving the best supportive care over chemotherapy
was significantly higher in the older adult group compared with,
the younger group, at 47.8% versus 25.8% (P< 0.001),
respectively.29 Age was identified as a reason for receiving the
best supportive care in 51% of patients.29 Similarly, a multi-
centre cohort study from The Netherlands found that older
adults with APC were less likely to receive chemotherapy, with
81% of patients 65 to 74 years receiving chemotherapy, com-
pared with only 50% patients aged 75 years and above.30 Our
study suggests that combination chemotherapy has a manage-
able toxicity profile in older patients with APC. There is an
increased risk of chemotherapy-related toxicity in older
adults.8,10 In our study, there was no difference in hematologic
toxicity according to the treatment regimen. As expected, more
nonhematologic toxicities were seen with combination che-
motherapy regimens. Despite these differences in toxicities,
there were no differences in ED/UCC visits or time admitted to
the hospital according to the treatment regimen. This may
reflect the highly selected nature of patients in our study, as
they were deemed fit for aggressive chemotherapy treatment by
their oncologist. Alternatively, because the rates of febrile
neutropenia were low, and due to the retrospective nature of our
study, the incidence of ED and hospital admissions may be
underreported, since the electronic record only captures ED and
UCC and hospitalizations if reported by the oncology team in
their notes. A single-center retrospective review of 52 patients
in France assessed the tolerance and efficacy of FOLFIRINOX
for patients 70 years and above with APC or colorectal
cancer.31 The most common toxicities were fatigue (94.2%),
diarrhea (67.3%), anemia (52.8%), neutropenia (46.2%), and
nausea/vomiting (42.3%).31 During treatment, 75% of patients
required dose reductions.31 A retrospective study considering
203 patients from China treated with modified FOLFIRINOX
or NG followed by modified FOLFIRINOX found that severe
adverse events, specifically neutropenia, occurred more com-
monly in patients above 70.32 Neutropenia occurred in 50% of
patients above 70, compared with 28.3% in those below 70
(P= 0.001).32 While dose modifications may minimize toxicity,
it is unclear whether dose reductions result in reduced efficacy
of combination chemotherapy for APC.33,34 The results from
the prospective phase II PAMELA-70 trial investigating the
efficacy and tolerance of modified FOLFIRINOX in older
adults (age 70 y and above) with metastatic pancreatic cancer
will help address this question.35

Our study demonstrates that in a real-world population of
older adults with APC, FOLFIRINOX correlates with improved
OS. Another single-center retrospective study of patients above
65 years with metastatic pancreatic cancer found that OS was
improved with FOLFIRINOX (13.8 mo), compared with
5-fluorouracil and oxaliplatin (FOLFOX) (7.0 mo) or GEM
(6.7 mo) (P= 0.004).36 Among 18 patients with APC above
70 years old treated with FOLFIRINOX, Guion-Dusserre et al31

reported a median OS of 12.5 months. Another retrospective
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analysis of 24 patients with APC aged above 75 years treated
with FOLFIRINOX reported a median OS of 11.6 months.37

The results from our study are further evidence that FOLFIR-
INOX should be considered in select older patients with APC.

Limitations of our study include the small size of the
cohort and the retrospective nature of the study. Our cohort
represents a highly selected group, as only patients well enough
to receive palliative intent chemotherapy were included. Data
was collected through chart review, which may lead to mis-
classification and missing data. Specifically, some toxicities are
subjective (fatigue, nausea/vomiting, diarrhea) and rely upon
patient reporting and clinician documentation. Data on dose
reductions was not included, which may also limit inter-
pretation. Because administrative databases were not used to
identify ED presentations, UCC visits, or hospitalizations, these
may be underrepresented.

CONCLUSIONS
FOLFIRINOX is a frequently used chemotherapy regimen

in patients 65 years and above in a real-world setting. FOL-
FIRINOX is associated with improved radiologic response and
OS in older adults with APC. Although there were more non-
hematologic toxicities associated with FOLFIRINOX, we did
not observe an increase in ED/UCC visits or hospital admission
days. As such, FOLFIRINOX can be considered as a first-line
chemotherapy option in select, well-functioning older adults.
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