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Abstract

Background Quality of life in cancer patients might be affected by chemotherapy-induced toxicity. Especially in patients
with pancreatic ductal adenocarcinoma (PDAC), with a short life expectancy, fear of poor quality of life is often a reason for
both patients and medical oncologists to refrain from further treatment. In this study, we investigated quality of life (QoL),
pain, sleep, and activity levels in locally advanced pancreatic cancer (LAPC) patients after FOLFIRINOX treatment.
Methods A total of 41 LAPC patients with stable disease or partial response were included after completion of at least
four cycles of FOLFIRINOX. QoL was measured with the EORTC QLQ-C30 and NRS pain scores. Patients completed the
Richards-Campbell Sleep Questionnaire (RCSQ) for five consecutive nights and wore a GENEActiv tri-axial accelerometer
(Actiwatch) for 7 days, registering sleep duration, efficiency, and activity.

Results Mean EORTC QLQ-C30 score for global health status was 78.3 (+ 17.3), higher than reference values for cancer
patients (P <0.001) and general population (P=0.045). LAPC patients reported few disease-related symptoms. Two patients
(5%) reported pain scores > 3. Mean sleep duration was 8 h/night (+ 1.2 h) and sleep efficiency 70% (£ 9%) with high patient-
reported quality of sleep (mean RCSQ score 72.0+ 11.4). Mean duration of moderate-vigorous activity was 37 min/week
(£ 103 min/week).

Conclusions QoL is very good in most LAPC patients with disease control after FOLFIRINOX, measured with validated
questionnaires and Actiwatch registration. The fear of clinical deterioration after FOLFIRINOX is not substantiated by this
study and should not be a reason to refrain from treatment.

Trial registration Dutch trial register NL7578.
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Introduction good performance status. The median overall survival (OS)

of these patients is 24.2 months with FOLFIRINOX [1].

FOLFIRINOX chemotherapy, a combination of fluorouracil,
leucovorin, irinotecan, and oxaliplatin, is standard of care for
locally advanced pancreatic cancer (LAPC) patients with a

< Casper H. J. van Eijck
c.vaneijck @erasmusmc.nl

Department of Surgery, Erasmus MC, University Medical
Center Rotterdam, P.O. Box 2040, 3000 CA, Rotterdam,
The Netherlands

Department of Internal Medicine, Erasmus MC, University
Medical Center Rotterdam, Rotterdam, The Netherlands

Department of Medical Oncology, Cancer Center
Amsterdam, Amsterdam UMC, University of Amsterdam,
Amsterdam, The Netherlands

The survival benefit of FOLFIRINOX is greater compared
to other chemotherapy regimens, such as gemcitabine [1, 2].
Unfortunately, the response rate of FOLFIRINOX is rather
low; approximately 10-30% of patients show significant
shrinkage of the primary tumor [3, 4]. However, in most
patients, FOLFIRINOX will stabilize the disease and pre-
vent early metastasis [4]. Nevertheless, medical oncologists
are still cautious to administer FOLFIRINOX to pancreatic
ductal adenocarcinoma (PDAC) patients because of the high
toxicity rate [5, 6]. More than half of patients will experi-
ence FOLFIRINOX-related toxicity, including nausea and
vomiting, diarrhea, fatigue, neuropathy, mucositis, thrombo-
cytopenia, and neutropenia [1, 4, 6]. These toxicity-related
symptoms might impact the quality of life of these patients
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and even be a reason to choose or switch to another, less
toxic chemotherapy regimen or stop treatment completely.
Quality of life is especially important for patients with a
short life expectancy, such as LAPC patients. Whether or
not diminished quality of life is worth the survival benefit
is of course a very personal decision that should be made
by patients themselves, but it is the treating physician
that should properly inform them on the pros and cons of
(chemotherapy) treatment. Next to chemotherapy-induced
toxicity symptoms, patients can of course also suffer from
disease-associated symptoms. Depending on the tumor loca-
tion, patients often report duodenal obstruction, icterus, and
exocrine pancreatic insufficiency [7], which might be dimin-
ished by the administration of chemotherapy. In addition,
it is known that many PDAC patients show signs of sleep
problems, anxiety and depression, and pain [7, 8]. However,
if patients still report these symptoms, and what their quality
of life is after chemotherapy, has not been studied yet.

For that reason, the aim of this article was to investigate
the quality of life of LAPC patients after treatment with
FOLFIRINOX, based on validated questionnaires for qual-
ity of life and sleep, Actiwatch activity and sleep registra-
tion, and patient-reported pain scores. Additionally, qual-
ity of life, activity, sleep, and pain were compared between
patients with short (< 12 months) and long (> 12 months)
survival after completion of FOLFIRINOX treatment.

Materials and methods
Patient selection

LAPC patients were selected from a single-center, prospec-
tive clinical trial (Dutch trial register NL7578) investigating
the safety and efficacy of adding IMM-101 immunother-
apy, a suspension of heat-killed whole cell Mycobacterium
obuense, to the treatment for LAPC patients with FOL-
FIRINOX followed by stereotactic body radiation therapy
(SBRT). Patients were included in the study after comple-
tion of at least four cycles of FOLFIRINOX and before the
start of SBRT combined with IMM-101 between October
2019 and January 2021. Other inclusion criteria were age
18-75 years, World Health Organization (WHO) perfor-
mance status <2, and American Society of Anesthesiolo-
gists (ASA) classification < III. Patients were excluded if
they showed progressive disease during or immediately
after FOLFIRINOX, since they were not eligible for radia-
tion therapy anymore. Patients were also excluded when
they had received previous chemotherapy other than FOL-
FIRINOX and if they were or had been treated with immu-
notherapeutic drugs or immunosuppressive drugs. Also,
patients with immunodeficiency, a history of human immu-
nodeficiency virus (HIV) infection, or active hepatitis B or
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C were excluded. This trial, and the side study on quality
of life, was approved by the medical ethics review board
(MEC-2019-0219). All patients provided written informed
consent, and the study was conducted in accordance with the
Declaration of Helsinki.

Study procedure

Upon inclusion in the study, after completion of FOL-
FIRINOX and before start of SBRT with IMM-101, patients
started wearing a GENEActiv tri-axial accelerometer (Acti-
watch) to register their activity and sleep for 7 days and filled
out the Dutch language version of the Richards-Campbell
Sleep Questionnaire (RCSQ) for 5 consecutive days. In
addition, they filled out the Dutch language version of the
EORTC QLQ-C30 quality of life questionnaire. Patients
reported pain scores using a numeric rating scale (NRS) of
0-10 at time of inclusion as part of routine care.

Measurement instruments

The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire-C30 (EORTC QLQ-
C30) is a validated 30-item questionnaire of self-reported
health-related quality of life of cancer patients containing
both single- and multi-item measures, including global
health status/overall quality of life, five functional scales
(physical, role, cognitive, emotional, and social functioning),
three symptom scales (fatigue, pain, and nausea/vomiting),
and six single items (constipation, diarrhea, insomnia, dysp-
nea, appetite loss, and financial difficulties). Higher scores
for global health status and functional scales suggest bet-
ter quality of life and functioning, while higher scores for
symptoms represent more symptoms and thus worse quality
of life [9]. An overview of items in the EORTC QLQ-C30 is
presented in Supplementary Table 1.

The validated RCSQ contains five aspects of sleep: sleep
depth, falling asleep (sleep latency), number of awakenings,
returning to sleep, and overall quality of sleep. Each item
is scored on a VAS of 0-100. Higher scores represent bet-
ter sleep quality. Scores between 0 and 25 represent very
poor sleep, scores of 2650 poor sleep, scores 51-75 good
sleep, and 76—100 very good sleep [10-12]. The items of the
RCSQ are shown in Supplementary Table 2.

The GENEActiv tri-axial accelerometer (Activinsights,
Kimbolton, UK) is a wrist-worn accelerometer that provides
raw movement data, light, temperature, and posture change
measurements. It measures bed time, rise time, elapsed
sleep time, sleep time, sleep efficiency, activity levels, and
the amount of time of moderate to vigorous activity [13].
Sleep efficiency is the percentage of sleep time out of the
total time between bedtime and rise time. The World Health
Organization (WHO) recommends that adults should do at
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least 150 min of moderate-intensity or 75 min of vigorous-
intensity activity throughout a week [14].

Patient characteristics, such as age, sex, and FOL-
FIRINOX chemotherapy specifics, such as start date and
number of cycles received, medication use, and follow-up
data, were retrieved from medical records by a medical
doctor.

Statistical analysis

EORTC QLQ-C30 questionnaire scores were compared
to reference values for cancer patients (n=23,553), stage
IITI-IV cancer patients (n=8,066), liver/bile/pancreas can-
cer patients (n=750), and general population (n=7,802)
with a summary data two sample #-test. Reference values
were taken from the online dataset of the EORTC Quality
of Life Group [15]. The accelerometer raw data files were
downloaded and processed with R-package GGIR, version
2.3-0 (http://cran.r-project.org). Repeated measurements
of, for example, sleep duration and time spent on activities

were averaged per day or night. Correlation between RCSQ
questionnaires and EORTC quality of life was tested with
Pearson’s correlation coefficient. Questionnaire and Acti-
watch results were compared between patients with long
(> 12 months) and patients with short (< 12 months) overall
survival (OS), calculated from the last day of FOLFIRINOX,
with independent samples #-tests. Data were analyzed with
SPSS Statistics version 25 (IBM, Armonk, NY, USA).

Results
Patient characteristics

In total, 41 LAPC patients were included in this study with a
median age of 63 years (range 41-76 years). Table 1 presents
the patient characteristics. All patients had received at least
eight cycles of FOLFIRINOX before inclusion. After FOL-
FIRINOX, twelve patients (29.3%) showed partial response
of the tumor, the other 29 patients (70.7%) stable disease.

Table 1 Patient characteristics

LAPC cohort (n=41)

Age (years), median (range)
Sex, male (%)
WHO performance status (%)
0
1

63 (41-76)
18 (43.9)

12 (29.3)
29 (70.7)

Number of cycles of FOLFIRINOX received (%)

8
9
12
RECIST* tumor response (%)
Stable disease
Partial response

Time between last cycle of FOLFIRINOX and questionnaires (days), median

(range)

Use of pain medication at time of inclusion, yes (%)

Type of pain medication
Paracetamol
Opioids
Neuropathic pain medication®
Paracetamol + NSAIDs
Paracetamol + opioids

Opioids + neuropathic pain medication
EORTC QLQ-C30 questionnaire available (%)
Richards-Campbell Sleep Questionnaire available (%)

Actiwatch registration (%)

35 (85.4)
4(9.8)
2(4.9)

29 (70.7)
12 (29.3)
28 (5-96)

16 (39.0)

5(12.2)
3(7.3)
1(2.4)
2 (4.9)
4(9.8)
1(2.4)
40 (97.6)
38 (92.7)
36 (87.8)

EORTC QLQ-C30 European Organization for Research and Treatment of Cancer Quality of Life Question-
naire, LAPC locally advanced pancreatic cancer, NSAIDs nonsteroidal anti-inflammatory drugs

#According to the RECIST 1.1 criteria for CT scan evaluations

®For example, gabapentin or amitriptyline
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The median time between the last cycle of FOLFIRINOX
and filling out the questionnaires and start of Actiwatch
registration was 28 days (range 5-96 days). At the time of
analysis, after a median follow-up of 7.9 months, 26 patients
(63.4%) had progressive disease, and 14 patients (34.2%)
had died.

Quality of life after FOLFIRINOX treatment

EORTC QLQ-C30 questionnaires were available for 40
patients. One patient withdraw from the study shortly after
inclusion and did therefore not fill out any of the ques-
tionnaires and did not wear an Actiwatch. The reported
answers per questionnaire item can be found in Table 2.
The mean score for global health status in this cohort was
78.3 (+standard deviation 17.3). This score was signifi-
cantly higher than the reported reference values for can-
cer patients (61.3+24.2, P<0.001), stage III-IV cancer

patients (61.5+23.6, P <0.001), liver/bile/pancreas cancer
patients (55.9+25.1, P <0.001), and general population
(71.2+22.4, P=0.045), as presented in Fig. la. In Sup-
plementary Table 3, all EORTC QLQ-C30 scores for our
LAPC cohort and reference values are shown.

Patients in this LAPC cohort scored higher on the
emotional functioning scale (83.6 +16.0) compared
to all reference cohorts (P <0.001 for cancer cohorts,
P =0.043 for general population), shown in Fig. 1b. LAPC
patients also scored higher on the physical functioning
scale (83.2 +12.4) compared the stage III-IV cancer
(P=0.003) and liver/bile/pancreas cancer (P =0.025)
reference cohorts. On physical functioning (83.2 +12.4
vs 89.8+16.2, P=0.010), role functioning (73.3 +27.1 vs
84.7+25.4, P=0.005), and social functioning (78.4 +29.2
vs 87.5+22.9, P=0.012), LAPC patients scored lower
than the general population reference cohort.

Table 2 Single-item answers

Not at all, n (%)

A little, n (%)

Quite a bit, n (%) Very much, n (%)

0 Item Category
to the European Organization
for Research and Treatment Strenuous activities PF
gqu;?gﬁigreatgé(gT%fgLQ- Long walk PE
C30) for the LAPC cohort Short walk PF
(n=40) Bed or chair PF
Self-care PF
Limited in work RF
Limited in leisure RF
Dyspnea DY
Pain PA
Need to rest FA
Insomnia SL
Felt weak FA
Appetite loss AP
Nausea NV
Vomiting NV
Constipation CO
Diarrhea DI
Felt tired FA
Pain interference PA
Concentration CF
Tension EF
Worry EF
Irritability EF
Depression EF
Memory trouble CF
Family life SF
Social activities SF

Financial difficulties FD

12 (30.0) 18 (45.0) 9 (22.5) 0 (0)
9 (22.5) 21 (52.5) 8 (20.0) 12.5)
30 (75.0) 8 (20.0) 2(5.0) 0 (0)
29 (72.5) 11 27.5) 0(0) 0 (0)
37 (92.5) 3(7.5) 0(0) 0(0)
14 (35.0) 18 (45.0) 6 (15.0) 2(5.0)
21 (52.5) 13 (32.5) 3(7.5) 3(7.5)
26 (65.0) 8 (20.0) 4 (10.0) 2(5.0)
24 (60.0) 10 (25.0) 4(10.0) 2(5.0)
10 (25.0) 20 (50.0) 9 (22.5) 12.5)
22 (55.0) 14 (35.0) 3(7.5) 12.5)
12 (30.0) 21 (52.5) 4 (10.0) 3(7.5)
25 (62.5) 12 (30.0) 2(5.0) 12.5)
33 (82.5) 7(17.5) 0 (0) 0 (0)
38 (95.0) 12.5) 12.5) 0 (0)
31 (77.5) 7(17.5) 0(0) 12.5)
26 (65.0) 11 (27.5) 3(7.5) 0(0)
9(22.5) 23 (57.5) 8 (20.0) 0(0)
34 (85..0) 3(7.5) 2(5.0) 1(2.5)
25 (62.5) 12 (30.0) 2(5.0) 0(0)
23 (57.5) 15 (37.5) 2(5.0) 0(0)
16 (40.0) 18 (45.0) 6 (15.0) 0(0)
24 (60.0) 15 (37.5) 0(0) 12.5)
29 (72.5) 10 (25.0) 12.5) 0(0)
23 (57.5) 15 (37.5) 2(5.0) 0(0)
26 (65.0) 10 (25.0) 12.5) 3(7.5)
20 (50.0) 13 (32.5) 3(7.5) 4(10.0)
36 (90.0) 3(7.5) 0(0) 12.5)

AP appetite loss, CF cognitive functioning, CO constipation, DI diarrhea, DY dyspnea, EF emotional func-
tioning, FA fatigue, FD financial difficulties, LAPC locally advanced pancreatic cancer, NV nausea and
vomiting, PA pain, PF physical functioning, RF role functioning, SF' social functioning, SL insomnia
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Fig. 1 European Organization
for Research and Treatment

of Cancer (EORTC) Quality

of Life Questionnaire (QLQ-
C30) outcomes for the locally
advanced pancreatic cancer
(LAPC) cohort compared to
the reference values for cancer
patients and general population.
a Comparison of global health
status or quality of life (QoL)
between the LAPC cohort and
reference cancer patient groups
and general population. b
Scores of functional scales for
the LAPC cohort and refer-
ence cancer patient groups and
general population. ¢ Compari-
son of symptom scores between
the LAPC cohort and reference
cancer patient groups and gen-
eral population. Higher scores
for global health status and
functional scales suggest better
quality of life and functioning,
and higher scores for symp-
toms represent more symp-
toms. *P<0.05, **P<0.01,
*#%P <0.001

In Fig. 1c reported symptom scores are presented.
Compared to the liver/bile/pancreas cancer reference
cohort, our LAPC cohort scored lower on the symptom
scales for nausea/vomiting (4.2 +10.5 vs 14.2 +£22.5,
P =0.005), pain (14.2+23.1 vs 29.6 +32.8, P=0.003),
insomnia (19.1 +24.9 vs 32.2 +34.4, P=0.016), appetite
loss (15.8 +£23.8 vs 32.3 +37.2, P=0.005), constipation
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(8.5+19.7 vs 20.4+31.3, P=0.016), and financial dif-
ficulties (5.0+17.7 vs 21.9+32.5, P=0.001). Com-
pared to the general population, LAPC patients reported
a higher score for fatigue (32.7 +21.2 vs 24.1 +24.0,
P=0.024), appetite loss (15.8 +23.8 vs 6.7 +18.3,
P =0.002), and diarrhea (14.1 +21.2 vs 7.0+ 18.0,
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Pain after FOLFIRINOX treatment

In accordance with the EORTC QLQ-C30 outcome, the
LAPC patients in this cohort did not often report symp-
toms of pain, measured with NRS scores. Only two patients
reported an NRS score of > 3: 1 patient NRS 4 and 1 patient
NRS 7. The patient with NRS 4 immediately started opi-
oid treatment after inclusion. The patient with NRS 7
showed very early progression of disease, within 2 months
after inclusion. Four of the patients reporting any symp-
toms of pain did not use any pain medication at the time of
measurement.

Sleep quantity and quality after FOLFIRINOX
treatment

Objective outcome of sleep, measured with the Actiwatch,
was available from 36 patients. Due to technical issues with
extraction of the data from the Actiwatch, sleep data was
not available for the other four patients. The mean sleep
duration was 8.0 h/night (+ 1.2 h/night), based on a regis-
tration period of seven consecutive nights. The mean sleep
efficiency was 69.6% (+9.0%).

RCSQ questionnaires were available from 38 patients.
The questionnaires were filled out during the first five con-
secutive nights of Actiwatch registration. The mean RCSQ
score calculated from all five items during five nights was
72.0 (£ 11.4). The scores per item per night are shown in
Table 3. Patients reported the lowest scores for sleep depth
(mean score 66.2 4+ 18.7), and the highest scores for return-
ing to sleep after being awaken (mean score 77.5+11.9).

There was not a significant correlation between patient-
reported RCSQ scores and global health status/quality of
life (Pearson r=0.18; 95% confidence interval (CI)—0.17
to 0.48, P=0.306), as presented in Supplementary Fig. 1.

Activity level after FOLFIRINOX treatment

Objective activity registration, measured with the Actiwatch,
was available for 32 patients. For the other eight patients,

technical problems with extraction of data made it impos-
sible to analyze activity data. Only 11/32 patients (34.4%)
registered a period of moderate to vigorous activity at one or
multiple days. The mean duration of moderate or vigorous
activity was 5.3 min/day (+ 14.8 min/day), based on a reg-
istration period of 7 consecutive days. When only including
patients with at least one moderate-vigorous activity regis-
tered, the mean duration of moderate-vigorous activity was
37 min/week (+ 103 min/week). Only three patients (9.4%)
did more than 75 min of moderate-vigorous activity during
the week, as recommended by the WHO.

Quality of life in patients with short overall survival
after FOLFIRINOX

In Table 4, the most important EORTC QLQ-C30, RCSQ,
and Actiwatch results are shown for patients with an over-
all survival of at least 12 months (n=11) and patients who
died within 12 months (n=11) after completion of FOL-
FIRINOX. There were no differences between groups
in patient-reported quality of life, based on the EORTC
QLQ-C30 global health status item (mean score 80.4 +13.9
for long survival, 76.5 +21.5 for short survival patients,
P=0.619). There was a difference in patient-reported fatigue
(P=0.024): patients with a survival longer than 12 months
reported more fatigue symptoms (mean score 45.4+22.7),
while patients with a short survival reported lower fatigue
symptoms (24.1+17.8). In both groups, 3/11 (27.3%) of
patients reported a pain score of NRS > 0. Sleep efficiency,
but not sleep duration or sleep quality, was better in patients
with OS > 12 months (76.1 +5.0%) compared to patients
with OS < 12 months (68.3 +9.8%, P=0.039).

Discussion

In this representative cohort with a median age of 63 years,
we investigated the quality of life of LAPC patients after
completion of FOLFIRINOX chemotherapy. We found that
patients within our LAPC cohort reported high quality of life

Table 3 Single-item answers to

. Item Mean score  Mean score Mean score Mean score Mean score  Mean score
the Richards-Campbell Sleep (SD) night 1 (SD) night 2 (SD) night 3 (SD) night4 (SD) night5 (SD) total
Questionnaire (RCSQ) for the period
LAPC cohort (n=38)

Sleep depth 64.3(23.0) 63.1(26.0) 65.0(23.6) 69.1(21.0) 69.2(22.6) 66.2(18.7)
Sleep latency 69.1 (23.7) 724(20.2) 75.5(20.1) 71.1(24.9) 74.9(20.6) 72.5(14.4)
Awakenings 73.3(20.6) 72.2(18.3) 73.0(17.6) 742(17.5) 74.0(20.7) 73.6(13.4)
Returning to sleep 77.1 (18.4) 79.3(13.7) 76.8(16.9) 77.4(15.6) 75.2(20.3) 77.5(11.9)
Sleep quality 73.8(21.2) 78.2(16.3) 752(20.2) 77.5(174) 73.324.1) 755(3.0)
Total score 70.9 (15.3) 719(13.4) 725(164) 73.0(159) 723(19.2) 72.0(11.4)

LAPC locally advanced pancreatic cancer, SD standard deviation
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Table 4 Comparison of

Patients with OS> 12 months  Patients with OS<12 months P

EORTC. QLQ-C30, RCSQ, (n=11), mean score (SD) (n=11), mean score (SD)

and Actiwatch results between

patients with long and short Global health status (QoL) 80.4 (13.9) 76.5 (21.5) 0.619

Z’Z:gllle;‘:nvgfaégisglﬁfgox Physical functioning 81.2 (15.4) 85.0 (11.1) 0.520
Role functioning 71.2 (30.8) 72.6 (34.4) 0.918
Emotional functioning 82.6 (15.1) 90.8 (13.3) 0.193
Cognitive functioning 80.3 (91.7) 91.7 (14.1) 0.161
Social functioning 63.6 (33.1) 80.5 (26.5) 0.204
Fatigue 454 (22.7) 24.1 (17.8) 0.024
Nausea and vomiting 4.6 (10.7) 0.0 (0.0) 0.175
Pain 15.3 (23.0) 21.2 (33.4) 0.634
Dyspnea 24.2 (33.7) 21.2 (34.3) 0.838
Insomnia 30.2 (31.5) 9.1 (21.6) 0.082
Appetite loss 24.2 (33.7) 9.0 (15.4) 0.189
Constipation 12.1 (30.8) 6.0 (13.4) 0.554
Diarrhea 15.1 (22.9) 12.0 (16.7) 0.721
Financial difficulties 12.1 (30.8) 6.0 (13.4) 0.554
Pain score NRS >0, yes (%) 3(27.3) 3(27.3) 1.000
Sleep duration, hours 8.6 (0.9) 7.8 (1.4) 0.142
Sleep efficiency (%) 76.1 (5.0) 68.3 (9.8) 0.039
Sleep quality (RCSQ) 72.4 (15.2) 74.0 (10.7) 0.783

P-values in bold are statistically significant

EORTC QLQ-C30 European Organization for Research and Treatment of Cancer Quality of Life Question-
naire, QoL quality of life, RCSQ Richards-Campbell Sleep Questionnaire, SD standard deviation

scores and low symptom scores, measured with the EORTC
QLQ-C30 quality of life questionnaire. Quality of life scores
were better than the reported scores for cancer reference
cohorts and even better than general population references.
LAPC patients reported more symptoms of fatigue, appetite
loss, and diarrhea compared to the general population, but
less frequent than cancer reference cohorts, including PDAC
patients. The majority of LAPC patients (73%) reported no
pain symptoms, with or without the use of pain medication.
Patients also showed sufficient sleep duration (8 h/night) and
sleep efficiency (70%), objectively measured by Actiwatch
registration, and they reported high quality of sleep. The
activity level of LAPC patients was, however, very low. A
minority of patients in this cohort did some moderate to
vigorous activity during the registration period. Only three
patients reached the activity level recommended by the
WHO. The activity level of this LAPC cohort is lower com-
pared to previous published data on activity levels in patients
with different types of cancer (e.g., lymphoma, breast can-
cer, head and neck cancer, colon cancer) [16].

Not many studies have published on quality of life in
PDAC patients during or after treatment. A systematic
review on the incidence and overall burden of PDAC in
Europe showed, based on data from three different cohorts,
that PDAC patients report a worse quality of life compared
to the general population [17]. This data, however, was

retrieved at time of diagnosis from patients of all disease
stages, before start of any treatment, and is, therefore, not
comparable to our data. Studies that investigated the change
in quality of life after treatment, measured with the EORTC
QLQ-C30, all showed better results after treatment com-
pared to baseline measurements. Patients with resectable
disease showed improving quality of life results after opera-
tion, despite extensive surgical procedures [18, 19]. Also in
metastatic disease patients, included in a phase II trial to
investigate the response to and toxicity of FOLFIRINOX,
quality of life improved after treatment [20]. One study
showed that patients eligible for (chemotherapy) treatment
report better quality of life compared to those who only
received best supportive care [21]. Also, patients treated
with palliative care were more satisfied with the given care
than patients treated with curative intent [18].

Our results are in line with the literature. We hypothesize
that PDAC patients in this cohort, despite their poor prognosis,
reported good to excellent quality of life for a couple of reasons.
First, patients in this study all finished treatment and toxicity-
related symptoms of FOLFIRINOX seem to pass by quickly
after treatment is completed. Unfortunately, we do not have
data on quality of life during treatment, but it is to be assumed
that quality of life is better after FOLFIRINOX than during this
toxic chemotherapy. Second, in patient responding to treatment,
FOLFIRINOX will diminish the disease load and by that the
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symptom burden [22-24]. This is affirmed by the results of other
quality of life studies in PDAC patients after treatment [18-21].
Third, undergoing full treatment might also have psychological
benefit. Any treatment, standard chemotherapy, or experimen-
tal immunotherapy for example, will give hope for curation or
improved survival. Instead of waiting for disease progression,
these patients have done everything they can to improve their
life expectancy. Also, previous research has shown that patients
participating in clinical trials receive better quality of care result-
ing in better patient outcome [25, 26]. Finally, these patients
answered the questionnaires several months after diagnosis. By
that time, they might have come to peace with the disease and
its prognosis. Because of these positive results, we believe that
treating physicians should maybe be less reluctant in consider-
ing FOLFIRINOX as treatment in LAPC patients.

A limitation of this study is that we could not include
all patient who have started FOLFIRINOX. However, in
our previous cohort study, only 12% of patients with LAPC
showed progressive disease during FOLFIRINOX treat-
ment, the vast majority had stable disease [27], and the
effectiveness of FOLFIRINOX as first-line treatment for
LAPC patients has been extensively published [1, 3]. Also,
out of 41 patients included in this clinical trial, ten received
first-line FOLFIRINOX within the Erasmus Medical Center
Rotterdam between October 2019 and August 2020. During
that time, a total of fifteen patients started FOLFIRINOX in
this hospital of which only three (20%) showed progression
of disease and could therefore not participate in the trial.
Eligibility data of patients from other centers was not avail-
able, but we believe those will be similar to the EMC data.
Based on these results, we believe that the cohort described
in our current study is not a rare patient population tolerating
FOLFIRINOX very well with measurable tumor response on
CT scans but represent the vast majority of LAPC patients
treated with this chemotherapy regimen.

This is the first study on quality of life in LAPC patients
treated with FOLFIRINOX, and the results can be used to
help inform patients during shared decision-making. How-
ever, our data is based on a relatively small sample size
(n=41) with no comparison to baseline data or data at time of
diagnosis. Also, patient outcome might be positively biased
because all patients included in this clinical trial showed at
least stable disease after FOLFIRINOX treatment. It would
be interesting to investigate the quality of life of patients with
progressive disease during treatment in the future.

Conclusion
LAPC patients with disease control after FOLFIRINOX
treatment report very good quality of life. They report very

little symptoms or pain and good sleep quality and sleep
duration after treatment with FOLFIRINOX.
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