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Summary
Purpose: There are many studies about the administration
of gemcitabine and 5-fluorouracil combination regimen for
advanced-stage pancreatic ductal adenocarcinoma (PDAC),
but no study exists about early-stage PDAC. This study, for
the first time, aimed to evaluate the efficacy and tolerability
of gemcitabine and infusional 5-fluorouracil with high-dose
folinic acid as adjuvant chemotherapy after curative surgery
for PDAC.

15.6), with 1-year, 2-year and 3-year DFS rates of 49%, 15%
and 11% identified. Median overall survival (OS) was 17.3
months (95% CI, 12.4-22.1) with 1-year, 2-year and 3-year
OS rates of 72%, 37% and 17%. Severe toxicity was rarely
observed. Two patients (3.2%) developed grade 4 neutropenia; however, febrile neutropenia was observed in 1 patient
(1.6%). Three patients (4.8%) had grade 3 neutropenia, 2
patients (3.2%) had grade 3 anemia, 3 patients (4.8%) had
grade 3 nausea, 1 patient (1.6%) had grade 3 diarrhea and
Methods: Patients with curatively resected PDAC were treat1 patient (1.6%) had grade 3 infection.
ed with gemcitabine combined with infusional 5-fluorouracil
and high-dose folinic acid (GEMFUFOL). This combination Conclusions: The GEMFUFOL regimen is an effective and
regimen was repeated every 2 weeks.
tolerable regimen for adjuvant treatment of PDAC and may
be an appropriate alternative for patients unsuitable for curResults: A total of 62 patients who received GEMFUFOL
rent standard treatments.
as adjuvant chemotherapy were included in this study. At a
median follow-up of 16.9 months (range, 3.6-149.2), median Key words: adjuvant chemotherapy, gemcitabine, 5-fluorodisease-free survival (DFS) was 11.8 months (95% CI, 7.9- uracil, folinic acid, pancreatic cancer

Introduction
ThPancreatic ductal adenocarcinoma (PDAC)
is 3rd in the list of cancers causing cancer-related
mortality in western countries. Adjuvant chemotherapy administered after curative surgery can

significantly increase disease-free survival (DFS)
and overall survival (OS) [1,2]. Current and standard
adjuvant treatment for PDAC is combination chemotherapy including folinic acid (FA), 5-fluorouracil
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(5-FU), irinotecan and oxaliplatin [FOLFIRINOX]
for 6 months, while patients unsuit to this chemotherapy regimen receive combination chemotherapy including gemcitabine and capecitabine (GemCap) for 6 months [1-4]. Adjuvant chemoradiation
may be recommended to patients with microscopically positive margins (R1) and/or lymph node (LN)
positive disease after completion of 4-6 months of
systemic adjuvant chemotherapy [3,4].
Recently, in the multicenter, randomized
PRODIGE 24/CCTG PA.6 study, 493 patients with
resected PDAC, aged <80 years, and with Eastern
Cooperative Oncology Group (ECOG) performance
score of 0 or 1, were randomized into two groups
as modified-FOLFIRINOX (mFOLFIRINOX) regimen and gemcitabine monotherapy. The results of
the study identified median DFS as 21.6 months in
the mFOLFIRINOX group and 12.8 months in the
gemcitabine monotherapy group (p<0.001), while
median OS was 54.4 months in the mFOLFIRINOX
group and 35.0 months in the gemcitabine monotherapy group (p=0.003) [5]. Based on efficacy data
for the GemCap combination regimen for advanced
stage PDAC [6,7], the European Study Group for
Pancreatic Cancer (ESPAC)-4 study randomized
730 patients with resected PDAC into two groups
as GemCap combination regimen and gemcitabine
monotherapy. The GemCap combination was identified to have longer median DFS (13.9 months
vs. 13.1 months, p=0.082) and longer median OS
(28.0 months vs. 25.5 months, p=0.032) compared
to gemcitabine monotherapy [8]. In these studies,
mFOLFIRINOX and GemCap combination regimes
were shown to have superior survival outcomes
compared to gemcitabine monotherapy and are recommended as the standard treatment for adjuvant
therapy for PDAC. Patients unsuitable for these
combination regimens or with ECOG performance
score of 2, are recommended to receive singleagent gemcitabine or bolus 5-FU/FA [1-4]. Singleagent gemcitabine and bolus 5-FU/FA took their
places in PDAC adjuvant therapy guidelines with
the Charité Onkologie (CONKO)-001 study and the
ESPAC-3 study, respectively [9,10].
As 5-FU and gemcitabine have synergistic effects and do not have overlapping toxicity profiles,
the 5-FU and gemcitabine combination is included
among ideal chemotherapy combination regimens
[11-12]. There are many studies about administration of the gemcitabine and 5-FU combination regimen for advanced stage PDAC [13-19], but no study
was found about early-stage PDAC. This study, for
the first time, aimed to evaluate the efficacy and tolerability of gemcitabine combined with infusional
5-FU and high-dose FA (GEMFUFOL) as adjuvant
chemotherapy after curative surgery for PDAC.
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Methods
Patients and study design
Between 2000-2019, a total of 62 patients who
received GEMFUFOL as adjuvant chemotherapy after
curative surgery for PDAC at the Medical Oncology
Department of the Dokuz Eylul University Faculty of
Medicine were included in this study. The medical records of these patients were retrospectively reviewed.
Inclusion criteria for the study were ECOG performance
score ≤2, age 18 years or older and sufficient hematological (leukocytes >4000/mm3, neutrophils >1500/ mm3,
platelets >100.000/ mm3, hemoglobin level ≥10 g/dL),
renal (creatinine clearance >50 ml/min) and hepatic (serum total bilirubin level ≤1.5 times the upper limit of
the normal range) functions. Patients with macroscopic
residue (R2 resection), tumour-node-metastasis (TNM)
stage 4, previous history of chemotherapy and radiotherapy, symptomatic heart failure or coronary artery
disease were excluded from the study. Pathologic stage
of patients was updated according to the new staging
system [American Joint Committee on Cancer (AJCC)
TNM Staging of Pancreatic Cancer (8th ed., 2017)] by a
pathologist, as the TNM staging for pancreatic cancer
changed during the study period.
Treatment regimen
Each 2-week cycle consisted of gemcitabine
1000 mg/m2, 30-min iv infusion on day 1, FA 200 mg/
m2 as 2-h iv infusion followed by 5-FU 400 mg/m2 iv
bolus and 5-FU 600 mg/m2 continuous 22-h iv infusion
on days 1 and 2 (first 8 patients) and gemcitabine 1250
mg/m2, 30-min iv infusion plus FA 400 mg/m2 as 2-h iv
infusion followed by 5-FU 400 mg/m2 iv bolus on day
1 and 5-FU 2400 mg/m2 continuous 46-h iv infusion
(next 54 patients). Routine prophylactic granulocytecolony stimulating factor (G-CSF) was not used. Postoperative 4-6 months of systemic adjuvant chemotherapy
was planned. Patients considered to have indications
underwent adjuvant chemoradiotherapy. Chemoradiotherapy consisted of 45 Gy of radiation at 1,8 Gy per
day with concurrent infusion of 5-FU or gemcitabine.
All patients were informed about the treatment and
signed the informed consent form.
Assessment of efficacy and toxicity
DFS was defined as the period from the date of
initial chemotherapy to the date of disease recurrence,
while OS was defined as the period from the date of
initial chemotherapy to the patient’s last visit or date
of death. At the beginning of each cycle, the status of
patients was assessed by means of a review of systems,
physical examination, complete blood counts, and serum biochemical tests.
Imaging studies were documented by computed
tomography at baseline and every 3 months. Adverse
events were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 3.0.
JBUON 2021; 26(6): 2507
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Statistics
Statistical analyses were carried out using the
SPSS 22.0 software. The patient survival was evaluated
by the Kaplan-Meier method. P values<0.05 was considered to indicate statistical significance. Multivariate
analysis was made using Cox regression analysis.

Results
Patients
The study included 62 patients who received
GEMFUFOL as adjuvant chemotherapy after curative surgery for PDAC. The demographic and
disease characteristics of the patients at baseline
are shown in Table 1. Of the patients, 58.1% were
male and median age was 60.5 years (range, 29-75).
Among the most commonly observed comorbidities were 32.3% diabetes mellitus and 22.6% hypertension. Forty-eight patients (77.4%) had good
performance status (ECOG 0-1), while the remaining 14 patients (22.6%) had low performance status (ECOG 2). Primary tumor was localized to the
head of the pancreas in 88.7% of the patients. Pancreaticoduodenectomy (Whipple) was performed
in 80.6% of the patients. Six patients (9.7%) had
distal pancreaticoduodenectomy and 6 patients
(9.7%) had total pancreaticoduodenectomy. Median tumour diameter was identified as 3.3 cm
(range, 0.7-9.0). In 87.1% of the patients, tumour
was >2 cm and 82.3% had at least 1 lymph-node
(LN) metastasis. Twenty-nine patients (46.8%) had
an R1 status defined by microscopic tumour cells
within 1 mm of the resection margin. Of the patients, 41.9% had stage 2B and nearly half (43.6%)
had stage 3. In 95.2% of the patients there was
perineural invasion, 83.9% had LN invasion and
74.2% had vascular invasion identified.
Treatment delivery
Five hundred and twelve cycles of chemotherapy were administered with a median of 8 cycles
ranging from 2 to 12 cycles. Fourty-four (70.9%)
patients were also treated with concurrent chemoradiotherapy. The proportion completing the
planned treatment was 66.1%. Of the 21 patients
who did not complete treatment, 19 stopped due
to disease progression (90.5%) and 2 due to grade
3-4 toxicity (9.5%).
Efficacy and survival
The median follow-up time was 16.9 months
(range, 3.6-149.2). During follow-up, 49 patients
(79%) developed local recurrence and/or distant
metastasis. Of the patients with recurrence, 57.1%
had recurrence in the lymph nodes, 42.9% in the
JBUON 2021; 26(6): 2508

Table 1. Baseline characteristics of patients
Characteristics

n (%)

Gender
Male

36 (58.1)

Female

26 (41.9)

Age, median (range)

60.5 (29-75)

Comorbidity
DM

20 (32.3)

HT

14 (22.6)

Others

8 (12.9)

ECOG* performance score
0-1

48 (77.4)

2

14 (22.6)

Surgery
Pancreaticoduodenectomy (Whipple)

50 (80.6)

Distal pancreatectomy

6 (9.7)

Total pancreaticoduodenectomy

6 (9.7)

Maximum tumor diameter (cm), median (range) 3.3 (0.7-9.0)
Tumour in greatest dimension (cm)
Tumour ≤2

8 (12.9)

Tumour >2 cm and ≤4

40 (64.5)

Tumour >4

14 (22.6)

Invasion to major vascular structure (T4)

4 (6.5)

Lymph node (LN) involvement
LN negative

11 (17.7)

1-3 LN positive

29 (46.8)

≥ 4 LN positive

22 (35.5)

Stage

†

1A (T1N0)

3 (4.8)

1B (T2N0)

5 (8.1)

2A (T3N0)

1 (1.6)

2B (T1-3,N1)

26 (41.9)

3 (T1-3,N2) (T4, Any N)

27 (43.6)

Site of tumour
Head of pancreas

55 (88.7)

Body/tail of pancreas

7 (11.3)

Histologic differentiation
Well differentiated

33 (53.2)

Moderately differentiated

24 (38.7)

Poorly differentiated

5 (8.1)

Surgical margin
Negative (R0)

33 (53.2)

Positive (R1)

29 (46.8)

Perineural invasion

59 (95.2)

Lymphatic invasion

52 (83.9)

Vascular invasion

46 (74.2)

*Eastern Cooperative Oncology Group, Stages according to the
American Joint Committee on Cancer (AJCC) TNM Staging of
Pancreatic Cancer (8th ed., 2017).
†
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liver, 34.7% in the peritoneum, 32.7% in the lungs
and 30.6% had local recurrence. In 36 of the 49
patients with recurrence (73.5%), palliative chemotherapy was applied. At the end of the study, 7 patients were alive and 6 of them were disease-free.
Median DFS was 11.8 months (95% CI, 7.915.6), with 1-year, 2-year and 3-year DFS rates
of 49%, 15% and 11% (Figure 1). Median OS was
17.3 months (95% CI, 12.4-22.1) with 1-year, 2-year

2509

and 3-year OS rates of 72%, 37% and 17% (Figure 2). Table 2 shows univariate analysis of clinical and pathologic factors for OS. In patients with
ECOG performance score 0-1, median OS was 22.6
months, while in patients with ECOG performance
score 2, median OS was 8.1 months, (p<0.001). Median OS was 21.5 months for stage 1 cases, 22.6
months for stage 2 cases and 15.9 months for stage
3 cases (p=0.045). In patients with well-differenti-

Table 2. Univariate analysis for overall survival
Parameters

Median OS (months)

95% Confidence interval (CI)

Gender

Log-rank p value
0.699

Male

17.6

12.32-22.88

Female

16.2

13.78-18.69

<60

16.5

5.27-27.66

≥60

17.3

15.18-19.35

Absent

16.5

8.69-24.24

Present

17.3

11.63-22.91

Age, years

0.314

Comorbidity

0.242

<0.001

ECOG* performance score
0-1

22.6

17.02-28.25

2

8.1

4.07-12.13

Tumour ≤2

24.2

7.97-40.50

Tumour >2 cm and ≤4

19.1

15.14-23.13

Tumour >4

15.7

11.58-19.89

LN negative

15.7

5.27-26.20

1-3 LN positive

22.6

18.55-26.72

≥ 4 LN positive

13.7

9.11-18.23

1

21.5

5.11-37.82

2

22.6

16.29-28.98

3

15.9

10.68-21.19

Well differentiated

24.2

17.73-30.74

Moderately/Poorly differentiated

13.7

8.75-18.59

Negative (R0)

16.2

12.60-19.87

Positive (R1)

17.6

11.77-23.43

Tumour in greatest dimension, cm

0.444

0.177

Lymph node (LN) involvement

0.045

Stage

†

0.040

Histologic differentiation

Surgical margin

0.82

Lymph node (LN) invasion

0.340

Negative

21.5

9.07-33.86

Positive

17.2

15.41-19.06

Negative

21.5

6.80-36.13

Positive

17.2

15.45-19.01

Vascular invasion

0.507

*Eastern Cooperative Oncology Group, †Stages according to the American Joint Committee on Cancer (AJCC) TNM Staging of Pancreatic
Cancer (8th ed., 2017). Bold numbers denote statistical significance.
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Figure 1. Disease-free survival of all patients.

Figure 2. Overall survival of all patients.

Table 3. Multivariate analysis for overall survival
Parameters

Coefficient β

SE

p value

Odds ratio

95% CI

ECOG* performance score

1.493

0.422

<0.001

4.452

1.948-10.172

Stage

1.129

0.567

0.046

3.094

1.019 - 9.395

Histologic differentiation

0.925

0.326

0.005

2.522

1.330-4.782

*Eastern Cooperative Oncology Group

Table 4. Toxicities associated with chemotherapy
Toxicity

Grades
Grade I-II
n(%)

Grade III-IV
n(%)

Anemia

30 (48.4)

2 (3.2)

Neutropenia

15 (24.2)

5 (8.1)

6 (9.7)

-

Thrombocytopenia
Nausea/vomiting

11 (17.7)

3 (4.8)

Diarrhea

6 (9.7)

1 (1.6)

Constipation

2 (3.2)

-

Oral mucositis

2 (3.2)

-

Infection

13 (20.9)

1 (1.6)

Hepatic

9 (14.5)

-

Renal

2 (3.2)

-

Skin

4 (6.5)

-

ated tumour, median OS was 24.2 months, while,
in patients with moderately/poorly differentiated
tumour, median OS was 13.7 months, (p=0.040).
By multivariate analysis, ECOG performance score,
tumour stage, and histologic differentiation were
found to be independently associated with OS
(p<0.05, Table 3).
JBUON 2021; 26(6): 2510

Toxicity
Severe toxicity was rarely observed after adjuvant chemotherapy was administered to patients.
Two patients (3.2%) developed grade 4 neutropenia; however, febrile neutropenia was observed in
1 patient (1.6%). Three patients (4.8%) had grade 3
neutropenia, 2 patients (3.2%) had grade 3 anemia, 3
patients (4.8%) had grade 3 nausea, 1 patient (1.6%)
had grade 3 diarrhea and 1 patient (1.6%) had grade 3
infection. Due to grade 3-4 toxicity, 5 patients (8.1%)
had dose reduction of all drugs by 25%. Chemotherapy-associated toxicities are shown in Table 4.

Discussion
This retrospective study evaluated the efficacy and tolerability of the GEMFUFOL regimen
as adjuvant chemotherapy in 62 patients with resected PDAC for the first time in the literature. In
our study, median DFS was 11.8 months, while
median OS was 17.3 months. This chemotherapy
regimen was well tolerated and identified to have
low rates of toxicity.
Considering that the longest survival to date
for patients with resected PDAC was obtained

GEMFUFOL in pancreatic cancer

with the mFOLFIRINOX regimen, this regimen
should be administered to all appropriate patients.
However, in order to administer mFOLFIRINOX,
patients should have good performance status
level, and no history of chronic diarrhea, diabetic polyneuropathy or severe heart disease [1,2].
For patients aged >70 years median DFS did not
reach statistically significant difference between
the mFOLFIRINOX and the gemcitabine [5], and
therefore it is considered that administration of
the mFOLFIRINOX regimen is more appropriate for patients <70 years of age. Long survival
was obtained with the mFOLFIRINOX regimen;
however, the majority of patients (75.9%) were
observed to have grade 3-4 toxicity [5].
In the ESPAC-4 study, the GemCap combination group had median DFS of 13.9 months, while
in the CONKO-001 study the gemcitabine group
had 13.4 months DFS and in the ESPAC-3 study
the bolus 5-FU/FA group had 14.1 months DFS.
In our study, the median DFS was close to the
median DFS in these phase 3 randomized studies [8-10]. In the GemCap combination, singleagent gemcitabine and bolus 5-FU/FA for adjuvant treatment of PDAC had similar median DFS,
but different toxicity profiles [8-10]. The ESPAC-4
study showed more common grade 3-4 neutropenia (38% vs. 24%, p=0.0001), diarrhea (5% vs.
2%, p=0.008) and hand-foot syndrome (7% vs.0%,
p<0.0001) for GemCap combination compared to
the single-agent gemcitabine [8]. In the ESPAC-3
study, the bolus 5-FU/FA group had more frequent
grade 3-4 stomatitis (10% vs. 0%, p≤0.001) and
diarrhea (13% vs. 2%, p≤0.001) compared to the
gemcitabine group [10]. As it is less toxic than bolus 5-FU/FA administration, single-agent gemcitabine was chosen for adjuvant treatment of PDAC
until the publication of the ESPAC-4 study results.
For colorectal cancer patients, the once every
14-day “de Gramont regimen” showed lower toxicity compared to bolus 5-FU/FA regimen and allowed the possibility to administer 2-fold higher
5-FU dose and obtain increased response rates
[20,21]. Leukopenia, diarrhea and stomatitis observed with bolus 5-FU/FA administration were
observed at lower rates with the “de Gramont
regimen” [21]. Similarly, in our study with gemcitabine administered combined with “de Gramont
regimen” once every 14 days, grade 3-4 leukopenia (8.1%), diarrhea (1.6%) and anemia (3.2%)
were rarely observed, with grade 3-4 stomatitis
not reported (Table 4).
Great advances have been recorded for adjuvant treatment of PDAC in the last 10 years. Median OS in phase 3 randomized adjuvant chemotherapy studies was reported as 22.8 months with
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single-agent gemcitabine in the 2007 CONKO-001
study, 23.0 months with bolus 5-FU/FA in the
2010 ESPAC-3 study, 28.0 months with the GemCap combination in the 2017 ESPAC-4 study and
54.4 months with the mFOLFIRINOX combination
in the 2018 PRODIGE24/CCTGPA.6 study [5,810]. In our study, median OS was shorter than
the median OS reported in phase 3 randomized
studies evaluating adjuvant treatment for PDAC.
However, a retrospective study evaluating 472 patients with resected PDAC and periampullary adenocarcinoma with adjuvant chemotherapy and/
or chemoradiotherapy administered from 20032013 in Turkey reported median DFS 12 months
and median OS 19 months, similar to our study
[22]. In our study, administering the GEMFUFOL regimen from 2000 to 2019, it is considered
that our survival results might be affected due
to 26.5% of patients developing recurrence, not
having palliative chemotherapy administered,
the lack of effective chemotherapy regimens for
metastatic disease before 2010 (FOLFIRINOX,
Nab-paclitaxel+gemcitabine) [23,24], advances in
treatment applications (surgery, radiotherapy, palliative treatment, etc.) through the years, and the
high percentage of patients (22.6%) with ECOG
performance score 2.
In a study of adjuvant gemcitabine, administered once every 14 days as in our study but
as a single-agent, median DFS was 12.5 months,
with median OS 20.2 months with nearly all patients (93%) administered gemcitabine completing the planned treatment [25]. This study which
was conducted by Toyama et al identified similar
median DFS and OS in patients administered the
standard weekly gemcitabine in the CONKO-001
study. In the CONKO-001 study, considering only
62% of patients administered gemcitabine completed treatment, administration of gemcitabine
once every two weeks is considered to be as effective and more tolerable than weekly gemcitabine
administration. Similar to the CONKO-001 study,
in the ESPAC-4 study only 65% of those receiving single-agent gemcitabine and 54% of those
receiving GemCap completed treatment [8]. In our
study, 66.1% of patients completed the planned
treatment. Of the 21 patients who did not complete treatment, 19 stopped due to disease progression (90.5%) and 2 due to grade 3-4 toxicity
(9.5%).
The chemotherapy dose intensity and cumulative dose in adjuvant treatment for PDAC are
associated with survival [26-28]. As a result, in
terms of leukopenia/neutropenia requiring reduced/delayed/cancelled chemotherapy doses,
G-CSF prophylaxis becomes important. With siJBUON 2021; 26(6): 2511
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multaneous administration of cytotoxic agents
like capecitabine with G-CSF, the use of G-CSF
is known to increase the proliferative activity in
bone marrow and increase myelotoxicity of chemotherapy. Considering rapidly dividing and immature myeloid cells are very susceptible to cytotoxic chemotherapy, G-CSF use is not recommended
in the period from 24 h before chemotherapy to
24 h after chemotherapy [29,30]. In the literature,
there are very few studies about simultaneous administration of capecitabine and G-CSF [31-34]. In
the ESPAC-4 study with 38% rates of grade 3-4
neutropenia in the GemCap combination group,
there was no information reported about the use
of G-CSF [8]. As a result, there is a need for clinical studies evaluating the efficacy and reliability
of G-CSF primary and secondary prophylaxis for
patients using capecitabine. Compared with the
GemCap combination, the GEMFUFOL regimen is
suitable for G-CSF prophylaxis. In a GEMFUFOL
regimen once every 14 days, after 5-FU 46-h infusion is completed, G-CSF may be administered 2448 h later. In our study, grade 3-4 neutropenia was
8.1% and G-CSF prophylaxis was administered to
these patients.
Toxicity frequently observed and making treatment compliance difficult with oral capecitabine
(hand-foot syndrome, leukopenia and diarrhea)
is reported at lower rates with the “de Gramont
regimen”. A review comparing the “de Gramont
regimen” and oral capecitabine in patients with
metastatic colorectal cancer patients, revealed
that the two treatments had similar efficacy; however, side effects of oral capecitabine were greater
(grade 3 hand-foot syndrome 17% vs. 1%, grade
3-4 leukopenia 37% vs. 1%, diarrhea 13% vs. 5%)
[35]. In our study, combining gemcitabine with
the “de Gramont regimen”, hand-foot syndrome
was not observed, and grade 3-4 leukopenia (8.1%)
and grade 3-4 diarrhea (1.6%) rarely developed.
The disadvantage of the GEMFUFOL regimen
is that it requires a central venous catheter for infusion of 5-FU. The 5-FU prodrug of capecitabine
has the advantage of oral administration; however, compliance with oral treatment may be difficult for patients who have undergone pancreatic
surgery. After standard pancreaticoduodenectomy
(Whipple), patients may develop gastrointestinal
symptoms linked to surgery. Delayed gastric emptying, reduced pancreatic exocrine functions, reduced food grinding in patients with partial stomach resection in the Whipple operation, reduced
secretion of secretin and cholecystokinin linked
to duodenectomy and jejunal reconstruction cause
the development of maldigestion, malabsorption
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and gastrojejunal anastomotic ulcers. As a result,
indigestion, bloating, gas, diarrhea and weight
loss may occur in patients. In the postoperative
period, oral tablets containing pancreas enzymes
for pancreatic exocrine insufficiency are recommended along with proton pump inhibitors (PPI)
for anastomotic ulcer prophylaxis. The PPI treatment recommended for ulcer prophylaxis at the
same time ensures formation of the necessary alkali environment required for absorption of pancreatic enzyme supplements [36].
There is conflicting information about the interaction between PPI and capecitabine. Preclinical studies suggested that there was no interaction
[37], but in recent retrospective studies, simultaneous use of capecitabine with PPI was identified
to reduce the efficacy of capecitabine [38-40]. In
the commonly used medication interaction databases of Lexicomp® and Micromedex®, the present of interaction between capecitabine and PPI
was added based on these studies [41,42]. Micromedex® recommends stopping PPI treatment or
exchanging capecitabine with infusion 5-FU due
to the capecitabine-PPI interaction [42]. Similarly,
in a systematic review, it is recommended to avoid
overuse and misuse of PPI in cancer patients using capecitabine [43].
As compliance with oral capecitabine treatment may be hard to link to gastrointestinal
symptoms developing after Whipple, considering the majority of patients require PPI use after
Whipple, and that simultaneous use of PPI with
capecitabine reduces the efficacy of capecitabine,
the GEMFUFOL regimen assessed in our study is
considered to be an appropriate treatment alternative for adjuvant treatment of PDAC.
In conclusion, the GEMFUFOL regimen is an
effective and tolerable regimen for adjuvant treatment of PDAC and may be an appropriate alternative for patients unsuitable for FOLFIRINOX
and GemCap combination treatments. Due to its
efficacy and low toxicity profile compared to current standard treatments, there is a need for randomized phase 3 studies to research the GEMFUFOL regimen.
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