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ABSTRACT

Background/objectives: Pancreatic exocrine insufficiency (PEI) is a common complication following
pancreatoduodenectomy (PD) leading to malnutrition. The course of PEI and related symptoms and
vitamin deficiencies is unknown. This study aimed to assess the (long-term) incidence of PEI and vitamin
deficiencies after PD.

Methods: A bi-centre prospective observational cohort study was performed, including patients who
underwent PD for mainly pancreatic and periampullary (pre)malignancies (2014—2018). Two cohorts
were formed to evaluate short and long-term results. Patients were followed for 18 months and clinical
symptoms were evaluated by questionnaire. PEI was based on faecal elastase-1 (FE-1) levels and/or
clinical symptoms.

Results: In total, 95 patients were included. After three months, all but three patients had developed PEI
and 27/29 (93%) patients of whom stool samples were available showed abnormal FE-1 levels, which did
not improve during follow-up. After six months, all patients had developed PEIL. During follow-up,
symptoms resolved in 35%—70% of patients. Vitamin D and K deficiencies were observed in 48%—79%
of patients, depending on the moment of follow-up; 0%—50% of the patients with deficiencies received
vitamin supplementation.

Discussion: This prospective study found a high incidence of PEI after PD with persisting symptoms in
one-to two thirds of all patients. Limited attention was paid to vitamin deficiencies. Improved screening
and treatment strategies for PEI and vitamins need to be designed.

© 2022 The Authors. Published by Elsevier B.V. on behalf of IAP and EPC. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

both the partial pancreatectomy and duodenectomy [3]. Duode-
nectomy leads to reduced serum levels of secretin and cholecys-

Pancreatic exocrine insufficiency (PEI) is a common complica-
tion following pancreatoduodenectomy (PD) for either benign or
malignant indications, with a median prevalence of 74% (range
36%—100%) at six months postoperatively [1,2]. PEI results from the
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tokinin, which decreases bicarbonate and pancreatic fluid release
[3,4]. The decrease in bicarbonate and pancreatic fluid release re-
sults in a suboptimal pH for digestion and less transfer of pancreatic
enzymes, respectively [4—6]. In combination with the loss of
pancreatic parenchyma, this substantially reduces the pancreatic
secretory capacity after PD [3].

The diagnosis of PEI is generally based upon clinical symptoms
and can be supported by laboratory faecal testing. Typical mani-
festations of PEI include steatorrhea, weight loss, muscle wasting,
foul smelling stools, malabsorption, and flatulence [2,7,8]. Malab-
sorption caused by PEI, resulting in malnutrition, can be reflected
by the presence of serum vitamin A, D, E and K deficiencies [9].
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Laboratory tests are direct tests such as 72-h faecal fat excretion,
and indirect tests such as faecal elastase-1 (FE-1) [10]. Of these, FE-
1 testing is most commonly used, as it is easy, quick and non-
invasive. Elastase-1 is an enzyme produced by the pancreas and
excreted in the faeces, which gives an approximation of the
pancreatic exocrine function [11]. Nevertheless, the diagnostic ac-
curacy of FE-1 is only moderate, given that its correlation with
severity of clinical symptoms following resection for (pre)malig-
nancies was found to be mediocre [11—13].

Although PEI can be treated with pancreatic enzyme replace-
ment therapy (PERT), it often remains underdiagnosed and subse-
quently undertreated [14]. [-16] Moreover, the long-term course of
PEI during follow-up after PD is unknown, as prospective studies on
this subject are lacking. PERT was found to be associated with
improved survival in patients with pancreatic and periampullary
malignancies by improving their nutritional status [14,17]. PEI is
also known to have a significant impact on quality of life (QoL) of
patients, which can be improved with adequate treatment [14—16].
This emphasizes the need for more awareness for the presence of
(undertreated) PEI after PD, enabling early diagnosis and treatment
optimization.

The aim of this study is twofold: first, to assess the (long-term)
incidence and course of PEI in a prospective cohort of patients after
PD for pancreatic and periampullary (pre)malignancies, and sec-
ond, to assess the incidence of vitamin deficiencies in these
patients.

2. Methods
2.1. Study design

The prospective observational Exocrine Pancreatic Insufficiency
in Pancreatic Surgery (EPIPS) cohort study was performed in two
Dutch centres for pancreatic surgery, the University Medical Center
Utrecht (UMC Utrecht) and Amsterdam UMC. Two cohorts were
followed for 18 months including patients who underwent PD for a
suspected or confirmed pancreatic or periampullary (pre)malig-
nancy between 2014 and 2018. The first cohort included patients
prior to surgery (cohort A) and the second cohort included patients
who survived at least two years after pancreatic surgery, to evaluate
the long-term incidence of PEI (cohort B). This distinction was
made since long-term survival is relatively uncommon in patients
with pancreatic and periampullary malignancies. All participants
provided informed consent to participate in the study. Patients
were deemed non-eligible for inclusion if they were younger than
18 years or if other causes for fat malabsorption were present (e.g.
cancer recurrence, inflammatory bowel disease, celiac disease,
cystic fibrosis, major gastrointestinal surgery other than PD). The
institutional review board of the UMC Utrecht approved the study
(NL43502.041.13).

2.2. Follow-up

Both cohorts were followed over a period of 18 months: for
cohort A, follow-up was conducted 3, 6, 12 and 18 months after
surgery; for cohort B, follow-up was conducted after 24, 30, 36 and
42 months. If disease recurrence occurred after inclusion in cohort
A or B, follow-up was terminated at the date of recurrence
diagnosis.

2.3. Data collection
During each visit, a questionnaire regarding symptoms of PEI

was completed. This questionnaire was based upon the question-
naires used by the Dutch Pancreatitis Study Group to evaluate PEIl in
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patients with pancreatitis [18]. Questions included occurrence of
flatulence, pain, nausea, vomiting and use of PERT. Furthermore,
questions regarding frequency of bowel movements, consistency
and colour of stool, and steatorrhea were included. Severity of
symptoms was scored according to the Common Terminology
Criteria for Adverse Events (CTC-AE) score V4.03 [19]. In addition,
blood and stool samples were collected. Blood samples were used
for evaluation of vitamin A, D, E and K status, as well as blood
glucose levels, HbAlc and INR; stool samples were used for FE-1
testing as a diagnostic test for reduced pancreatic secretion. Pa-
tients’ records were retrospectively reviewed to collect additional
data on PEl-related treatment and to determine the vital status of
each patient.

2.4. Outcome

The primary outcome was the incidence of PEI before and after
PD and the postoperative course of PEI during 42 months of follow-
up. PEI was defined as reduced pancreatic exocrine secretion as
indexed by FE-1 levels (Table 1) and/or PEI-related symptoms. PEI
was considered not to be present in patients without symptoms
and normal FE-1 levels. Patients with reduced pancreatic exocrine
secretion who did not experience any PEI-related symptoms were
deemed subclinical. Patients with PEI-related symptoms who did
not receive PERT were deemed untreated. Patients whose symp-
toms persisted despite PERT were considered undertreated. Pa-
tients were considered having their symptoms resolved when
receiving PERT and not experiencing symptoms of PEl. We used a
combination of FE-1 levels and clinical symptoms for the definition
of PEI as FE-1 levels alone can underdiagnose PEI in operated pa-
tients [20]. The treatment course was presented using a Sankey-
diagram (available online at http://www.sankeymatic.com).

Secondary outcomes were the incidence and severity of symp-
toms, endocrine pancreatic insufficiency and vitamin A-, D-, E— and
K-deficiencies. Vitamin K was tested using High Performance Liquid
Chromatography, spectrofluorometry and coulometry with frac-
tioning and pre-extraction. Definitions for the primary and sec-
ondary outcomes are presented in Table 1.

2.5. Sample size

Since this is a one-armed, non-comparative study, it is not
possible to calculate an unequivocal sample size. In order to esti-
mate a realistic and appropriate sample size we used the standard
formula for the calculation of a level of confidence for a single
proportion (P+ (Z,-+/ (P(1-P)/N), and d = Z,-+/(P(1-P)/N)). From
this formula the sample size (N) can be extracted:

ZpP(1-P
N: [45 C(lz )
N = sample size; Z, = z statistic for level of confidence; P = expected
prevalence of proportion; d = precision [21]

Since P (incidence of PEI) is the primary endpoint of this study
and the reported incidence varies between 33 and 90%, it is difficult
to choose a definite value for P. We therefore based the incidence of
PEI after PD on recent publications, and used an estimated inci-
dence of 65% (P = 0.65) [15,22]. With a level of confidence of 95%
(z =1.96) and d = 0.1, the calculated sample size is 87 patients.

2.6. Statistical analysis

Baseline characteristics were summarized descriptively to
characterize the study population. Continuous data were presented
as mean =+ standard deviation (SD) or median with interquartile
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Table 1
Definition outcomes.
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Pancreatic exocrine secretion as indexed by FE-1 test

Normal pancreatic exocrine secretion
Mild-moderate reduction of pancreatic exocrine secretion
Severe reduction of pancreatic exocrine secretion

>200 pg/g
100—200 pg/g
<100 pg/g

Secondary outcomes

Endocrine pancreatic insufficiency
Vitamin A deficiency
Vitamin D deficiency
Vitamin E deficiency
Vitamin K deficiency

HbA1c > 42 mmol/l and/or use of oral antidiabetics or insulin
<0.6 umol/L
<50 nmol/L
<12 pmol/L
<0.8 nmol/L

PEI, Pancreatic Exocrine Insufficiency; FE-1, Faecal Elastase - 1.

range (IQR), depending on a normal or non-normal distribution.
Categorical data were presented as frequencies with percentages.

Univariate analyses were performed to compare symptoms and
laboratory measurements between patients with and without PEI
as indexed by FE-1 levels. Categorical variables were compared
using the Chi-squared or the Fisher exact test, depending on group
size. Students’ t-test and Mann-Whitney U test were used to
compare continuous variables. To determine the relation between
PEl, as indexed by FE-1 levels, and symptom severity, Spearman
coefficients were computed. To compare preoperative FE-1 levels to
postoperative levels, the Wilcoxon Signed Rank test was used. A P-
value < 0.05 was considered statistically significant.

3. Results

In total, 95 patients were included: 72 patients in cohort A and
23 patients in cohort B (Supplementary Table 2). Baseline charac-
teristics are shown in Table 2.

3.1. Preoperative presence, treatment and symptoms of PEI

PEI, as defined previously, was present in 44/72 patients (61%)
preoperatively (Fig. 1). Of these, 11 patients received PERT preop-
eratively, successfully resolving symptoms in two of them.

In 50/72 patients (69%), FE-1 was obtained preoperatively. Based
on baseline FE-1 levels, 28 patients had reduced pancreatic secre-
tion and 22 patients showed normal pancreatic secretion. Of pa-
tients with abnormal FE-1, 20 patients had severe reduction in
pancreatic secretion and eight patients had mild-moderate reduc-
tion (Fig. 2). Baseline symptoms did not differ between patients
with abnormal FE-1 levels and patients with normal FE-1 levels
(Table 3). Both at baseline and at three months of follow-up,
Spearman coefficients showed no significant association between
severity of symptoms and FE-1 levels (Table 4). Only one out of
eight patients with mild-moderate reduction of pancreatic secre-
tion experienced PEl-related symptoms, resulting in seven out of
eight having subclinical PEI, while 16/20 patients with severe
reduction of pancreatic secretion had symptoms. Of patients with
normal FE-1 levels, six experienced symptoms of PEL. Symptoms
that were most frequently reported included weight loss (n = 49)
and abdominal pain (n = 37).

Five out of 20 patients with severe reduction of pancreatic
function based on FE-1 were receiving PERT preoperatively, which
resolved symptoms in one case. There were no patients with mild
to moderate reduction of pancreatic secretion receiving PERT.

3.2. Incidence and course of PEI during follow-up

At three months postoperatively, information of 66/72 patients
(92%) was available. PEI symptoms and/or abnormal FE-1 levels
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were present in 58/66 patients (88%). Of these, 46 patients (79%)
were treated with PERT, which resulted in resolving of symptoms in
21 patients (Fig. 1). Median PERT dosage was 1800 mg/day (=
150.000 units of lipase) in the undertreated group and 1350 mg/day
(= 112.500 units of lipase) in the group that was symptom free after
PERT treatment (P = 0.36). FE-1 test results were available in 29/66
patients (44%). Twenty-four patients had severe reduction of
pancreatic secretion, three patients had mild-moderate reduction
and two patients had normal pancreatic secretion based on FE-1
levels (Fig. 2). Median FE-1 was 15 pg/g (IQR 15—60 pg/g), as
compared with 178 png/g (IQR 25—368 ug/g) preoperatively
(P < 0.001) (Supplementary Table 2).

After six months of follow-up, PEI was present in 55/59 patients,
with the remaining 4/59 being unknown. Of 55 patients with PEI,
42 patients received PERT, resulting in the resolvement of symp-
toms in 19 patients (Fig. 1). FE-1 was available in 31 patients: 28
patients had severe reduction of pancreatic secretion and three
patients had mild-moderate reduction. No patients were found to
have FE-1 levels within the normal range (Fig. 2). Median FE-1
levels did not further change during follow-up (Supplementary
Table 2). After twelve and eighteen months, treatment with PERT
resulted in relieving symptoms in respectively 19/27 patients and
14/27 patients (Fig. 1).

3.3. Vitamin status

Preoperative vitamin status was available in 59/72 (82%) pa-
tients. Vitamin D deficiency was present in 34 patients and vitamin
K deficiency occurred in 30 patients, whilst vitamin A or E de-
ficiencies were not present. One patient with vitamin D deficiency
received oral vitamin D supplementation. No patients with vitamin
K deficiency were supplemented. Median vitamin D levels were
38 nmol/L in patients with abnormal FE-1 and 53 nmol/L in patients
without abnormal FE-1 (P = 0.08). Median vitamin K levels were
0.80 nmol/L versus 0.95 nmol/L (P = 0.42) in patients with and
without abnormal FE-1, respectively. Median INR was 1.04 versus
0.98 (P = 0.05). Median vitamin A levels were 1.7 pmol/L versus
2.0 pumol/L (P = 0.31) and median vitamin E levels were 38 umol/L
versus 53 pmol/L (P = 0.08) in patients with and without abnormal
FE-1, respectively.

At three months of follow-up, 20/34 patients suffered from
vitamin D deficiency and 18/33 patients from vitamin K deficiency.
One patient had both a vitamin A and vitamin E deficiency
(Table 5). Two patients with vitamin D deficiency received sup-
plementation and one patient with vitamin K deficiency received
supplementation. After six, twelve and eighteen months, vitamin
D deficiency was present in 21/34 patients, 11/23 patients and 8/
15 patients, respectively. Vitamin K deficiency was present in 27/
34 patients, 13/23 patients and 11/16 patients, respectively
(Table 5).
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Table 2
Baseline characteristics.
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Cohort A (n =72)° Cohort B (n = 23) °

Age in years, median (IQR)
Male sex, n (%)
BMI, mean + SD
ASA score, n (%)
[
1
11
Type of surgical procedure, n (%)
Open
Robot-assisted
Type of resection, n (%)
Whipple
PPPD
Histopathological diagnosis, n (%)
PDAC
Gallbladder carcinoma
Cholangiocarcinoma
Duodenal adenocarcinoma
Ampullary carcinoma
Ampullary adenoma
IPMN
NET
Other benign
Other malignancy
Pancreatic exocrine secretion inclusion based upon FE-1, n (%)
Normal pancreatic exocrine secretion (>200 ng/g)
Mild-moderate reduction of pancreatic exocrine secretion (100—200 pg/g)
Severe reduction of pancreatic exocrine secretion (<100 ng/g)
Prevalence of PEI at inclusion, n (%)
No PEI
Subclinical PEI
Untreated PEI
Undertreated PEI
PEI with resolved symptoms
Unclear

67 (60—76) 68 (63—73)
47 (65) 20 (87)
27 +45 26+26
10 (14) 3(13)
42 (58) 15 (65)
19 (26) 5(22)
56 (78) 22 (96)
16 (22) 1(4)
35 (49 7(30)
37 (51 16 (70)
32 (44) 3(13)
1(1) 0(0)
11 (15) 3(13)
8 (11) 1(4)
6(8) 10 (43)
5(7) 1(4)
2(3) 4(17)
2(3) 0(0)
4(6) 1(4)
1(1) 0(0)
22 (31) 0(0)

8 (11) 2(10)
20 (28) 18 (90)
26 (36) 0(0)
11 (15) 4(19)
22 (31) 1(5)
9(13) 9(43)
2(3) 7(33)
2(3) 0(0)

IQR, interquartile range; BMI, Body Mass Index; SD, Standard Deviation; ASA score, American Society of Anaesthesiologists score; PPPD, Pylorus-Preserving Pan-
creatoduodenectomy; PA, Pathological anatomy; PDAC, Pancreatic Ductal Adenocarcinoma; IPMN, Intraductal papillary mucinous neoplasm; NET, Neuroendocrine Tumour;

PEI, Pancreatic Exocrine Insufficiency; FE-1, Faecal Elastase - 1.
2 Included preoperatively.
b Included 24 months following surgery.

3.4. Endocrine pancreatic insufficiency

Baseline HbA1c was available for 61/72 patients (85%). Of these,
23 patients experienced endocrine pancreatic insufficiency prior to
surgery and nine of them were using oral anti-diabetics and/or
insulin. In patients with PEI at baseline, median HbA1c-levels were
found to be 42 mmol/mol as compared with 36 mmol/mol in pa-
tients without PEI (P = 0.04).

4. Discussion

This prospective study found that PEI remains a frequent
complication in patients after PD for pancreatic or periampullary
(pre)malignancies. Almost all patients had developed PEI three
months following surgery and FE-1 testing was abnormal in all but
two patients. At six months after surgery, all patients were suffering
from PEI, based on symptoms and/or FE-1 testing. In one-to two-
thirds of patients with PEI-related symptoms during postoperative
follow-up, symptoms persisted despite PERT. Vitamin deficiencies,
mainly comprising vitamin D and K, were present in a substantial
part of patients, indicating malabsorption. Few of them received
vitamin supplements.

The results of this study reflect the widespread incidence of PEI
and vitamin deficiencies in patients after PD, and the challenge to
resolve PEl-related symptoms with PERT and vitamin supplemen-
tation. Treatment of PEI using PERT is proven to increase body
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weight, with the potential to overcome poor treatment efficacy by
increasing the PERT dose [23,24]. In particular for pancreatic cancer
patients, a good nutritional status and recovery of body condition
after PD is important to increase the eligibility for adjuvant
chemotherapy, which is highly associated with improved survival
[25]. A study of Mackay et al. showed that a substantial part of
patients does not receive chemotherapy after pancreatic cancer
resection, due to complications, delayed recovery, and a poor per-
formance state [26]. This emphasizes the need to optimize PERT
shortly after resection, focusing on close monitoring for symptoms
that indicate un- or undertreated PEI and patient counselling
regarding the usage and dosage of PERT.

Nevertheless, as shown in this study, one-to two thirds of pa-
tients with PEI had persisting symptoms despite PERT during
follow-up after PD, as displayed in the Sankey diagram. A possible
explanation for this is that PERT administration was not stand-
ardised in the study protocol, but based on the decision of the
treating clinician. Current guidelines suggest to use at least
40 000—50 000 units of lipase per meal and 10 000—25 000 units of
lipase per snack as starting dose, with the addition of a proton
pomp inhibitor if no control of the symptoms is achieved [27—29].
Therefore, patients might have had received inadequate PERT
dosages, resulting in the persistence of PEl-related symptoms. In
addition, non-compliance to treatment was not adequately evalu-
ated and could have contributed to the persistence of symptoms as
well.
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Follow-up moment (months) 0. 3. 6. 12. 18. 24. 30. 36. 42.
No PEL 26 3 0 0 0 0 1 1 0
Subclinical PEI 11 9 7 3 0 4 1 1 2
Untreated PEI 22 9 6 1 1 1 0 0 1
Undertreated PEIT 9 19 23 8 13 9 5 3 4
PEI with resolved symptoms 2 21 19 19 14 7 7 7 5
Unclear 2 S 4 2 1 0 0 1 1
Drop Out 0 6 7 26 4 0 7 1 0

Fig. 1. Sankey diagram and table of the prevalence and course of PEI during follow-up (n)

Designed with http://www.sankeymatic.com. 0. = preoperative; 3. = 3 months following surgery; 6. = 6 months following surgery; 12. = 12 months following surgery; 18. = 18
months following surgery; 24. = 24 months following surgery; 30. = 30 months following surgery; 36. = 36 months following surgery; 42. = 42 months following surgery. PEI,

Pancreatic Exocrine Insufficiency.

100

Percentage
8

8

baseline 3 months 6 months 12 months

m Normal pancreatic exocrine secretion m Mild-moderate reduction of pancreatic exocrine secretion

m Severe reduction of pancreatic exocrine secretion

Fig. 2. Pancreatic exocrine secretion as indexed by FE-1 levels (%), numbers above bars reflect actual numbers of patients

Normal pancreatic exocrine secretion = FE-1 > 200 pg/g, Mild-moderate reduction of pancreatic exocrine secretion = FE-1100—200 pg/g, Severe reduction of pancreatic exocrine

secretion = FE-1 < 100 pg/g. FE-1, Faecal Elastase — 1.
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Table 3
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Univariate analyses comparing presence of symptoms, laboratory measurements, and use of supplementation between patients with and without abnormal FE-1 levels.

Presence of reduced pancreatic exocrine secretion at baseline

No (n = 22) Yes (n = 28) P-value
Anorexia, n 8 12 0.86
Weight loss, n 12 21 0.22
Nausea, n 8 7 0.58
Vomiting, n 1 5 0.21
Abdominal pain, n 12 16 1.00
Diarrhea, n 3 6 0.71
Malabsorption, n 2 4 0.69
Flatulence, n 7 5 0.42
PERT use, n 1 5 0.21
Vitamin use, n 2 3 1.00
Oral antidiabetics and/or insulin use, n 2 5 0.44
Present steatorrhea, n 4 6 1.00
Former steatorrhea episode, n 5 9 0.83
Weight in kg (median IQR) 76.5 (65.3—85.0) 76.5 (64.8—85.3) 1.00
HbA1c (median IQR) 36 (31-43) 42 (37-51) 0.04
Serum vitamin D (median IQR, nmol/L) 53 (40—66) 38 (24-53) 0.08
Serum vitamin E (median IQR, pmol/L) 35(31-41) 32(24-37) 0.08
Serum vitamin A (median IQR, pmol/L) 2.0(1.7-2.2) 1.7 (1.5-2.2) 0.31
Serum vitamin K (median IQR, nmol/L) 0.95 (0.43—1.50) 0.80 (0.23—1.63) 0.42
INR (median IQR) 0.98 (0.91-1.03) 1.04 (0.96—1.08) 0.05

PERT, Pancreatic Enzyme Replacement Therapy; IQR, interquartile range; INR, International Normalized Ratio.

Table 4
Spearman rank correlation coefficient comparing FE-1 levels to the severity of
symptoms® at baseline (n = 72) and three months (n = 65) following surgery.

Baseline 3 months

p coefficient P-value p coefficient P-value
Anorexia -0.18 0.21 0.28 0.20
Weight loss -0.18 0.22 0.33 0.12
Vomiting -0.10 0.50 -0.16 0.45
Nausea 0.04 0.79 0.16 047
Abdominal pain -0.18 0.20 0.38 0.07
Diarrhea -0.07 0.65 0.26 0.25
Malabsorption -0.22 0.13 0.08 0.71
Flatulence 0.00 0.98 -0.30 0.17

FE-1, Faecal Elastase — 1; CTC-AE, Common Terminology Criteria for Adverse Events
score.
@ Scored according to the CTA-AE score V4.03.

Some patients whose symptoms had initially resolved after the
start of PERT, showed relapses of PEI with re-emerging of symp-
toms at a later point during follow-up. Therefore, long-term follow-
up after PD, preferably using standardised follow-up schemes at
centralised expert pancreatic centres including exocrine evaluation
by specialised nurses or dieticians, is desired. Patients with per-
sisting symptoms were found to have a higher median PERT dosage
than patients with PEI whose symptoms had resolved. This sug-
gests that clinicians increased the PERT dosage in patients with
remaining complaints. Although overall treatment remained

Table 5

suboptimal, the high incidence of PEI and persistence of PEI-related
symptoms observed in this study has increased the awareness of
clinicians regarding this complication and the need to optimize
PERT. Possible solutions for patients with persisting symptoms
include adding a proton pump inhibitor and opening of capsules to
ingest the PERT granules directly [30]. Also, a smartphone appli-
cation has been developed (MyCyFAPP) to support patients with
PEI, by advising on personalised PERT dosage based upon the
characteristics of each meal [31]. It is important to note that if
symptoms persist despite adequate dosage and counselling, other
causes for malabsorption, such as bacterial overgrowth, should be
excluded [7]. Additional factors that may contribute to the devel-
opment of symptoms, independently of the pancreatic exocrine
function, are visceral sensitivity, GI motility, microbiome and
colonic absorption of water. These factors may also explain why the
PEl-related symptoms were not significantly associated with
abnormal FE-1 levels.

A specific subgroup for monitoring is patients with PEI based
upon mild-moderate reduction of pancreatic secretion. Most of
these patients were found to have a diminished secretory capacity
without (yet) experiencing symptoms of PEI, thus remaining sub-
clinical. Initiation of PERT despite the absence of symptoms could
possibly benefit these patients, to prevent the development of PEI-
related symptoms and deficiencies.

After six months of follow-up, none of the patients of whom
stool samples were available showed normal FE-1 levels. Moreover,
FE-1 levels did not improve during follow-up, which suggests that

Presence of vitamin deficiencies and supplementation before and after pancreatoduodenectomy.

Baseline (n/n¢otar) 3 months (n/neotar)

6 months (n/Neocal)

12 months (n/Notal) 18 months (n/neotal)

Vitamin A 0/62 1/34 0/34 0/24 0/16
Suppl. 0/0 0/1 0/0 0/0 0/0
Vitamin D 34/59 20/34 21/34 11/23 8/15
Suppl. 1/34 2/20 6/21 3/11 4/8
Vitamin E 0/62 1/34 0/34 1/24 1/16
Suppl. 0/0 0/1 0/0 01 0/1
Vitamin K 30/61 18/33 27/34 13/23 11/16
Suppl. 0/30 1/18 3/27 5/13 3/11
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the pancreatic exocrine function remains deteriorated on the long-
term. Shin et al. and Sikkens et al. presented similar results,
demonstrating that the pancreatic exocrine function, as indexed by
FE-1, does not recover to preoperative levels following pancrea-
tectomy [32,33]. Contrastingly, Sato et al. and Tanaka et al. showed
that the pancreatic exocrine function of patients with pancreatic
and periampullary malignancies first dropped after PD, but recov-
ered to preoperative levels after six to twelve months [34—36].
However, in these studies, a different test was used to assess the
pancreatic exocrine function, i.e. the N-benzoyl-L-tyrosyl-p-ami-
nobenzoicacid (BT-PABA) excretion test and few patients were
included in the long-term follow-up possibly resulting in survival
bias, which could explain the conflicting results. The found dis-
crepancies could also reflect the inaccuracy of clinical tests to
reliably objectify the presence and severity PEI during follow-up
[11—13,20]. To evaluate the presence and severity of PEI and
related symptoms and deficiencies, follow-up visits should there-
fore be focused on careful assessment of PEl-related symptoms,
irrespective of test results.

Vitamin D and K deficiencies occurred in almost half of patients.
This is in line with former studies reporting on the incidence of
vitamin D deficiencies following PD, whilst studies evaluating
vitamin K deficiencies in patients after PD are lacking [37,38].
Lindqvist et al, however, point out that vitamin D deficiency
prevalence was similar in healthy controls compared to patients
with PEI due to chronic pancreatitis and cystic fibrosis, and there-
fore possibly not solely caused by PEI [39]. Also, we observed that
whilst median vitamin D and K was lower in patients with reduced
pancreatic secretion, the difference was insignificant. Perhaps in a
larger cohort of patients, a significant difference could be detected.
An explanation for the lack of studies evaluating vitamin K in PEI
patients could be that in vitamin K is rarely determined in the
clinical routine, often INR is used as a substitute. Nevertheless,
vitamin deficiencies should be supplemented. Persisting vitamin D
deficiency can result in osteopenia or osteoporosis and vitamin K
deficiency increases the risk of bleeding [8]. This emphasizes the
need for regular assessment of the patients’ vitamin status before
and after PD, and sufficient supplementation of deficiencies. It
might be most pragmatic to start vitamin supplementation for all
patients at diagnosis, since vitamin D and K deficiencies are com-
mon and treatment of PEI is challenging. Unfortunately, we cannot
make any conclusions on the efficacy of treatment in the patients
that received vitamin supplementation, as patients would often
buy vitamin supplementation themselves and we therefore have
no information on dosage.

This prospective study is the first to show the course of PEI and
related symptoms and deficiencies, over a period of 3.5 years
following PD. This is especially important when considering the
increasing number of PDs, due to improved detection of (pre)ma-
lignancies and better surgical techniques, resulting in a larger
group of patients with longer survival [40]. However, there are
several limitations to be acknowledged. First, FE-1 samples were
not available for all patients. Nevertheless, in most patients, FE-1
was measured once during follow-up. As median FE-1 levels do
not seem to change during follow-up, is it therefore not likely that
this would have changed the results. Second, an indirect test (i.e.
FE-1) was used to assess PEIL The use of a more specific test, such as
72-h faecal fat excretion, could possibly have provided a more ac-
curate representation of the pancreatic function. Application of this
test, however, would be impractical, being more expensive and a
greater burden to patients [41]. Also, assessment of the pancreatic
function to diagnose and treat PEI should comprise a comprehen-
sive review of the patients’ signs and symptoms, rather than solely
being based on specific test results. Third, the sample size calcu-
lated for cohort A and B was not reached. However, the incidence of
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PEI in this study is higher than the estimated incidence used to
calculate the sample size. Therefore, less inclusions would be
needed. Cohort B is still smaller than intended, since patients with a
two-year disease-free survival after resection for malignant in-
dications were scarce. Fourth, the drop-out rate during follow-up
was substantial. Drop-out occurred mainly in patients with
pancreatic and periampullary malignancies experiencing disease
recurrence. This was an exclusion criterium to continue study-
related follow-up, given that PEI-related symptoms are difficult to
distinguish from symptoms of disease recurrence. Inclusion of
follow-up data of these patients would result in an overestimation
of PEl-related symptoms. Another potential solution would have
been to study PEI in a selection of patients with pre-malignancies,
such as IPMN, only. This hypothetically would have resulted in a
lower drop-out rate. Considering that exclusion of malignant cases
would substantially reduce the number of eligible patients, this was
not desirable. Nevertheless, for future studies, this could be taken
into consideration. Fifth, adjuvant chemotherapy can cause similar
symptoms as PEI, therefore being a possible bias for PEI-related
symptoms. However, presence of PEI-related symptoms remained
similar at six-, twelve- and eighteen months following surgery,
when no patients were receiving adjuvant chemotherapy. Sixth, the
PEI prevalence in this study might be underestimated, considering
that PEI can result in abnormal nutritional parameters despite the
absence of symptoms or abnormal FE-1 values [42]. Although the
nutritional status was partly evaluated using fat-soluble vitamins, a
more extensive nutritional evaluation is expected to provide
additional insights and should be considered in further studies [36].

In conclusion, the vast majority of patients undergoing PD for
pancreatic or periampullary (pre)malignancies develop PEI after
resection, whilst adequate treatment with PERT remains chal-
lenging. Vitamin deficiencies, especially vitamin D and K, are
common and should be supplemented to improve the nutritional
status of patients. Comprehensive assessment of PEl-related
symptoms and vitamin deficiencies is important to enhance
enzyme- and vitamin supplementation. Long-term follow-up in
expert pancreatic centres, preferably by specialised nurses or di-
eticians, is necessary to optimize care for PEI
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