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Pancreatic Exocrine Insufficiency in Patients With Pancreatic
or Periampullary Cancer

A Systematic Review

Dorine S.J. Tseng, MD,* I. Quintus Molenaar, MD, PhD,* Marc G. Besselink, MD, PhD, 7
Casper H. van Eijck, MD, PhD,} Inne H. Borel Rinkes, MD, PhD,* and Hjalmar C. van Santvoort, MD, PhD*

Objectives: The aim of this study was to determine the prevalence of pan-
creatic exocrine insufficiency in patients with pancreatic or periampullary
cancer, both before and after resection.

Methods: Systematic review according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA guidelines). We in-
cluded studies reporting on pancreatic exocrine insufficiency in patients
with pancreatic or periampullary cancer. Data on patient demographics,
type of pancreatic resection, diagnostic test, and occurrence of pancreatic
exocrine insufficiency were extracted. Prevalence of pancreatic exocrine
insufficiency was calculated before and after pancreatic resections and in
patients with locally advanced pancreatic cancer.

Results: Nine observational cohort studies with 693 patients were in-
cluded. Median preoperative prevalence of pancreatic exocrine insuffi-
ciency was 44% (range, 42%—47%) before pancreatoduodenectomy, 20%
(range, 16%—67%) before distal pancreatectomy, 63% before total pancre-
atectomy, and 25% to 50% in patients with locally advanced pancreatic
cancer. The median prevalence of pancreatic exocrine insufficiency at least
6 months after pancreatoduodenectomy was 74% (range, 36%—100%) and
67% to 80% after distal pancreatectomy.

Conclusion: Pancreatic exocrine insufficiency is diagnosed in approxi-
mately half of all patients scheduled to undergo resection for pancreatic
or periampullary cancer. The prevalence increases markedly after resec-
tion. These data highlight the need of pancreatic enzyme suppletion in
these patients.
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P ancreatic acinar cells are responsible for the exocrine function
and are evenly distributed throughout the pancreas, whereas
the Langerhans cells responsible for the endocrine pancreatic
function are mostly located in the pancreatic tail.' The pancreatic
head constitutes approximately 50%, and the body and tail consti-
tute the remaining 50% of the pancreatic parenchymal mass.? In
pancreatic exocrine insufficiency (PEI), the pancreas is unable to
deliver a sufficient quantity of pancreatic enzymes to the small in-
testine to digest nutrients. This may occur because of obstruction
of the pancreatic duct or loss of functional parenchyma. As a re-
sult, maldigestion and malnutrition develop, and caloric intake
due to fat and protein uptake decreases.

Typical symptoms of PEI include weight loss, steatorrhea,
and nutritional deficiencies, especially of the fat-soluble vitamins
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A, D, E, and K.37 It has been suggested that 5% to 10% of normal
enzyme output is sufficient to prevent malabsorption and maintain
a normal digestion.®” In a study of patients with pancreatic cancer
and their families, difficulties with gut symptoms and related die-
tary issues (ie, PEI) greatly influenced quality of life.®

In patients with pancreatic or periampullary cancer, tumor
growth can cause both loss of pancreatic parenchyma and obstruc-
tion of the pancreatic duct and thereby PEI. Surgical resection is
the only curative option.

Limited data on PEI exist in patients undergoing pancre-
atoduodenectomy (PD) for pancreatic or periampullary cancer.
Most studies on PEI after pancreatic surgery have been performed
in patients with chronic pancreatitis. These patients, however, are
prone to develop PEI before surgery due to atrophy of acinar cells
and replacement of the parenchyma by fibrous tissue due to
chronic pancreatitis. Resection can further aggravate the pancre-
atic insufficiency in these patients.’

The aim of this review was to assess the prevalence of PEl in
patients with pancreatic or periampullary carcinoma undergoing
different types of pancreatic resections as well as patients who
did not undergo resection because of locally advanced disease.
These data are especially relevant because PEI can easily be treated
with pancreatic enzyme replacement therapy (PERT).

MATERIALS AND METHODS

Literature Search and Study Selection

A systematic literature search in Pubmed, Embase and the
Cochrane Library was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA guidelines)'® of studies published up to February 20th
2014. The search term was “exocrine pancreatic insufficiency.”
After removal of duplicates, title and abstract of all studies
were screened to identify studies reporting on PEI in patients with
pancreatic or periampullary cancer. Two authors (D.T. and H.v.S.)
further assessed eligibility of selected studies through screening of
full-text articles. Studies written in the English language,
reporting on PEI in patients with pancreatic or periampullary can-
cer, were included. Exclusion criteria were (1) studies reporting on
PEI due to other causes, (2) studies not reporting sufficient data to
calculate the prevalence of PEI, (3) review articles, and (4) confer-
ence abstracts. The included studies were checked for cross-
references to identify eligible additional studies that were not
identified by our primary search. Any differences were resolved
by mutual agreement.

Critical Appraisal of Methodology

All studies were graded according to the Oxford Centre for
Evidence-Based Medicine levels of evidence, and the methodo-
logical quality of the studies was assessed based on the Oxford
Centre for Evidence-Based Medicine Critical Appraisal Skills
Programme appraisal sheets for cohort studies."!
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FIGURE 1. Flowchart of study selection and inclusion.

Data Extraction and Analysis

The following data were extracted from each included study:
first author, year of publication, study period, patient selection,
sample size, patient demographics, type of pancreatic resection,
diagnostic test for PEI, and occurrence of PEIL. The prevalence
of PEI was calculated from these data both before and after oper-
ation for the various time points, as mentioned in individual stud-
ies. For pooled data, median prevalence of PEI was calculated.

RESULTS

Figure 1 summarizes the results of the literature search. After
screening 3203 articles, a total of 26 articles reporting on PEI in
patients with pancreatic or periampullary cancer were identified.
Subsequently, 17 studies were excluded for the following reasons:
studies focusing on other causes of PEI (n = 1), studies providing
insufficient data to calculate prevalence of PEI (n = 4), review
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article (n = 1), and conference abstract (n = 11). No additional
studies were included after screening the reference lists of
included studies. A total of 9 studies were included in this
meta-analysis.

Study Characteristics and Critical Appraisal
of Methodology

Characteristics of the 9 studies are summarized in Table 1.
Four of 9 studies were prospective observational cohort stud-
ies,' 2141718 and 5 studies were retrospective observational cohort
studies.!>!316:1920 A] but 1 study used fecal elastase-1 (FE-1)
test to diagnose PEI. One study used fecal chymotrypsin (ChT)
test.'® One study also compared the results of FE-1 with the re-
sults of coefficient of fat absorption (CFA) test.'* In 5 studies,
only patients with PD were included; 1 study exclusively studied
distal pancreatectomy (DP); 3 studies studied both; and 1 study
only included patients with irresectable disease.

TABLE 1. Study Characteristics

Study Country Year N Design Diagnosis PEI
Armstrong et al'? United Kingdom 2002 10 Prospective FE-1
Belyaev et al'® Germany 2013 104 Retrospective FE-1
Halloran et al"* United Kingdom 2011 40 Prospective CFA, FE-1
Matsumoto and Traverso'’ United States 2006 138 Retrospective FE-1

Ong et al'® Singapore 2000 11 Retrospective ChT
Partelli et al'’ Italy 2012 194 Prospective FE-1
Sikkens et al'® Netherlands 2014 29 Prospective FE-1
Speicher and Traverso'® United States 2010 83 Retrospective FE-1
Tran et al*® Netherlands 2008 55 Retrospective FE-1
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The results of the critical appraisal are given in Table 2. All
studies were cohort studies and thus Oxford level of evidence 3.
Lack of adequate follow-up was the biggest concern in the
critical appraisal.

Patient Characteristics

Patient characteristics are summarized in Table 3. The studies
reported on a total of 693 patients. Of these patients, 326 patients
(47%) underwent PD, 19 patients (3%) underwent total pancrea-
tectomy (TP), and 109 patients (16%) underwent DP. The remain-
ing 239 patients (34%) did not undergo a pancreatic resection
due to locally advanced disease. Three studies also reported on
PEI in chronic pancreatitis; these patients were excluded in our
analysis.!>!>19

Outcomes

The prevalence of PEI varied between different types of pan-
creatic resections. Before PD, median preoperative prevalence of
PEI was 44% (range, 42%—47%). Postoperative follow-up varied
among studies. Most studies assessed exocrine pancreatic func-
tion at least 6 months postoperatively (Table 4). After PD, the me-
dian prevalence of PEI at least 6 months postoperative was 74%
(range, 36%—100%). Only 1 study reported the presence of new-
onset PEI after PD. In this study, normal FE-1 at 3-month
follow-up was seen in 39% of patients without preoperative PEI,
12% at 1 year, and 35% at 2 years.'?

Data on symptoms reflecting PEI after PD were limited.
Only 1 study reported the number of patients with steatorrhea-
related complaints. This study described that the majority of pa-
tients with PEI according to FE-1 did not experience symptoms.'3

Three studies reported on PEI in patients undergoing DP.
Median preoperative prevalence was 20% (range, 16%—67%).
Postoperative prevalences and timing of follow-up varied between
studies. One study reported an increase in PEI from 20% preoper-
atively to 80% at 3-month follow-up.'® In contrast, another study
had an equal prevalence preoperatively and at 6-month follow-up
(67%), but PEI was seen in only 33% at 1-month follow-up. Note-
worthy is that this study only included 3 patients with DP in their
analysis. The last study on PEI before and after DP had a preoper-
ative prevalence of 16%, and PEI was present in 22% and 7% of
patients at 3- and 12-month follow-up, respectively.

One study assessed PEI before and after TP. In this study,
preoperative PEI was present in 63% of patients, whereas, by
definition, all patients displayed PEI after the operation. The

indication for TP was not clearly defined (eg, extensive tumor
growth, intraductal papillary mucinous neoplasm [I[PMN]), nor
if patients were initially planned for TP or other resections.

The prevalence of PEI in patients with locally advanced pan-
creatic cancer who therefore did not undergo resection was re-
ported in 2 studies. The first study only included patients who
were scheduled for curative resection but found irresectable at lap-
arotomy. Before surgery, PEI was present in 25% of patients. This
increased to 37% 3 months after laparotomy.'® The second study
included both patients who were deemed irresectable based on
preoperative imaging as patients after laparotomy. Preoperative
prevalence of PEI was 50%. Strikingly, clinically evident steator-
rhea was only reported in 10% of patients. This study did not re-
port on the course of PEI during follow-up.'”

DISCUSSION

This is the first systematic review evaluating the prevalence
of PEI in patients with pancreatic or periampullary cancer. The
main findings are that PEI is diagnosed in 1 in 2 patients preoper-
atively and that the prevalence markedly increases after surgery,
regardless of the type of resection.

The prevalence of PEI after PD for malignant disease found
in this review is higher as compared with pancreatic resection for
benign disease. Stone et al*! found that 53% of patients experi-
enced PEI after PD for chronic pancreatitis. In a study on pancre-
atic resection for chronic pancreatitis, 63% of patients experienced
PEI at the last follow-up (median, 56 months) of which 16% had
new-onset PEL.?? Another study found 29% new onset of steator-
thea after PD for chronic pancreatitis.>® There is no clear explana-
tion for the difference in PEI prevalence between benign and
malignant disease. It may be caused by atrophy of the pancreatic
tail/remnant due to prolonged obstruction of the pancreatic duct.
Atrophy of the pancreatic tail has been described in 45% of pa-
tients with pancreatic or periampullary cancer.?**> The majority
of patients develop severe PEI after PD. The extent of PEI is
strongly correlated with preoperative fibrosis. Preoperative dilata-
tion of the pancreatic duct per se does not predict PEI or endocrine
pancreatic insufficiency postoperatively.?’

Our review showed a mean preoperative prevalence before
DP of 20% (range, 16%—67%). However, only 3 studies reported
PEI before DP, and the upper limit was based on a study that only
included 3 patients before DP. When we disregard this study, re-
ported prevalences are comparable with prevalences reported for
DP for benign disease. In a meta-analysis of 12 studies on middle

TABLE 2. Critical Appraisal of Methodology

Study Level of Evidence* Selection Bias Measurement Bias Follow-Up Applicability
Armstrong et al'? 3 i i/+ i ¥
Belyaev et al"® 3 ¥ ¥ ¥ ¥
Halloran et al'* 3 ¥ ¥ i ¥
Matsumoto and Traverso' 3 ¥ ¥ ¥ ¥
Ong et al'® 3 ¥ ¥ ¥ ¥
Partelli et al'’ 3 i i i ¥
Sikkens et al'® 3 ¥ ¥ ¥ ¥
Speicher and Traverso'® 3 ¥ ¥ i ¥
Tran et al*° 3 ¥ ¥ ¥ ¥

*Level of evidence according to Oxford Centre for Evidence-Based Medicine.

TPartly consistent with criteria, unknown risk of bias.
*Consistent with criteria, low risk of bias.
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TABLE 3. Patient Characteristics

Study N

Surgery Diagnosis

Pancreatic Anastomosis

Armstrong et al'? 10

Belyaev et al'® 133

Halloran et al'* 40

Matsumoto and Traverso'> 138

PD (10) Pancreatic ductal adenocarcinoma (n = 3)

Duodenal cancer (n = 3)
Ampullary cancer (n = 2)

Cystadenocarcinoma (n = 1)
Carcinoid tumor (n = 1)

Malignant (n = 76)*
Benign (n = 19)"
Chronic pancreatitis (n = 38)"

PD (49)
DP (20)

TP (19)
None/palliative (45)
PD (37)

DP (3)

Pancreatic ductal adenocarcinoma (n = 17)
Periampullary cancer (n = 8)
Cholangiocarcinoma (n = 5)

Neuroendocrine tumor (n = 5)
Others (n =5)

Pancreatic ductal adenocarcinoma (n = 31)
Periampullary cancer (n = 22)
IPMN (n=41)

Islet cell cancer (n = 1)

Serous cystadenoma (n = 7)
Mucinous cystadenoma (n = 1)

PD (138)

End-to-side pancreaticogastrostomy

Unknown

End-to-side pancreaticojejunostomy

End-to-side pancreaticojejunostomy

Chronic pancreatitis (n = 27)"

Ong et al'® 11 PD (11)

Pancreatic ductal adenocarcinoma (n = 1)

Other (n = 8)
Pancreaticogastrostomy

Duodenal cancer (n = 1)
Ampullary cancer (n=7)
Cholangiocarcinoma (n = 1)
Duodenal leiomyoma (n = 1)

Partelli et al'’ 194
Sikkens et al'® 29

None/palliative (194)
PD (26)
DP (3)

Pancreatic ductal adenocarcinoma (n = 194)
Pancreatic ductal adenocarcinoma (n = 12)
Ampullary cancer (n = 14)

Not applicable
End-to-side pancreaticojejunostomy

Cholangiocarcinoma (n = 3)

Speicher and Traverso'® 83 DP (83)

Pancreatic ductal adenocarcinoma (n = 10)
IPMN (n = 18)
Islet cell tumor (n = 14)

Not applicable

Serous cystadenoma (n = 19)
Mucinous cystadenoma (n = 9)
Chronic pancreatitis (n = 6)+

Tran et al*° 55 PD (55)

Other (n =7)

Pancreatic or periampullary carcinoma (n = 55)* End-to-side pancreaticojejunostomy

*Not further specified.
Excluded from analysis.

pancreatectomy versus DP, median prevalence of PEI was 16%
after DP?® This is comparable with the prevalences of PEI in
our review.

The main complaints of patients with PEI are foul smelling,
loose stools, and flatulence. In addition, weight loss and muscle
wasting can occur.”’ Management of PEI-related symptoms can
be established with the use of PERT. Nevertheless, a recent study
shows that patients experiencing symptoms of PEI at the time of
diagnosis rarely receive treatment.'® During follow-up, the per-
centage of patients with PEI receiving PERT increases, but still,
not all patients receive PERT, and furthermore, replacement ther-
apy seems suboptimal in up to a third of patients who continu-
ously experience symptoms of PEI despite PERT.'® Patients

328 | www.pancreasjournal.com

with PEI report a lower quality of life with regard to the physical
component of validated questionnaires.'® In addition, an open-
label clinical trial on the efficacy of PERT showed significant im-
provement of quality of life after treatment with PERT, although
this was studied in patients with chronic pancreatitis.® Given
the high prevalence of PEI in patients with pancreatic or pe-
riampullary cancer and the increase in prevalence of PEI after
pancreatic resection, more attention should be paid to adequate
treatment and symptom relief, before and after surgery.

One can only speculate on why PEI is undertreated and also
why the presence of PEI is underestimated. Pancreatic exocrine
insufficiency can easily be diagnosed by direct and indirect func-
tion tests. Direct tests include the CFA test and the test of Van de
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TABLE 4. Prevalence of PEI After PD

Postoperative PEI
Study Preoperative PEI 1 Mo 3 Mo 26 Mo 212 Mo
Armstrong et al'? — — 10/10 (100%)
Belyaev et al'® 22/49 (44%) 48/49 (98%) — —
Halloran et al'* — 24/37 (65%) 17/29 (59%) 12/22 (55%)
Matsumoto and Traverso'” 58/123 (47%) — — —
Ong et al'® — 4/11 (36%)
Sikkens et al'® 11/26 (42%) 19/24 (79%) 22/24 (92%)
Tran et al*° — 41/55 (74%)
Overall, median (range) 44% (42%-47%) 79% (65%—98%) 74% (36%—100%)

Kamer. These tests measure fat in patients' stools and require
patients to maintain a high-fat diet for 5 days and collect their
stools for 72 hours.?® Although considered the reference standard,
these tests impose a great burden on patients. Indirect tests are
fecal ChT, FE-1 test, and other less often—used tests.*>° Chymo-
trypsin has been in use since the mid-1900s. The main disadvan-
tage of this test is the interference with the enzyme replacement
therapy. Fecal elastase-1 is commonly used as it is reliable with
a sensitivity of 71% to 100% and a specificity of 80% to 100%,
easy to perform without dietary restrictions, and independent of
PERT and patients only need to collect a single stool sample.>!3*
In patients with chronic pancreatitis, a clear correlation is seen
between low FE-1 and steatorrhea. Conversely, in patients after
pancreatic resection, FE-1 can be normal or only slightly reduced
despite steatorrhea.>! However, patients without diarrhea can have
reduced FE-1 levels, and the need for PERT in these patients can
be debated.>®

The main limitation of this systematic review is the limited
number of prospective studies and the small sample sizes of the in-
cluded studies. Only 3 of 8 studies on PEI after pancreatic resec-
tion were prospective studies, and these studies reported on
79 patients in total. Among these studies, the timing of follow-up
also varied. Only 2 studies reported on multiple time points in the
postoperative period, and given the limited data, no conclusions
can be made on the natural course of PEI or the presence of new-
onset PEI after pancreatic resection.'*!® Nevertheless, these are
the data available, and given the high prevalence, clinical relevant
symptoms, and adequate treatment, which is frequently not given,
we feel this systematic review is clinically very relevant.

Another limitation is that only 1 study used a CFA, the refer-
ence standard, to assess pancreatic function,'* whereas all other
studies used indirect tests to confirm PEI, and only 1 study reported
on symptoms reflecting PEL'® In daily practice, the presence of
PEI will regularly be a clinical diagnosis, and not all patients with
steatorrhea will have a decreased FE-1 and vice versa.>'*> How-
ever, because FE-1 test mostly underestimates PEI after pancreatic
resection, one can consider the results of this review as a conserva-
tive estimation of the true prevalence of PEL>!

Furthermore, factors such as preoperative pancreatic duct ob-
struction, coexistence of chronic pancreatitis, volume of the rem-
nant pancreas, and exposure to radiotherapy may influence the
occurrence of PEI but were not mentioned in the included studies.
Finally, 2 of 8 studies included in this systematic review performed
a reconstruction with a pancreaticogastrostomy, whereas all other
studies performed a pancreaticojejunostomy. It has been suggested
that the pancreatic anastomosis (ie, pancreaticogastrostomy or
pancreaticojejunostomy) may influence the occurrence of PEL>®
However, in this systematic review, the 2 studies in which pancre-
aticogastrostomy was performed reported a prevalence of PEI that

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

was the lower limit of the prevalence range in 1 study (36%) and
the upper limit in the other (100%).'>'® Thus, PEI seems to be un-
related to the type of reconstruction, and thus, attention should be
paid on PEI-related symptoms, regardless of the type of pancreatic
anastomosis.

Future studies on PEI in pancreatic cancer should ideally
investigate the course of pancreatic insufficiency over time. In ad-
dition, it should clearly distinguish between benign and (pre)ma-
lignant disease, different types of pancreatic resection, and type
of pancreatic anastomosis. This information can then be used to
design interventional studies to treat PEI and hopefully improve
quality of life in patients with pancreatic or periampullary cancer.

Until more details are elucidated on the natural course of
pancreatic insufficiency, especially after PD, high prevalences
of PEI suggest that standard postoperative PERT might be a
good option.
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