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Abstract

Introduction: Although pancreatic tuberculosis (TB) is traditionally considered to be a rare clinical entity, in recent
times, an increase in the number of reports of pancreatic TB has been noted. We conducted a systematic review in
order to summarise currently available data on pancreatic TB.

Methods: A comprehensive literature search of Medline, Scopus and ISI Web of Science databases was conducted in
order to identify papers reporting cases of pancreatic TB. The eligibility criteria for inclusion in the review required
that the studies reported patient(s) affected by pancreatic TB and that individual data on age, sex, clinical pres-
entation and outcome were available.

Results: In total, 116 studies reporting data on 166 patients were included in the analysis. The majority of patients
were males (62.1%) diagnosed at a mean age of 41.61 4 13.95 years. Most cases were diagnosed in Asia (50.0%),
followed by North America (22.9%), Europe (20.5%), Africa (4.2%) and South America (2.4%). Human immunodefi-
ciency virus (HIV) infection was diagnosed in 25.3% of those affected. Pancreatic TB most frequently presented itself
in the form of a pancreatic mass (79.5%) localised mainly in the head (59.0%) and less frequently in the body
(18.2%) and tail (13.4%). Extrapancreatic TB involvement most frequently affected the peripancreatic lymph nodes
(47.3%). More than half of patients (55.2%) were subjected to laparotomy, while 21.08% underwent endoscopic
ultrasound fine-needle aspiration biopsy. The presence of TB was identified most frequently through histological
analysis (59.6%), followed by culture (28.9%), staining (27.7%) and, in a smaller number, by polymerase chain
reaction (9.6%) and cytology (6.6%). Almost all patients received anti-tubercular pharmacological therapy (98.2%),
while 24.1% underwent surgery. Despite treatment, 8.7% of patients died.

Conclusion: Increased awareness of pancreatic TB is needed, not only in endemic areas but especially in relation to
HIV infection and other clinical conditions associated with immunoincompetence.
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sputum from pulmonary TB and direct invasion from an
adjacent organ.*® TB affects various intra-abdominal
organs, including the intestines, gastroduodenum, liver,
biliary tract spleen and pancreas.

For decades, the pancreas was one of the locations
rarely affected by abdominal TB. In large autopsy series
on TB patients, Auerbach et al.” and Bhansali et al.®
reported pancreatic involvement in only 4.7% and in
0% of patients, respectively. However, in recent times,
an increase in the number of reports of pancreatic TB
has been noted.” ' This could possibly be due to
increased availability of powerful imaging tools and
development of different techniques that make obtaining
specimens from the pancreas possible. The increased
number of immunocompromised individuals, such as
those affected by human immunodeficiency virus (HIV)
or advanced stage malignant diseases, also plays an
important role in this phenomenon. TB has been reported
to be the leading infectious cause of death in HIV co-
infected patients.”’15 Furthermore, in the USA, abdom-
inal TB has been reported usually to be a manifestation of
disseminated disease in HIV-affected individuals.'®

Pancreatic TB is known to be a great mimicker,
often being misdiagnosed as pancreatic cancer.'’
Nevertheless, it is of great importance to diagnose pan-
creatic TB infection in time and to initiate adequate
treatment, not only because pharmacological treatment
is reported to be highly effective in most cases'’ but also
because in many cases costly and risky surgical proced-
ures can be avoided. However, awareness of pancreatic
TB is still relatively low among physicians encountering
this condition, leading to unsatisfactory treatment
results and increased health-care costs.

We conducted a systematic review in order to sum-
marise currently available data on pancreatic TB and to
contribute further to raising awareness of this import-
ant clinical entity.

Methods

This systematic review has been reported following the
PRISMA statement.

A comprehensive literature search of Medline,
Scopus and ISI Web of Science databases was con-
ducted in order to identify papers reporting cases of
pancreatic TB. The following combination of keywords
was used (pancreas OR pancreatic) AND (tuberculosis
OR Mycobacterium).

The search was limited to human subjects, with lan-
guage restriction to English studies until 1 July 2018.
The snowball strategy, including a manual search of the
references listed by studies retrieved from the online
databases and from previously published reviews, was
also performed in order to identify potential additional
studies. The eligibility criteria for inclusion in the

review required that that studies reported patient(s)
affected by pancreatic TB and that individual data
on age, sex, clinical presentation and outcome were
available. All study types fulfilling the inclusion criteria,
including case studies and case series, were considered
for inclusion. Studies were excluded if no clear evidence
for the presence of pancreatic TB infection was present.

Data from the included studies were independently
extracted by two investigators (NP and MR) and
entered into a Microsoft Excel 2010 (Microsoft Corp.,
Redmond, WA) spreadsheet. Any discrepancies regard-
ing individual study inclusion, data extraction or
interpretation were resolved by consulting a third inves-
tigator (JML). We extracted the following data: first
author name, year of publication, region of manuscript
origin, patient sex, age at the diagnosis, presence of risk
factors (alcohol, smoking, intravenous drug intake and
co-morbidities), clinical characteristics (symptoms and
clinical presentation), diagnostics, treatment (pharma-
cological or surgical) and outcome (cured or died).

Descriptive analysis using proportion and mean +
standard deviation was computed for categorical
and quantitative variables, respectively. Analyses
were conducted using Stata v13 (StataCorp, College
Station, TX).

Results

Figure 1 depicts the flow chart of the search strategy
and a diagram for paper selection.

In total, 121 case studies and case series reporting
pancreas involvement in TB infection published from

# 2852 records identified through
database searching

# 37 records identified by snowball
strategy

v

# 2767 records excluded after
screening the titles and abstracts for
duplicates, reviews or letter, and
irrelevant articles

v # 5 full-text articles
# 121 full-text articles assessed for exclicadivecalzeino
eligibility individual data for every
patient were available

v

[# 116 studies included in qualitative ]

synthesis

Figure 1. Search strategy and flow diagram for search of
databases.
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1978 to 2017 were identified. Of those, 84 were identi-
fied through a database search, while 37 were identified
by the snowball strategy. However, five case series in
which data on demographics and clinical presentation
were not reported separately for every patient were
excluded from the analyses. Finally, 116 studies report-
ing data on 166 patients were included in the analysis
(reference in Supplemental File 1).

Table 1 reports the distribution of demographics and
risk factors among 166 patients diagnosed with pancre-
atic TB (Table 1). The majority of patients were male
(62.1%) diagnosed at a mean age of 41.61 4 13.95 years.
Most of the cases were diagnosed in Asia (50.0%), fol-
lowed by North America (including Australia and
New Zealand; 22.9%), Europe (20.5%), Africa (4.2%)
and South America (2.4%). Data on the presence of
various risk factors, including co-morbidities and life-
style habits, were available for 87 (52.4%) patients. Of
these, 22 (25.3%) were previously or simultaneously
diagnosed as HIV-positive, 10.5% were associated with
alcohol abuse and 8.1% with intravenous drugs abuse,
while 6.9% reported smoking (Table 1). Previous TB
infection was present in only 7.3% of patients.

Table 2 reports symptoms and clinical presentations
in the patients included in the analysis. Most fre-
quently, patients with pancreatic TB reported pain
(74.8%), followed by weight loss (51.6%), fever
(46.5%) and jaundice (20.0%). Pancreatic TB most fre-
quently presented itself in the form of a pancreatic mass
(79.5%) localised mainly in the pancreatic head
(59.0%) and less frequently in the body (18.2%), tail

Table 1. Demographics and risk factors in 166 patients
diagnosed with pancreatic tuberculosis.

Age (years) 41.61 +13.95
Age range (years) 16-82
Sex
Male 103 (62.1%)
Female 63 (38.0%)
Origin
North America, Australia and New Zealand 8 (22.8%)
Europe 4 (20.5%)
Asia 83 (50.0%)
Africa 7 (4.2%)
South America 4 (2.4%)
Risk factors
Drugs 7 (8.1%)
Alcohol 9 (10.4%)
Smoking 6 (6.9%)
HIV-positive 22 (22.3%)
Previous tuberculosis 7 (7.3%)

HIV: human immunodeficiency virus.

(13.4%) or neck (1.8%). Pancreatic abscesses were pre-
sent in 12.1% of patients, while 6.6% and 6.0% of
patients presented with chronic or acute pancreatitis,
respectively. Extrapancreatic TB involvement most fre-
quently affected the peripancreatic lymph nodes
(47.3%), followed by the spleen (8.3%), intestines
(8.2%), liver (6.9%) and lungs (6.3%).

The diagnostics that patients with pancreatic TB
underwent are reported in Table 3. Almost all patients
underwent computed tomography (CT; 89.8%), fol-
lowed by abdominal ultrasound (55.2%), endoscopic
ultrasound (EUS; 27.7%) and endoscopic retrograde
cholangiopancreatography (24.4%). A substantial pro-
portion of patients underwent EUS-guided fine-needle
aspiration biopsy (EUS-FNA; 21.1%), but only a few
underwent CT-guided FNA (7.8%). More than half of
patients with pancreatic TB (55.2%) were subjected to
laparatomy.

Laboratory analysis results were only available for a
few patients (Table 3). Of those, 68.3% displayed a
positive skin tuberculin test, while elevated lipase and
amylase levels were present in 31.3% and 26.8%,
respectively. The presence of TB was identified most
frequently through histological analysis (59.7%), fol-
lowed by culture (28.9%), staining (27.7%) and, in a
smaller number, by polymerase chain reaction (PCR;
9.6%) and cytology (6.6%).

Table 2. Clinical characteristics in 166 patients diagnosed
with pancreatic tuberculosis.

Symptoms
Fever 4 (46.5%)
Pain 119 (74.8%)
Weight loss 82 (51.6%)
Jaundice 31 (20.0%)
Diarrhoea 5 (3.1%)

Clinical presentation
Pancreatic mass 132 (79.5%)
Pancreatic head mass 8 (59.0%)
Pancreatic neck mass 3 (1.8%)
Pancreatic body mass 0 (18.2%)
Pancreatic tail mass 2 (13.4%)
Acute pancreatitis 0 (6.0%)
Chronic pancreatitis 11 (6.6%)
Pancreatic abscess 20 (12.1%)
Pseudocyst 3 (1.8%)

Extrapancreatic involvement
Peripancreatic lymph nodes 69 (47.3%)
Pulmonary 9 (6.3%)
Intestine 12 (8.2%)
Liver 10 (6.9%)
Spleen 12 (8.3%)
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Table 3. Diagnostics in 166 patients diagnosed with pancre-
atic tuberculosis.

Imaging
Abdominal ultrasonography 1 (55.2%)
Computed tomography 149 (89 8%)
Computed tomography FNA 3 (7.8%)
Magnetic resonance 5 (3.0%)
Magnetic resonance cholangiopancreatography 6 (3.6%)
Endoscopic retrograde cholangiopancreatography 0 (24.2%)
Endoscopic ultrasound 6 (27.7%)
Endoscopic ultrasound FNA 5 (21.1%)
Laparatomy 1 (55.2%)

Laboratory
Tuberculin test positive 28 (68.3%)
Elevated lipase 5 (31.3%)
Elevated amylase 5 (26.8%)

Tuberculosis identification method
Culture 48 (28.3%)
Staining 46 (27.7%)
Histology 99 (59.6%)
Cytology 11 (6.6%)
PCR 16 (9.6%)

FNA: fine-needle aspiration; PCR: polymerase chain reaction.

Table 4. Outcome and treatment in 166 patients
diagnosed with pancreatic tuberculosis.

Therapy
Pharmacological 159 (98.2%)
Surgical 39 (24.1%)
Follow-up (months) 16.49 +22.13
Outcome
Cured 126 (91.3%)
Died 12 (8.7%)

Almost all patients received anti-tubercular pharma-
cological therapy (98.2%), while 24.1% underwent sur-
gery (Table 4). After a mean reported follow-up of
16.49 +22.13 months, 91.3% were considered to be
cured, while 12 (8.7%) died.

Discussion

By pooling currently available data, our systematic
review depicts the profile of typical patients with pan-
creatic TB, including demographics, symptoms, clinical
presentations, diagnostics, therapies and outcomes.
On average, the majority of patients diagnosed with
pancreatic TB were male in the fifth decade of life.
Most patients were diagnosed in Asia, in line with the
burden of global TB being associated with low socio-

economic conditions.! However, almost half of the
patients with pancreatic TB included in this systematic
review were diagnosed in developed countries such as
North America and Europe (including Australia and
New Zealand). Ethnicity and immigration data were
not available for most of the patients included, and it
is reasonable to consider that some of these cases were
immigrants. However, as the pancreas is considered to
be an extremely hostile environment for TB due to the
anti-mycobacterial effect of pancreatic lipases and
deoxyribonucleases,'® the involvement of such an
organ in TB infection points to pronounced immuno-
deficiency as a predisposing condition. Limited data
were available regarding the presence of risk factors
among the patients included, but it was noteworthy
that a substantial percentage of patients suffered from
acquired immune deficiency syndrome or were HIV-
positive. A sub-analysis not reported in the Results
showed that more than 60% of patients with HIV
were diagnosed in North America and Europe. The
role of HIV infection in the development of pancreatic
TB has been previously recognised.'” Our study further
emphasises this association, especially in Western coun-
tries. Based on our systematic review, two main types of
patients with pancreatic TB can be differentiated: one
from areas of endemic TB infection, and another asso-
ciated with immunodeficiency predominantly caused by
HIV infection and present in the more economically
developed world. This is in line with previous reports
associating abdominal TB with disseminated HIV in
individuals born in Western countries,'® as well as
non-HIV-infected immigrants coming from endemic
areas.”’

Considering the symptoms present in patients with
pancreatic TB, our results revealed abdominal pain to
be predominant, followed by fever, weight loss and
jaundice. Although some of the symptoms can be
explained by the systemic effects of TB infection, they
are in large part a consequence of pancreatic involve-
ment and are also present in other clinical entities
affecting the pancreas.”! Furthermore, if we take into
consideration the fact that almost 80% of pancreatic
TB cases manifested themselves as pancreatic masses,
the picture of pancreatic TB as a great mimicker, often
misdiagnosed as pancreatic cancer, becomes clearer.
Indeed, although almost 90% of the patients in our
review underwent abdominal CT, and a smaller pro-
portion other powerful diagnostic tools such as mag-
netic resonance and EUS, more than 50% subsequently
underwent laparatomy, attesting to a misdiagnosis,
mainly as pancreatic cancer, or that there was a diag-
nostic dilemma that could not be resolved in another
way. In addition, as less than 10% of patients in our
review were previously diagnosed with TB of any other
organ at the time of diagnosis, the diagnostic ‘trap’ is
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complete. Furthermore, concerning the extrapancreatic
involvement of TB at the time of diagnosis, imaging
revealed enlarged peripancreatic lymph nodes in most
patients, which is also a typical finding in pancreatic
cancer.”'”?> Few patients exhibited the pulmonary
lesions characteristic of TB. Taken together, these find-
ings depict the relative ease with which pancreatic TB
is misdiagnosed, even when all diagnostic tools are
available.

Our analysis did not show serum lipase or amylase
levels to be of significant diagnostic value in pancreatic
TB, as these were only elevated in a limited number of
cases. However, when conducted, a tuberculin skin test
was positive in almost 70% of cases, showing that this
simple and cheap diagnostic tool could make a great
difference to patients with suspected pancreatic TB, at
least in countries where TB is not endemic. Taking into
consideration the latest guidelines for the diagnosis of
TB,> we advise a tuberculin skin test, or interferon-
gamma release assay where available, to be performed
initially in all cases where pancreatic TB is suspected.
Furthermore, according to European Union standards
for TB care, obtaining appropriate specimens for
microbiological analysis is essential for the diagnosis
of extrapulmonary TB. Although in the past century
most tissue or liquid specimens were acquired during
surgical procedures® 2° or even during autopsies,>’*®
an increased number of cases in recent decades were
diagnosed using less invasive methods with a good
yield, such as EUS-FNA.?** Evaluating the perform-
ance of different diagnostic and sampling tools for the
diagnosis of pancreatic TB is beyond the scope of this
systematic review. However, based on what we encoun-
tered when attempting to address this important issue,
and the overall performance of EUS-FNA to obtain
adequate samples for diagnostics of pancreatic masse-
s*las well as EUS performance to obtain samples suit-
able for culture in different locations,*” we propose that
in the case of suspected pancreatic TB, after initial test-
ing with a tuberculin skin test or interferon-gamma
release assay, EUS-FNA should precede any other
invasive sampling or treatment.

There was great heterogeneity among cases included in
our review regarding the methods applied for TB identi-
fication. Although histology prevailed, staining and cul-
ture were also performed and, in recent years, PCR. What
is interesting is that in most cases, multiple identification
methods were applied, probably in order for the atypical
finding of pancreatic TB to be confirmed.

When a diagnosis of pancreatic TB was set, almost
all patients commenced anti-tubercular pharmaco-
logical therapy, while in some cases, surgery was still
needed. In any case, treatment results were satisfactory,
as pancreatic TB caused death in only a few cases. This
fact further emphasises the importance of a rapid

diagnosis of pancreatic TB, as efficient treatment
options are available even for immunocompromised
patients.

Very limited data were available on pancreatic TB
and the endocrine and exocrine function of the pan-
creas. Patients with diabetes mellitus (DM) are at
higher risk of developing TB,*® suggesting that DM
impairs the immune responses necessary to counter
the proliferation of TB.** ¢ Subsequent studies
reported that patients with pulmonary TB are at
higher risk of DM than those with extrapulmonary
TB.*” The relationship between DM and TB is a two-
way street, where DM can also be caused, or worsened,
by the destruction of pancreatic parenchyma. Few
reports demonstrate DM in patients with pancreatic
TB at the time of diagnosis.*®*° Nevertheless, it can
be expected for DM to occur in some patients with
pancreatic TB during follow-up, for which no data
were available. As for the effect of pancreatic TB on
the exocrine function of the pancreas, data are even
sparser. Although the very first patient ever reported
to be treated with pancreatic extracts was one with
TB and pancreatic exocrine insufficiency,*® no author
of any of the studies reviewed referred to the exocrine
function of the pancreas in patients with pancreatic TB.
Further research is needed in order to assess the effect
of pancreatic TB on both exocrine and endocrine func-
tions of the pancreas.

The main limitation of our systematic review is the
great heterogeneity among the studies included, not
only in the data available for extraction and subsequent
synthesis but also in which data types were reported.
Even in case series reporting findings from a single
institution or system, data considering individual
patients were sometimes not reported individually and
uniformly. Furthermore, a substantial number of cases
were published in languages other than English, pre-
venting inclusion in the current review. The differing
availability of diagnostic tools in different health-care
settings also needs to be considered, as this could lead
to pancreatic TB patients following different clinical
pathways. However, to our knowledge, this is the first
systematic review addressing the important clinical
entity of pancreatic TB — a subject to which the authors
wish to draw attention.

In conclusion, although pancreatic TB is still a rela-
tively rare clinical entity, increased awareness of its
existence is needed, not only in endemic areas but espe-
cially in relation to HIV infection and other clinical
conditions associated with immunoincompetence.
Hopefully, this will contribute to shortening the time
from clinical presentation to diagnosis, resulting in a
more timely initiation of adequate therapy and better
treatment outcomes. Furthermore, increased awareness
of pancreatic TB among clinicians might reduce the
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health-care costs associated with unnecessary diagnos-
tic tests, but also spare patients from risky and inad-
equate surgical procedures.
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