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Abstract Data exists to indicate a definite association be-
tween chronic pancreatitis and pancreatic cancer. The strength
of this association varies between various causes of pancrea-
titis, with hereditary and tropical pancreatitis more likely to
result in malignancy. Pathogenesis may involve genetic fac-
tors, diabetes, smoking and alcohol consumption. Clinically a
significant overlap exists between the two conditions, with
histology difficult to obtain and interpret in this setting. Bio-
markers like CA19-9 and others may be useful, as is a variety
of newer imaging modalities. Treatment needs to be
individualised as surgery offers the only chance of cure, albeit
in but a few.
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Introduction

Chronic pancreatitis (CP) is a debilitating disease of diverse
aetiology and equally diverse manifestations. In addition to
causing severe pain, diabetes and exocrine insufficiency, CP
puts the patient at risk for developing pancreatic cancer (PC).
The relationship between CP and pancreatic cancer has been
the focus of multiple studies, many of which have indicated a
strong association [1, 2]. However, the intricacies of this as-
sociation, like pathogenesis, temporal progression and risk
factors, remain far from clear. The inherent difficulty in dif-
ferentiating an inflammatory head mass from malignancy in
CP compounds the issue. Thus many formal pancreatic resec-
tions are performed, some of which may be unnecessary for
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benign disease. This review attempts to summarize the avail-
able data with regards to the association between CP and PC.

The Association Between Chronic Pancreatitis
and Pancreatic Cancer

In a large multicenter historical cohort study conducted by the
International Pancreatitis Study Group, the cumulative risk of
PC in patients with CP (predominantly of alcoholic aetiology)
was reported as 1.8 % and 4 % at 10 and 20 years respectively
[1]. This risk was reported to be independent of age, sex and
type of pancreatitis. However, this data was criticized for its
retrospective nature and lack of uniformity. In 2002, Malka
et al. [3] published the results of a prospective single centre
study, which addressed many of the deficiencies plaguing the
earlier data, and they reported a definite association between
CP and PC with a cumulative incidence of pancreatic cancer
of 1.1 % at 5 years and 1.7 % at 10 years. A large nationwide
prospective study from India including our hospital [4] found
the incidence of cancer in chronic pancreatitis to be 4 %, to be
somewhat similar to western alcoholic disease, and less than
previously reported in “tropical pancreatitis”. [5, 6] Many
studies have cast doubts regarding this association by suggest-
ing that these findings may have been confounded by the
presence of common etiological factors between CP and PC,
like alcohol consumption and cigarette smoking [7, 8], or
indeed even common dietary and environmental factors. De-
spite these concerns, most studies suggest that CP is associat-
ed with an increased risk of PC. The link between CP and PC
is clearer in certain subtypes of CP like tropical pancreatitis
and hereditary pancreatitis.

Tropical pancreatitis is a distinct subtype of CP, which is
seen almost exclusively in the developing countries of the
tropical world. It is characterised by a younger age at onset,
presence of large intraductal calculi, rapid progression into
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exocrine insufficiency, and most notably, a high susceptibility
to pancreatic cancer [9]. Augustine et al.[10] reported a 8.3 %
incidence of pancreatic cancer in patients with tropical pan-
creatitis, which is much higher than western figures. A low
incidence of de novo pancreatic cancer in these geographical
areas was presumed, however over the ensuing decades it
seems to be a frequent neoplasm even in these regions. PC
arising in tropical pancreatitis differs from de novo pancreatic
cancer in that it occurs at a younger age and has a poorer
prognosis. Chari et al. [6] reported similar findings and con-
cluded that the likelihood of patients with tropical pancreatitis
would develop pancreatic cancer was 100 times that of pa-
tients without tropical pancreatitis. More recently, a lower in-
cidence of malignancy has been seen, possibly at higher ages
[4] and might suggest a shift in patient characteristics such as
improved socioeconomic status.

Hereditary pancreatitis is an autosomal dominant condition
caused by a gain of function mutation in the cationic trypsin-
ogen gene (PRSS1). A lifetime risk of 4055 % of developing
pancreatic cancer in patients with hereditary pancreatitis has
been reported. [11] Notably, smoking significantly enhanced
the risk of malignancy. Similar findings have been reported by
the EUROPAC study [12] which concluded that the cumula-
tive risk of pancreatic cancer from symptom onset was 1.5 %
at 20 years, going up to 44.0 % at 70 years from symptom
onset.

An interesting point of discussion has been of reverse cau-
sality—the finding that pancreatic cancer can cause pancrea-
titis by way of tumour related duct obstruction. Although the
association is stronger for acute pancreatitis, it also exists for
CP. This has led to concerns that the historical data regarding
the association between CP and PC could have been skewed
by many of these patients having tumour related pancreatitis
rather than pancreatitis causing PC. This has been investigated
by International Pancreatic Cancer Case—control Consortium
(PanC4) [13], which conducted a pooled analysis of 10 case
control studies and reported that up to 38 % of cases of CP
with PC had CP because of the PC. But even after deducting
this figure, there still existed a 3-fold increased risk of PC in
patients with CP.

Pathogenesis of Pancreatic Cancer in Chronic Pancreatitis

It has long been accepted that the chronic inflammatory pro-
cesses which characterize CP promote metaplasia and neo-
plastic transformation. Studies have attempted to define the
progression of inflammation to malignancy in the setting of
chronic pancreatitis [14—16]. It is believed that the cytokines
and reactive oxygen species that are generated during inflam-
mation cause DNA damage. Chronic inflammation leads to
accumulation of DNA damage, finally progressing to onco-
genic mutations in K-ras, p16 and p53 resulting in malignant

@ Springer

transformation. However, this explanation is too simplistic
considering that malignancy occurs at different rates in
different types of CP, thereby suggesting that alternate
mechanisms might exist.

Hereditary pancreatitis is associated with multiple muta-
tions in cationic trypsinogen (PRSS1) and idiopathic chronic
pancreatitis has mutations in SPINK-1. Both of these muta-
tions have been implicated in the development of PC [16].

Diabetes mellitus is a known risk factor for PC [17-19].
Whether the coexistence of CP with DM increases the overall
risk of PC is unclear. In a population based cohort study by
Liao et al.[20], risk of PC in patients with CP and DM com-
bined was higher than that for patients with CP alone (HR=
33.52 vs HR=19.4). This finding is confounded by the fact
that diabetes could be a manifestation of PC in CP, rather than
a risk factor.

The impact of environmental risk factors like tobacco
smoking and alcohol consumption on the development of
PC in CP cannot be underestimated. Smoking has been shown
to markedly increase the risk of malignancy in patients with
hereditary pancreatitis, most likely by potentiating the under-
lying genetic defect. The role of pancreatic stellate cells in
development of CP and PC is being increasingly recognized
[21]. Stellate cells are activated by ethanol and its metabolites
and contribute to tumor progression and resistance to chemo-
therapy. In addition cholecystokinin receptor over-expression
has been found in pancreatic cancers as also in mice models of
early PanINs and blocking these receptors halts PanIN pro-
gression and reverses fibrosis [22].

Carcinogenesis in chronic pancreatitis is likely to be a mul-
tifactorial phenomenon with both genetic and environmental
factors working synergistically to generate a microenviron-
mental milieu favouring progression from inflammation to
malignancy. However, the complexity of this interaction has
yet to be completely elucidated. Better understanding of these
interactions might help in identifying the minority of patients
with CP who go on to develop PC.

Detection of Pancreatic Cancer in Chronic Pancreatitis

Pancreatic cancer arising in CP accounts for only 0.1-5 % of
all cases of PC [23, 24]. But a disproportionately higher num-
ber of pancreatico-duodenectomies are performed in patients
with CP due to the difficulty in differentiating an inflammato-
ry head mass from malignancy.

Clinical features could be similar in early stages. When
features of definite malignancy appear, there is a high chance
of it being an advanced disease. In a small series from Eastern
India — it was found that the presence of anorexia, weight loss
and worsening of glycaemic control in long standing diabetics
suggested malignancy, but all these patients had advanced
malignancy. [25] The occurrence of obstructive jaundice
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increases the suspicion for malignancy, but benign obstruction
is at least as frequent a cause. It is likely that a high grade or
rapid increase or severe cholestatic symptoms would suggest
malignancy, but it would then likely be advanced. In an early
report from our department, jaundice was found in 7 of 61
operated patients, with 4 of them eventually proving to be
benign. Additionally 5 patients had clinically obvious meta-
static malignancy (supraclavicular nodes, umbilical nodules
or ascites).[26] In a series from Trivandrum, 23 cases of ma-
lignancy in chronic pancreatitis were compared to 118 de
novo pancreatic cancers during the same period. It was found
that intractable pain, weight loss and worsening of diabetes
was present in 60 % of dual disease with higher propensity for
the head region for local or peritoneal spread, whilst jaundice,
pruritis and weight loss was commonest in de novo cancers,
with a higher incidence of liver metastases. [27]

Obtaining pathological confirmation has traditionally been a
contentious issue. Difficulty in access, poor yield, risk of bleed-
ing or pancreatic fistula, possibility of seeding, and increased
difficulty in diagnosis in the presence of chronic pancreatitis
all contribute, and many clinicians don’t insist on it as a require-
ment even for major surgery and occasionally this may be jus-
tified. However, an interesting study from France analysed all
CP patients who were recommended resection by a multidisci-
plinary meeting for suspicion of cancer, but without histologic
pre-operative proof. They found no difference in clinical features
in those patients with subsequent confirmation of malignancy
and the benign cases. [28] Interestingly most of the postop
morbidity occurred in the group without malignancy — this
would argue for a better preop diagnosis and augur against
the usual cavalier surgical attitude of “cut it out and see”!

Biomarkers to Predict Malignancy in CP with Head Mass

CA 19-9 has been the most widely investigated tumour mark-
er for pancreatic cancer. However, in the setting of CP, it has
obvious limitations since it can be elevated in many causes of
obstructive jaundice (both benign and malignant) especially
when associated with cholangitis, and rarely in chronic pan-
creatitis itself [29]. The utility of CA19-9 in differentiating an
inflammatory head mass in CP from a malignant mass has
been frequently investigated. Perumal et al. [30] reported that
CA19-9 was the single most important risk factor in predicting
malignancy in CP with a head mass and a level>127 IU/ml
had a sensitivity of 85.7 % and specificity of 96.5 % in
predicting malignancy. However the study concluded that
the CA19-9 level is best considered along with other param-
eters, like serum bilirubin level, CBD diameter and MPD di-
ameter for highest predictive accuracy. Bedi et al. [31] report-
ed that CA 19-9 levels>300 IU/ml were 100 % specific for
predicting malignancy in CP with head mass but such high
levels were seen in only 6 patients in the study. Another

prospective study from Karnataka also showed an incremental
specificity and stressed the value of'its elevation particularly in
non-jaundiced patients. [32] A postoperative elevation after
normalisation, may also suggest recurrence. Our institute
reported no statistically significant difference in the two
groups, although elevation above 1500 was seen only in
malignancy.[26]

Attempts have been made to improve the utility of CA19-9
in differentiating benign from malignant head masses by com-
bining it with other serum markers. Maire et al. [33] investi-
gated the value of detecting KRAS2 mutations in circulating
DNA for diagnosing malignancy in this setting. The authors
concluded that the finding of a normal CA 19-9 level and
absence of KRAS2 mutations makes the diagnosis of pancre-
atic cancer extremely unlikely.

Plasma micro-RNA’s are increasingly being utilized for the
detection of pancreatic cancer arising in CP. Liu et al. [34]
reported a sensitivity of 88.4 % and specificity of 96.3 % in
differentiating PC from CP using a combination of micro-
RNA and CA 19-9.

More recently, a monoclonal antibody PAM4
(Clivatuzumab), has been found to be positive in a large pro-
portion of patients with pancreatic cancer, but not in chronic
pancreatitis unless there were precursor lesions like
PanINs.[35] This could have significant impact on labelled
imaging and therapeutic potential as well. The antibody is
likely to exert its effect on the specific mucin species
MUCS5AC.[36] Using CA19-9 along with PAM4 may in-
crease its accuracy. Another candidate biomarker under inves-
tigation is CD1D — an altered gene measured in the pancreatic
aspirate after secretin stimulation [37].

Despite all these measures, it can be remarkably difficult to
conclusively differentiate an inflammatory mass from a ma-
lignant mass. In such situations, the onus lies on the treating
clinician to weigh various factors and form an opinion and
proceed accordingly.

Imaging and Guided Pathology

Ultrasound is the usual first investigation and can rule out
advanced disease and guide biopsy in these cases, frequently
unsuccessfully! However CT Scan is the basic workhorse in
suggesting and identifying cancer in CP and is the most com-
monly used tool in this setting. Even though multi-detector
contrast enhanced CT has improved pancreas resolution and
diagnosis, most features of contour, vascular or ductal abnor-
malities occur in advanced disease. Early lesions can still be
missed whilst still curable. A recent triple phase study showed
that peak enhancement in cancer occurs earlier with early
washout, whereas contrast appearance was delayed in chronic
pancreatitis [38]. MRI is believed by many to be at least as
good especially when CT contrast needs to be avoided.
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Diffusion weighted imaging may be of some help, and a re-
cent report showed improved characterisation of normal pan-
creas, focal pancreatitis and PC using quantified Apparent
diffusion coefficient (ADC) histogram analysis, as a marker
of tissue heterogeneity.[39]

Endoscopic Ultrasound (EUS) has the potential to be the
most sensitive of the current imaging techniques to pick up
small pancreatic tumours (even less than 2 cm) within pancre-
atitis, and thus diagnose it at a relatively curable stage. How-
ever, it may still be difficult to justify a diagnosis of malignan-
cy in a candidate lesion, without taking some tissue sample.
EUS is one of the safest ways to guide cytology or tissue
diagnosis, since, if it does turn out to be malignant, and re-
quires surgery — the entry tract can also be removed with the
specimen. Its accuracy can be improved using contrast en-
hancement and Doppler. EUS elastography also appears
promising with malignant masses showing higher strain ratios
and lower mass elasticity than inflammatory lesions. Yet, one
of the largest single centre studies showed no discriminatory
benefit [40].

Despite the poorer anatomical detail for Positron Emission
Tomographic (PET) scan, its fusion with CT scan heralded
excitement in potentially identifying a more proliferative tu-
mour of PC which would be FDG avid in a background of
fibrosis that occurs in CP which should show a reduced up-
take. The real world studies have yielded conflicting results
and although many reports show some usefulness [41], the
anticipated hype has not been clinically met unequivocally.
False positivity can occur due to the variable and unpredict-
able avidity of the component of acute inflammation in the
background fibrotic process, and also in autoimmune pancre-
atitis or Tuberculosis, where uptake is high. False negativity
can occur in diabetes, hyperglycaemia and islet cell tumours.
A recent meta-analysis did not find PET to offer a clear clin-
ical benefit. As its cost reduces, it is likely to be utilised in-
creasingly, to look for signs of inoperability like distant me-
tastases, recurrences, and as a problem-solving tool when CT
and EUS are equivocal. [42]

Management of Pancreatic Head Mass

Indications for surgery in chronic pancreatitis continue to be
on standard lines — that is when complications occur, or in
intractable pain. Since the patients are younger and fitter, there
is a higher likelihood that the morbidity and longer sequelae of
resectional surgery can significantly hamper their quality of
life. So if a malignancy is reasonably excluded, there is a
considerable drive to do conservative drainage operations or
minimal resection to prolong the effects of drainage. Major
resections are generally suggested only for proven malignancy
or in recurrence after conservative surgery.
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Fortunately, a pancreatic head resection can effectively pal-
liate pain and other complications of chronic pancreatitis and
should still be done, if there is at least a reasonable suspicion
of malignancy. However this comes at a higher cost in terms
of morbidity and occasional mortality and equipoise may be
difficult to achieve! It is frequently argued in favour of resec-
tion, that in chronic pancreatitis, the risk of pancreatic fistula
(the most dreaded complication) may be lower because of a
firmer gland. Whilst it is certainly true that many series attest
to this reduction in fistula rates, what is probably under-
reported is the higher morbidity of the resectional component
of dense fibrotic adhesions to adjacent structures and in ve-
nous compression. The long-term outcome of treatment in this
specific subset of patients of PC in CP is also unclear - while
some suggest a uniformly bleak outcome in preoperatively
diagnosed cancer, some contrary optimistic reports may tend
to exaggerate the likely benefits. For instance, it is possible
that many of the cures of resection are incidental and in pa-
tients without preoperative suspicions! A real world
multicentre outcome report of a prospective cohort would help
in clarifying this issue and in planning treatment strategy, es-
pecially in the borderline resectable where imaging suggests
locally advanced disease! A peculiar conundrum exists in
such patients who have minimal or no symptoms — their indi-
cation for surgery is solely the doubt of malignancy. If they are
non-malignant, they don’t need an operation, and if they are
malignant, they are unlikely to be cured with one!

Additionally, it is unclear if a total pancreatectomy should
always be done in confirmed cancers associated with pancre-
atitis, in view of the likely field change. This is also relevant,
since islet cell harvesting and auto-transplantation is not a
realistic option when malignancy is present.

Role of Screening, Surveillance and Prevention of Cancer
in Patients with CP

In a meta-analysis conducted by Raimondi et al.[43] it
was estimated that 5 % of patients with CP will develop PC
over a 20-year period. This does not seem to justify screening.
Additional confounders are a difficulty in confirming diagno-
sis, invasiveness and morbidity of a biopsy and the rather
bleak outlook in the majority of patients with this malignancy.
Yet efforts continue in this direction, since the disease tends to
affect patients in the prime of their life and malignancy could
be a common cause of mortality in CP.

Surveillance can be done in those with a higher potential
for malignancy:

1. Radiological — especially if high risk lesions like IPMN
especially with high grade dysplasia, previous pancreatic
cancer, susceptible genetic conditions (HNPCC, Peutz
Jeghers syndrome)
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2. Cytogenetic - e.g., if PanIN-3 precursor lesions (pancre-
atic tail can be sampled in the radiologically suspicious
case and a total pancreatectomy done if positive.

3. Biomarker positivity

Prevention — some risk factors are modifiable to (at least)
delay the onset of PC in CP — cigarette smoking, obesity and
Diabetes. The antidiabetic drug metformin has shown inhibi-
tion of experimental tumour induction, and its use is clinically
associated with lower risk for pancreatic cancer. It could thus
offer useful chemoprevention even in non-diabetics [17]

Is there a benefit from surgery in prevention? It sounds
attractive to hypothesise that treatment of pancreatitis by re-
ducing inflammation could delay oncogenesis! Indeed large
cohorts of operated patients of chronic pancreatitis have NOT
reported a higher postoperative incidence of cancer (apart
from those cancers wrongly diagnosed as benign), even from
groups reporting a high overall rate of malignancy. Whether
this is a reporting bias, can only be known by prospective
multi-center studies.
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