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ABSTRACT
Context Collision tumors are very rare entities composed of two or more distinct tumor components, each separated by
normal tissue. Perhaps due to technical advances in the last decade, the incidence of collision tumors has been on the rise. To
the best of our knowledge, collision tumors featuring mantle cell lymphoma and pancreatic adenocarcinoma have not been
previously described in the scientific literature. Case report For the first time, we describe herein the clinical course of a
collision tumor between pancreatic adenocarcinoma and mantle cell lymphoma. Discussion We hypothesize several aspects
in the pathogenesis of a such event and review the existing literature on collision tumors.

INTRODUCTION
Collision tumors are composed of two distinct
tumor components, each separated by normal
tissue. Collision tumors featuring mantle cell
lymphoma and pancreatic adenocarcinoma have not
been previously described in the scientific
literature. To our knowledge, this is the first such
case. Herein, we describe a unique patient with a
collision tumor between mantle cell lymphoma and
pancreatic adenocarcinoma.
CASE REPORT
A 65-year-old Caucasian male presented in
October 2011 to the primary care office
complaining with fevers, chills and night sweats for
the previous six months. In addition, the patient
reported a twelve-pound weight loss during this
period of time and painless cervical nodes noticed
three weeks prior to the current presentation. Past
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medical history was significant for hypertension,
bronchial asthma, osteoarthritis and bilateral
cataracts. He was an ex-smoker with a five packyear history. Family history was significant for
breast cancer and throat cancer, respectively, in two
of his aunts. Physical examination revealed bilateral
cervical, supraclavicular and axillary lymphadenopathy, the largest measuring 4x2 cm. Moreover, he
had a somewhat distended abdomen with massive
splenomegaly, measuring approximately 25 cm in
the largest diameter. No hepatomegaly was
appreciated. The rest of the physical examination
was normal. A complete blood count revealed a
moderate anemia and thrombocytopenia, with a
hemoglobin of 12.4 g/dL (reference range: 13.016.0 g/dL) and a platelet count of 93,000/mm3
(reference
range:
150,000-450,000/mm3),
respectively. The white blood cell count was
normal. Positron emission and computer
tomography (PET/CT) scan revealed important FDG
activity in the enlarged spleen, along with extensive
abdominal, pelvic, retroperitoneal and axillary
lymphadenopathy sites (Figure 1). Of note, no
pathologic uptake was appreciated in the liver.
Subsequently, the patient underwent a bone
marrow aspirate and biopsy, which revealed an
extended population of kappa monotypic B-cells coexpressing CD5 antigen. These cells were negative
for CD10, CD23, FMC7 and CD11c, CD11b and CD25.
Flow cytometry demonstrated neoplastic B-
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Figure 1. Pre-treatment PET/CT scan showing extensive FDGavid tumor featuring mantle cell lymphoma with diffuse nodal
involvement and massive splenomegaly.

lymphocytes expressing CD19 and CD20 antigens,
with a co-expression of aberrant CD5. Fluorescence
in situ hybridization (FISH) studies revealed
t(11;14)
translocation.
Immunohistochemical
studies indicated the presence of neoplastic CD20+
B-cells with expression of BCL-2, CD5 and cyclin D1.
These studies were consistent with a kapparestricted mantle cell lymphoma. Given the patient’s
symptoms and disseminated involvement of
extralymphatic organs, he was diagnosed with AnnArbour stage IVB mantle cell lymphoma. He was
started on a therapy with rituximab, cyclophosphamide, hydroxydaunorubicin, vincristine
and prednisone (R-CHOP). The mantle cell
lymphoma was re-staged with PET/CT scans after
every 3 cycles of chemotherapy with R-CHOP. The
patient responded favorably to treatment, with
clinical improvement as well as decreasing
organomegaly on subsequent imaging with PET/CT.
Following the completion of the eighth cycle of RCHOP, a referral in view of an autologous stem cell
transplant was planned.

pancreas measuring 2.0x2.5 cm (Figure 2). Several
small (5 mm) hypodense lesions were noted in the
liver. These findings were not present on the
PET/CT done after the sixth cycle of chemotherapy.
To evaluate the focal area of persistent uptake in
the pancreatic tail, a CT scan was done in June 2012.
It confirmed the mass in the tail of the pancreas,
highly suspicious for malignancy (Figure 3). His
anemia and thrombocytopenia remained stable. The
white blood cell count was within normal range, but
showed persistently decreased absolute lymphocyte
count. Serum IgG and IgM immunoglobulin levels
were decreased to 642 mg/dL (reference range:
782-1,195 mg/dL) and 31 mg/dL (reference range:
53-334 mg/dL), respectively. Serum IgA was
normal. CA 19-9 level was elevated at of 1,177
U/mL (reference range: 0-30 U/mL). Biopsy of the
pancreatic mass revealed poorly differentiated
adenocarcinoma (Figure 4). Immunohistochemical
stains of the biopsy specimen revealed positive
pankeratin, CK7, CA 19-9, BerEP4, CEA and p63
markers, suggesting primary adenocarcinoma of the
pancreas. The patient was considered for possible
distal pancreatectomy. However, a preoperative
laparoscopic exam showed multiple liver and
peritoneal tumor implants, with a biopsy showing
pancreatic adenocarcinoma (Figure 4). In addition,
the liver biopsy revealed an adjacent atypical
lymphoid infiltrate consistent with the patient’s
previous mantle cell lymphoma, staining positive
for CD20, CD5, BCL-2 and cyclin D1 (Figure 4). The
close proximity of the metastatic pancreatic cancer
lesions and the mantle cell lymphoma infiltrate was
consistent with collision tumors in the hepatic
parenchyma (Figure 4).

On follow-up in May 2012, the patient reported
feeling generally well, except for a new onset of
abdominal discomfort, occurring 30 minutes after
eating, lasting for 30-60 minutes and associated
with diarrhea. He did not complain of other new
symptoms. A PET/CT after eight cycles of
chemotherapy indicated a near-complete disappearance of the disease at the level of spleen and
lymph nodes, but a new mass at the tail of the

Figure 2. Post-treatment PET/CT scan documenting a response
at essentially all the sites previously involved with lymphoma,
but demonstrating a focal persistent uptake in the pancreatic tail.

Figure 3. The coronal (a.) and axial (b.) CT scan views
demonstrating a mass in the tail of the pancreas (arrow)
characteristic of a pancreatic adenocarcinoma.
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The patient was started on a FOLFIRINOX
(fluorouracil, irinotecan, oxaliplatin) regimen.
Rituximab was continued at the dose of 375 mg/m2
every eight weeks as maintenance therapy for the
lymphoma. He completed twenty cycles of
FOLFIRINOX, with a near-complete normalization of
serum CA 19-9 and disappearance of the pancreatic
and liver masses on PET/CT scan. Remarkably, he
remains symptom-free and with a minimal amount
of intra-abdominal disease twelve months after the
diagnosis of metastatic pancreatic adenocarcinoma.
DISCUSSION
Pancreatic adenocarcinoma is an aggressive
solid malignancy arising in the exocrine pancreas
and representing the fourth leading cause of death
from cancer in the United States. Mantle cell
lymphoma is a subtype of non-Hodgkin’s lymphoma
characterized by monoclonal CD5-positive mature
B-cells. Overexpression of cylcin-D1 is thought to
play a crucial role in the mantle cell lymphoma
pathogenesis. Mantle cell lymphoma is generally
characterized by an aggressive behavior and a
suboptimal response to conventional chemotherapy. Overexpression of cyclin D1 brought about
by t(11;14)(q13;q32) translocation is regarded as
the inciting event in the pathogenesis of mantle cell
lymphoma. However, there are other secondary
chromosomal and molecular alterations that target
regulatory elements of the cell cycle (BMI1/INK4/
ARF/CDK4/RB1), DNA damage response pathways
(ATM/CHK2/p53), and cell survival signals
associated with this disease entity [1].
Cyclin D1, the regulatory partner of the G1
cyclin-dependent kinases, plays a major role in cell
cycle progression through the first gap phase (G1),
thereby leading to cell proliferation [2]. The
translocation t(11;14)(q13;q32) activates its
encoding gene CCND1 generating two mRNAs, cyclin
D1a and cyclin D1b, each one having a distinct Cterminus. Of these two, cyclin D1b is regarded as a
nuclear oncogene [3]. While the overexpression of
cyclin D1 is associated with mantle cell lymphoma,
it has been reported to play a role in other
malignancies, such as esophageal cancer, breast
cancer and hepatocellular carcinoma. Moreover,
amplification of the cyclin D1 gene and
overexpression of the gene product has been
demonstrated in pancreatic adenocarcinoma [2, 4].
Our case is unique in that it illustrates, for the first
time, the collision of a mantle cell lymphoma and a
primary pancreatic adenocarcinoma. Certainly,
Figure 4. Pathology microphotographs of the liver core biopsy. a. Liver biopsy specimen showing a diffuse monomorphic infiltrate of smallto-medium sized lymphocytes and adjacent metastatic poorly differentiated pancreatic adenocarcinoma (H&E, 4x magnification). b. Mantle
cell lymphoma showing positive staining for cyclin D1 immunohistochemical stain (H&E, 4x magnification). c. Liver biopsy showing a diffuse
monomorphic infiltrate of small-to-medium sized lymphocytes and adjacent metastatic poorly differentiated pancreatic adenocarcinoma
(H&E, 20x magnification). d. Liver biopsy showing a diffuse monomorphic infiltrate of small-to-medium sized lymphocytes and adjacent
metastatic poorly differentiated pancreatic adenocarcinoma (H&E, 40x magnification).
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given the role of cyclin D1 in the pathogenesis of
both malignancies, this protein might have
implications for the collision of the two cancers in
the hepatic parenchima in our patient.
Collision tumors are rare entities consisting of
two distinct neoplasms occurring in the close
proximity of each other in the same organ or
anatomic location. Due to advancement of medical
science, the incidence of collision tumors has been
rising. Collision tumors have been reported in
patients with colorectal cancer, non-small cell lung
cancer, gastric cancer and breast cancer [5, 6, 7, 8,
9]. Within the gastrointestinal tract, collision
tumors are known to occur with the cancers of
esophagus and stomach [10, 11, 12]. However,
collision tumors of the pancreas are extremely rare.
A case series by Niu et al. [13] described ten
pancreatic and periampullary collision tumors,
where intraductal papillary mucinous neoplasms
(IPMNs) with other concurrent neoplasms were the
most common type of a collision tumor.
Interestingly, their case series describes collision
tumors between two solid tumors, with no cases
involving co-existence of a pancreatic neoplasm and
a hematologic malignancy. Of note, collision tumors
between adenocarcinoma and lymphoma, although
rare, have been reported with colorectal carcinomas
[14]. Moreover, two cases of collision tumors
involving mantle cell lymphoma and colorectal
adenocarcinoma have been reported [15, 16].
Cornes et al. [14] suggested that coexisting
adenocarcinomas occur either synchronously or
after, but never precede the lymphoma occurrence.
Our case is similar in that the mantle cell lymphoma
preceded the development of a pancreatic
adenocarcinoma. One would argue that the patient
had disseminated lymphoma before therapy with RCHOP, therefore, its presence at the level of liver
comes with no surprise. Nonetheless, no disease
was identified at the level of liver pre-mantle cell
lymphoma therapy. Subsequent re-staging PET/CT
scans after 3 and 6 cycles of R-CHOP showed a
response of mantle cell lymphoma to this
chemotherapy and no evidence of a pancreatic
mass. The pancreatic mass was first identified after
8 cycles of chemotherapy, therefore, we believe that
it developed in the previous 6 weeks or so. We also
have reasons to believe that the pancreatic cancer
was very aggressive and progressed rapidly, as
evidenced by its poorly differentiated histology. In
addition, the liver lesions were two small to be
characterized by the PET/CT; they were identified
as suspicious and biopsied only at laparoscopy. As a
result, the metastatic pancreatic cancer lesions and
adjacent mantle cell lymphoma lesions are
consistent with collision tumors.
The pathogenesis of collision tumors remains
obscure with no solid evidence towards one specific

mechanism. Previous case reports and studies
suggest that the exquisite rarity of collision tumors
could be due to chance rather than any specific
mechanism. However, Hopster et al. [17] postulated
that lymphoma may predispose patients to the
development of adenocarcinoma due to decreased
immunological surveillance. Certainly, the fact that
the mantle cell lymphoma in our patient precedes
the appearance of the adenocarcinoma supports
this hypothesis. The pancreatic adenocarcinoma in
the context of a treated mantle cell lymphoma in our
patient may also be a consequence of underlying
immunosuppression due to both lymphoma and its
therapy. However, altered immune surveillance
leading to second malignancy so early (within
months) is not readily supported with available
literature.
Nonetheless,
reduced
immune
surveillance featuring lymphopenia and hypogammaglobulinemia is a known side effect of RCHOP chemotherapy [18]. In our patient, secondary
hypogammaglobulinemia was demonstrated by
absolute lymphopenia, along with low IgM and IgG
levels obtained after the eighth cycle of R-CHOP.
While there is no clear-cut relationship between
secondary hypogammaglobulinemia and the
development of adenocarcinoma, patients with
primary agammaglobulinemia have a 30-fold
increased risk of developing colorectal cancer [19].
In addition, amplification of cyclin D1 gene is
known to be present in pancreatic adenocarcinoma
and is associated with poor prognosis [20]. Perhaps,
development of a second tumor is a multistep
process, with a mutation of cyclin-D1 gene being the
initial step. Reduced immune surveillance with a
decreased immune response due to secondary
hypogammaglobulinemia, could have further
promoted the uncontrolled growth of the pancreatic
cancer cells.
Due to the rarity of collision tumors, there are no
specific guidelines in regards to their treatment. In
the present case, the initial treatment was directed
at mantle cell lymphoma with R-CHOP and the
patient demonstrated an excellent response to this
therapy. However, development of a pancreatic
adenocarcinoma with intra-abdominal metastases
complicated the clinical picture. Consequently, the
patient was started on FOLFIRINOX for metastatic
pancreatic cancer. At the same time, there was
histopathological evidence of lymphoma and, as
such, the patient was continued on maintenance
rituximab therapy. In addition, oxaliplatin is also
known to have anti-lymphoma activity. The
sustained response of both collision tumors to these
therapies is remarkable in our patient, who remains
in a near-complete response one year after the
diagnosis of pancreatic cancer.
Information on the outcomes of the previous
case reports is also limited, likely due to the rarity
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of collision tumors. Furthermore, there are no other
reports in the literature describing a collision
between mantle cell lymphoma and pancreatic
adenocarcinoma. This case describes an extremely
rare occurrence, providing a full clinical course after
the diagnosis and the base for a potential treatment
regimen. While previous reports suggest that
development of collision tumors is a serendipitous
event, we hypothesize a plausible sequence in their
pathogenesis. Of course, further research is
required to elucidate both genetic and molecular
events preceding the occurrence of these cancers, as
well as to configure an optimal approach to their
diagnosis and therapy. Hopefully, light will also be
shed on effective surveillance in patients on
chemotherapy in order to identify and treat early
the second malignancies.
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