World Journa

World | Clin Oncol 2021 September 24; 12(9): 7

Baishideng Publishing Group Inc



g ﬁ World Journal of
Clinical Oncology

Contents Monthly Volume 12 Number 9 September 24, 2021
REVIEW
712 Embracing cancer immunotherapy with vital micronutrients

Yuen RCF, Tsao SY

725 Metastatic disease to the liver: Locoregional therapy strategies and outcomes

Zane KE, Cloyd JM, Mumtaz KS, Wadhwa V, Makary MS

746 Hematopoietic stem cell mobilization strategies to support high-dose chemotherapy: A focus on
relapsed/refractory germ cell tumors

Porfyriou E, Letsa S, Kosmas C

767 Re-irradiation for high-grade gliomas: Has anything changed?

Garcia-Cabezas S, Rivin del Campo E, Solivera-Vela J, Palacios-Eito A

MINIREVIEWS
787 Real-world evidence on first- and second-line palliative chemotherapy in advanced pancreatic cancer

Blomstrand H, Batra A, Cheung WY, Elander NO

ORIGINAL ARTICLE

Retrospective Cohort Study

800 Long-term results of the treatment of Hodgkin’s lymphoma in a resource-constrained setting: Real-world
data from a single center

Sanchez-Valledor LF, Habermann TM, Murrieta-Alvarez I, Cérdova-Ramirez AC, Rivera-Alvarez M, Leén-Pefia A,
Cantero-Fortiz Y, Olivares-Gazca JC, Ruiz-Delgado GJ, Ruiz-Argiielles GJ

Retrospective Study

808 Role of mammogram and ultrasound imaging in predicting breast cancer subtypes in screening and
symptomatic patients

lan TWM, Tan EY, Chotai N

823 Features of primary pancreatic lymphoma: A bi-institutional review with an emphasis on typical and
atypical imaging features

Segaran N, Sandrasegaran K, Devine C, Wang MX, Shah C, Ganeshan D

WJCO | https://www.wjgnet.com I September 24,2021 | Volume12 | Issue9 |

Jaishideng®



World Journal of Clinical Oncology

Contents

Monthly Volume 12 Number 9 September 24, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Oncology, Dhakshina Ganeshan, MD, Associate Professor,
Department of Abdominal Imaging, Division of Diagnostic Imaging, The University of Texas MD Anderson Cancer
Center, 1515 Holcombe Blvd, Houston, TX 77030, United States. dganeshan@mdanderson.org

AIMS AND SCOPE

The primary aim of World Journal of Clinical Oncology (WJCO, World ] Clin Oncol) is to provide scholars and readers
from various fields of oncology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJCO mainly publishes articles reporting research results and findings obtained in the field of oncology and
covering a wide range of topics including art of oncology, biology of neoplasia, breast cancer, cancer prevention
and control, cancer-related complications, diagnosis in oncology, gastrointestinal cancer, genetic testing for cancer,
gynecologic cancer, head and neck cancer, hematologic malignancy, lung cancer, melanoma, molecular oncology,
neurooncology, palliative and supportive care, pediatric oncology, surgical oncology, translational oncology, and
urologic oncology.

INDEXING/ABSTRACTING

The WJCO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), China National Knowledge Infrastructure (CNKI), China Science and Technology Journal Database
(CST]), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020 Journal
Citation Indicator (JCI) for WJCO as 0.48.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Y7 Yuan; Production Department Director: Yu-Jie Ma; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Oncology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2218-4333 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
November 10, 2010 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Hiten RH Patel, Stephen Safe https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/2218-4333 /editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
September 24, 2021 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJCO | https://www.wjgnet.com I September 24,2021 | Volume12 | Issue9


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2218-4333/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

700

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5306/wjco.v12.i9.823

World Journal of
Clinical Oncology

World | Clin Oncol 2021 September 24; 12(9): 823-832

ISSN 2218-4333 (online)

Retrospective Study

ORIGINAL ARTICLE

Features of primary pancreatic lymphoma: A bi-institutional review
with an emphasis on typical and atypical imaging features

Nicole Segaran, Kumaresan Sandrasegaran, Catherine Devine, Mindy X Wang, Chintan Shah,

Dhakshinamoorthy Ganeshan

ORCID number: Nicole Segaran
0000-0002-6787-3004; Kumaresan
Sandrasegaran 0000-0002-0325-2372;
Catherine Devine 0000-0003-0353-
2574; Mindy X Wang 0000-0002-
3457-9327; Chintan Shah 0000-0002-
7249-5722; Dhakshinamoorthy
Ganeshan 0000-0001-5027-3347.

Author contributions: Segaran N
performed data analysis, and
wrote the manuscript;
Sandrasegaran K, and Ganeshan D
designed the research, performed
data collection and edited the
manuscript; Shah C, and Devine C
performed data collection and
edited the manuscript; Wang MX
contributed to study design and
edited the manuscript.

Institutional review board
statement: The study was
reviewed and approved separately
by the Institutional Review Boards
of University of Texas MD
Anderson Cancer and Mayo Clinic
of Arizona.

Informed consent statement: As
this is a retrospective review that
involves no diagnostic or
therapeutic intervention, as well as
no direct patient contact, IRB
permission was obtained with
waiver of informed consent and
waiver of authorization to use and

Jaishideng®

WJCO | https://www.wjgnet.com

Nicole Segaran, Kumaresan Sandrasegaran, Department of Radiology, Mayo Clinic Arizona,
Phoenix, AZ 85054, United States

Catherine Devine, Mindy X Wang, Chintan Shah, Dhakshinamoorthy Ganeshan, Department of
Diagnostic Imaging, University of Texas MD Anderson Cancer Center, Houston, TX 77030,
United States

Corresponding author: Dhakshinamoorthy Ganeshan, MD, Associate Professor, Department of
Diagnostic Imaging, University of Texas MD Anderson Cancer Center, 1515 Holcombe Blvd.,
Houston, TX 77030, United States. dganeshan@mdanderson.org

Abstract

BACKGROUND

Primary pancreatic ymphoma (PPL) is a rare neoplasm. Being able to distinguish
it from other pancreatic malignancies such as pancreatic ductal adenocarcinoma
(PDAC) is important for appropriate management. Unlike PDAC, PPL is highly
sensitive to chemotherapy and usually does not require surgery. Therefore, being
able to identify PPL preoperatively will not only direct physicians towards the
correct avenue of treatment, it will also avoid unnecessary surgical intervention.

AIM
To evaluate the typical and atypical multi-phasic computed tomography (CT)
imaging features of PPL.

METHODS

A retrospective review was conducted of the clinical, radiological, and patho-
logical records of all subjects with pathologically proven PPL who presented to
our institutions between January 2000 and December 2020. Institutional review
board approval was obtained for this investigation. The collected data were
analyzed for subject demographics, clinical presentation, laboratory values, CT
imaging features, and the treatment received. Presence of all CT imaging findings
including size, site, morphology and imaging characteristics of PPL such as the
presence or absence of nodal, vascular and ductal involvement in these subjects
were recorded. Only those subjects who had a pre-treatment multiphasic CT of
the abdomen were included in the study.

RESULTS
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Twenty-nine cases of PPL were diagnosed between January 2000 and December
2020 (mean age 66 years; 13 males/16 females). All twenty-nine subjects were
symptomatic but only 4 of the 29 subjects (14%) had B symptoms. Obstructive
jaundice occurred in 24% of subjects. Elevated lactate dehydrogenase was seen in
81% of cases, whereas elevated cancer antigen 19-9 levels were present in only
10% of cases for which levels were recorded. The vast majority (90%) of tumors
involved the pancreatic head and uncinate process. Mean tumor size was 7.8 cm
(range, 4.0-13.8 cm). PPL presented homogenous hypoenhancement on CT in 72%
of cases. Small volume peripancreatic lymphadenopathy was seen in 28% of
subjects. Tumors demonstrated encasement of superior mesenteric vessels in 69%
of cases but vascular stenosis or occlusion only manifested in 5 out of the twenty-
nine individuals (17%). Mild pancreatic duct dilatation was also infrequent and
seen in only 17% of cases, whereas common bile duct (CBD) dilation was seen in
41% of subjects. Necrosis occurred in 10% of cases. Size did not impact the pre-
valence of pancreatic and CBD dilation, necrosis, or mesenteric root infiltration (P
=0.525, P = 0.294, P = 0.543, and P = 0.097, respectively). Pancreatic atrophy was
not present in any of the subjects.

CONCLUSION

PPL is an uncommon diagnosis best made preoperatively to avoid unnecessary
surgery and ensure adequate treatment. In addition to the typical CT findings of
PPL, such as homogeneous hypoenhancement, absence of vascular stenosis and
occlusion despite encasement, and peripancreatic lymphadenopathy, this study
highlighted many less typical findings, including small volume necrosis and
pancreatic and bile duct dilation.

Key Words: Pancreatic tumors; Primary pancreatic lymphoma; Pancreatic ductal adeno-
carcinoma; Imaging features; Diagnosis; Computed tomography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Primary pancreatic lymphoma (PPL) is often misdiagnosed as pancreatic
adenocarcinoma. This two-center retrospective study of twenty-nine cases emphasized
computed tomography (CT) imaging features useful for distinguishing PPL from its
mimics. Distinct CT features of PPL, including a large homogenous hypovascular
mass, absence of ductal dilation or atrophy, encasement of mesenteric vessels without
invasion, and the presence of small volume peripancreatic adenopathy, should alert the
clinicians to the potential diagnosis of this rare neoplasm. This study also demonstrated
atypical findings such as necrosis and mild pancreatic or biliary ductal dilation should
not rule out the diagnosis of PPL.

Citation: Segaran N, Sandrasegaran K, Devine C, Wang MX, Shah C, Ganeshan D. Features of
primary pancreatic lymphoma: A bi-institutional review with an emphasis on typical and
atypical imaging features. World J Clin Oncol 2021; 12(9): 823-832

URL: https://www.wjgnet.com/2218-4333/full/v12/i9/823.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.19.823

INTRODUCTION

Primary pancreatic lymphoma (PPL) is an extremely rare malignancy, constituting less
than 0.5% of pancreatic neoplasms and approximately 1% of all extranodal lym-
phomas[1-3]. The World Health Organization outlines PPL as a mass predominantly
located in the pancreas with surrounding lymphatic node involvement[4]. In addition
to these guidelines, Berhns’ diagnostic criteria require (1) Normal white blood cell
count; and (2) Nodal compromise defined within the peripancreatic region, without
the presence of palpable superficial lymphadenopathy, mediastinal nodal enlarge-
ment, or hepatic and splenic involvement[5]. The clinical presentation of PPL often
includes abdominal pain, weight loss, nausea and vomiting, and occasionally ob-
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structive jaundice[4]. However, these nonspecific characteristics make it difficult to
differentiate PPL from other pancreatic cancers, most notably the more common
pancreatic ductal adenocarcinoma (PDAC)[2]. Furthermore, a paucity of information
regarding PPL’s distinctive radiologic findings makes diagnosis with imaging alone
challenging[3].

Identifying unique preoperative characteristics of PPL so physicians may discri-
minate between PPL and PDAC early-on is crucial given their mutually exclusive
prognoses and managements; while PDAC typically requires surgical intervention, the
preferential treatment of PPL is chemotherapy with extensive follow-up due to this
disease’s high recurrence rate[3,4]. Therefore, this study aims to evaluate the common
and uncommon computed tomography (CT) imaging appearances of PPL, as well as
other diagnostic features that may enable definitive diagnosis.

MATERIALS AND METHODS
Study design

For this retrospective Health Insurance Portability and Accountability Act-compliant
study, clinical, radiology, and pathology databases at the University of Texas MD
Anderson Cancer Center, Houston, TX and Mayo Clinic, Phoenix, AZ were reviewed.
This review searched the period between January 2000 and December 2020 for reports
containing the strings “pancreas lymphoma” or “pancreatic lymphoma”. Institutional
review board permission was obtained for retrospective assessment of imaging,
clinical, and pathologic data with waiver of informed consent from both the insti-
tutions involved in this study. The exclusion criteria were: (1) Lymphoma with me-
diastinal or pelvic adenopathy, bone marrow or hepatosplenic involvement which
were considered to be systemic lymphoma and not PPL; (2) Pancreatic tumors sus-
pected to be lymphoma on CT and later biopsy-proven to be another diagnosis on
histological examination; (3) Subjects without a pretreatment multiphasic CT exami-
nation; and (4) Subjects whose medical records were not available of review.

The derivation of a cohort of 29 subjects is shown in Figure 1. All subjects had
biopsy-proven PPL with a mass involving the pancreas. There were 13 males and 16
females with a mean age of 66 years (range, 55-88 years).

Imaging studies

Multislice CT scans of the abdomen were obtained in the pre-contrast, arterial, venous,
and delayed phases. CT findings such as the size, site, morphology and imaging
characteristics of PPL including the presence/absence of nodal, vascular and ductal
involvement in these subjects were recorded by two reviewers (DG, KS) with 12 and 18
years of post-fellowship experience in Abdominal Imaging.

Statistical analysis

Descriptive statistics were compiled. Differences in sizes of tumors showing atypical
findings (i.e., pancreatic and bile duct dilation, mesenteric root infiltration, and tumor
necrosis) and those without these findings was performed using the Mann-Whitney
test. Frequency of these findings in tumors larger than 10 cm and less than 10 cm was
performed with the Chi-Square test. MedCalc 19.3 (MedCalc Software Ltd, Ostend,
Belgium) was used for statistical analysis.

RESULTS

Clinical presentation and management
The clinical presentation of the 29 biopsy-confirmed PPL cases used for imaging and
clinical feature evaluation are summarized in Table 1. The most common presenting
finding were vague abdominal pain (83%) and nausea and vomiting (31%). Weight
loss was present in 21% of cases. Classic “B” symptom (i.e. fever, chills, night sweats,
weight loss) were only seen in 14% of subjects. Similarly, 14% of cases demonstrated a
palpable abdominal mass. Obstructive jaundice appeared in seven out of the twenty-
nine subjects (24%).

All twenty-nine subjects underwent chemotherapy; the most common treatment
was R-CHOP (given in 72% of cases). R-CVP was administered to 2 subjects (7%). In
addition, 5 subjects (17%) underwent radiation therapy.
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Table 1 Clinical presentation of primary pancreatic lymphoma

Characteristics n (%)
Abdominal pain 24 (83)
Nausea and vomiting 9 (31)
Weight loss 6(21)
Classic “B” symptoms 4 (14)
Palpable mass 4 (14)
Obstructive jaundice 7 (24)

Inclusion criterion

Adults with pathology or
radiology database reports with
strings “pancreas lymphoma"”
or “pancreatic lymphoma”

Patients found on database searches:

January 2000 — December 2020
n=127

Diffuse lymphoma and not
PPL: n =44
Histology of pancreatic lesions

Exclusion criteria

Imaging or clinical findings
of diffuse lymphoma

Pancreas tumor seen on CT
proven to be non-
lymphomatous

Lack of pretreatment
contrast-enhanced CT

Insufficient clinical
information for review

Diagnosis of primary pancreatic

was adenocarcinoma,
neuroendocrine carcinoma or
other non-lymphomatous
histology: n = 37

lymphoma

n=46
Multiphasic abdominal CT prior to
treatment available for review

No pretreatment CT n = 11
No 1V contrast-enhanced CT:
n=4

n=31

Inadequate clinical

Adequate clinical information in
databases
n=29

information: n= 2

Figure 1 Inclusion and exclusion criteria of primary pancreatic lymphoma cohort. This figure gives the derivation of our cohort of 29 subjects for this
study. CT: Computed tomography; PPL: Primary pancreatic lymphoma.
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Laboratory findings

Lactate dehydrogenase (LDH) levels were elevated in 17 of the 21 cases for which LDH
levels were recorded (81%). Elevated amylase was seen in four out of 11 subjects with
recorded values (36%), all of whom presented with bile duct dilation (1 = 3) or con-
comitant acute pancreatitis (n = 1). Cancer antigen 19-9 (CA 19-9) levels were within
normal limits for 18 out of the 20 cases (90%). In the remaining two subjects biliary
obstruction was present.

Imaging features

The prevalence of imaging findings are given in Table 2. The majority of tumors
involved to the head and uncinate process (90%). Only four tumors (14%) occurred in
the tail. Mean tumor size was 7.8 cm (range, 4.0-13.8 cm). Typical manifestation
included a large (> 5 cm) infiltrative (52%) or focal, well-defined (48%) pancreatic
mass, with homogenous hypoenhancement on post-contrast CT (72%) (Figure 2). In
41% of cases there was extension to the duodenum. Mass effect on the adjacent
superior mesenteric vessels was seen in sixteen out of the twenty-nine subjects (55%).
In addition, the majority of cases (69%) demonstrated encasement of superior me-
senteric artery (SMA), superior mesenteric vein (SMV), or both; however, only five
subjects (17%) had vascular stenosis or occlusion (Figure 3). In one subject there was
active bleeding into the tumor by erosion of a mesenteric artery branch leading to
intratumoral hematoma (Figure 4).

Furthermore, pancreatic ductal dilation was absent in 83% of cases; the remaining
five subjects demonstrated mild dilation with duct caliber of less than 5 mm (Figures 3
and 5). There was no difference in size of those without and with pancreatic duct
dilation (median sizes of 6.9 vs 6.8 cm, P = 0.525) or in the frequency of pancreatic duct
dilation between tumors greater than 10 cm and less than 10 cm (P = 0.366). Common
bile duct (CBD) dilation was seen in 41% of cases (Figure 3). Tumor size did not differ
between those without and with CBD dilation (median sizes of 5.4 vs 7.1 cm, P =
0.294). There was no difference in frequency of CBD dilation between tumors greater

September 24,2021 | Volume12 | Issue9 |
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Table 2 Imaging features of primary pancreatic lymphoma

Characteristics n (%)
Location

Head 23 (80)
Body 3(10)
Tail 4 (14)
Uncinate process 16 (55)
Mean size (cm) 7.8
Infiltrative mass 15 (52)
Focal mass 14 (48)
Homogeneous hypoenhancement 21 (72)
Tumor necrosis 3 (10)
Extension to nuodenum 12 (41)
Mass effect on SMV 16 (55)
Encasement of SMA /SMV 20 (69)
Vascular stenosis/occlusion 5(17)
Pancreatic ductal dilation 5(17)
Common bile duct dilation 12 (41)
Pancreatic atrophy 0(0)
Infiltration of mesenteric root 4 (14)
Peripancreatic lymphadenopathy 8 (28)

SMV: Superior mesenteric vein; SMA: Superior mesenteric artery.

Figure 2 A 58-year-old male with abdominal pain. A: Axial computed tomography images demonstrate a large, relatively well-defined focal mass (arrow)
involving the uncinate process of the pancreas; B: Axial computed tomography images. The tumor shows homogenous hypoenhancement, without evidence of any
necrosis or calcification. The rest of the pancreas is preserved, and there is no pancreatic ductal dilation. Biopsy confirmed diagnosis of primary pancreatic
lymphoma.

than 10 cm and less than 10 cm (P = 0.823)

No cases presented signs of pancreatic atrophy. Peripancreatic lymphadenopathy
manifested in eight subjects (28%), five of which included involvement below the renal
vein. These nodes all had a short-axis dimension of less than 1.5 cm. Mesenteric root
infiltration was seen in 14% of cases (Figures 3 and 5). There was no significant
difference in tumor size of those without and with mesenteric root infiltration (median
sizes of 6.8 vs 12.8 cm, P = 0.097), although there was an overall trend for larger tumors
to infiltrate the mesentery.
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Figure 3 A 72-year-old male presenting with abdominal pain and jaundice. Coronal computed tomography imaging shows hypoenhancing
homogenous infiltrative mass (thick arrows, A) infiltrating the mesenteric root. A: There is pancreatic duct dilation (short thin arrow) and common bile duct obstruction
(arrowhead); B: There is stenosis of the superior mesenteric vein (long thin arrow) caused by the tumor.

Figure 4 A 74-year-old female presenting with abdominal pain and nausea. Axial computed tomography shows mass (thick arrow) encircling an
aneurysmal vessel (thin arrow) which is bleeding into the mass, causing hematoma (arrowhead). The tumor was biopsy-proven to be primary pancreatic lymphoma.

Figure 5 A 62-year-old male presenting with abdominal pain. Coronal computed tomography images show low-density necrosis (thin short arrow) within
tumor (thin long arrow), which infiltrates the mesenteric root without occlusion of mesenteric vessels. There is a collection extending from the third part of the
duodenum into tumor (thick arrow) suggesting fistula from probable erosion of duodenal wall. Mild pancreatic duct dilation is seen (arrowhead).

Small foci of low density within tumor less than 10% of volume, and likely to be
necrosis, was seen in three cases (10%). These subjects either had acute pancreatitis (1
= 2) or a duodenal fistula (1 = 1) (Figure 5). There was no significant difference in size
of those without and with necrosis (median sizes of 7.0 vs 6.2 cm, P = 0.543) or in
frequency of necrosis between tumors greater than 10 cm and less than 10 cm (P =
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0.950).

DISCUSSION

In agreement with prior literature, subjects in this study presented with nonspecific
abdominal symptoms including vague epigastric pain, nausea and vomiting, weight
loss, obstructive jaundice, and a palpable mass, making PPL difficult to distinguish
from other pancreatic pathologies based on clinical presentation alone[4,6]. Out of
these presentations, the most prevalent in PPL are abdominal pain, nausea and
vomiting, and weight loss. The decreased prevalence of obstructive jaundice among
PPL cases in comparison to individuals with PDAC could aid differentiating between
the two; nevertheless, obstructive jaundice is still a relatively common potential
presentation of PPL[7-10]. Classic “B” symptoms such as fever, chills, night sweats,
and weight loss associated with systemic non-Hodgkin lymphoma are rare in PPL,
and only occurred in 4 cases from this study[4].

Laboratory values may play a more decisive role in the diagnosis of the PPL.
Elevated tumor marker CA 19-9 has been reported in 80% of PDAC cases but is a rare
finding of PPL[4]. In this study, CA 19-9 was within normal limits for the vast majority
of subjects. PPL cases with biliary dilation may be associated with mild elevation of
CA 19-9[11]. In keeping with this study, elevated amylase has been observed in PPL by
other studies and numerous case reports, often due to associated acute pancreatitis or
biliary obstruction[8-10,12,13]. Other useful biomarkers include LDH which is often
elevated in non-Hodgkin lymphomas, including PPL, but is less likely to be elevated
in other pancreatic neoplasms such as PDAC[10,11].

Despite the potential use of laboratory values to suggest PPL over its mimics, the
overall nonspecificity of clinical and laboratory features of PPL emphasizes the
importance of imaging. CT is the most common imaging study performed for diag-
nosis and characterization of pancreatic masses[9]. PPL typically manifests as a
diffusely infiltrative or focal, well-defined mass with homogenous hypoenhancement
on post-contrast CT (Figure 2)[14,15]. In particular, the mass-like appearance can often
be mistaken for PDAC. However, one CT feature that suggests PPL over PDAC is
encasement of the SMA and/or SMV without narrowing or occlusion; conversely,
locally advanced PDAC invades or stenoses these vessels[4,0]. In this study, 69% of
cases demonstrated encasement of the SMA, SMV or both, but significantly less had
vascular invasion or occlusion.

Lymphadenopathy localized to the peripancreatic region also suggests PPL[16]. In
particular, the presence of lymphadenopathy below the level of renal hilum may be
useful in excluding the diagnosis of PDAC[9,17,18]. The majority of cases in this study
demonstrating lymphadenopathy presented nodal involvement below the renal hilum.
In addition, all nodal involvement in this study was less than 1.5 cm in short-axis
diameter, which may be useful for differentiating PPL from diffuse lymphoma secon-
darily involving the pancreas[19].

Perhaps the most important findings which indicate PPL rather than PDAC are the
absence of pancreatic ductal dilation and pancreatic atrophy; only 17% of subjects in
this study showed mild pancreatic ductal dilation (<5 mm) and no subjects presented
pancreatic atrophy (Figures 3 and 5)[14]. This is a useful differentiating feature as even
small pancreatic adenocarcinoma located in the head of pancreas tends to result in
moderate or severe upstream pancreatic ductal dilatation as well as pancreatic atrophy
[4,6,20]. Nevertheless, mild pancreatic duct dilation may still be seen in PPL and
should not be used to exclude this diagnosis.

In addition to cases of occasional mild pancreatic ductal dilation, this study has
demonstrated multiple atypical features of PPL that have not been widely reported.
Interestingly, CBD dilation was seen in a substantial proportion (41%) of subjects.
While not widely reported in studies on PPL, Boninsegna et al[21] found similar results
to this study, finding CBD dilation in six out of the fourteen subjects (43%) included in
their series.

Ten percent of cases in this cohort showed partial necrosis of the tumor. This finding
is contrary to the existing consensus that the presence of necrosis effectively excludes a
diagnosis of PPL[5,7,11,17]. While most PPL do not present necrosis, this study
demonstrates that complications such as concomitant acute pancreatitis or intrat-
umoral fluid collection from a duodenal fistula may lead to this atypical finding
(Figure 5).

To our knowledge, infiltration of the mesenteric root by PPL has not been reported
by previous studies. This finding was demonstrated in 14% of cases in this study
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(Figures 3 and 5). As expected, the mesenteric vessels were not thrombosed or
occluded; however, in one case stenosis of the SMV was seen (Figure 3). There was
active extravasation of blood into the tumor in one subject, likely as a result of tumor
erosion of the vessels wall (Figure 4).

There are limitations of this study, including its retrospective design. In addition,
PPL is a rare entity, and the combined databases of two major institutions only
revealed 29 cases of biopsy-proven PPL with pretreatment multiphase CT. Never-
theless, this study revealed useful data on the differentiating features of PPL, and less
typical findings which may occur.

CONCLUSION

PPL is a rare tumor, which may be misdiagnosed as PDAC, but differentiation
between the two entities is critical in order to avoid unnecessary surgery and asso-
ciated morbidity and mortality. CT imaging features, combined with clinical presen-
tation and laboratory work, can help improve the diagnosis of PPL. The presence of a
large relatively homogenous hypoenhancing mass involving the pancreatic head,
absence of pancreatic ductal dilatation or atrophy, lack of vascular stenosis or oc-
clusion despite encasement, and presence of small volume peripancreatic lymphade-
nopathy are helpful features for diagnosing PPL. However, unusual features such as
tumor necrosis and the presence of mild pancreatic or bile duct dilation should not
automatically exclude PPL as a potential diagnosis. It is important that clinicians are
aware of both typical and atypical findings in order to raise the possibility of PPL
without delay in diagnosis.

ARTICLE HIGHLIGHTS

Research background

Primary pancreatic lymphoma (PPL) is a rare neoplasm. The ability to differentiate
PPL from other pancreatic malignancies including pancreatic ductal adenocarcinoma
(PDAC) is important for appropriate management. However, the nonspecific charac-
teristics currently associated with PPL and a lack of information regarding PPL’s
distinctive imaging features makes diagnosis difficult.

Research motivation

Identifying typical and atypical features of PPL on computed tomography (CT), as
well as other diagnostic features that may differentiate PPL from its mimics, may
enable definitive diagnosis. The discovery of features which distinguish PPL from
PDAC early-on is critical to avoid unnecessary surgery.

Research objectives

This study aims to evaluate the typical and atypical CT imaging appearances of PPL.
In addition, it distinguishes various clinical and laboratory markers which may be
useful to identify PPL. An emphasis was placed on differentiating PPL from PDAC,
which can be difficult to do using the current characteristics associated with PPL.

Research methods

Radiology, clinical, and pathology databases from two institutions were searched for
reports between January 2000 and December 2020 containing the strings “pancreas
lymphoma” or “pancreatic lymphoma”. The exclusion criteria were: (1) Lymphoma
with mediastinal or pelvic adenopathy, bone marrow or hepatosplenic involvement
which were considered to be systemic lymphoma and not PPL; (2) Pancreatic tumors
suspected to be lymphoma on CT and later biopsy-proven to be another diagnosis on
histological examination; (3) Subjects without a pretreatment multiphasic CT exa-
mination; and (4) Subjects whose medical records were not available of review.
Multislice CT scans of the abdomen were viewed in the pre-contrast, arterial, venous,
and delayed phases. The clinical presentation, management, laboratory findings, and
imaging features of all included patients (n = 29) were evaluated.

Research results
All twenty-nine subjects were symptomatic, but only 14% demonstrated B symptoms
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and 24% demonstrated obstructive jaundice. Lactate dehydrogenase (LDH) levels
were elevated in 17 of the 21 cases for which LDH levels were recorded (81%),
however cancer antigen 19-9 (CA 19-9) levels were within normal limits for 18 out of
the 20 cases for which values were recorded (90%). Pancreatic ductal dilation was
absent in 83% of cases and no patients presented pancreatic atrophy. Atypical features
of PPL included pancreatic bile duct dilation (17%), common bile duct (CBD) dilation
(41%), necrosis (10%), and infiltration of the mesenteric root (14%). Size did not impact
the prevalence of pancreatic and CBD dilation, necrosis, or mesenteric root infiltration
(P=0.525, P =0.294, P = 0.543, and P = 0.097, respectively).

Research conclusions

The decreased prevalence of obstructive jaundice, elevated CA 19-9 levels, pancreatic
ductal dilation, and pancreatic atrophy, as well as the increased elevation of LDH
levels, encasement of the small mesenteric artery and/or vein without invasion or
stenosis, and lymphadenopathy limited to the peripancreatic region, may be useful for
distinguish PPL from its mimics, such as PDAC. However, in addition to the occa-
sional appearance of pancreatic ductal dilation, this study identified multiple atypical
features of PPL including the presence of CBD dilation, necrosis, and infiltration of the
mesenteric root.

Research perspectives

Prospective studies with larger cohorts must be conducted to support the findings of
this paper and the potential use of its highlighted imaging and clinical features for
definitive diagnosis of PPL. In addition, there is a need for direct comparison of the
frequency of these features in PPL vs PDAC, to determine how useful they are in
differentiating the two entities.
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