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Abstract
Background: The presence of a lymphoma associated with a solid synchronous neoplasm or collision neoplasm has @
rarely in the literature, and a detailed characterization of these cases is lacking to date.

Objective: To describe the main clinicopathological features of synchronous/collision tumors.

Methods: A systematic search in PubMed, Scielo, and Virtual Health Library literature databases for cases or case series of
synchronous or collision lymphoma and other solid neoplasms reported up to March 2021 was performed. Three reviewers
independently screened the literature, extracted data, and assessed the quality of the included studies. The systematic review
was performed following the Preferred Reporting ltems for Systematic Meta-Analyses guidelines.

Results: Mean age of patients was 62.9 years (52.9% men). A total of 308 cases were included (62% synchronous and 38%
collision). The most frequent location of both synchronous and collision tumors was the gastrointestinal tract with the most
common solid neoplasm being adenocarcinoma, and the most frequent lymphoma diffuse large B-cell lymphoma (21.7%) and
mucosa-associated lymphoid tissue lymphoma (20.4%). Of the total number of mucosa-associated lymphoid tissue lymphomas
and gastric adenocarcinomas, the presence of Helicobacter pylori infection was documented in 47.3% of them. Only 2% of all
cases had a previous history of lymphoma. Thus, in most cases (98%), lymphoma was discovery incidentally. In addition, nodal
lymphoma was associated with metastasis in 29 (9.4%) cases as collision tumor, most commonly (90%) in locoregional lymph
nodes of the solid neoplasm.

Conclusions: The frequent association of some type of B-cell ymphoma and adenocarcinoma in synchronous/collision
tumors of the gastrointestinal tract points to common pathogenic mechanisms in both neoplasia, particularly related to chronic
inflammation in this location. In most cases, lymphoma identified in locoregional lymph nodes or distant of a carcinoma seems
to represent an incidental finding during the carcinoma diagnostic/therapeutic approach. A synergy between carcinoma and
lymphoma (involving inflammation and immunosuppression mechanisms) may favor tumor progression and dissemination. A
better understating of the interactions lymphoma/carcinoma in the setting of synchronous/collision tumors may help to improve
patient management and prognosis.

Abbreviations: AlTL = angioimmunoblastic T-cell ymphoma, ALCL = anaplastic large cell ymphoma, CHL = classic Hodgkin
lymphoma, CLL/SLL = chronic lymphocytic leukemia/small cell lymphocytic lymphoma, CTCL = cutaneous T-cell lymphoma,
DLBCL = diffuse large B-cell lymphoma, FL = follicular lymphoma, HL = Hodgkin’s lymphoma, LPS-NOS = lymphoproliferative
syndrome not otherwise specified, MALT = mucosa-associated lymphoid tissue, MCL = mantle cell lymphoma, MZL = marginal
zone lymphoma, NHL = non-Hodgkin lymphoma, NHL-NOS = unspecified non-Hodgkin’s lymphomas, NKTCL = natural killer
T-cell lymphoma, NLPHL = nodular lymphocyte-predominant Hodgkin lymphoma, PCNSL = primary central nervous system
lymphoma, PEL = pleural effusion lymphoma, PNL-NL = paranasal sinus lymphoma, PTCL = peripheral T-cell ymphoma, SCC =
squamous cell carcinoma, SD = standard deviation, VHL = Virtual Health Library.
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1. Introduction

Lymphomas represent a large group of malignant neoplasms
arising from T or B cells. Based on the latest 2017 World Health
Organization classification, there are more than 80 mature lym-
phoid neoplasms (B-cell and T-cell lymphomas [TCL]) that are
defined by their clinical characteristics, location, morphology,
immunophenotype, and genetic and molecular profiles.l'l By
2020, there were an estimated 83,087 new cases of and 23,376
deaths from Hodgkin’s lymphoma (HL) and an estimated
544,352 new cases of and 259,793 deaths from non-Hodgkin
lymphoma (NHL) worldwide./>?!

NHL mainly affects lymph nodes and can, less frequently,
involve extranodal sites, especially the gastrointestinal system
in up to 45% of cases (stomach 74 %, small intestine 8.7%, and
colon 6.5%), followed by the head and neck, 24% (Waldeyer
ring 9.3%, nasal 8%, oral cavity 4%, thyroid 3.9%, salivary
gland 3%, ocular and retroocular adnexa 2.6%, and paranasal
sinuses 1.8%); skin, 15%; and organs such as lung, kidney, and
breast, less frequently.[*S!

Isolated cases of lymphomas associated with other solid
neoplasms have been reported in the scientific literature. Most
cases correspond to carcinoma and lymphoma in gastrointes-
tinal tract.l*”) However, there are no systematic reviews of the
literature that characterize the clinicopathological features of
synchronous or collision neoplasms. Therefore, the objective of
this systematic review was to describe the main clinicopatho-
logical features of synchronous/collision tumors, particularly
tumor location and histological subtypes and to propose possi-
ble explanations to the rare occurrence of lymphoma and carci-
noma in the setting of synchronous/collision tumors.

2. Materials and Methods
2.1. Search strategy

A systematic literature review of clinical cases published in
PubMed, Scielo, and Virtual Health Library was done. The search
was done using the following terms: (“Adenocarcinoma” OR
“Carcinoma” OR “Carcinoma, Squamous Cell” OR “Sarcoma”
OR “Melanoma”) AND (“Lymphoma”) AND (“synchronous”
OR “collision”). Preferred Reporting Items for Systematic Meta-
Analyses guidelines were followed during data extraction, anal-
ysis, and reporting.!®! Articles published up to March 2021 were
included. Articles available in all languages were considered.

2.2. Study selection, data extraction, and quality
assessment

The inclusion criteria for the systematic review were as follows:
clinical cases with the presence of lymphoma and another malig-
nant neoplasm in any solid organ that were published as “syn-
chronous” or in “collision.” All of the cases that did not mention
the primary location of the solid tumor and/or lymphoma were
excluded as were all those where there was prior chemotherapy
treatment for other tumors.

Three reviewers examined all the titles and abstracts of the
publications to assess their eligibility. The retrieved articles
were rejected if the inclusion criteria were not met. A fourth
reviewer was consulted when the eligibility criteria were not
clear. Manual searches were done of articles that appeared to
be relevant. The data extracted from each article were: personal
information (name of lead author, year of publication, age, gen-
der, follow-up, and survival), information on lymphoma (ana-
tomical location, classification, and histopathological grade),
and information on the accompanying solid neoplasm (anatom-
ical location, histopathological classification, and number and
location of metastases).

Synchronous tumor was defined as the presence of a lym-
phoma and that of another type of tumor diagnosed at the same
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time or within a period of less than 6 months. A collision tumor
was defined as the presence of 2 synchronous tumors in the same
organ without the presence of nonneoplastic tissue between the
primary tumors.”!% The findings were organized by anatomical
location. The tumors in the gastrointestinal tract were classified
as synchronous or collision cases of the oral cavity, pharynx,
esophagus, stomach, small intestine (duodenum, jejunum, and
ileum), liver, gallbladder and biliary tract, colon (ileocecal valve,
cecum, appendix, ascending, transverse, and descending colon),
rectum, and anus. Tumors of the respiratory tract were classified
as laryngeal, tracheal, bronchial, pulmonary parenchyma, and
pleural tumors. The cases reported in the female reproductive
system were classified as breast, vaginal, cervical, endometrial,
and ovarian tumors. Male genital tumors were classified as
prostate, penile, and testicular tumors, and urological tumors
were divided into renal and bladder. The cases that presented in
the endocrine organs were classified as thyroid, pancreatic, and
adrenal gland tumors. Other tumors that were found were ana-
tomically classified as ocular, bone marrow, skin, and cutaneous
adnexal tumors.

The quality assessment of each published case report was
done using a modified evaluation tool that has been used in other
recent systematic reviews.'!l Three researchers (ER., J.P.C.-G.,
P.M.L.) evaluated each article independently based on 3 aspects:
suitable description of each patient (medical history, laboratory,
and radiological findings), accurate diagnoses were provided
(diagnosis of lymphoma and solid organ tumor confirmed by
histopathology), and sufficient and convincing evidence was
presented for the diagnoses of the different neoplasms (the lym-
phoma and solid organ tumors were confirmed by immunohis-
tochemistry, or the histopathological images were shown in the
article, and the images were interpreted by a pathologist).

3. Results

3.1. Systematic review of the literature

A total of 430 articles were identified in the databases. Of these,
9 duplicates were identified and excluded, and 118 articles were
rejected initially for title or abstract. Then, the 303 full-text or
summary articles based on case reports or case series were eval-
uated for eligibility. Of these, 256 articles containing data that
could be interpreted and meet the eligibility criteria were included
(Fig. 1).122621'The data were extracted from the abstract in 34 arti-
Cles, [17:37-39,64,75,76,78,81,94,97,103,129,134,151,162,166,170,174,176,192,195,212,221,222,2-
29,232,234,251,252,256,260-262] of which 21 were in English, 5 in Japanese,
3 in Spanish, 2 in French, 2 in Chinese, and 1 in Czech.

The flowchart for the systematic literature review and the
articles included in the analysis are shown in Figure 1. The
detailed information is shown in Table S1, Supplemental Digital
Content (http:/links.lww.com/MD/G862).

3.2. Quality assessment

An accurate diagnosis was provided in 83.4%, and convincing
evidence of the diagnosis was provided in 61.3%. The majority
of the cases reported an appropriate description of the patient’s
medical history and laboratory or radiological findings (73.7%)
(Table S2, Supplemental Digital Content, http://links.lww.com/
MD/G863). Some cases did not show explicitly or robust immu-
nohistochemistry evidence for the diagnosis; however, the histo-
pathological images of these cases were further analyzed by all
authors in order to confirm the diagnosis provided.

3.3. General characteristics

A total of 308 cases of lymphoma associated with another solid
neoplasia in any organ were analyzed. They were classified as
synchronous tumors in n = 191 (62%) cases and as collision
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Figure 1. Systematic literature review flowchart.

tumors inn = 117 (38%). The mean age of the patients was 62.9
years (SD, 13.2 years) with 163 men, 137 women, and 9 cases
with no data available (Table 1).

In 117 cases, the presence of solid neoplasm metastases
was reported. The most frequent type of synchronous or col-
liding metastatic neoplasia was adenocarcinoma with 56 cases
(18.1%), followed by breast carcinoma with 17 cases (5.5%),
squamous cell carcinoma (SCC) with 14 cases (4.5%), and mel-
anoma with 6 cases (1.9%), among others less frequent.

In 233 patients, the follow-up information was available.
Survival from diagnosis/treatment was variable. Fifty-eight

(24.9%) patients dying (mean, 17.8 months; range, 2 days to
11 years) (Table S1, Supplemental Digital Content, http://links.
lww.com/MD/G862).

3.4. Histological subtypes of lymphomas

Of the total number of lymphomas, 285 (92.5%) were NHL.
Of these, the most frequent were diffuse large B-cell lymphoma
(DLBCL) n = 67 (21.7%), mucosa-associated lymphoid tis-
sue (MALT) n = 63 (20.4%), follicular lymphoma (FL) n = 42
(13.6%), chronic lymphocytic leukemia/small cell lymphocytic
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lymphoma (CLL/SLL) n = 39 (12.6%), mantle cell lymphoma
(MCL) n = 25 (8.1%), unspecified non-Hodgkin’s lymphomas
not otherwise specified (NHL-NOS) n = 18 (5.8%), and a few
others that were less frequent. Only 22 (7.1%) were HL, of
which 18 cases (5.8%) were found to be classic Hodgkin lym-
phoma (CHL) (10 cases of nodular sclerosis CHL and 8 cases
of mixed cellularity CHL) followed by nodular lymphocyte-pre-
dominant Hodgkin Lymphoma in 4 cases. One case (0.3%) was
classified as lymphoproliferative syndrome not otherwise spec-
ified (Table 1).

The lymphomas most frequently found synchronous with a
solid neoplasm were DLBCL in 41 (13.3%) cases followed by
MALT lymphoma in 37 (12%), FL in 30 (9.7%), MCL in 17
(5.5%), CLL/SLL in 15 (4.8%), and NHL-NOS in 12 (3.8%)
(Tables 1 and 2).

Among the lymphomas most frequently in collision with
a solid neoplasm were DLBCL in 26 (8.4%) cases, MALT in
26 (9%), CLL/SLL in 24 (7.7%), FL in 12 (3.8%), MCL in 8
(2.5%), and NHL-NOS in 6 (1.9%) cases (Tables 1 and 2).

We found 6 cases (2%), in which the presence of lymphoma
associated with synchronous carcinoma was documented in
the context of a previous history of lymphoma.[38:119,212,215.255,257]
Of these, 3 cases were synchronous SLL/CLL associated with
breast carcinoma, melanoma, and Merkel cell carcinoma.
The rest of the cases corresponded to MALT-type lymphoma,
MCL, and NOS-NHL, all of them associated with adenocar-
cinoma. In 3 of the 6 cases, the presence of metastases from
the solid neoplasm was reported. The time period between
diagnosis of the initial lymphoma and discovery of the colli-
sion and ranged from 12 months to 25 years, with a mean of
14.6 years. We found that, of the 6 cases described, 3 had a
fatal outcome shortly after the start of treatment for colliding
neoplasms.

3.5. Histological subtypes of solid neoplasia

The most common histological type of solid organ neoplasm
was adenocarcinoma in 50% (n = 154) of the cases. Of these,
the most frequent location was in the stomach, with 73 cases
(23.7%) of which 41 were synchronous and 32 in collision.
Second, colon and rectal adenocarcinomas were found with 50
cases (13.1%), of which 34 were synchronous and 16 were col-
lision. Lung adenocarcinoma was found in third place, with 15
cases (4.8%) of which 8 were synchronous and 7 were collision.
In second place, the SCC was found in 11.6% (n = 36) of the
cases. Of these, 12 cases were found in the lung (3.8 %) with 10
synchronous cases and 2 in collision. Five cases of SCC in the
larynx were registered, all of them synchronous. Four skin SCCs
(1.2%) were recorded, of which 3 cases were synchronous and
only 1 collision case was found. In addition, 4 cases of tongue
SCC (1.2%) were recorded with 3 synchronous cases and only
1 case in collision with a lymphoma. In third place, ductal breast
carcinoma was found in 11% (n = 34) of the cases (Table S2,
Supplemental Digital Content, http:/links.lww.com/MD/G863).

3.6. Location of lymphomas

The most frequent location of NHL was nodal, with 92 cases
(29.8%) of which 63 were synchronous and 29 were in colli-
sion. The most frequent extranodal location was gastric NHL
with 64 cases (20.7%), of which 33 cases were found in colli-
sion and 31 cases were synchronous. Subsequently, lymphomas
located in the breast and lung registered 17 cases each (5.5%);
in lung, 9 synchronous cases and 8 NHL collision cases were
recorded, while in breast, 9 collision cases and 8 NHL synchro-
nous cases were found. Lymphomas of the duodenum, jejunum,
and ileum registered 12 cases (3.8%), 10 cases of collision, and
2 synchronous. Lymphomas of the colon and ileocecal regions
registered 11 cases (3.5%), of which 7 cases were in collision
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and 4 cases were synchronous. NHLs occurred less frequently
in other organs such as skin (n = 7), liver (n = 6), spleen (n = 6),
and central nervous system (n = 4), among others.

The most frequent location of HL was nodal, with 19 cases
(6.1%), of which 3 cases were in collision, and the rest were
synchronous. Of the 3 remaining cases, 1 was a collision LH in
the uterine cervix, another was a collision LH in the stomach,
and the last case was a mediastinal synchronous LH (Table S1,
Supplemental Digital Content, http:/links.lww.com/MD/G862).

3.7. Location of synchronous and collision tumors

The organs where a synchronous tumor was most often seen
were in the stomach in 43 (13.9%) cases followed by the colon
in 29 (9.4%), the breast in 24 (7.7%), the lung in 23 (7.4%), and
kidney in 19 (6.1%). And the organs where a collision tumor
was most often seen were in the stomach in 36 (11.6%) cases
followed by the breast in 19 (6.1%), the colon in 15 (4.8%), the
lung in 11 (3.5%), and the skin in 11 (3.5%).

In 150 (48.7%) cases (Table 2), both neoplasms were found
in the same organ and, of these, 86 (57.3%) were in collision (35
cases in the stomach, 11 in the colon, 9 in the breast, 8 in the
lung, and a smaller proportion in other organs) and 64 (42.6%)
synchronously (32 cases in the stomach, 10 in the breast, 8 in
the lung, 7 in the colon, and to a lesser degree in other organs).

In 80 (25.9%) cases, lymphoma de novo synchronous with a
solid neoplasm was found in a lymph node. Of these, 16 cases
(20%) were HL, including 6 cases of mixed cellularity CHL, 6
cases of nodular sclerosis CHL, and 4 cases of NLPHL. The
remaining 64 cases corresponded to NHL (81.2%) including 22
cases of FL, 11 cases of DLBCL, 9 cases of CLL/SLL, 8 cases of
MCL, and 2 cases of marginal zone lymphoma (MZL), among
others less frequent. Of these cases of nodal synchronous lym-
phomas, the lymph node was regional in 60 (75%) cases, and the
lymph node was distant in 20 (25%) cases. In 29 (9.4%) cases, a
collision tumor in a nodal lymphoma associated with the metas-
tasis of a solid neoplasm was seen (10 breast carcinomas, 4 head
and neck SCC, 4 skin melanomas, 2 colon adenocarcinomas, 2
gastric adenocarcinomas, and 2 lung carcinomas, among oth-
ers), 26 were (CLL/SLL: 17, FL: 4, DLBCL: 2, MCL:2, MZL.:1)
in nodes regional to the solid neoplasm and 3 in a distant lymph
node associated with CHL (n:2) and FL (n:1) (Table 3).

3.8. Tumors of the gastrointestinal tract

Tumors in the gastrointestinal tract were the most frequent. Of
the total number of cases, 73 (23.7%) were found to be gas-
tric adenocarcinomas, of which 38 (52%) were associated with
a MALT lymphoma, 15 in collision. Of the total number of
MALT lymphomas and gastric adenocarcinomas, the presence
of Helicobacter pylori was documented in 47.3% of them. In 26
(17.6%) cases, DLBCL was associated with adenocarcinoma.
Fourteen were in the stomach (6 in collision), 3 were regionally
synchronous (small intestine, ileocecal region, and abdominal
region), 1 synchronous and in a para-aortic lymph node, and
1 synchronous to the inguinal lymph node. Eight (5.4%) cases
were associated with CHL, 1 was synchronous and in the supra-
clavicular lymph node, 2 synchronous and in the cervical lymph
node, 1 in collision in the perigastric node, and 1 in collision
in the supraclavicular node. Four (5.2%) cases were associated
with CHL, 5 synchronous and in lymph nodes (mesenteric and
inguinal) and 3 in collision, and 3 (2%) associated with NHL-
NOS, 2 in collision in the stomach and 1 synchronous and in
the stomach.

In the colon, 43 cases were adenocarcinomas. Of these, 12
(27%) were associated with DLBCL, 5 in collision, 6 synchro-
nous in the small intestine, and 3 in the same organ, 1 synchro-
nous, and in the cervical lymph node, 1 in collision in the small
intestine and 1 in collision in the perirectal lymph node. Eight
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Lymphomas and synchronous or collision solid neoplasms in the same organ.

Organ Solid neoplasm Lymphoma S C Total
Palate Squamous cell carcinoma Small lymphocytic lymphoma 1 1
Larynx Squamous cell carcinoma T-cell lymphoma (N/A) 1 1
Liver Myeloid sarcoma Diffuse large B-cell lymphoma 1 1
Hepatocellular carcinoma MALT lymphoma 1 1
Kaposi’s sarcoma Diffuse large B-cell lymphoma 1 1
Gallbladder Adenocarcinoma Low-grade nonclassifiable lymphoproliferative syndrome 1 1
Ampulla of Vater Adenocarcinoma Follicular lymphoma 1 1
Stomach Adenocarcinoma MALT lymphoma 22 15 37
Diffuse large B-cell ymphoma 5 6 11
Follicular lymphoma 2 2
Histiocytic sarcoma 2 2
Lymphoplasmocytic lymphoma 1 1
Mantle cell lymphoma 2 2
Non-Hodgkin's lymphoma (N/A) 1 2 3
Small lymphocytic lymphoma 2 2
T-cell lymphoma (N/A) 1 1
Carcinoma NOS Non-Hodgkin's lymphoma (N/A) 1 1
Kaposi’s sarcoma Diffuse large B-cell lymphoma 2 2
Histiocytic sarcoma Diffuse large B-cell lymphoma 1 1
Gastric GIST Non-Hodgkin’s lymphoma (N/A) 1 1
Lymphoepithelioma-like carcinoma Diffuse large B-cell lymphoma 1 1
Colon Adenocarcinoma Diffuse large B-cell lymphoma 3 3 6
Follicular lymphoma 2 2
MALT lymphoma 1 2 3
Mantle cell lymphoma 1 1 2
Marginal zone lymphoma 1 1
Natural killer T-cell lymphoma 1 1
Non-Hodgkin’s lymphoma (N/A) 2 2
Small lymphocytic lymphoma 1 1
Rectum Adenocarcinoma Peripheral T-cell lymphoma 1 1
Breast Ductal breast carcinoma Breast-implant associated anaplastic large cell lymphoma 1 1
Diffuse large B-cell lymphoma 3 4 7
MALT lymphoma 2 2
Mantle cell lymphoma 2 2
Non-Hodgkin’s lymphoma (N/A) 1 1
Small lymphocytic lymphoma 2 2
Lobular breast carcinoma Diffuse large B-cell lymphoma 1 1
Follicular lymphoma 1 1
Marginal zone lymphoma 1 1
Mucinous breast carcinoma Diffuse large B-cell lymphoma 1 1
Nasopharynx Squamous cell carcinoma MALT lymphoma 1 1
Lung Adenocarcinoma Diffuse large B-cell lymphoma 1 1
MALT lymphoma 4 3 7
Mantle cell lymphoma 2 2
Neuroendocrine tumor MALT lymphoma 1 1
Squamous cell carcinoma Lymphoplasmocytic lymphoma 1 1
MALT lymphoma 2 1 3
T-cell ymphoma (N/A) 1 1
Kidney Clear cell renal cell carcinoma Burkitt lymphoma 1 1
Diffuse large B-cell lymphoma 1 1
MALT lymphoma 1 1
Non-Hodgkin’s lymphoma (N/A) 1 1
Bladder Squamous cell carcinoma Diffuse large B-cell lymphoma 1 1
Urothelial carcinoma NOS Diffuse large B-cell lymphoma 1 1
Ovary Adenocarcinoma Non-Hodgkin’s lymphoma (N/A) 1 1
Nasal root Melanoma Small lymphocytic lymphoma 1 1
Skin (neck) Melanoma Mantle cell lymphoma 1 1
Inguinal crease Squamous cell carcinoma Cutaneous T-cell lymphoma 1 1
Eyelid Kaposi’s sarcoma Diffuse large B-cell lymphoma 1 1
Face Kaposi’'s sarcoma Diffuse large B-cell lymphoma 1 1
Lymphoepithelioma-like carcinoma Marginal zone lymphoma 1 1
Merkel cell carcinoma Small lymphocytic lymphoma 1 1
Eyelid Endocrine mucin-producing sweat gland carcinoma Mantle cell lymphoma 1 1
Thyroid Papillary thyroid carcinoma MALT lymphoma 1 1
Diffuse large B-cell lymphoma 1 1
Warthin-like papillary carcinoma MALT lymphoma 1 1
Prostate Adenocarcinoma MALT lymphoma 1 1
Tonsil Squamous cell carcinoma Follicular lymphoma 1 1
Total 64 85 149

AQ7  gIsT = gastrointestinal stromal tumor, MALT = mucosa-associated lymphoid tissue, N/A = not available, NOS = not otherwise specified.
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Collision lymphomas observed in lymph nodes associated with metastases from solid tumors.

Author Year Age Gender Solid neoplasm Lymphoma Localization of collision
Haynes, H 2019 N/A F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 87 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 62 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 58 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 67 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 46 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)

Cuff, K 2010 74 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)

Cuff, K 2010 54 F Ductal breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 69 F Cribriform breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Wahner, D 2011 69 F Lobular breast carcinoma Small lymphocytic lymphoma Lymph node (axillary)
Fernandez, B 2018 65 F Breast carcinoma Follicular lymphoma Lymph node (axillary)
Kampalath, B 2003 58 F Lung small cell carcinoma Mantle cell lymphoma Lymph nodes (hilar)

lkemura, S 2018 67 M Lung adenocarcinoma Diffuse large B-cell lymphoma Lymph nodes (mediastinum)
Tillawi, | 2007 59 M Gastric adenocarcinoma Hodgkin’s lymphoma, classical Lymph node (supraclavicular)
Fink, L 1990 74 M Gantric adenocarcinoma Small lymphocytic lymphoma Lymph node (perigastric)
Acosta, A 2017 62 M Colon adenocarcinoma Follicular lymphoma Lymph nodes (retroperitoneal)
Soto, A 2018 79 M Colon adenocarcinoma Diffuse large B-cell lymphoma Lymph nodes (perirectal)
Sachdev, R 2017 55 M Duodenum adenocarcinoma Hodgkin’s lymphoma, classical Lymph node (cervical)
Garcia, J 2009 52 F Pancreas adenocarcinoma Follicular lymphoma Lymph node (supraclavicular)
Singhal, N 2009 60 F Ovarium serous carcinoma Hodgkin’s lymphoma, classical Lymph nodes (para-aortic)
Minca, E 2010 52 M Tonsil squamous cell carcinoma Small lymphocytic lymphoma Lymph node (cervical)
McElroy, C 2009 57 M Tongue squamous cell carcinoma Small lymphocytic lymphoma Lymph node (cervical)
Kakarala, K 2010 73 M Salivary gland squamous cell carcinoma Marginal zone lymphoma Lymph node (cervical)
Popivanov, G 2018 48 F Papillary thyroid carcinoma Follicular lymphoma Lymph node (paratracheal)
Dos Santos, H 2015 71 M Malar region squamous cell carcinoma Small lymphocytic lymphoma Lymph node (cervical)

El Demellawy, D 2007 58 M Back melanoma Small lymphocytic lymphoma Lymph node (axillary)

Cantor, A 2010 87 M Scalp melanoma Small lymphocytic lymphoma Lymph node (cervical)
Addada, J 2010 73 M Left thigh melanoma Mantle cell lymphoma Lymph nodes (pelvis)
Dueber, J 2013 39 M Back melanoma Small lymphocytic lymphoma Lymph node (axillary)

N/A = not available.

(18.6%) cases were associated with FL, 2 in collision, 2 synchro-
nous and in the small intestine, 1 synchronous and in the inguinal
node, 1 synchronous and in the mesenteric node, 1 in collision
in the duodenum, and 1 in collision in the retroperitoneal node.
Five (11.6%) cases were associated with MALT, 1 of these was
synchronous and in the small intestine, 1 synchronous and in the
buccal mucosa, and 1 in collision in the same organ. Four (9.3%)
cases were associated with MCL, 2 synchronous and in lymph
nodes (mesocolic), 1 synchronous and in the duodenum, and 1
collision in the cecum.

In the rectum, there were 8 cases of adenocarcinomas, of
which 2 were synchronously associated with FL in axillary and
inguinal lymph nodes, and 2 were synchronously associated
with nodular lymphocyte-predominant Hodgkin Lymphoma in
axillary and retroperitoneal lymph nodes. One was associated
with a synchronous MALT lymphoma in the jejunum, 1 with
a synchronous MZL in the splenic lymph node, 1 associated
with a synchronous primary central nervous system lymphoma,
and 1 associated with peripheral T cell lymphoma (PTCL) in
collision in the same organ. An adenocarcinoma was found in
the small intestine associated with a synchronous CHL in the
cervical lymph node. Other solid neoplasms associated with
lymphomas were found less frequently.

3.9. Mammary gland tumors

Breast carcinomas were the second most common solid neo-
plasm. Ductal carcinoma was the most common subtype of
tumor with 34 cases. Of these, 11 (32.3%) were associated with
CLL/SLL, 10 of them in collision in the breast, 1 synchronous
and in the axillary lymph node, and 10 in collision in the axillary
lymph node. Ten (29.4%) were associated with DLBCL, 7 in the
same organ (4 in collision), 2 synchronous and in the axillary
ganglion, and 1 synchronous and in the tonsils. Seven (20.5%)
were associated with FL in the axillary lymph node. Two were

associated with collision MALT lymphoma in the same organ,
and 2 with synchronous MCL in the axillary lymph node.

Lobular carcinoma was found in 5 cases, of which 2 were
associated with FL. One of these was synchronous and in the
axillary lymph node, and 1 synchronous and in the submam-
mary mass. One case was associated with synchronous DLBCL
in the same organ. One case was associated with synchronous
MZL in the same organ, and 1 case with CLL/SLL in collision
in axillary lymph node.

Nonspecific breast carcinoma was found in 1 case, 1 asso-
ciated with a synchronous mixed cellularity classic HL in the
axillary lymph node and 1 associated with unspecified NHL in
collision in the lymph node. Other solid neoplasms associated
with lymphomas were found less frequently.

3.10. Lung tumors

Lung cancer was the third most frequent solid neoplasm.
Seventeen adenocarcinomas were found, of which 7 (41.1%)
were associated with MALT, all of them in the same organ (3
in collision). Four (23.5%) cases were associated with DLBCL,
1 synchronous and in the same organ, 2 synchronous and in
the cervical lymph nodes, and 1 in collision in a regional lymph
node. Four (23.5%) cases were associated with MCL, 2 of them
in collision, 1 synchronous and in pleura, and 1 synchronous and
in a distant lymph node. One case was associated with CLL/SLL
as a collision in the bone marrow, and 1 case was synchronously
associated with anaplastic large cell lymphoma in the stomach.

SCC was found in 13 cases. Of these, 3 were associated with
MALT in the same organ (1 in collision). Three cases were syn-
chronously associated with NHL-NOS. One of these was syn-
chronous and in the regional lymph node, 1 synchronous and in
the mediastinum, and 1 synchronous and in the liver. Two cases
were synchronously associated with DLBCL in the cervical and
mesenteric lymph nodes.
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Small cell carcinoma was found in 5 cases, of which 1 was
synchronously associated with CHL in the inguinal lymph node.
One was associated with synchronous DLBCL in the stomach.
One was associated with synchronous NHL-NOS in the ingui-
nal lymph node. One was associated with MCL in collision in
the hilar lymph node, and 1 with CLL/SLL in collision in the
mediastinum lymph node. Other solid neoplasms associated
with lymphomas were found less frequently.

3.11. Kidney tumors

Twenty-two renal carcinomas were found. Sixteen cases were
clear cell carcinomas, 4 of which were associated with DLBCL,
1 in collision in the kidney, 1 synchronous and in the adrenal
gland, and 1 synchronous and in the submandibular gland.
Three cases were synchronously associated with FL in the ingui-
nal lymph node, submandibular node, and parotid gland. Three
cases were synchronously associated with CLL/SLL in the peri-
renal lymph node, the retroperitoneal lymph node, and spleen,
and less frequently in others.

Unspecified renal carcinoma was found in 5 cases, of which 2
cases were synchronously associated with CLL/SLL in the breast
and spleen. One case was associated with synchronous CHL in
the mediastinal lymph node. One was synchronously associated
with DLBCL in the breast and 1 synchronously associated with
unspecified TCL in the cervical lymph node.

Chromophobe renal cell carcinoma was found in 2 cases,
of which 1 was synchronously associated with CLL/SLL in the
perirenal lymph node and in the cervical lymph node. Other
solid neoplasms associated with lymphomas were found less
frequently.

3.12. Sarcomas

Eleven (3.4%) extranodal sarcomas were found. There were 7
Kaposi sarcomas, 2 of them associated with DLBCL in colli-
sion in the stomach, 3 with DLBCL in collision in the skin, 1
with DLBCL in collision in the liver, 1 in the liver synchronously
associated with DLBCL in the spleen, and 1 in the skin associ-
ated with primary pleural effusion lymphoma. There were 3 his-
tiocytic sarcomas, 1 of them in the peritoneum associated with
FL that was synchronous and in the abdominal lymph node, 1
in the liver associated with FL in collision in the bone marrow, 1
associated with DLBCL in collision in the stomach, and finally,
a myeloid sarcoma associated with DLBCL in collision in the
liver.

3.13. T-cell ymphomas

In 13 (4.22%) cases were found TCLs associated with a solid
neoplasm. Ten of these were synchronous and 3 in collision.
There was one lung adenocarcinoma synchronously associ-
ated with anaplastic large cell lymphoma in the stomach. One
colon adenocarcinoma was associated with a synchronous
angioimmunoblastic TCL in a pericolic lymph node. An SCC
of the skin was associated with a synchronous cutaneous TCL
in the inguinal region. A papillary urothelial carcinoma of the
bladder was in synchronous association with cutaneous TCL
in the skin. A colon adenocarcinoma was associated with a
synchronous natural killer TCL in the colon. An SCC of the
scrotum skin was associated with a synchronous PTCL in the
inguinal lymph node. An SCC of the larynx was associated
with a synchronous TCL-NOS in the larynx. An unspecified
renal carcinoma was associated with a synchronous TCL-
NOS in the cervical lymph node. A neuroendocrine tumor of
the appendix was associated with a synchronous TCL-NOS
in the small intestine. A hepatocellular carcinoma was associ-
ated with a synchronous T-cell lymphoblastic lymphoma in a
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cervical lymph node. An adenocarcinoma of the rectum was
associated with a collision PTCL in the rectum. A stomach
adenocarcinoma was associated with a collision TCL-NOS in
the same organ and a SCC of lung carcinoma with a collision
TCL-NOS in the same organ.

4. Discussion

The association of lymphomas with synchronous or collision
solid neoplasms has been rarely described. Coppola et al*®!
reported one of the first cases in the literature of a colliding
pleomorphic lymphoma and gastric adenocarcinoma in a
45-year-old patient with monoclonal macroglobulinemia and
amyloidosis in 1969. In our review, we observed 308 cases of
lymphomas associated with other solid neoplasms. The most
frequent location for a lymphoma and a solid neoplasm was in
the gastrointestinal tract, which is in line with the most prevalent
location of carcinoma and also extranodal lymphomas.?2227!
Thus, the most frequent carcinoma was adenocarcinoma in half
of the cases, and the NHL lymphomas most frequently found to
be synchronous were of DLBCL, followed by MALT lymphoma
and FL. Meanwhile, the most frequent lymphomas in collision
with another solid neoplasm were DLBCL followed by MALT
and CLL/SLL lymphoma.

In the present review, we found the presence of the 2 tumors
in the same organ (collision or synchronous) in the 48.7% of
the cases. In the histology, the 2 tumors may be observed in 3
ways. The first is where carcinoma and lymphoma are in the
same tumor, and the 2 types of tumor cells are mixed and grow
crosswise (collision). Second, carcinoma and lymphoma are in
the same tumor, but the 2 tumor types are not mixed and grow
relatively independently (collision). Third, the 2 tumor compo-
nents are in separate tumors (synchronous).31263!

The pathophysiologic mechanism that explains the presence
of a synchronous or colliding solid neoplasm and lymphoma
is unknown. The questions to consider are whether the 2 neo-
plasms arise independently or have the same triggering factors
or if there is a synergy between one neoplasm and another, that
is, one neoplasm influences the appearance of another. Authors
have proposed certain mechanisms that can explain the pres-
ence of the 2 tumors such as somatic mutations acquired during
fetal life that migrate to different sites, and later, these cells
become malignant by triggering factors (endogenous or exoge-
nous),242%1 or also a common genetic defect as mismatch repair
systems,?%°! or positive family history of malignancy.*?!

Among the theories proposed about the synergy between
one neoplasm and another. It has been posited that lymphomas
may cause lymphatic channels to be obliterated, which would
favor the growth of synchronous solid neoplasms.”?*” In addi-
tion, it has been proposed that the malignant lymphocytes lost
the suppression capacity, and this increases the risk of devel-
oping other types of primary malignancies.’>*" Lymphocytes
play a key role in the antitumor response by inducing apop-
tosis and suppression of tumor cell proliferation.2682¢°1 The
antitumor lymphocytes are usually those that are located in
the organs or those that come from regional lymph nodes. In
the regional lymph nodes, the antitumor immune response is
due to the presentation of tumor antigens to T lymphocytes
by antigen presenting cells.?7°272l T-lymphocytes are sensi-
tized to initiate an antitumor cell response.?”! Interestingly,
the lymphomas were near at the solid tumor in 65%1?%! of
the all cases. Both neoplasms were found in the same organ
in 150 cases, the lymphoma was in the regional lymph node
in 58 cases. This finding could be due to the antitumor pro-
cess that occurs in the tumoral and peritumoral tissue or in
the regional nodes whether this is through the presentation of
antitumor antigens that can trigger the expression of protoon-
cogenes and tumor suppressors?’ or an aberrant somatic
hypermutation.2727¢l
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One of the most accepted theories about the synergy between
one neoplasm and another is the secondary chronic inflam-
matory process that solid neoplasms generate can trigger lym-
phoma.l?% Chronic inflammatory processes such as infections
(H. Pylori, Epstein-Barr, HIV, and hepatitis C) or autoimmune
diseases (chronic thyroiditis, Sjogren’s syndrome, celiac disease,
and rheumatoid arthritis) are known to be associated with the
development of B-cell lymphoma, mainly MALT type lym-
phoma.l?”7?”81'The mechanisms for this lymphoid transformation
are not clear. Mutations such as in the B cell receptor and NF-kB
or the exaggerated increase of proinflammatory cytokines that
could explain this mechanism have been described.277:27%:280]

One of the risk factors that could have a direct influence on
the development of the 2 neoplasms through the onset of ade-
nocarcinoma and lymphoma is H. Pylori infection.*”” The pres-
ence of this infection has been associated with the oncogenesis
mechanism of gastric adenocarcinoma and with the presence
of MALT lymphoma. Potential carcinogenic mechanisms of H.
pylori are associated with DNA damage, inadequate genetic
repair and inflammatory reactions, and cellular incorporation
of H. pylori DNA and toxic effects of bacterial products, such as
vacuolating toxin A, cytotoxin-associated gene A, and ulcer-as-
sociated gene restriction endonuclease.?**?$1 The growth of
lymphoma cells has been shown to be stimulated by contact
with T cells, which, in turn, show specific responses to the H.
pylori strain.!*$2283 In our review, H. pylori infection was present
in 48.7% of the cases of gastric adenocarcinoma and MALT
1ymph0ma‘|39,43,86,90,95,1 12,130,165,221,242]

A remarkable finding summarized in the present review
was the cases with the presence of solid tumor metastasis in
lymph nodes with lymphomas. A total of 29 cases were seen!!'>
14,40,61,70-72,78,84,92,102,114,115,154,159,191,197,207,208,226,233] (Table 3)' In 21
cases, the tumor metastases were observed in the regional
lymph nodes, and these cases were mainly low-grade B-cell
lymphoma. This incidental finding may be a challenge to the
pathologist because the main finding seeking in the lymph
node is solid tumor metastasis, and the presence of lymphoma
may be unnoted.

The treatment reported in these patients was diverse and
depends of the location and the type of tumors. The option treat-
ment varied between surgical resection, radiotherapy, chemo-
therapy, or immunotherapy. However, sometimes, the treatment
has become a difficulty to the clinicians because one treatment
may cause toxicity for treating the other tumor.[®?!

Finally, the identification of indolent low-grade B-cell lym-
phoma, such as MALT lymphoma, CLL, or FL, during staging
or surgical resection for carcinoma may represent a manifes-
tation of a previously diagnosed lymphoma. In this regard, we
identified that in only 6 cases, a previous history of lymphoma
was described: 3 cases were synchronous SLL/CLL associated
with breast carcinoma, melanoma, and Merkel cell carcinoma.
The rest of the cases corresponded to MALT-type lymphoma,
MCL, and NOS-NHL, all of them associated with adeno-
carcinoma. Thus, in most instances of synchronous/collision
tumors, lymphoma is detected in an incidental fashion, which
indicates that the carcinoma component is the one that is clin-
ically more obvious and significant, whereas the low-grade
B-cell lymphoma would manifest otherwise in a more indolent
manner.

We would like to recognize the limitations of our study.
First of all, in some articles, the final diagnosis was not made
based on immunohistochemistry. Secondly, due to the diag-
nostic characteristics of synchronous or collision cases, it
is challenging to provide solid evidence on the chronologi-
cal course of events, that is, to define whether the primary
occurrence was lymphoma or solid neoplasm. Thirdly, in some
articles, the patient follow-up was insufficient to determine
the progression of the disease. Fourthly, although we used
the latest World Health Organization lymphoma classifica-
tion criteria, some old reports may have had other outdated
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classification system. Nevertheless, we homogenized all our
data based in the most recent and appropriate system avail-
able. Last of all, systematic reviews of case reports outline a
number of challenges for research into rare and heterogeneous
diseases. Nevertheless, we consider them important tools for
the initial data sources that go beyond anecdote to evidence
for such conditions.

5. Conclusion

Our systematic review provides a comprehensive review about
case reports with the presence of lymphomas with synchronous
or collision solid neoplasms. The case reports included in this
review had a significant diagnostic and treatment dilemmas.
With our data, we cannot conclude if there is an association.
The frequent co-occurrence of some type of B-cell lymphoma
and adenocarcinoma in synchronous/collision tumors of the
gastrointestinal tract points to common pathogenic mecha-
nisms, particularly chronic inflammation, to explain the devel-
opment of these types of tumors. In most cases, lymphoma
identified in locoregional lymph nodes or distant of a carci-
noma seems represent an incidental finding, highlighting the
more obvious and clinically relevant manifestations of carci-
noma compared to lymphoma. In addition, a synergy between
carcinoma and lymphoma (involving inflammation and immu-
nosuppression mechanisms) may favor tumor progression and
dissemination. A better understating of the interactions of both
lymphoma and carcinoma in the setting of synchronous/col-
lision tumors may help to improve patient management and
prognosis. From what is discussed in the article, we consider
that it is important to do molecular studies in order to find out
clues on underlying mechanisms leading to solid tumors and
lymphoma development.
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