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Abstract: Although trophoblast cell surface antigen 2 (Trop2)-targeting drugs are already approved or
under investigation in various solid tumors, the significance of Trop2 in lymphoma is unknown. Thus,
our objective was to investigate the expression of Trop2 in diffuse large B-cell lymphoma (DLBCL)
through a systemic immunohistochemistry screening. We constructed a tissue microarray comprising
tissue from 92 DLBCL patients, each diagnosed at the University Medical Center Hamburg-Eppendorf
(2020–2022). Trop2-immunohistochemistry was carried out, and positive staining was deemed a
specific membranous positivity. Four samples were derived from Epstein-Barr virus (EBV)-positive
DLBCL, with one case of EBV-positive DLBCL following angioimmunoblastic T-cell lymphoma
(AITL). Strong Trop2 immunostaining was detectable in 1 of 91 analyzable samples, originating from
a patient with a composite EBV-positive DLBCL emerging from AITL. Therefore, we performed an
additional database search to identify all cases of composite EBV-positive DLBCL emerging from
AITL since 2015. Five additional cases were identified and stained for Trop2, revealing two cases
with strong B-blast positivity. Our preliminary data imply that Trop2 appears absent in de novo
DLBCL, whereas Trop2 is strongly expressed in cases of a rare variant of EBV-positive DLBCL. Further
investigations are needed to confirm our results, particularly on the subset of EBV-positive DLBCL
emerging from AITL.

Keywords: diffuse large B-cell lymphoma; trophoblast cell surface antigen 2; immunohistochemistry;
tissue microarray; molecular landscape

1. Introduction

Non-Hodgkin lymphoma comprises a heterogeneous group of nodal, extranodal, or
disseminated B- or T-cell malignancies; worldwide diffuse large B-cell lymphoma (DLBCL)
accounts for approximately every third to fourth non-Hodgkin lymphoma [1–4]. Even
though most DLBCL can be classified as primary DLBCL based on a de novo origin, a
significant percentage of DLBCL originates or emerges from indolent B-cell lymphoma.
Progression rates are in the range 2–8% in chronic lymphatic leukemia up to 14.3% in
follicular lymphoma [5,6]. Moreover, DLBCL can originate within nodular lymphocyte
predominant B-cell lymphoma or peripheral T-cell lymphoma (e.g., angioimmunoblas-
tic T-cell lymphoma (AITL) [7–12]. Current treatment regimens that e.g., Pola-R-CHP
or R-CHOP (consisting of polatuzumab vedotin, rituximab, cyclophosphamide, doxoru-
bicin, and prednisolone and rituximab, cyclophosphamide, doxorubicin, vincristine, and
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prednisolone, respectively), have shown curability rates of up to 60–70% in patients with
previously untreated DLBCL [3,13]. Yet, for chemotherapy-insensitive primary refractory
or early relapsing DLBCL, promising newly developed treatment approaches, including
CD19-directed CAR-T-cell therapies and T-cell-engaging bi-specific CD3xCD20-directed
antibodies, have recently been approved, changing the treatment landscape of refractory
and relapsing DLBCL [14–19]. However, a precision medicine strategy based on identifying
potentially targetable driver mutations might provide additional treatment options in a
subset of patients.

The tumor-associated calcium signal transducer 2, also referred to as trophoblast cell
surface antigen 2 (Trop2), is a cell-surface glycoprotein, first elucidated as a transmembrane
calcium signal transducer, encoded by the TACSTD2 gene [20]. Trop2 expression was
initially delineated in non-cancerous trophoblasts and fetal tissues and is physiologically
expressed in the stratified squamous epithelium of the skin, tonsillar crypts, esophagus,
and uterine cervix [20–22]. Overexpression of Trop2 has been reported in glioma, basal cell
carcinoma, squamous cell cancer of the skin, squamous cell cancer of the oral cavity, head,
and neck, thyroid, lung, esophageal, gastric, colorectal, pancreatic, renal, breast, uterine,
and ovarian cancer [23,24]. Moreover, in several solid malignancies such as pancreatic, hilar
cholangiocarcinoma, cervical and gastric cancer, high Trop2 expression correlates with poor
prognosis [19]. Furthermore, Trop2 interacts with several molecular signaling pathways
associated with tumor development and progression (e.g., MAPK, PI3K/AKT). Levels
of Trop2-mRNA expression correlate with tumor size and, in some cancer entities, with
the extent of metastasis, whereas Trop2 knockdown or antibody-based inhibition leads to
decreasing in vitro cancer cell proliferation, invasion, colony formation, and migration [24].
Since Trop2 is a transmembrane protein with an extra-cellular domain overexpressed in
various solid malignancies compared to normal tissues, it has been the subject of targeted
therapy. Sacituzumab govitecan is a first-in-class Trop2-directed antibody-drug-conjugate
delivering SN38 (an irinotecan metabolite), first approved in 2021 “for the treatment of
patients with unresectable locally advanced or metastatic triple-negative breast cancer who
have received two or more prior systemic therapies, at least one of them for metastatic
disease”, shortly after “for locally advanced or metastatic urothelial cancer who have
previously received platinum-containing chemotherapy and either programmed death
receptor-1 or programmed death-ligand 1 inhibitor”, and most recently “for patients with
unresectable locally advanced or metastatic hormone receptor-positive, HER2-negative
breast cancer who have received endocrine-based therapy and at least two additional
systemic therapies in the metastatic setting” [24–27]. Another promising Trop2-directed
antibody-drug conjugated is datopotamab deruxtecan, which is currently part of clinical
trials (e.g., NCT04526691, NCT05555732, NCT05489211, and NCT05374512). Even though
Trop2 has been widely investigated in preclinical and clinical trials in the setting of solid
tumors, studies on its role in hematological malignancies, particularly lymphoma, remain
rare [28–30]. Thus, up to now, Trop2 expression in lymphoma and DLBCL has yet to
be investigated.

Since sacituzumab govitecan, an approved Trop2-targeting drug, is now available, we
sought to examine the expression of Trop2 by performing a systemic immunohistochem-
istry (IHC) screening on a tissue microarray (TMA) derived from 92 patients with newly
diagnosed or refractory or relapsed (r/r) DLBCL.

2. Materials and Methods
2.1. Patients

In this observational, single-center study, we examined 92 consecutive DLBCL patients
aged 18 years or older who were immunohistochemically tested for Trop2 overexpression.
This analysis adds to our previously published research, in which we performed a system-
atic immunohistochemical screening for NTRK fusion proteins on the same DLBCL cohort
and accordingly using the same DLBCL-TMA. Details regarding the patient cohort can be
found in Ghandili et al. [2]. As previously described, samples of all patients included in
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this analysis were derived from the Institute of Pathology of the University Medical Center
Hamburg-Eppendorf, Germany, during the years 2020, 2021, and 2022. All patients were
diagnosed with DLBCL as part of the clinical routine. The study design is presented in
Figure 1. For disease staging assessment, we used the Ann Arbor classification [31]. For the
calculation of prognostic risk scores, we used the International Prognostic Index (IPI) [32].
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Figure 1. Flow chart of study design and population, as previously published by Ghandili et al.
2023 [2].

The date 21 December 2022 marked the data cutoff. Five additional cases date from
2017–2022. Representative tumor material was stained on large-area sections using the
identical protocol, as explained for the TMA block below.

The use of archived remnants of diagnostic tissues for manufacturing of tissue mi-
croarrays (TMA) and their analysis for research purposes, as well as patient data collection
and analysis, were reviewed and approved according to local legal requirements (Hm-
bKHG, §12) and by the local ethics committee (Ethics Commission Hamburg, WF-049/09).
Moreover, all analyses were carried out in compliance with the Declaration of Helsinki.

2.2. Tissue Microarray (TMA)

An already existing TMA of 92 DLBCLs was utilized. For the years 2020–2022, the insti-
tutional pathology database included a total of 414 samples of diagnosed DLBCL. Thereof,
92 samples were suitable for the TMA construction. Tissue samples of deficient sample size
were excluded. The leading causes for deficient tissue sample size were either entirely or
nearly completely utilized tissue during diagnostic workup or samples gained by small
needle biopsy containing too little material for tissue extraction. Furthermore, we excluded
all bone marrow biopsies since they are generally unsuitable for TMA construction.

TMA construction has already been discussed in detail [33]. Briefly, tissue cylinders,
each 0.6 mm in diameter, were taken from tumor-containing areas of “donor” tissue blocks
and placed into empty recipient paraffin blocks. The squamous epithelium of the skin
served as a positive control.
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2.3. Immunohistochemistry (IHC)

A freshly cut slide of the TMA block was deparaffinized with xylol and rehydrated
through an alcohol series. A heat-induced antigen retrieval for 5 min was performed in an
autoclave at 121 ◦C in pH 7.8 using DakoTarget Retrieval SolutionTM (Agilent, Santa Clara,
CA, USA; #S2367). Endogenous peroxidase activity was blocked with Dako Peroxidase-
Blocking SolutionTM (Agilent, Santa Clara, CA, USA; #52023) for 10 min. A primary
antibody specific against TROP2 protein (recombinant rabbit monoclonal, MSVA-733R,
MS Validated Antibodies, Hamburg, Germany) was applied at 37 ◦C for 60 min with a
dilution of 1:150. According to the manufacturer’s protocol, the bound antibody was
visualized using the EnVision KitTM (Agilent, Santa Clara, CA, USA; #K5007). The slide
was then counterstained with haemalaun. The percentage of Trop2-positive lymphoma cells
for each spot was estimated, and the staining intensity was semiquantitatively recorded
(no staining = 0, weak staining = 1+, moderate staining = 2+, strong staining = 3+).

2.4. Endpoints

The primary objective of this study was to assess the frequency and intensity of
immunohistochemical Trop2 expression in tumor samples of DLBCL patients.

2.5. Statistical Analysis

The statistical analyses were conducted using Microsoft Excel for Mac, version 16.38
(Microsoft Cooperation, Redmon, WA, USA). Continuous values are expressed as median,
and nominal variables are presented as numbers.

3. Results
3.1. Patient Characteristics

Details of patient characteristics have been previously reported. In summary, all
samples of 91 consecutive patients diagnosed with DLBCL were included in the analysis.
Patient demographics and characteristics are presented in Table 1. Most samples originated
from lymph nodes (38%), followed by testes (9%). The remaining samples were derived
from other extranodal organs, such as the small intestine, colon, skin, spleen, liver, nasal,
and buccal mucosa. The median age was 74, ranging from 32 to 90, and predominantly
male (60%). In 13 patients, DLBCL derived or emerged from another preexisting lym-
phoma, including follicular lymphoma, lymphoplasmacytic lymphoma, chronic lymphatic
lymphoma, and one case of AITL.

Table 1. Patient characteristics of the TMA cohort [1].

Total number of analyzable patients, n 91

Age at DLBCL diagnosis, median (range) 74 (32–90)

Female sex, n (%) 37 (40)

Subtypes, n (%)
Cell of origin type: Germinal center B-cell-like 41 (45)

Epstein-Barr-virus positivity 4 (4)
Double hit 2 (2)
Triple hit 0

Ann Arbor stage, n (%)
1A or 1B and 2A or 2B 18 (20)

3A or 3B 5 (5)
4A or 4B 14 (15)

Not evaluable 59 (65)

International Prognostic Index, n (%)
0–1 12 (13)
2–3 13 (14)
4–5 4 (4)

Not evaluable 62 (68)
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3.2. Immunohistochemical Findings

Based on identifying one case of strongly stainable Trop2-positive EBV-positive DLBCL
(Figures 2 and 3) that emerged from AITL, next, we performed an additional systemic
search in the pathology reports database to identify all cases of EBV-positive DLBCL that
emerged from AITL. A total of five other patients were identified. Characteristics and IHC
results of these additional five patients are presented in Table 2. Two cases had strong
membranous staining on the B-blasts, while all T-cells remained negative (Figure 4).
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Figure 4. (A,B) (200×): Case 1 (A) and Case 4 (B): Most cells are T-cells of angioimmunoblastic T-cell
lymphoma as well as reactive background cells. Single cells and incipient groups of B-blasts were
consistently found to moderately to strongly express Trop2. In additional studies, these blasts showed
strong positivity for CD30 and EBV-encoding RNA (EBER) (not shown) as well as a clonal IgH-
genre arrangement and indicated a transition from a clonal B-lymphoproliferation into high-grade
EBV-positive B-cell lymphoma.
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Table 2. Characteristics and IHC results of additional five patients/tissue samples of composite
EBV-positive DLBCL emerging AITL. All cases of composite EBV-positive DLBCL were confirmed by
reference pathology.

Age in Years Sex Tissue
Origin

Trop2 Staining
Intensity

Refer to
Figure

Case 1 56 Female Lymph node 3+ 4A
Case 2 84 Female Lymph node 0 NA
Case 3 48 Female Lymph node 0 NA
Case 4 81 Female Lymph node 3+ 4B
Case 5 48 Female Skin 0 NA

NA: Not applicable.

4. Discussion

Up to now, the role of Trop2 in lymphoma, especially in DLBCL, has been sparsely
examined. Thus, our objective was to investigate the frequency and intensity of Trop2
expression in DLBCL by performing a systemic immunohistochemical screening for Trop2
expression in a sizeable cohort of DLBCL samples. Trop2 expression was detectable in
only 1 of 91 TMA samples. Remarkably, the positive sample originated from a patient
with secondary EBV-positive DLBCL developed in the background of AITL. By supple-
mentary investigation of five additional samples of EBV-positive DLBCL emerging from
AITL available at our department, we could observe strong Trop2 expression in two of
these cases.

Based on a suspected dysfunction of both B- and T-cells, AITL is characterized by the
development of concomitant autoimmune disorders and a particular tendency of patients to
develop opportunistic infections. Thus, the systemic immunological dysfunction observed
in AITL is reminiscent of the late stages of infection by the human immunodeficiency
virus [11]. Furthermore, chemotherapy protocols impair the immune system and inhibit
cellular immunity, favoring the growth of latent EBV-infected B cells. EBV-positive im-
munoblasts are a common diagnostic finding in AITL. Thirty percent of AITL cases develop
clonal IgG rearrangements, and up to 5% of AITL cases have a morphologically perceptible
EBV-positive B-cell lymphoproliferation. Nevertheless, transformation to a high-grade
lymphoma, e.g., secondary DLBCL, is possible but rarely occurs [12,34]. Unsurprisingly,
in immunohistochemistry, only a few blasts seemed to stain positive. In all positive cases,
several follow-up bone marrow and lymph node biopsies were taken within a few months.
First, a clonal B-cell lymphoproliferation of unclear significance was detected, which was
considered to progress to a DLBCL after persisting in follow-up biopsies. Naturally, in such
cases there were no dense, homogenous areas of blasts, but rather small clusters of blasts.
Therefore, the expected number of positive B-blasts was lower than in de novo DLBCL.

The fact that an immunosuppressive environment contributes to the clonal prolifer-
ation of EBV-positive cells from which high-grade lymphomas can arise is already well
described in the literature for the post-transplant scenario [35–37]. The current edition of the
WHO has dedicated a separate chapter to this phenomenon and replaced the former term
post-transplant lymphoproliferations (PTLD) with the broader term lymphoproliferations
and lymphomas associated with immunodeficiency and dysregulation (IDD lymphomas).
We consider it appropriate to classify the cases of EBV-positive secondary DLBCL described
here in this category and to assume a similar pathogenesis of insufficient immune regulation
within the tumor environment of AITL.

Regarding de novo EBV negative DLBCL, our results generally align with those
previously published by Dum and colleagues [28]. Dum et al. report one of the few studies
of immunohistochemically screening for Trop2, among others, in a large cohort of different
lymphoma entities, including 108 samples of DLBCL. Interestingly, Trop2 was neither
detectable in DLBCL nor in any other lymphoma entity, including Hodgkin, indolent B-cell,
mantle cell, and T-cell lymphoma [28]. Another analysis investigating the expression of
Trop2 in lymphoma is a Chinese study reported by Chen et al. The authors demonstrated a
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high immunohistochemical Trop2 expression in 14 of 26 tissue samples of extranodal NK/T
cell lymphoma, nasal-type patients [30].

Albeit we performed a systemic immunohistology screening for Trop2, our study
has limitations, since there remains a residual risk of a potential selection bias of the used
DLBCL samples gained from a single center cohort. In addition, data on patients’ clinical
characteristics were only available for a subset of patients since even though all patients
were diagnosed, they were not compulsively treated at our university medical center.

Since we observed no space-filling but rather sporadic Trop-2 positive blast population,
predictions regarding potentially Trop2-directed treatment response remain content of
further research.

5. Conclusions

In conclusion, even though Trop2 was not detectable in EBV-negative de novo DLBCL,
we were able to immunohistochemically detect high Trop2 expression in a total of three
samples of EBV-positive DLBCL transformed from AITL. To our knowledge, this is the first
analysis reporting high Trop2 expression in secondary EBV-positive DLBCL. Nevertheless,
additional studies of Trop2 in cohorts of EBV-positive DLBCL, particularly those emerging
from AITL of similar or larger size, are necessary to confirm our results.
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M.; et al. Glofitamab for Relapsed or Refractory Diffuse Large B-Cell Lymphoma. N. Engl. J. Med. 2022, 387, 2220–2231. [CrossRef]

17. Hutchings, M.; Morschhauser, F.; Iacoboni, G.; Carlo-Stella, C.; Offner, F.C.; Sureda, A.; Salles, G.; Martínez-Lopez, J.; Crump,
M.; Thomas, D.N.; et al. Glofitamab, a Novel, Bivalent CD20-Targeting T-Cell-Engaging Bispecific Antibody, Induces Durable
Complete Remissions in Relapsed or Refractory B-Cell Lymphoma: A Phase I Trial. J. Clin. Oncol. 2021, 39, 1959–1970. [CrossRef]
[PubMed]

18. Locke, F.L.; Miklos, D.B.; Jacobson, C.A.; Perales, M.A.; Kersten, M.J.; Oluwole, O.O.; Ghobadi, A.; Rapoport, A.P.; McGuirk,
J.; Pagel, J.M.; et al. Axicabtagene Ciloleucel as Second-Line Therapy for Large B-Cell Lymphoma. N. Engl. J. Med. 2022, 386,
640–654. [CrossRef] [PubMed]

19. Kamdar, M.; Solomon, S.R.; Arnason, J.; Johnston, P.B.; Glass, B.; Bachanova, V.; Ibrahimi, S.; Mielke, S.; Mutsaers, P.; Hernandez-
Ilizaliturri, F.; et al. Lisocabtagene maraleucel versus standard of care with salvage chemotherapy followed by autologous stem
cell transplantation as second-line treatment in patients with relapsed or refractory large B-cell lymphoma (TRANSFORM):
Results from an interim analysis of an open-label, randomised, phase 3 trial. Lancet 2022, 399, 2294–2308.

20. Zaman, S.; Jadid, H.; Denson, A.C.; Gray, J.E. Targeting Trop-2 in solid tumors: Future prospects. Onco Targets Ther. 2019, 12,
1781–1790. [CrossRef]

21. Vranic, S.; Gatalica, Z. Trop-2 protein as a therapeutic target: A focused review on Trop-2-based antibody-drug conjugates and
their predictive biomarkers. Bosn. J. Basic. Med. Sci. 2022, 22, 14–21. [CrossRef]

22. Lipinski, M.; Parks, D.R.; Rouse, R.V.; Herzenberg, L.A. Human trophoblast cell-surface antigens defined by monoclonal
antibodies. Proc. Natl. Acad. Sci. USA 1981, 78, 5147–5150. [CrossRef] [PubMed]

23. Stepan, L.P.; Trueblood, E.S.; Hale, K.; Babcook, J.; Borges, L.; Sutherland, C.L. Expression of Trop2 cell surface glycoprotein
in normal and tumor tissues: Potential implications as a cancer therapeutic target. J. Histochem. Cytochem. 2011, 59, 701–710.
[CrossRef]

24. Goldenberg, D.M.; Stein, R.; Sharkey, R.M. The emergence of trophoblast cell-surface antigen 2 (TROP-2) as a novel cancer target.
Oncotarget 2018, 9, 28989–29006. [CrossRef] [PubMed]

25. FDAUS. FDA Approves Sacituzumab Govitecan-Hziy for HR-Positive Breast Cancer 2023. Available online: https://www.fda.
gov/drugs/resources-information-approved-drugs/fda-approves-sacituzumab-govitecan-hziy-hr-positive-breast-cancer (ac-
cessed on 23 June 2023).

26. FDA US. FDA Grants Regular Approval to Sacituzumab Govitecan for Triple-Negative Breast Cancer 2021. Available online:
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-
triple-negative-breast-cancer (accessed on 23 June 2023).

27. FDA US. FDA Grants Accelerated Approval to Sacituzumab Govitecan for Advanced Urothelial Cancer 2021. Available
online: https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sacituzumab-
govitecan-advanced-urothelial-cancer (accessed on 23 June 2023).

28. Dum, D.; Taherpour, N.; Menz, A.; Hoflmayer, D.; Volkel, C.; Hinsch, A.; Gorbokon, N.; Lennartz, M.; Hube-Magg, C.; Fraune, C.;
et al. Trophoblast Cell Surface Antigen 2 Expression in Human Tumors: A Tissue Microarray Study on 18,563 Tumors. Pathobiology
2022, 89, 245–258. [CrossRef] [PubMed]

https://doi.org/10.1186/1471-2407-14-332
https://www.ncbi.nlm.nih.gov/pubmed/24885870
https://doi.org/10.1309/VD2D-98ME-MB3F-WH34
https://doi.org/10.1186/1746-1596-7-7
https://doi.org/10.1097/MOH.0b013e328186ffbf
https://www.ncbi.nlm.nih.gov/pubmed/17534160
https://doi.org/10.1097/PAS.0b013e31802d68e9
https://www.ncbi.nlm.nih.gov/pubmed/17592275
https://doi.org/10.1200/GO.21.00265
https://www.ncbi.nlm.nih.gov/pubmed/35486884
https://doi.org/10.1056/NEJMoa2116596
https://www.ncbi.nlm.nih.gov/pubmed/34904798
https://doi.org/10.1016/S0140-6736(21)00889-8
https://www.ncbi.nlm.nih.gov/pubmed/34508654
https://doi.org/10.1056/NEJMoa2206913
https://doi.org/10.1200/JCO.20.03175
https://www.ncbi.nlm.nih.gov/pubmed/33739857
https://doi.org/10.1056/NEJMoa2116133
https://www.ncbi.nlm.nih.gov/pubmed/34891224
https://doi.org/10.2147/OTT.S162447
https://doi.org/10.17305/bjbms.2021.6100
https://doi.org/10.1073/pnas.78.8.5147
https://www.ncbi.nlm.nih.gov/pubmed/7029529
https://doi.org/10.1369/0022155411410430
https://doi.org/10.18632/oncotarget.25615
https://www.ncbi.nlm.nih.gov/pubmed/29989029
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-sacituzumab-govitecan-hziy-hr-positive-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-sacituzumab-govitecan-hziy-hr-positive-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-triple-negative-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-regular-approval-sacituzumab-govitecan-triple-negative-breast-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sacituzumab-govitecan-advanced-urothelial-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sacituzumab-govitecan-advanced-urothelial-cancer
https://doi.org/10.1159/000522206
https://www.ncbi.nlm.nih.gov/pubmed/35477165


Reports 2024, 7, 37 10 of 10

29. Bobos, M.; Kotoula, V.; Kaloutsi, V.; Karayannopoulou, G.; Papadimitriou, C.S.; Kostopoulos, I. Aberrant CCND1 copies and
cyclin D1 mRNA expression do not result in the production of functional cyclin D1 protein in anaplastic large cell lymphoma.
Histol. Histopathol. 2009, 24, 1035–1048.

30. Chen, R.; Lu, M.; Wang, J.; Zhang, D.; Lin, H.; Zhu, H.; Zhang, W.; Xiong, L.; Ma, J.; Mao, Y.; et al. Increased expression of Trop2
correlates with poor survival in extranodal NK/T cell lymphoma, nasal type. Virchows Arch. 2013, 463, 713–719. [CrossRef]

31. Lister, T.A.; Crowther, D.; Sutcliffe, S.B.; Glatstein, E.; Canellos, G.P.; Young, R.C.; Rosenberg, S.A.; Coltman, C.A.; Tubiana, M.
Report of a committee convened to discuss the evaluation and staging of patients with Hodgkin’s disease: Cotswolds meeting. J.
Clin. Oncol. 1989, 7, 1630–1636. [CrossRef] [PubMed]

32. International Non-Hodgkin’s Lymphoma Prognostic Factors P. A predictive model for aggressive non-Hodgkin’s lymphoma. N.
Engl. J. Med. 1993, 329, 987–994. [CrossRef]

33. Kononen, J.; Bubendorf, L.; Kallioniemi, A.; Barlund, M.; Schraml, P.; Leighton, S.; Torhorst, J.; Mihatsch, M.J.; Sauter, G.;
Kallionimeni, O.-P. Tissue microarrays for high-throughput molecular profiling of tumor specimens. Nat. Med. 1998, 4, 844–847.
[CrossRef]

34. Zettl, A.; Lee, S.S.; Rudiger, T.; Starostik, P.; Marino, M.; Kirchner, T.; Ott, M.; Muller-Hermelink, H.K.; Ott, G. Epstein-Barr
virus-associated B-cell lymphoproliferative disorders in angloimmunoblastic T-cell lymphoma and peripheral T-cell lymphoma,
unspecified. Am. J. Clin. Pathol. 2002, 117, 368–379. [CrossRef]

35. Petit, B.; Le Meur, Y.; Jaccard, A.; Paraf, F.; Robert, C.L.; Bordessoule, D.; Labrousse, F.; Drouet, M. Influence of host-recipient
origin on clinical aspects of posttransplantation lymphoproliferative disorders in kidney transplantation. Transplantation 2002, 73,
265–271. [CrossRef]

36. Martinez, O.M.; Krams, S.M. The Immune Response to Epstein Barr Virus and Implications for Posttransplant Lymphoproliferative
Disorder. Transplantation 2017, 101, 2009–2016. [CrossRef]

37. Leblond, V.; Choquet, S. Lymphoproliferative disorders after liver transplantation. J. Hepatol. 2004, 40, 728–735. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00428-013-1475-4
https://doi.org/10.1200/JCO.1989.7.11.1630
https://www.ncbi.nlm.nih.gov/pubmed/2809679
https://doi.org/10.1056/NEJM199309303291402
https://doi.org/10.1038/nm0798-844
https://doi.org/10.1309/6UTX-GVC0-12ND-JJEU
https://doi.org/10.1097/00007890-200201270-00020
https://doi.org/10.1097/TP.0000000000001767
https://doi.org/10.1016/j.jhep.2004.03.006

	Introduction 
	Materials and Methods 
	Patients 
	Tissue Microarray (TMA) 
	Immunohistochemistry (IHC) 
	Endpoints 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Immunohistochemical Findings 

	Discussion 
	Conclusions 
	References

