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Abstract

Classification of viral- and immunodeficiency-associated lymphoproliferative disorders continues to evolve. Entities in these
categories recognized in the 2016 revision of the World Health Organization Classification of Lymphoid Neoplasms show
considerable morphologic overlap, and it is unclear whether the current classification conceptualizes the scenarios in which
these lesions arise and how they might be best managed. Here, we report two cases of lymphoproliferative disorders meeting
histologic criteria for lymphomatoid granulomatosis that arose following solid organ transplant. In reviewing the clinicopatho-
logic features of these examples and those of similar cases in the literature, we highlight challenges in current classification and

opportunities for their refinement.
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Introduction

Lymphomatoid granulomatosis (LyG) is an EBV-associated
mature B cell neoplasm with frequent manifestation in the
lung, brain, and skin; an angiocentric and angiodestructive
growth pattern; variable numbers of EBV-infected large B
cells; and a polymorphous T cell-rich inflammatory back-
ground [1]. LyG is graded based on the number of large
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EBV+ B cells, with grade 3 of 3 demonstrating sheets of cells
equivalent to diffuse large B cell lymphoma (DLBCL) [1, 2].
Despite its associations with EBV infection and immunosup-
pression, LyG is an infrequently reported histologic manifes-
tation of lymphoproliferative disorder following an organ
transplant, and some authorities recommend avoidance of
the term “LyG” in the post-transplant setting [3].

We detail two cases of PTLD manifesting with LyG-type
clinicopathologic features, one of which involved the
allografted organ within a short post-transplant interval, to
our knowledge the first reported case of its kind. We contex-
tualize them in a review of the 15 other post-transplant cases
identified upon literature review, emphasizing the diagnostic
and treatment dilemmas that such cases pose and the implica-
tions for PTLD classification and management that they raise.

Case 1

The patient was a 69-year-old male with no significant past
medical history who underwent unilateral lung transplantation
8 months following a diagnosis of idiopathic pulmonary fibro-
sis. Histology of the explanted lung demonstrated a usual
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interstitial pneumonitis (UIP) pattern. The patient’s post-
operative course was uneventful. The EBV status of the donor
and recipient were positive and negative, respectively.

Four weeks after transplant, the patient presented with
breathlessness and decreased oxygen saturation. Computed
tomography (CT) of the chest demonstrated several scattered
and clustered micronodules in the transplanted lung of uncer-
tain etiology. Transbronchial biopsy demonstrated mild acute
cellular rejection. Solumedrol and prednisone were adminis-
tered with temporary improvement. A subsequent clinical de-
cline with low oxygen saturation resulted in hospitalization
3 weeks later. The pulmonary nodules had significantly in-
creased in size upon repeat chest CT and were interpreted as
probably infectious. Serial quantitative EBV titers ranged
from 1341 to 3752 copies/mL (reference range <200
copies/mL), prompting thoracoscopic wedge biopsies of nod-
ules in the upper, middle, and lower lobes of the transplanted
lung.

The three wedge biopsies showed similar features: nod-
ules of partially necrotic lung parenchyma (Fig. 1a) with a
scattered perivascular polymorphous lymphoid infiltrate
(Fig. 1b) with occasional associated angiodestruction with
fibrinoid necrosis (Fig. 1c). The lymphoid cells were vari-
ably sized and included scattered large, atypical cells with
prominent nucleoli within the vascular wall (Fig. 1d). There
were associated bronchiolitis obliterans organizing pneumo-
nia (BOOP) and increased intra-alveolar macrophages, while
lung parenchyma in areas away from the nodules was
unremarkable.

Immunohistochemical stains demonstrated that the
scattered large atypical cells were CD20+ B cells (Fig. le)
that co-expressed EBV-encoded RNA (EBER) by in situ
hybridization (Fig. 1f) and were negative for CD30. CD3
highlighted frequent interspersed small T cells (Fig. 1g),
and CD138 highlighted plasma cells which were polytypic
for kappa and lambda light chains by in situ hybridization
(not shown).

These morphologic and immunophenotypic findings were
consistent with LyG. The number of large B cells was
interpreted as grade 2 out of 3 and were insufficient for a
diagnosis of grade 3. Given the patient’s lung transplant and
rising EBV serum titer, this case was classified as PTLD,
EBV-positive, manifesting as LyG, which occurred in the al-
lograft organ after a short post-transplant interval.

Following the diagnosis of LyG, rituximab monotherapy
was initiated. EBV levels decreased to <200 copies/mL
13 days later and remained undetectable. Four months after
the cessation of PTLD therapy, the patient suffered worsening
dyspnea and hypoxia without a clear infectious source and
expired. Autopsy demonstrated diffuse alveolar damage
throughout both lungs, with no histologic evidence of residual
PTLD and no evidence of pneumonia; a specific underlying
cause of diffuse alveolar damage was undetermined.
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Case 2

The patient was a 43-year-old female with cystic fibrosis and
related pancreatic insufficiency who had undergone bilateral
lung transplantation 13 years prior, at 30 years of age. Mild
chronic allograft rejection was documented at age 37 years.
Her long-term immunosuppressive regimen included cyclo-
sporine, prednisone, and mycophenylate.

She presented with a 3-week history of headache and a 2-
day history of mild left ptosis. Computed tomography (CT)
scan of the head demonstrated a 1.5-cm round lesion with
central necrosis in the left frontal lobe that extended into the
internal capsule and left basal ganglia. Similar but smaller
lesions were identified in the left frontoparietal and right pa-
rietal regions. There was moderate mass effect with midline
shift.

Stereotactic biopsy of the left frontal lesion demonstrated
a dense lymphoid infiltrate with adjacent neural parenchyma.
Low-power examination (Fig. 2a) showed a slightly nodular
pattern with partial vasocentric growth. At higher magnifi-
cation (Fig. 2b), the infiltrate consisted sheets of large pleo-
morphic cells with irregular nuclear borders, large nucleoli,
ample cytoplasm, and a few multinucleate forms with occa-
sional admixed histiocytes and small lymphocytes. Other
areas of the biopsy (Fig. 1¢) also showed perivascular predi-
lection by the large cells. Immunophenotypically, the large
cells were CD20+ B cells that co-expressed CD30, and
EBER (not shown). Subsequent serum EBV titer returned
at 257 copies/mL (reference range < 200 copies/mL).

A diagnosis of PTLD, EBV-positive, monomorphic type
manifesting as diffuse large B cell lymphoma was rendered,
with a comment that the morphologic features might be con-
sistent with high-grade (grade 3 of 3) LyG or suggestive of
antecedent LyG. The patient was treated with radiation thera-
py and rituximab, with repeated rituximab treatments over a 9-
year period, after which she expired of unrelated medical
causes.

Literature review

Table 1 summarizes data from 15 identified reports of
lymphomatoid granulomatosis-like histology in the post-
transplant setting, [4—17] together with our two additional
cases. Among the 17 total cases included, time between trans-
plant and LyG diagnosis varied widely, from 17 days to
15 years. Patient age at the time of LyG diagnosis ranged from
16 to 70 years (median of 47 years) with a male/female ratio of
0.55. Transplanted organs included kidney (10 cases), lung (4
cases, one with concurrent heart), and hematopoietic cell
transplant (HCT; 2 cases, one allogeneic for aplastic anemia
[16] and one autologous for plasma cell myeloma [10]).
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Fig. 1 Post-transplant
lymphoproliferative disorder,
EBV+, manifesting as
lymphomatoid granulomatosis,
grade 2 of 3. a Hematoxylin-and-
eosin (H&E)-stained section (X
20 magnification). The nodules
are composed of necrotic lung
parenchyma (right side). b H&E-
stained section (x 40 magnifica-
tion). Perivascular polymorphous
inflammatory infiltrates near the
periphery of the nodules are ap-
parent at higher power. ¢ H&E-
stained section (% 100
magnification). Some vessels
show angiodestruction by the
infiltrate with associated fibrinoid
necrosis. d H&E-stained section
(% 200 magnification). Several of
the perivascular and mural
lymphoid cells are large. e CD20
immunohistochemical stain (%
200 magnification). The large
lymphoid cells are CD20+ B
cells. f EBV-encoded RNA
(EBER 1in situ hybridization stain;
x 200 magnification). The large B
cells co-express EBER. g CD3
immunohistochemical stain (%
200 magnification). Interspersed
among the large EBV+ B cells are
frequent small CD3+ T cells

Sites of LyG included lung and/or pleura (13 of 17 cases, or
81%), brain (6 cases), and skin (2 cases). The only case involv-
ing the transplanted organ is Case 1 in this article. Among the
minority of cases in which EBV serologic testing was reported
(eight cases), four cases were positive, including both of the
cases reported herein. One case of a brain lesion in the literature
reported evidence of EBV in the cerebrospinal fluid [13].
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Follow-up intervals were variable (none to 4 years). Among
16 cases with outcome information, 6 patients achieved com-
plete remission [5, 6, 13, 14, 16, 18] and 2 “improved” [8]
following varying treatment approaches, including reduction
of immunosuppressive medications, anti-viral therapies, corti-
costeroid modulation, and lymphoma-directed cytotoxic che-
motherapy and monoclonal antibody infusion (rituximab).
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Fig. 2 Post-transplant
lymphoproliferative disorder,
EBV+, manifesting as diffuse
large B cell lymphoma with
features raising consideration for o eni®
lymphomatoid granulomatosis- ¥

like. a H&E-stained section (x 20 > %
magnification). A dense abnormal Y v
lymphoid infiltrate occupies Rt
fragments of neural tissue. b A
H&E-stained section (x 400
magnification). The abnormal
lymphoid cells are large and
pleomorphic cells, with few
multinucleate forms (arrow). ¢
H&E-stained section (x 400
magnification). Angioinfiltration
(% 400 magnification) by the large
cells is present in other areas of
the biopsy

Discussion

The original description of LyG by Liebow et al. reported a
high mortality rate (28 of 40 cases, 70%) [19], and LyG re-
mains an aggressive disease [3]. LyG almost exclusively in-
volves extranodal sites, most commonly the lung, followed by
the brain, skin, kidney, and liver [20]. The associations with
EBV and immunodeficiency were discovered through incre-
mental observations [2, 21], as originally LyG was thought to
be a T cell lymphoproliferative disorder given the abundance
of small T cells. Radiographically [22] and histologically [23,
24], LyG may be difficult to distinguish from other lympho-
mas, vasculitides, or infectious processes, particularly in the
lung, and its incidence increases with age, with LyG very rare
in the pediatric population [25].

LyG is graded through quantitation of large EBV+ cells,
which are frequently assessed by immunohistochemistry for B
cell markers and in situ hybridization for EBV-encoded RNA
(EBER). Numerical cutoffs include <5 large cells per high-
power field (hpf) as grade 1, 5-20 large cells per hpf as grade
2, and > 20 large cells per hpf as grade 3 and considered
equivalent in clinical behavior to EBV+ DLBCL [1].
Management of LyG has been based on the grade of the le-
sion, with conservative approaches including interferon and
rituximab alone for grades 1-2 and aggressive chemotherapy
with rituximab as used in diffuse large B cell lymphoma for
grade 3 [26].

Post-transplant lymphoproliferative disorders (PTLD) rep-
resent arguably the most well-characterized form of
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immunodeficiency-associated lymphoproliferative disorder,
encompassing a broad spectrum of lesions which occur fol-
lowing organ transplantation [27]. Most cases are driven by
re-activation or primary acquisition of Epstein-Barr virus
(EBV), particularly in children [28], and infrequently the al-
lograft organ may be involved by PTLD [29]. EBV-negative
PTLD tends to occur further out from transplant, and some
reports suggest its incidence is increasing; it remains contro-
versial as to whether EBV-negative PTLD should be managed
more like de novo non-Hodgkin lymphoma or similarly to
EBV-positive PTLD [30].

Three major divisions within current classification of
PTLD include non-destructive, polymorphic, and monomor-
phic proliferations. Of note, minor nomenclature changes
were made to the diagnostic criteria for PTLD in the revised
2016 WHO from the 2008 edition [31], chief among them a
renaming of “early” lesions to “non-destructive” to remove
the connotation of time from transplant and to refer instead to
histologic architecture; non-destructive PTLDs include flor-
id follicular hyperplasia-like, plasma cell hyperplasia, and
infectious mononucleosis-like forms. Polymorphic PTLDs
are composed of a destructive mixed lymphoid or
lymphoplasmacytic infiltrate of polymorphic B cells at dif-
ferent stages of maturation, usually including immunoblasts,
while monomorphic subtypes include lesions which other-
wise fulfill established diagnostic criteria for a known B cell
or T/NK-cell lymphoma [27].

Treatments range from the long-standing approach of re-
duction of immunosuppression [32] to lymphoma-directed
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chemotherapy [33], and therapeutic choice is in part informed
by the histology of the lesion [30, 34]. The introduction of
rituximab into the early management of CD20-positive PTLD
is effective, predictive of prognosis, and can prevent the use of
aggressive chemotherapy [33]. An alternative is the use of
EBV-specific cytotoxic T cell infusions from a variety of
sources, including a living donor [35] or partially HLA-
matched donor bank [36] to prevent and treat EBV-positive
PTLD.

Although organ transplantation is a known risk factor for
LyG [1], manifestation of PTLD with an LyG-type pattern has
been relatively infrequently reported in the literature (Table 1).
In our review, disease site(s) of LyG post-organ transplant
appear to mirror those among overall cohorts of LyG in any
clinical setting, with most cases involving the lung followed
by the brain [19, 20, 25]. Pulmonary LyG has been rarely been
reported following allogeneic [16] and autologous HCT [10];
different mechanisms likely underlie the pathogeneses of
PTLD in these settings [37, 38]. Intriguingly, there appears
to be a trend toward complete resolution of post-transplant
LyG in the more recent reports as compared to those in older
literature (Table 1), possibly due to the advent of rituximab
therapy. For this reason, we advocate distinction of LyG from
polymorphic and monomorphic PTLDs such that their clinical
characteristic can be further studied, as it is currently not clear
whether LyG-like lesions bear separate prognostic implica-
tions or instead are part of the same spectrum of PTLDs,
polymorphic forms in particular. Based on our review, features
required for the diagnosis LyG in the post-transplant setting
include extranodal location, predominantly perivascular and/
or angiocentric growth, and large atypical B cells with
admixed small T cells (rather than the maturation spectrum
of variably sized B cells and plasma cells of polymorphic
PTLD).

The optimal classification schema for immunodeficiency-
associated lymphoproliferative disorders is currently under
debate [39]. The current diagnostic categories were reviewed
and debated in detail at the 2015 Workshop of the Society for
Hematopathology/European Association for
Haematopathology [40—42]. Indeed, appropriate diagnostic
nomenclature of certain unique clinicopathologic entities in
the current WHO classification, including LyG and EBV+
mucocutaneous ulcer for example, although well-defined clin-
icopathologic entities, may not be clear to clinicians in the
post-organ transplant setting, and its necessity not well
described.

A revised schema has been proposed that would seat PTLD
together with lymphoproliferative disorders related to other
immunodeficiency states (primary, iatrogenic, HIV-associat-
ed, immune senescence-associated) [39]. For example, Case
1 in this report (diagnosed as PTLD, EBV+, manifesting as
LyG) would instead be diagnosed as LyG, EBV+, post-
transplant (solid organ). Case 2 might be termed DLBCL with
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features of LyG, EBV+, post-transplant (solid organ). This
diagnostic schema is one proposal that could streamline no-
menclature in this area and provide recognition of the similar
pathogenic mechanisms among lymphoproliferative disorders
in the setting of immunodeficiency from a myriad of underly-
ing causes. As above, such a schema could facilitate improved
study and direct comparison of outcomes of various histolo-
gies, at a time when patients are living longer with chronic
immunodeficiencies and the natural histories of these lympho-
proliferative disorders are being further understood.

In conclusion, LyG as the manifesting morphology of
PTLD is uncommon. Because of the morphologic heteroge-
neity of LyG, the broad subclassification of LyG into a poly-
morphic or monomorphic PTLD, in particular for treatment
plans, remains challenging without well-established guide-
lines. This and other examples [40—42] support the re-
engineering and simplification of diagnostic nomenclature
for immunodeficiency-associated lymphoproliferative disor-
ders [39].
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