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Abstract Posttransplant lymphoproliferative disorder is an
extremely fatal complication arising in transplant recipients
as a side effect of immunosuppression. PTLDs are seen
after both solid organ and hematopoietic stem cell trans-
plants though the incidence is much higher in the former.
Primary Epstein—Barr virus (EBV) infection or reactivation
due to a state of immune dysregulation along with intensity
of immunosuppression used are of paramount importance
in pathogenesis of PTLD. EBV associated PTLDs occur
early in the post transplant period whereas late onset
lymphomas are usually EBV negative. The uncontrolled B
cell proliferation can create a spectrum of histological
patterns from nondestructive lesions to destructive poly-
morphic or more aggressive monomorphic PTLDs. Early
detection of seropositivity by serial monitoring in the
recipient can prevent PTLD development by starting pre-
emptive therapy. The mainstay treatment in established
cases remains reduction of immunosuppression.
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Chemotherapeutic and immunomodulatory agents are
added sequentially based on the type of PTLD and based
on its response to initial therapy. Despite various treatment
options available, the morbidity remains high and achiev-
ing state of disease remission without causing graft rejec-
tion can be quite challenging. Hence, a better
understanding in pathobiology of EBV+ versus EBV—
PTLDS may help prevent lymphomagenesis in transplant
recipients.
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Introduction

Posttransplant Lymphoproliferative Disorders (PTLD)
encompass a spectrum of lymphoid proliferations ranging
from indolent, benign to malignant population of polyclonal
to monoclonal cells. PTLD are defined as lymphomas
arising in transplant recipients on immunosuppression. The
first case series of five patients was reported in late 1960s by
Penn et al. [1, 2]. However, the term PTLD was coined in
1980s and was applied to lymphoproliferations seen in
posttransplant patients ranging from uncomplicated infec-
tious mononucleosis to indolent polyclonal population and
to aggressive malignant clones.

These are potentially fatal complications that develop in
recipients of both solid organ and Hematopoietic stem cell
transplant (HSCT) and is mostly EBV related. The onco-
genic EBV causes abnormal lymphoid proliferation in
50-80% of PTLDs especially in early onset disease
(< 2 year after transplantation) [3-5]. Various risk factors
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predisposing to PTLDs are viral infections, type of allo-
graft, degree of immunosuppression and host and recipient
related factors [6-8]. Majority of PTLDs are associated
with EBV infection either acquired after transplant in a
seronegative recipient or reactivation of latent EBV virus
due to immunosuppression. The pathogenesis of these EBV
related lymphoproliferative disorders is complex, that
involves transformation and immortalization of B cells
causing uncontrolled proliferation. However, 20-40% of
PTLDs are EBV negative and the pathogenesis in these
remains unclear.

The latest classification of PTLD’s was incorporated in
WHO 2017 and includes four histologic types as follows
(a) early lesions (b) polymorphic PTLD’s (c) monomorphic
PTLD and (d) classic Hodgkin’s lymphoma like PTLD
(Table 1). As per the classification PTLDs can be poly-
morphic or monomorphic. The majority (> 90%) are of B
cell origin, but PTLDs can also be of T cell origin/null cell
origin, more so in late onset disease. Though histologically
same, lymphomas developing in post transplant patients
differ from lymphomas occurring in immunocompetent
individuals in many ways (Table 2) [9]. Also, studies have
shown that EBV driven PTLDs in transplant recipients do
not harbor the same genetic aberrations as noted in Non
Hodgkin’s Lymphoma (NHL) developing in immuno-
competent individuals. In this paper, we have reviewed the
existing literature and recommendations for diagnosis and
treatment of PTLDs and summarized the data under dif-
ferent heads. The etiology, pathogenesis of EBV+ and
EBV— PTLDS, clinical manifestations, pathological

classification and latest inputs on diagnosis and treatment
available has been incorporated in the review.

Clinical Features

PTLDs can have myriad ways, hence familiarity and high
index of suspicion is critical for making a diagnosis.
Because of heterogeneity of presentation differentiating it
from acute graft failure or infectious complication
becomes difficult. The symptoms are nonspecific like
fever, weight loss, anorexia, night sweats and allograft
dysfunction or it may be related to lymphoid proliferation
in organs or specific sites i.e. symptoms of GIT, liver,
lungs, brain or kidneys [10-12]. Extranodal involvement
of various organs i.e. Gastrointestinal tract (30%), fol-
lowed by CNS (10-15%), lungs (4%) and liver (5—12%)
is more common. So, any recipient manifesting with
unexplained fever, weight loss associated with mass
lesions in non allograft organ should be evaluated for
PTLD at the earliest [13-18]. Involvement of allograft is
seen in up to 15% of kidney recipients and this may be
higher in cardiothoracic organs. Other signs that could
raise a trigger for PTLD may be nonspecific like gener-
alized lymphadenopathy, Hemophagocytic Lymphohistio-
cytosis, or be more localized like headache or confusion.
Solid organ transplant PTLDs (SOT-PTLDs) are usually
of recipient origin as against HSCT-PTLDs which are of
donor origin [19, 20].

Table 1 WHO classification of
posttransplant
lymphoproliferative disorders

Non destructive PTLDs
Plasmacytic hyperplasia
Infectious mononucleosis
Florid follicular hyperplasia
Polymorphic PTLD

Monomorphic PTLDs (classify according to lymphoma they resemble)

B-cell neoplasm

Diffuse large B-cell lymphoma
Burkitt lymphoma

Plasma cell myeloma
Plasmacytoma

Others®

T cell neoplasm

Peripheral T-cell lymphoma, NOS

Hepatosplenic T-cell lymphoma
Others

Classic Hodgkin lymphoma PTLD

“Indolent small B-cell lymphomas arising in transplant recipients are not included among the PTLDs, with
the exception of EBV-positive marginal zone lymphomas
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Table 2 Difference between PTLD and lymphomas developing in immunocompetent individuals

Incidence EBYV association Site of disease Type of Treatment modality
involvement lymphomas

Lymphomas in .2-4% of general Rare Nodal > extranodal NHL (B > T) Chemotherapy

immunocompetent population HL Rituximab
HSCT
PTLDs 20% of transplant 10-75% of all Extranodal > nodal Early lesions Reducing
recipients cases Polymorphic immunosuppression

Monomorphic Rituximab

Hodgkin’s like ~ Chemotherapy

Adoptive therapy

Immunomodulatory
agents

NHL non Hodgkin lymphoma, HL Hodgkin’s lymphoma, HSCT hematopoietic stem cell transplant

Epidemiology and Risk Factors

The incidence of PTLDs, following SOT is much higher as
compared to HSCT. After SOT, PTLDs are the second
commonest malignancy (20%) following non melanotic
skin cancers [21-23]. On the other hand the incidence of
PTLD following HSCT is 01-2.5% though its associated
with disseminated disease and carries higher chance of
mortality [24-27]. The various risk factors associated with
PTLD are enumerated in Table 3.

The most important risk factor implicated in develop-
ment of PTLD is seronegativity for EBV in recipients at the
time of transplant. Seronegativity increases the risk of
development of PTLD by 10-75%. So, any recipient who
is seronegative at the time of transplant and acquires the
infection posttransplant, progress to PTLD. Hence, this is
more common in children (< 10 years) as about 50% of
them are seronegative at the time of transplant [28, 29].
Other viral infections, viruses implicated in PTLD are
concomitant infection with CMV, Hepatitis C and HHV-8.
Over last decade, there has been a rise in EBV negative
PTLDs. Though the pathogenesis remains unclear and
various postulated hypothesis includes persistence of sub-
clinical viral infection, combination of immunosuppression
reagents used and viral oncogenicity.

Table 3 Risk factors for PTLD

The incidence in SOT, varies and depends on the type of
organ transplanted. This difference may be related to
amount of lymphoid tissue transplanted and the amount of
immunosuppression given to the recipient. The involve-
ment of various organs in descending order is multivisceral
transplant (12-17%), recipient of lung (6-10%), heart
(3-5%), liver (2-3%) and kidney (1.5-2.5%).

The combination of immunosuppressive agents used and
its intensity serve as important risk factors for both SOT
and HSCT PTLDs. Antilymphocyte agents like ATG, anti-
CD3 monoclonal antibodies, azathioprine and other drugs
that cause profound T cell depletion increase the risk of
PTLD by 25% as compared to normal individuals [30-35].
Use of mammalian target of rapamycin inhibitors (mTOR)
inhibitors on the other hand has been shown to reduce
PTLD incidence [33, 36]. In some retrospective studies,
tacrolimus as compared to cyclosporine A has been shown
to increase the risk of PTLD, whereas in other studies this
finding has been refuted [37].

HSCT patients have lower risk (< 2%) of developing
PTLD. PTLD after SOT follows a bimodal peak before
02 years (early onset) of transplant and second peak after
5-10 years (late onset). Early onset PTLDs are usually
EBV positive whereas, the late onset PTLDs are frequently
EBV negative.

Risk factors for SOT

Risk factors for HSCT

EBV seromismatch (R—/D+)

Type of SOT

Intensity and type of immunosuppression

Underlying disorders (HCV, Cystic fibrosis, autoimmune hepatitis)

HLA mismatch (haploidentical) MMURD > MUD > MRD
T cell depleted graft/use of antiCD3 antibodies
Duration of immunosuppression

Underlying disorders (PID, advanced Hodgkin’s Lymphoma)

EBV Epstein barr virus, MMUD mismatched unrelated donor, MUD matched unrelated donor, MRD matched related donor, PID primary

immunodeficiency disorder
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PTLDs post HSCT occurs very early in the transplant
course. The high incidence of early onset PTLDs seen post
HSCT is suggested to be due to delay in immune recon-
stitution of anti EBV cytotoxic T lymphocytes (CTLs) after
myeloablation and homing of donor stem cells [38]. In a
study by Landgren et al. of 21,686 HSCT patients, use of
ATG and T cell depleting agents for Graft versus host
disease (GVHD) were identified as major risk factors for
PTLDs. Other important predisposing factors were HLA
mismatch, second transplant and elderly patients [22]. In
another study conducted by Sundin et al., they observed
HLA mismatch, splenectomy and EBV seronegativity as
significant risk factors associated with PTLD [21].

Pathobiology of EBV Related PTLDS

EBV is transmitted through contact with the saliva of
carriers and they enter and lodge in the subepithelial B
cells of nasopharyngeal tract. The virus establishes a lytic
infection associated with production of new versions which
can be transmitted to a new host. The viral genome can also
get integrated with the host genome establishing a latent
infection in host memory B cells [39—45].

As the EBV infected naive B cells proliferate and
transform, the viral programme called latency expression
changes from III-II-I-0. This latency profile is based on
expression of viral EBV proteins and these are associated
with different stages of EBV B cell infection. The naive B
cells in the subepithelium of nasopharynx are activated by
EBV binding to CD21 receptors. The activated B cells
either differentiate into memory B cells or plasma cell via
the T cell dependent or independent pathway. The acti-
vated B cells express latency III viral encoded proteins
(namely 6 EBV nuclear antigens-EBNA-1, 2, 3A-C and
EBNA leader protein) and 03 latent membrane proteins
(LMP-1, 2A-B). This latency III proteins or growth pro-
motors trigger initial proliferation of viral infected B cells.
Once the B cells enter the germinal center of a lymph node
or secondary lymphoid organs the default program called
latency II is activated characterized by expression of
EBNA1, LMP1, LMP2A and EBERs. As the B cells
mature from centroblasts to centrocytes they undergo
somatic hypermutation and class switch recombination.
After leaving the germinal center they differentiate mostly
into memory B cells and plasma cells. The memory B cells
express latency I (EBNA1) or latency O i.e. no viral pro-
teins (Fig. 1) [46, 47].

As EBYV infected B cells proliferate and express Epstein
Barr nuclear antigen (EBNA) and latent membrane protein
(LMP) host cytotoxic T Ilymphocyte (CTL) immune
response checks the proliferation of the EBV infected B
cells. Some of these infected cells escape the immune
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check and enter a latent phase. The memory B cells
downregulate EBV encoded proteins but there remains
enough antigenic expression to mount a secondary CTL
immune response. Therefore, a balance is maintained and
the EBV infected B cells are unable to progress to PTLD
and persist in circulation leading to a subclinical infection.
With immunosuppression, the balance is shifted towards B
cell proliferation, leading to EBV driven
lymphoproliferation.

Dissimilarities Between EBV— Versus EBV+ PTLD

PTLD occurring in EBV+ recipients is a known fact,
however there are 33—48% cases of PTLD occurring in
EBV seronegative individuals. The underlying pathophys-
iology in these cases remains ambiguous. Various
hypothesis proposed are chronic immune triggering post
transplant, infection due to other organisms and hit and run
EBYV infection [48-50]. However there is limited evidence
to support these theories. EBV— cases tend to occur much
later compared to EBV+ cases [51]. Molecular studies
have detected similar genetic defects in PTLDs arising in
EBV— individuals as seen in classical lymphoma devel-
oping in immunocompetent individuals [52]. Hence, there
is a school of thought not to place them in PTLD category.
The mere fact that they respond well to reduced immuno-
suppression necessitates them to be classified under
PTLDs.

Pathologic Classification

The commonly used classification system of PTLD is as
per the WHO classification 2017 [53], which divides PTLD
into early lesions, polymorphic PTLD, monomorphic and
Hodgkin’s like PTLD. The monomorphic and classic
Hodgkin’s lymphoma types of PTLD are further catego-
rized as in immunocompetent individuals. The indolent
lymphomas with the exception of EBV positive MALT
lymphomas are not considered a type of PTLD.

(a) Early Lesions—These include lesions with features
of infectious mononucleosis and plasmacytic hyper-
plasia with preservation of tissue architecture. These
lesions are the first morophological variants seen in
the spectrum of PTLDs. Diffuse follicular hyper-
plasia or paracortical expansion with infectious
mononucleosis like features is typical of the early
lesions. They are composed of a mixed cell popu-
lation consisting primarily of small lymphocytes
with scattered plasma cells and immunoblasts that
exhibit minimal cytological atypia. Rarely small
clonal or oligoclonal population may be apparent
[54].
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Fig. 1 Pathophysiology of Epstein—Barr positive PTLDs developing in solid organ transplant recipients

(b) Polymorphic PTLDs—These lesions show predom-
inantly effacement and destruction of tissue and
architecture and show malignant histological features
such as nuclear pleomorphism, necrosis and mitosis.
They are composed of small and medium sized
lymphocytes, atypical immunoblasts, mature plasma
cells and occasional Reed Sternberg (RS) like cells.
These lesions are mostly monoclonal and about 15%
reveal cytogenetic abnormality.

(c) Monomorphic PTLDs—These are composed of
monotonous population of transformed lymphoid
cells or plasmacytic cells showing marked nuclear
atypia/pleomorphism. The monomorphic PTLDs are
commonly of B cell origin and include Diffuse large
B cell lymphoma (DLBCL), Burkitts lymphoma or a
plasma cell neoplasm. The indolent B cell lym-
phomas are not included under the classification of
M-PTLDs. The T/NK cell type of PTLD includes the
entire spectrum of T or NK cell neoplasm with
peripheral T cell lymphoma NOS, hepatosplenic T

cell lymphoma, extranodal NK/T cell lymphoma
nasal type noted in descending sequence. In
M-PTLDs, Ig G rearrangement in B cell lymphomas
and clonal T cell receptor gene rearrangement in T
cell lymphoma is present virtually in all cases.

(d) Hodgkin’s Lymphoma—Hodgkin’s lymphoma is a
rare type of PTLD, usually seen in post renal
transplant recipients. The classical histological fea-
ture is presence of RS like cells in an inflammatory
background. It is imperative to employ a panel of
immunohistochemical markers to distinguish it from
polymorphic PTLD/IM like PTLD in which EBV
infected cells may show RS like features.

Diagnosis of PTLD

Early diagnosis of PTLDs requires a high index of suspi-
cion as most of them manifest with nonspecific signs and
symptoms, which may mimic more commoner
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complications like acute rejections after solid organ
transplant or Graft versus host disease (GVHD) after
HSCT. Hence, the first step towards timely diagnosis is a
detailed physical examination. This has to be supported by
various imaging studies and laboratory investigations.

The role of EBV in pathogenesis of PTLDs is well
established, hence, serial monitoring of EBV load post
SOT/HSCT is crucial to determine the risk for develop-
ment of PTLD and initiate preemptive treatment. It is also
necessary to differentiate an episode of acute rejection
from PTLD, especially when there is involvement of the
allograft. So, a step wise approach to detect EBV load
during the post transplant period may prevent PTLDs.
Various laboratory tests available are:

(a) Serological markers: Antibody titers for IgG and
IgM antibodies against antiviral capsid antigen, early
antigen (EA) and Epstein Barr nuclear antigen are
helpful to determine EBV infection in immunocom-
petent individuals [55]. But in immunocompromised
patients, antibody serological titer monitoring is not
a reliable investigation because of delayed humoral
response. Also, as most of these transplant recipients
are transfusion dependent, passive transfer of anti-
bodies renders EBV IgG detection difficult. The role
of serological assessment of EBV status is limited to
pretransplant workup only.

(b) Detection of EBV nuclei acids or proteins in tissue:
EBV specific nuclei acid can be detected in tissue
by in situ hybridization of EBV encoded small
nuclear RNA (EBNA). This is a highly sensitive
test as EBER is expressed in all stages of latency.
Other EBV associated proteins that can be detected
in paraffin embedded tissue using immunohisto-
chemistry are EBNA1, EBNA2, LMP1, however,
these are less sensitive than in situ hybridization
[56, 57].

(c) Viral load determination: Quantitative polymerase
chain reaction (PCR) is recommended for detecting
viral load in serum, plasma or whole blood.
Preemptive treatment to prevent PTLD occurrence
is started if the EBV viral load is high [58—61]. The
major drawback of this technique is lack of
international consensus on frequency of performing
the test and nonexistence of standard cutoffs for
positivity.

The monitoring of EBV viral load should be part of any
transplant centre as it can prevent overt PTLDs. However,
non availability of molecular laboratories, high cost asso-
ciated with frequent monitoring and technical expertise
needed often limits its applicability.
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Treatment of PTLD

Once the diagnosis of PTLD is established, the aim is to
reduce the lymphoma disease bulk while preserving allo-
graft function. This is achieved by use of systematic
treatment approach that involves firstly reducing the
immunosuppression. Depending on the disease type and
response achieved, treatment with anti CD20 monoclonal
antibody and chemotherapy, either in combination or
sequentially is initiated. Patients with localized disease
may be treated with other adjunct therapies like surgery or
radiation. Use of newer modalities like EBV specific
cytotoxic T lymphocytes is being explored.

(a) Reduction of immunosuppression (RI) in PTLD:
Reducing the immunosuppression has been the
mainstay treatment for PTLDs. Most studies or case
series on PTLD however document a variable
response to RI alone. The response of patients to
RI depends on large number of other factors like
subtype of histological disease and localized versus
disseminated disease. The optimal dose reduction is
not standardized and certain guidelines recommend
25-50% reduction in calcineurin inhibitor and or
replacement by mTOR inhibitors. RI may cause
acute rejection flare up in the patient causing graft
failure and hence its use in isolation has not shown
much benefit [6, 62-64].

(b) Rituximab monoclonal therapy: Chimeric anti CD20
monoclonal antibody has proven to be efficacious in
most cases of B cell PTLDs either alone or in
conjunction with CHOP regime. It is administered
once a week for 4 weeks at a dosage of 375 mg/m?2.
This is followed by 4 cycles of CHOP therapy, in
patients who don’t achieve complete remission with
initial dosage of rituximab. Jeyanthi et al. conducted
a detailed pooled analysis of available literature on
use of rituximab as a single agent for PTLDs. They
concluded that rituximab is highly efficacious in
treating less aggressive PTLDs which don’t respond
to RI alone [62, 65-67].

(c) Chemotherapy: CHOP regime (cyclophosphamide,
doxorubicin, vincristine, prednisone) is used to treat
high grade Non-Hodgkin’s lymphoma along with
Rituximab and RI. Although the complete remission
rate is higher with these drugs up to 42-90% [68], it
is fraught with higher treatment related mortality
(TRM) mostly due to infectious complications. In
spite of the major side effects, treatment with
chemotherapeutic agents remains an important com-
ponent of treatment paradigm for PTLD.

(d) Adoptive Immunotherapy—EBYV specific cytotoxic
T lymphocytes are being employed to target the viral
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antigens expressed in EBV positive malignancies
after both SOT and HSCT. The cytotoxic activity of
these ex vivo T cells decreases from tumors
expressing latency III to II to I. Latency III proteins
are the ones which are expressed in severely
immunocompromised individuals, HIV patients etc.
Though it is a promising treatment modality, the
major obstacle is the cost and time required to clone
cell lines against recipient EBV latent proteins. It has
shown promising results in PTLDs post HSCT
patients as the disease is donor derived but experi-
ence in SOT is limited as the disease is recipient
derived in SOT. The HLA matched unrelated
cytotoxic lymphocytes have been used in multicen-
tric trial successfully by Haque et al. [69-72].

(¢) Immunomodulatory/Cytokine therapy: Newer treat-
ment therapy using immunomodulatory agents are
still in very nascent stage and require more research
in this field. Interferon alfa, IL-6 are the two
cytokines proposed for use of PTLD treatment
[73-76].

(f) CNS disease: CNS PTLD is relatively a rare entity
and as of now no standard treatment protocols are
available. The recommended management guidelines
include whole brain irradiation or use of high dose
methotrexate as first line therapy, similar to what is
used in immunocompetent patients with primary
CNS lymphoma. However, these therapies are asso-
ciated with severe neurological as well as systemic
toxicity causing high morbidity [77]. Use of ritux-
imab in such cases has been restricted as it does not
cross blood brain barrier. However, Patrick et al. in
their series of primary CNS PTLDs have shown the
effectiveness of using high dose intravenous ritux-
imab given in dose escalation protocol in these
patients, leading to complete remission [78]. Newer
agents like anti CD30 antibodies, checkpoint inhibi-
tors, proteasome inhibitors and anti BTK antibodies
with high efficacy and minimal side effects need to
be explored to treat patients resistant to initial
therapy [79].

Conclusion

PTLDs are a major cause of increased mortality and mor-
bidity in patients of solid organ transplant. Deep insight in
the pathogenesis of post transplant lymphomas over the
years has considerably improved the diagnosis and man-
agement of this entity. However, PTLDs are rare diseases
and hence a high index of suspicion on part of clinicians
can help clinch the diagnosis in early stages and improve

the outcome. Reduced immunosuppression along with
additional chemotherapy and use of newer adoptive and
immunomodulatory agents has definitely improved the
outcome. Use of Rituximab in B cell NHL has been stan-
dardized however, multicentric collaborations and research
involving gene sequencing and gene expression profile can
provide better opportunities for targeted therapy. Efforts
are also needed to formalize the use of newer biological
agents like checkpoint inhibitors and in vitro expanded
EBV specific CTLs as therapeutic modality for PTLDs.
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