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Abstract

The World Health Organization Classification of Tumours of Haematopoietic and Lymphoid Tissues (WHO 2017) included updated
criteria for diagnosis and classification of post-transplant lymphoproliferative disorders (PTLDs). This study evaluated the clinicopath-
ologic spectrum using WHO 2017 criteria and adult PTLD patients’ outcomes over 30 years between 1987 and 2017 at Mayo Clinic
(Rochester, MN). Patients were retrospectively reviewed for clinical features, outcomes, and diagnostic pathology material and classified
based on WHO 2017 criteria. A total of 227 patients were diagnosed with PTLD, with a median time from transplant to PTLD of 45
months. PTLD occurred >1 year after transplant in 149 (66%) patients. Monomorphic PTLD was the most common subtype (173, 76%),
with diffuse large B cell ymphoma as the commonest morphology (n = 137). Epstein-Barr virus was positive in 61% of total cases and
90% of PTLD that developed within 1 year from transplant. The median event-free survival (EFS) and overall survival for the entire cohort
were 21 months (95% confidence interval [Cl]: 9-35) and 82 months (95% Cl: 39—115), respectively. The EFS or overall survival was not
impacted by Epstein-Barr virus status but differed based on WHO subtypes and year of diagnosis. Management changed over time with
increased use of rituximal or chemotherapy + immunosuppression reduction as initial therapy. When compared to the matched general
population and de novo diffuse large B cell lymphoma, patients not achieving EFS 24 status (no progression/treatment or death within
24 mo of diagnosis) had a worse standardized mortality ratio 16.75 (95% CI: 13.91-20) versus SMR 1.72 (95% Cl: 1.26-2.28) in those

who achieved EFS24. Cause of death was mostly attributed to non-lymphoma-related causes in those achieving EFS 24.
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Introduction

Post-transplant  lymphoproliferative  disorders (PTLDs)
encompass a heterogeneous group of lymphoid or plasmacytic
proliferations that occur in patients following solid organ or
allogeneic stem cell transplantation (ASCT).! The incidence of
PTLD has risen over the past 2 decades, secondary to numerous
factors, including an increased number of transplants, use of new
immunosuppressive agents, improved diagnostic methodologies,
and recognition of new types of PTLD.>? In 2017, the revised
4th edition of the World Health Organization Classification
of Tumours of Haematopoietic and Lymphoid Tissues (WHO
2017)! was published, which included updated criteria and ter-
minology for diagnosis and classification of PTLD. Classified
under the general heading of “Immunodeficiency-associated
lymphoproliferative disorders,” PTLDs encompass a diagnosti-
cally challenging group of heterogeneous lesions in their mor-
phology, phenotype, clonality, and Epstein-Barr virus (EBV)
status. EBV is implicated in 60%-80% of PTLDs, although this
number varies widely depending on the histopathologic sub-
type, patient demographics, and time from transplant.!?#

In the WHO 2017 classification, proliferations previously des-
ignated as “early lesions” in the WHO 2008 have been retitled
“non-destructive PTLD” to emphasize their pathologic char-
acteristics and aid in distinguishing these from cases of PTLD
which occur shortly after transplant (and can be of any subtype).
Nondestructive PTLDs (ND-PTLD) may be of 3 histopatho-
logic subtypes: (1) plasmacytic hyperplasia (PH), (2) infectious
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mononucleosis (IM), and (3) florid follicular hyperplasia (FFH),
with this latter group being a 2017 addition to the classification.’
The diagnostic criteria for polymorphic PTLD (P-PTLD) remained
largely unchanged in the 2017 update, but with the acknowledg-
ment that EBV-positive diffuse large B cell lymphomas (DLBCLs),
and also peripheral T cell lymphomas (PTCL), may have a poly-
morphous background, which should not exclude them from
being classified as monomorphic PTLD.! Monomorphic PTLDs
include lymphoid or plasmacytic proliferations that would fulfill
criteria for a WHO-entity (DLBCL, plasmacytoma, etc.) outside
of the post-transplant setting.! While low-grade B-cell lympho-
mas such as follicular lymphoma, chronic lymphocytic leukemia,
and marginal zone lymphoma were historically excluded from
this group; the 2017 update now includes EBV-positive cases of
extranodal marginal zone lymphoma of mucosa-associated lym-
phoid tissue (MALT lymphoma), typically occurring in the skin
or subcutaneous tissue, as PTLD.¢ Finally, the relatively recently
described indolent entity, EBV-positive mucocutaneous ulcer, has
been shown to occur in the post-transplant setting but is pres-
ently classified outside of the PTLD category. However, as this
entity may mimic other types of PTLD, consideration of this in
the differential diagnosis is essential in the proper clinicopatho-
logic evaluation of PTLD patients.”$

Significant progress has been made in the treatment of
PTLD over the last 3 decades. With phase II studies showing
promising responses to single-agent rituximab and response-
adapted sequential treatment of rituximab monotherapy fol-
lowed by CHOP-based chemotherapy, treatment patterns have
evolved.”!? Given the changes in both diagnostic criteria as well
as therapeutic approaches over the past several decades, the goal
of our study was to evaluate the clinicopathologic spectrum
(using WHO 2017 criteria) and outcomes of adult patients with
PTLD at a large solid organ transplant center over 30 years.

Methods

Patients with a history of solid organ transplant who were
diagnosed with PTLD between 1987 and 2017 at Mayo Clinic
(Rochester, MN, USA) were identified through the Mayo Clinic
Lymphoma Database and the University of lTowa/Mayo Clinic
SPORE Molecular Epidemiology Resource (MER). Clinical
data were obtained and recorded for all patients as available
using a standard protocol. Diagnostic pathology material was
retrospectively reviewed when available (RLK) and classified
according to the WHO 2017 criteria using H&E, immunohis-
tochemical stains, EBER in situ hybridization, and fluorescent
in situ hybridization (FISH) from the time of diagnosis. Cases
were considered “PTLD, NOS” if the histology could not be
confidently classified based on pathology material available for
review. As per WHO 2017, indolent small B-cell lymphomas
were not included among the PTLDs except for EBV-positive
marginal zone lymphoma (no cases identified).

Statistical analysis

Event-free survival (EFS) was defined as the time from
diagnosis of PTLD to relapse, progression, retreatment (sec-
ond-line therapy), or death due to any cause. Overall survival
(OS) was defined as the time from diagnosis until death due
to any cause. The EFS and OS analyses were performed using
the Kaplan—Meier method. Cox proportional hazards models
were used to assess the association of clinical factors with OS.
Baseline clinical and pathological characteristics and manage-
ment categories by EBV status were compared using the Chi-
square test, and P values of <0.05 were considered significant.
OS stratified by event within 24 months was compared to the
general US population as previously described for newly diag-
nosed DLBCL." The study was approved by Mayo Clinic IRB
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and conducted according to the Declaration of Helsinki. All
analyses were performed using R version 3.6.2 and SAS ver-
sion 9.4MS5 software.

Results

Patient characteristics

Between 1987 and 2017, a total of 227 patients were diag-
nosed or managed with PTLD at Mayo Clinic, Rochester. The
median age at PTLD diagnosis was 55 years (IQR 45-64 y).
The baseline characteristics of the entire cohort are shown in
Table 1. Sixty-seven percent (n = 153) of the cohort were male.
The median time from transplant to PTLD was 45 months (IQR:
7-112). PTLD occurred >1 year after transplant in 149 (66%)
patients. The most common transplanted organs were the kidney
(41%) and liver (29%). Extranodal involvement was present in
84% at presentation, and 19% involved the engrafted organ.
With a median follow-up of 85 months (IQR 33.7-151.6), 73%
(166/227) had disease relapse/progression, and 60% (136/227)
patients were deceased. One hundred sixteen (55%) patients
had progression within 2 years from diagnosis. The median EFS
and OS for the entire cohort were 21 months (95% CI: 9-35)
and 82 months (95% CI: 39-115), respectively (Figure 1; see
Supplemental Digital Figure S1, http://links.lww.com/HS/A194
for monomorphic PTLD and DLBCL).

Pathologic features

Original pathology materials were available for review in 177
cases (78%). The remaining 50 cases (22%) were reviewed by
RLK and TMH and, if possible, classified based on clinical notes

Baseline Characteristics of the Entire Cohort (n = 227)

N =227
Median age at diagnosis (y) 55 (IQR 45-64)
>60 84 (37%)
Males (%) 153 (67.4%)
Median age at transplant (years) 49 (IQR 36-60)
Median time from transplant to PTLD (mo) 45.4 (1.0-499.8)
Transplant type, n (%)
Renal 93 (41%)
Liver 66 (29.1%)
Heart 21(9.3%)
Lung 6 (7.0%)
Pancreas 2 (5.3%)
Renal + Pancreas 11 (4.8%)
Heart + Lung 3(1.3%)
Other 5(2.1%)
WHO subtype, n (%)
Monomorphic B-cell 168 (74%)
Polymorphic 13 (5.7%)
Classical HL 6 (2.6%)
Monomorphic T-cell 5(2.2%)
Nondestructive 3(1.3%)
Mucocutaneous ulcer 1 (0.4%)
PTLD NOS 31 (13.7%)
EBV positive 139 (61.2%)
Grafted organ involvement 44 (19.4%)
Stage IV 134 (61.2%)
Extranodal sites > 1 191 (84.1%)
PTLD > 1y after transplant 149 (65.6%)
Elevated LDH 50 (29.1%)

EBV = Epstein-Barr virus; LDH, lactate dehydrogenase;

post-transplant lymphoproliferative disorder.

NOS, not otherwise specified; PTLD =
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Figure 1. Kaplan Meier estimates of entire PTLD cohort. (A) Event-free survival and (B) overall survival. PTLD = post-transplant lymphoproliferative disorder.

and pathology reports. Cases, where pathology material was
unavailable and available documentation was insufficient to
classify PTLD subtype were designated PTLD, NOS. Similarly,
cases where the available pathology material was sufficient to
diagnose PTLD but insufficient to subclassify the lesion were
also classified as PTLD, NOS. The breakdown of the histo-
pathologic subtypes is shown in Table 1.

Monomorphic PTLD was the most common subtype (173,
76.2%) followed by polymorphic (13, 5.7%), non-destructive (3,
1.3%), and classic Hodgkin lymphoma (6, 2.6 %) (CHL-PTLD).
One case of EBV-positive mucocutaneous ulcer was identified in
the cohort. This case was initially diagnosed as monomorphic
PTLD, DLBCL, and was reclassified upon this study’s review.
Within the monomorphic PTLD cohort, 168 were B-cell lineage,
and 5 were T-cell lineage neoplasms. One hundred thirty-seven
(79.2%) cases were morphologically DLBCL. An additional
9 cases were histopathologically high-grade B-cell lymphoma
(HGBL), and 8 were plasma cell myeloma or plasmacytoma
(Table 2). The 5§ T-cell lymphomas included 3 PTCL NOS, 1
T-cell large granular lymphocytic leukemia (T-LGL), and 1 ALK-
negative anaplastic large cell lymphoma (ALCL). Three cases
were histologically monomorphic on the H&E slide but did not
have sufficient phenotyping performed to classify them further.
No EBV-positive low-grade B-cell lymphomas were identified.

Among the monomorphic PTLD cases with DLBCL mor-
phology (n = 137), the median age was slightly older at 57 years
(IQR 46-65) (see Supplemental Digital Table S1, http://links.
Ilww.com/HS/A194). Renal (46%) and liver (22%) were the 2

Subtypes of Monomorphic B-cell PTLD

Subtype N (%)
DLBCL 137 (81.6%)
High-grade B-cell lymphoma 9 (5.4%)
Plasma cell myeloma/plasmacytoma 8 (4.8%)
Plasmablastic lymphoma 5 (3.0%)
Burkitt lymphoma 2 (1.2%)
Primary CNS Lymphoma 2 (1.2%)
Unclassifiable 5 (3.0%)

CNS = central nervous system; DLBCL = diffuse large B cell ymphoma; PTLD = post-transplant
lymphoproliferative disorder.

most common transplant organ types associated with mono-
morphic PTLD, DLBCL. Graft organ involvement was seen in
17% (23/137) of patients. FISH studies to exclude MYC rear-
rangements were performed on only 14 (10%) of DLBCL cases
(all negative for a MYC rearrangement). Therefore, it is possi-
ble that a small subset of untested DLBCL cases harbors MYC
and either BCL2 or BCL6 rearrangements that would reclassify
them as “high-grade B-cell lymphoma with MYC and BCL2
and/or BCL6 rearrangements” (double/triple hit lymphomas)
based on the WHO 2017. The cell of origin testing by the Hans
algorithm was available on 35 cases (28 non-GCB and 7 GCB).

EBYV status

Using EBER in situ hybridization at the time of diagnosis,
EBV was positive in 139/227 (61%) total cases and 78/137
(57%) monomorphic PTLD-DLBCL cases. There was no asso-
ciation between EBV status and clinical factors (age, gender,
stage, LDH, and extranodal site involvement) in the entire
cohort or within monomorphic PTLD, DLBCL type (Table 3
and see Supplemental Digital Table 2, http:/links.lww.com/HS/
A194). In the PTLD cohort developed within 1 year from trans-
plant, 70/78 (90%) were EBV positive, compared with 69/149
(46%) of the PTLDs developed >1-year post-transplant (P <

Comparisons of Baseline Characteristics of PTLD Patients Based
on EBV Status?®

EBV Positive EBV Negative
(N =139) (N =78) P
Age > 60y 48 (34.5%) 34 (43.6%) 0.21
Male gender 91 (65.5%) 55 (70.5%) 0.73
LDH > ULN 29 (27.9%) 20 (30.8%) 0.91
Stage IV 80 (59.7%) 49 (64.5%) 0.74
IPI'>1 80 (60.6%) 46 (63.0%) 0.91
Extranodal disease 120 (86.3%) 62 (79.5%) 0.36
Grafted organ 33 (23.7%) 9 (11.5%) <0.001
PTLD < 1y after transplant 70 (50.4%) 5 (6.4%) <0.001

aUnknown = 10.
EBV = Epstein-Barr virus; IPI = International Prognostic Index; PTLD = post-transplant lymphopro-
liferative disorder; ULN = upper limit of normal.
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0.001). The involvement of the grafted organ by PTLD was seen
in 44/227 cases (19%) of which, 33/44 (75%) were EBV posi-
tive, as compared to those without grafted organ involvement,
where EBV positivity was seen in 106/182 (58%) cases. In mul-
tivariable analysis, features independently associated with EBV
positivity included time from transplant (<1 y) and involvement
of the grafted organ by PTLD (both P < 0.001). Among the
monomorphic PTLD, DLBCL cohort that was diagnosed <1
year from transplant (51/137), 90% (46/51) were EBV positive.
Of the 28 non-GCB monomorphic PTLD, DLBCL 50% (14/28)
were EBV positive compared to only 1/7 (14%) (P = 0.091) for
GCB cases. Only 13 polymorphic PTLDs were diagnosed over
the study period, of which 11 (84%) were EBV positive. Of the
3 ND-PTLDs, 2 were IM, 1 was PH, and none was FFH. All
ND-PTLDs were EBV positive, by definition.

Therapeutic strategies and clinical outcomes

Details of the initial management approach among various
WHO subtypes are shown in Table 4. Interventions included
immunosuppression reduction alone (N = 38, 17%), chemother-
apy/immunochemotherapy with or without immunosuppression
reduction (N = 67, 30%), rituximab alone or with immunosup-
pression reduction (N = 63, 28%), and surgery alone or with
immunosuppression reduction (n = 21, 9%). Only 8 patients
received either radiation alone or in combination with decreased
immunosuppression; this therapy was classified as “other.” The
treatment preference changed over time with the increased use
of rituximab + immunosuppression reduction and chemother-
apy + immunosuppression reduction as initial therapy seen in
the last decade (Figure 2). Use of rituximab + immunosuppres-
sion reduction as initial treatment increased from 11.6% in
patients diagnosed between 1987 and 2002 (n = 86), to 37.6%
in those diagnosed between 2003 and 2017 (n = 141).

PTLD-CHL patients had the best OS, and the monomorphic
T-cell PTLDs had the most inferior outcomes (2-y OS rate 100%
versus 20%), albeit based on small numbers (Figure 3). The
EBV status was not associated with either EFS or OS in both
the entire PTLD cohort and monomorphic PTLD, DLBCL type
cohort (Figure 4, and see Supplemental Digital Figure S2, http://
links.lww.com/HS/A194). Additionally, the EFS and OS were
analyzed based on the eras used to categorize the management
changes over the years (Figure SA and B). The OS improved
significantly over the years as also depicted in the hazard ratio
spline curve based on the year of PTLD diagnosis (Figure 5C).
We then compared the observed survival in patients achieving
event-free survival at 24 months (EFS24) versus those failing
to achieve EFS24 in both monomorphic PTLD DLBCL, and de
novo DLBCL versus expected survival in age- and sex-matched
US population (Figure 6). Patients who failed to achieve EFS24
did much worse with a standardized mortality ratio (SMR) of
16.75 (95% CI: 13.91-20) than patients who achieved EFS24
status with an SMR of 1.72 (95% CI: 1.26-2.28). Moreover,
for DLBCL PTLD, the overall survival in patients who achieved
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EFS24 still remained significantly below the background pop-
ulation, as opposed to in de novo DLBCL where survival
approaches the age- and sex-matched population. When eval-
uating the entire cohort, cumulative incidence analysis of cause
of death for those achieving EFS24 showed significantly lower
S-year lymphoma-related deaths at 0.03 (95% CI: 0.01-0.10)
as compared to 0.37 (95% CI: 0.29-0.47) in those failing
EFS24 (Figure 7). The non-lymphoma-related deaths showed
a decline over the years when the cumulative incidence anal-
yses for cause of death were done based on 3 different eras
(1987-2002 [Figure 7B], 20032010 [Figure 7C], and 2011—
2017 [Figure 7D]).

Discussion

This report describes a 30-year clinicopathological experi-
ence with PTLD at a single center, based on the recent 2017
WHO classification. It also provides survival estimates based
on new WHO subtypes and describes various management
strategies and their outcomes. PTLD comprises a morpholog-
ically heterogeneous group of lymphoproliferative conditions,
of which monomorphic PTLD constitutes up to 60%-80%.!
Monomorphic PTLD fulfills specific WHO criteria for either a
B or T/NK-cell NHL described in immunocompetent patients,
except for small B-cell lymphoid neoplasms that are not desig-
nated as PTLDs. Of the monomorphic PTLDs, DLBCL is the
most common, with the less common occurrences of Burkitt
lymphoma or a plasma cell neoplasm. Our study also predomi-
nantly comprised of monomorphic PTLD B-cell type (168/227,
74%), of which 137/168 (85%) cases were DLBCL. The mono-
morphic PTLD, T-cell type is rare and consists of 2.2% (5/227)
of our patient cohort. Of the 3 ND-PTLDs, 2 were IM, 1 was
PH, and none was FFH. ND-PTLDs are usually seen in children
or adults with solid organ transplant without prior EBV infec-
tion.>*15 These typically involve lymph nodes or tonsils and
adenoids rather than extranodal sites.!*!5 Since our series only
included adult patients, the proportion of ND-PTLD was lower.
Polymorphic PTLD forms a minority of PTLDs and is also seen
more commonly in children.’®!8 It is seen after the primary
EBV infection post-transplant and tends to occur earlier than
monomorphic PTLD. Only 13 (5.7%) patients in our cohort
were recognized as P-PTLD with age at PTLD diagnosis ranging
between 22 and 62 years. This is consistent with another large
single-center study of 140 biopsy-proven PTLD cases after solid
organ transplant or ASCT, where P-PTLD was seen in 6% of
patients despite pediatric patients’ inclusion."”

EBV-positive mucocutaneous ulcer (EBV-MCU) is an indo-
lent entity that has been recently recognized and occurs in
patients with age-related or iatrogenic immunosuppression.” It
can be seen in solid organ transplant recipients and needs to
be considered while diagnosing PTLD. While one series showed
higher percentages, up to 10%, of EBV-MCU when retrospec-
tively evaluating their PTLD cohort, we reclassified only one
case originally diagnosed as monomorphic PTLD, DLBCL to

Various Initial Treatment Strategies Based on PTLD Subtype in the Total Cohort

Monomorphic

Nondestructive  Polymorphic Monomorphic non-DLBCL Type PTLD NOS Classic Total
Treatment Category (n=3) (n=13) DLBCL Type (n = 137) (n=37) (n=31) Hodgkin (n=6) (n=227)
DIS alone 2 (66.7%) 5 (38.5%) 17 (12.4%) 8 (21.6%) 5(16.1%) 1(16.7%) 38 (16.7%)
Rituximab + DIS (includes rituximab alone) 0 5 (38.5%) 47 (34.3%) 3(8.1%) 8 (25.8%) 0 63 (27.8%)
Chemotherapy + DIS (includes chemo alone) 0 0 45 (32.8%) 15 (40.5%) 4 (12.9%) 3 (50%) 67 (29.5%)
Surgery = DIS (includes surgery alone) 1(33.3%) 1(7.7%) 10 (7.3%) 6 (16.2%) 3(9.7%) 0 21(9.3%)
Other? 0 2 (15.4%) 18 (13.1%) 5 (13.5%) 11 (35.5%) 2 (33.3%) 38 (16.7%)

alnterferon +DIS, no treatment—dead before treatment initiation, observation, radiation, radiation+DIS.
DIS = decreased immunosuppression; DLBCL = diffuse large B-cell lymphoma.
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Changes in management strategies over
time
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Figure 2. Bar graph showing changes in treatment strategies over time divided in 3 eras (1987-2002, 2003-2010, and 2011-2017).

EBV-MCU. As this is a relatively recently described entity, fur-
ther prospective series are needed to establish EBV-MCU fre-
quency in the post-transplant setting.” EBV+ MALT lymphomas
typically occur in the skin and subcutaneous tissue, which is
different than the typical EBV-negative MALT lymphomas seen

more commonly in the stomach or parotid gland in the immu-
nocompetent hosts. EBV+ MALT tends to occur late after trans-
plant and is usually solitary with an overall good prognosis.®?%?!
EBV+MALTS are rare in occurrence, and no cases were identi-
fied in our study. In our report, the cases where the available
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Figure 3. Kaplan Meier estimates of entire PTLD Cohort based on WHO subtypes. (A) Event-free survival and (B) overall survival. PTLD =

post-transplant lymphoproliferative disorder; WHO = World Health Organization.
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pathology material was sufficient to diagnose PTLD but insuf-
ficient to subclassify the lesion were classified as PTLD, NOS.
These constituted about 13.7% of the total 227 cases highlight-
ing the need for substantial tissue for accurate categorization
of PTLD.

Recent studies have shown a longer median time from solid
organ transplant to PTLD diagnosis to be approximately four
years.'”?223 Dierickx et al'” in 2013 reported that 71% of 140
biopsy-proven PTLD cases were diagnosed >1 year after solid
organ transplant, with a median time of 4 years. Similarly, in
a more recent multicenter collaboration of 877 adult PTLD
patients after solid organ transplant, the median time from solid
organ transplant to PTLD diagnosis was 57 months.?* Our find-
ings are similar with a median time of 45.4 months (range: 1.0-
499.8), with 66% of cases of PTLD diagnosed >1 years from
solid organ transplant. Historically, this has been much shorter,
with most (80%) cases occurring within the first year.?*

EBV positivity is more often seen in the early-onset PTLD (<1 y)
than late-onset.'>?>2%26 EBV positivity rate in our study was 61%
in the entire cohort and 90% in those with early-onset PTLD.

These findings are consistent with studies reported in the last
decade.!”?22 EBV negative PTLD has been on the rise, possibly
due to newer immunosuppressive regimens, improved knowl-
edge of risk factors of EBV+ PTLD, better awareness, delayed
onset in the diagnosis, and enhanced diagnostic techniques.'*??

PTLD frequently involves extranodal sites and presents with
advanced-stage disease. A report by Dierickx et al** had 78%
cases with one or more sites of extranodal involvement and
72% with advanced-stage disease (Ann Arbor stage III/IV). In
several studies, the most frequent extranodal sites are the gas-
trointestinal tract, including the liver (up to 30%) and grafted
organ (10%-20%).>1%232728 Our report had 84% of cases with
extranodal involvement and 61% with advanced-stage disease.
CNS involvement is low in PTLD and ranges between 5% and

20% in the reported series.>'>?® Our numbers are lower for
CNS involvement at 1.2% and similar for the grafted organ
involvement at 19% compared to other reports.

Treatment of PTLD is individualized based on the PTLD
type, solid organ transplant type, risk of graft rejection, clin-
ical presentation, tumor burden of PTLD, and patient age/
comorbidities. The majority of available data for PTLD treat-
ment rely on retrospective studies and a handful of prospec-
tive trials.*"' Additionally, most of the data pertains to the
treatment of CD 20+ B-cell PTLD. Due to these reasons, no
standard treatment guidelines exist. Reduction of immuno-
suppression alone was the first step in management in PTLD,
with most success in EBV+, early-onset, and nonmonomor-
phic PTLD (ND and polymorphic).2>*-3! Complete remission
(CR) rates with immunosuppression reduction alone have
been reported between 5% and 50%, with durable responses
in only 5%-30% in these predominantly retrospective
reports.?2230 Rituximab monotherapy was subsequently uti-
lized as salvage therapy post RIS failure, with overall response
rates (ORRs) up to 70%.3%35 The results of the largest pro-
spective phase II PTLD-1 trial utilizing sequential treatment
(ST) of rituximab followed by CHOP-21 chemotherapy were
published in 2012, with an ORR of 90% and median OS
of 6.6 years.! This was a significant improvement over the
rituximab monotherapy trials with reported OS between 1.2
and 3.5 years.”?335 These results have changed the treatment
paradigm of B-cell PTLD. Our study depicts this evolution in
management, with an increasing number of patients receiv-
ing rituximab = chemotherapy in combination with immu-
nosuppression reduction in the cohorts diagnosed between
2003-2010 and 2011-2017. A subsequent risk-stratified ST
(RSST) approach in B-cell PTLD, where patients in CR after
initial rituximab x 4 weekly cycles induction were stratified
to rituximab consolidation, also showed a similar ORR of
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88% and median OS of 6.6 years.' This approach is now
favored due to its lower treatment-related mortality (TRM)
in PTLD patients (8%), compared to that of the ST (TRM:
13%) and other retrospective series with first-line chemother-
apy (TRM: 31%).5-132.3

Median OS in our study is 82 months (95% CI: 35-115),
which is much longer than studies reported in the early 2000s
and like the estimates of the recently reported phase II trials.
Monomorphic PTLD, DLBCL subtype also showed a similar
median OS of 85 months, likely owing to the increased use of
rituximab and chemotherapy in addition to immunosuppres-
sion reduction and improved TRM over the years. This is fur-
ther confirmed by evaluating the OS based on the year of PTLD
diagnosis and cumulative incidence analyses in different eras for
cause of death in these patients. Both our entire PTLD cohort
and monomorphic PTLD, DLBCL cohort did not show a signif-
icant difference in EFS and OS based on the EBV status. This
mimics more recently reported phase II trial data where EBV
status did not show a difference in survival.!'>'":' Some reports
conflict with this notion where EBV positive status is associ-
ated with more prolonged survival.!$?2233237 This conflict can
be explained because most series are retrospective, single-cen-
ter, and do not have centrally reviewed pathology specimens.
These reports also span over decades during which management

preferences, diagnostic techniques, immunosuppression regi-
mens, and supportive care measures have evolved. The patient
cohorts are heterogeneous and vary significantly between differ-
ent reports, including adult or pediatric patients alone or com-
bined. Some reports evaluating the use of rituximab after RIS’s
failure may include more patients with M-PTLD than ND or
polymorphic subtype.

Our study provides EFS and OS based on the new 2017 WHO
subtypes, with cHL PTLD having the best OS (2-y OS rate 100%)
and monomorphic PTLD, T-cell subtype with remarkably infe-
rior outcomes (2-y OS rate 20%), despite small numbers in both
these cohorts. This has not been described before in the litera-
ture and could help prognosticate patients. To further aid in the
prognostication of patients with monomorphic PTLD, DLBCL
we compared the OS based on EFS24 status with that of de
novo DLBCL and age- and sex-matched US general population,
and there was a significant impact of EFS24 status on mono-
morphic PTLD, DLBCL survival. The 2- and 5-year OS rates
in those achieving EFS 24 were 88% and 80.4%, respectively,
compared to 38.3% and 34.6% in patients who failed EFS24.
This highlights significant early mortality and emphasizes the
need for optimal treatment as a frontline strategy. Furthermore,
in contrast to the de novo DLBCL, where survival approached
that of general population after achieving EFS24, monomorphic
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PTLD-DLBCL:s survival lagged behind.?** Based on the cause
of death data, this is mostly contributed by the nonlymphoma
deaths which are likely from complications related to ongoing
immunosuppression, graft failure, surgical complications, other
non-PTLD malignancies, and other comorbidities. This high-
lights the need for continued multidisciplinary care of these
patients.

This study has the inherent bias and limitations associated
with a retrospective, single-center cohort study, including dis-
ease heterogeneity, lack of control over confounding factors,
treatment choices, and timing of follow-ups and radiologic
studies. We also acknowledge that not having MYC FISH on
many of our DLBCL cases is a limitation to 100% accurate
classification by the WHO 2017. However, within a PTLD
cohort, this is a relatively minor limitation since the majority
of PTLD DLBCLs are of the non-GCB type. Indeed, among our
cases in which Hans algorithm was performed, as expected,
the vast majority of our DLBCL cases were non-GCB (80%)
which have a much lower rate (<2% in prior studies) of being
a double-hit lymphoma.* Overall, central review of pathol-
ogy remains a strength of our study in addition to a dataset
that spans over 30 years and homogenously depicts practice
changes over different decades based on PTLD research’s evo-
lution. We can also provide survival estimates based on the
WHO subtypes and have identified EFS24 as an additional
prognostication tool.

Conclusions

In summary, our study confirms the improvement in survival
of PTLD patients and changes in the treatment preferences
over time. The use of rituximab with or without chemother-
apy increased over the years as frontline therapy in addition to
RIS. New WHO subtypes and EFS24 status aid in predicting
outcomes in patients with PTLD. EFS 24 status is prognostic
in monomorphic PTLD, DLBCL but patients show consistent
increase in late non-lymphoma-related mortality.
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