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ABSTRACT
We studied the expression of programed death 1 (PD-1) receptor and its ligands (PD-L1/-L2) by
immunohistochemistry and its association with clinicopathological features in 81 posttransplant
lymphoproliferative disorders (PTLDs) following solid organ transplantation. Overall, 67% (54/81)
of the PTLDs were positive in any of the three immunostainings. PD-1 was detected on tumor-
infiltrating cells in 41% (33/81) of the PTLDs. PD-L1 was expressed on �5% of the tumor cells in
50% (40/80) and PD-L2 in 32% (23/72) of the PTLDs. All Burkitt lymphomas were PD-L1 negative.
Expression of PD-L1 tended to be associated with non-germinal center-type of diffuse large
B-cell lymphoma (63% vs. 33% in GC-type, p¼ .14) and latent membrane protein-1þ PTLD (76%
vs. 44% in LPM1-, p¼ .09). Heart recipients had more frequent PTLDs with PD-1þ microenviron-
ment (p¼ .01). The frequent expression of PD-1 or -L1/-L2 in PTLD warrants further clinical evalu-
ation of the efficacy and safety of PD-(L)1 inhibitors for refractory PTLD.
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Introduction

Posttransplant lymphoproliferative disorder (PTLD) is a
potentially fatal complication, which affects �1% of
recipients of solid organ transplants [1]. Although
some patients respond to reduction of immunosup-
pression alone, most patients need treatment with rit-
uximab and/or chemotherapy [2–4]. The prognosis for
those who relapse after chemotherapy is dismal and
new therapeutic options are needed. Adoptive
immunotherapy with Epstein–Barr virus (EBV)-specific
cytotoxic T cells has shown good response rates in
patients with EBV-positive (EBVþ) PTLD who failed
conventional therapy but is not readily available [5].
Furthermore, the growing proportion of late-onset
EBV– PTLD [6,7] is of course not treatable with such
adoptive cell therapy.

In the non-transplant setting, therapy with pro-
gramed death 1 (PD-1) pathway inhibitors have been
exceptionally effective in relapsed or refractory
Hodgkin lymphoma [8–10] and partially also in
relapsed or refractory diffuse large B-cell lymphoma
(DLBCL) and T-cell lymphoma [11,12]. Currently

available drugs target either PD-1 or its ligand PD-L1.
PD-1 is expressed mainly by activated T cells, but also
by natural killer cells, monocytes, and B cells and it
interacts with its ligands PD-L1 and -L2, which are
expressed on tumor cells and macrophages in the
tumor microenvironment. This interaction suppresses
the function of effector T cells and is a mechanism for
tumors to evade the immune response. Expression of
PD-L1 on tumor cells is considered the most robust
biomarker for treatment response to PD-(L)1 inhibitors
but also PD-1-positive tumor-infiltrating immune cells
and PD-L2-positive tumor cells have been associated
with the response [13].

Therapy with PD-(L)1 inhibitors could potentially
become a treatment option also for refractory or
relapsed PTLD. However, this requires knowledge of
the expression of PD-1 and its ligands in PTLD.
Approximately 60–100% of PTLDs have been reported
to be positive for PD-L1 in previous small case series
[14–17]. Correlations between expression of PD-1 and
its ligands and PTLD subtypes and clinical features
have so far been little studied. Therefore, we
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investigated the expression of PD-1, -L1, and -L2 in 81
PTLDs retrieved from a larger population-based case
series and correlated the expression of these bio-
markers with clinicopathological features.

Materials and methods

Identification of cases

All cases of PTLD with sufficient material for further
analyses (n¼ 81) from a previously reported popula-
tion-based case series of PTLDs following solid organ
transplantation (n¼ 135) were included in this study
[6]. In brief, 10,010 recipients of solid organ transplants
in Sweden between 1970 and 2006 were identified in
the Swedish National Inpatient Register. Through link-
age to the Swedish Cancer Register individuals who
developed lymphoma posttransplant between 1980
and 2006 were identified. The only two cases that
were reported between 1970 and 1980 were not
included in this study. Polymorphic PTLD, mono-
morphic B- and T-cell PTLD, and Hodgkin-type PTLD
were included, whereas indolent lymphomas and
plasma cell tumors were not. The study was approved
by the Regional Ethical Review Board in Uppsala,
Sweden and was conducted in accordance with the
Declaration of Helsinki and the Swedish Ethical
Review Act.

Clinical data

The medical records at all transplantation centers in
Sweden and from all the hospitals throughout the
country where the patients had been followed post-
transplant were retrospectively reviewed by one phys-
ician (AK) to obtain clinical information. We
retrospectively defined the stage of the lymphoma
according to Ann Arbor, the performance status
according to the Eastern Cooperative Oncology Group,
and the age-adjusted International Prognostic Index of
the patients if not originally documented in the med-
ical records.

Reevaluation of PTLDs

The tumor biopsies have been reevaluated according
to the 2008 revision of the WHO classification of
lymphoid neoplasms by an experienced hematopathol-
ogist (CS) and the diagnoses are consistent with the
revision of 2016 [18]. Cell-of-origin classification of
DLBCL into the germinal center (GC) or non-GC sub-
type was based on immunohistochemistry (IHC) and
the Hans algorithm [19]. EBV status in PTLD tissue was

analyzed by EBV-encoded RNA (EBER) in situ hybridiza-
tion (ISH). Expression of latent membrane protein 1
(LMP1) was determined by IHC in routine diagnostics.
The presence of intratumoral regulatory T cells (Tregs)
was analyzed by IHC for forkhead box protein 3
(FoxP3) as previously reported [20].

Immunohistochemistry for PD-1, PD-L1, and PD-L2

IHC and slide scanning were performed at the Swedish
Science for Life Laboratory facilities, Uppsala University
with protocols described elsewhere [21]. In brief, 4-lm
thick formalin-fixed paraffin-embedded (FFPE) tissue
sections of biopsies of PTLD were deparaffinized and
re-hydrated, blocked for endogenous peroxidase, and
subjected to heat-induced antigen retrieval.
Automated IHC was performed using a LabVision
Autostainer 480S (Thermo Fisher Scientific, Runcorn,
UK). Primary antibodies, PD-1 (dilution 1:35, clone
NAT105; Abcam, Cambridge, UK), PD-L1 (dilution 1:75,
clone E1L3N; Cell Signaling Technology, Danvers, MA),
and PD-L2 (dilution 1:75, rabbit polyclonal, clone
HPA013411; Atlas Antibodies, Stockholm, Sweden)
were applied to the slides for 30min, followed by
incubation of secondary reagent (anti-rabbit/mouse
HRP-conjugated, UltraVision; Thermo Fisher Scientific)
and developed with 3,30-diaminobenzidine as the sub-
strate. Tissue sections were counterstained in Mayer’s
hematoxylin and mounted. The slides were scanned
using the automated scanning system Aperio XT
(Aperio Technologies, Vista, CA).

Analysis of immunostainings and definitions

Evaluation of the immunostainings was done manually
by an experienced hematopathologist (CS). At least 10
high power fields were evaluated in areas dominated
by lymphoma cells. PD-L1 and PD-L2 positive cases of
PTLD were defined as �5% of the tumor cells showing
moderate or strong staining of PD-L1 or PD-L2 and
graded into �5–<30% or �30% positive tumor cells.
Among PD-L1 negative PTLD, PD-L1 in the total tissue
cellularity was assessed and a PD-L1þ microenviron-
ment was defined as �20% of the total cells showing
moderate or strong staining of PD-L1. These thresh-
olds for PD-L1 positivity in tumor cells and microenvir-
onment are comparable with the ones used in
previous case series of PTLD and DLBCL [16,22]. The
proportion of PD-1þ tumor-infiltrating cells was pre-
sented as the number of positive cells per high power
field (�200) in accordance with previous studies [23].
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Statistical analyses

Comparisons of clinicopathological features were per-
formed using the Chi-square test or the Fisher’s exact
test for categorical variables and the Mann–Whitney
U-test for continuous variables. End of follow-up for
survival was 25 October 2012. Overall survival was
defined as the time from PTLD diagnosis to death.
Differences in survival were calculated with the log-
rank test. p Value less than .05 was considered statis-
tically significant. Statistica Software (version 13; Stat
Soft Inc., Tulsa, OK) was used in all analyses.

Results

Clinicopathological characteristics of the
study population

The study population consisted of nine children and
72 adults who received kidney (59%), heart (15%), liver
(14%), or lung (12%) transplants (Table 1). Most
patients (75%) had late-onset PTLD, that is, develop-
ment >1-year posttransplant. A majority (77%) of the
patients presented with extranodal disease, most com-
monly in the gastrointestinal tract (26%). The PTLD
involved the allograft in 14%.

Most PTLDs were monomorphic B cell lymphoma
(70%), followed by monomorphic T cell lymphoma
(19%), polymorphic PTLD (6%), and Hodgkin lymph-
oma-type PTLD (2%). The most common subtype was
DLBCL (58%), which usually was of the non-GC type
(80%). Of the 81 PTLDs, 54% were EBVþ and 46%
were EBV–.

Expression of PD-1, PD-L1, and PD-L2 in PTLD

Overall, 67% (54/81) of the PTLDs were positive in at
least one of the immunostainings for PD-1 on tumor-
infiltrating cells or PD-L1 or -L2 on tumor cells. PD-1
was expressed on tumor-infiltrating cells in 41% (33/
81) of the PTLDs, whereas no case had tumor cells
expressing PD-1 (Figure 1). PD-L1 was detected in
�5% of the tumor cells in 50% (40/80) and PD-L2 in
32% (23/72) of the PTLDs. Of the 51 positive cases
with results from all three immunostainings, 9 cases
(18%) were PD-1þ/PD-L1þ/PD-L2þ, 11 cases (22%)
were PD-1þ/PD-L1þ/PD-L2–, 6 cases (12%) were PD-
1þ/PD-L1–/PD-L2þ, 5 cases (10%) were PD-1–/PD-
L1þ/PD-L2þ, 5 cases (10%) were only PD-1þ, 12 cases
(24%) were only PD-L1þ, and 3 cases (6%) were only
PD-L2þ (Figure 2).

Regarding the degree of positivity, 73% (29/40) of
PD-L1þ and 78% (18/23) of PD-L2þ PTLDs showed
expression in >30% of the tumor cells (Table 2 and

Figure 3(B,C,E,I,K,L)). In PD-L1 negative cases, the
microenvironment of the tumor was assessed for an
expression of PD-L1 exceeding 20% of the cells as
done in previous studies, but this was not observed in
any of the 37 evaluable cases.

The expression of PD-1, -L1, and -L2 by subtype
and EBV-status of PTLD is presented in Table 1, Table 3,
and Figure 2. Both Hodgkin lymphomas were PD-L1þ and
PD-1–. All five Burkitt lymphomas were PD-L1–, which
seemed more frequent than other PTLD subtypes (100%
vs. 47%, p¼ .05). There was a trend that non-GC DLBCL,
compared with GC DLBCL, was associated with expression
of PD-L1 (63% vs. 33%, p¼ .14). LMP1þ PTLD tended
more frequently to be PD-L1þ than LMP1– cases (76% vs.
44%, p¼ .09), whereas there was no difference in the
expression of PD-1 or PD-L2 between LMP1þ and LMP1–
PTLD. Expression of EBER or intratumoral Tregs was not
significantly associated with the detection of PD-1 or its
ligands. No other PTLD subtype differed in their expres-
sion of PD-1, -L1, or -L2.

PTLDs with a PD-1þ microenvironment were more
frequent in recipients of hearts compared with recipi-
ents of other transplants (75% vs. 35%, p¼ .01). PD-
L1þ PTLD was more rarely found in the blood or bone
marrow (3% vs. 28%, p< .01) and was associated with
a lower presentation stage (71% vs. 37% stage I–III,
p< .01) compared with PD-L1– cases. No other signifi-
cant associations between the expression of PD-1, -L1,
and -L2 and clinical features or overall survival
were found.

Discussion

In this large nationwide study of PTLD following solid
organ transplantation, we confirm that about two-
thirds of PTLDs express either PD-1 or its ligands as
previously indicated by small case series. PD-L1 was
expressed in 50% of our 81 PTLDs, which is in line
with the frequency found in three previous case series
of PTLD comprising 8 (frequency not shown), 26
(73%), and 17 (60%) cases, respectively [14–16]. In a
study by de Jong et al. [17], all 19 PTLDs were
reported to be PD-L1þ. Generally, the choice of the
antibody may affect the result. However, in this study
we have used the same anti PD-L1 antibody (clone
E1L3N; Cell Signaling Technology) as the study by de
Jong et al. that had the most divergent result [17],
whereas the other three studies have used four other
anti PD-L1 antibodies (clone SP263, Roche, clone
29E.2A3, BioLegend, clone 15, Sino Biological, and
clone 339.7G11; Dana-Farber Cancer Institute) [14–16].
We have used clone E1L3N in other studies and are
confident with its performance [24]. The anti PD-1
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antibody (clone NAT105; Abcam) in our present study
has been used in studies of DLBCL and Hodgkin
lymphoma in immunocompetent individuals [22,24].
NAT 105 has also been used in the study of PTLD by
Morscio et al. [14]; PD-1þ cells were rare but no data

were shown. None of the other above mentioned
studies of PTLD has investigated the expression of PD-
1 and only de Jong et al. studied PD-L2. They found a
slightly lower percentage of PD-L2þ PTLDs than we
did (2/9 vs. 23/72) but with the use of another

Table 1. Associations between the expression of PD-1, PD-L1, and PD-L2 in PTLD tissue, PTLD subtype, and
clinical features.

All PD-1þ PTLDa PD-L1þ PTLDb PD-L2þ PTLDb

N (%) or median years (range, min–max)

N 81 33/81 (41) 40/80 (50) 23/72 (32)
PTLD subtype

Polymorphic PTLD 5 (6) 3/5 (60) 2/5 (40) 3/4 (75)
Monomorphic B-cell PTLD 57 (70) 25/57 (44) 30/56 (54) 15/51 (29)

DLBCL 47 (58) 21/47 (45) 26/46 (57) 14/41 (34)
GC subtype 9 (20) 4/9 (44) 3/9 (33) 4/9 (44)
Non-GC subtype 36 (80) 16/36 (44) 22/35 (63) 9/31 (29)

Burkitt lymphoma 5 (6) 2/5 (40) 0/5 (0) 1/5 (20)
Monomorphic T-cell PTLD 15 (19) 5/15 (33) 5/15 (33) 4/13 (31)
Hodgkin-type PTLD 2 (2) 0/2 (0) 2/2 (100) 1/2 (50)

EBERþ PTLD 43/80 (54) 18/43 (42) 24/43 (56) 11/39 (28)
LMP1þ PTLD 17/35 (49) 8/17 (47) 13/17 (76) 6/15 (40)
FoxP3þ PTLD 11/61 (18) 6/11 (55) 6/11 (55) 5/10 (50)
Age at PTLD diagnosis (years) 52 (0.9-76) 54 (6.6-76) 53 (0.9-76) 54 (15-70)
Sex (male) 45 (56) 20/45 (44) 19/44 (43) 17/40 (43)
Type of transplant

Kidney þ/– pancreas 48 (59) 17/48 (35) 24/47 (51) 17/42 (40)
Heart 12 (15) 9/12 (75)� 7/12 (58) 3/11 (27)
Liver 11 (14) 2/11 (18) 4/11 (36) 1/10 (10)
Lung 10 (12) 5/10 (50) 5/10 (50) 2/9 (22)

Time from last SOT to PTLD (years) 4 (0.1–24) 6.4 (0.2–24) 2.6 (0.2–19) 6.7 (0.3–19)
Early/late PTLD

<1 year post-SOT 20 (25) 7/33 (21) 12/40 (30) 4/23 (17)
>1 year post-SOT 61 (75) 26/33 (79) 28/40 (70) 19/23 (83)
>10 years post-SOT 15 (19) 9/33 (27) 10/40 (25) 7/23 (30)

Localization of PTLD
Nodal, only 19 (23) 8/33 (24) 12/40 (30) 6/23 (26)
Extranodal 62 (77) 25/33 (76) 28/40 (70) 17/23 (74)

Gastrointestinal tract 21 (26) 8/33 (24) 13/40 (33) 4/23 (17)
Allograft 11 (14) 3/33 (9) 3/40 (8) 1/23 (4)
Blood/bone marrow 12 (15) 3/33 (9) 1/40 (3)� 3/23 (13)
Liverc 9 (11) 5/33 (15) 5/40 (13) 3/23 (13)
Central nervous system 7 (9) 3/33 (9) 4/40 (10) 3/23 (13)
Lungd 7 (9) 3/33 (9) 3/40 (8) 1/23 (4)

Presentation stage
I–III 41/77 (53) 19/31 (61) 27/38 (71)� 14/23 (61)
IV 36/77 (47) 12/31 (39) 11/38 (29) 9/23 (39)

ECOG performance status
0–1 53/77 (69) 20/31 (65) 27/38 (71) 16/23 (70)
2–4 24/77 (31) 11/31 (35) 11/38 (29) 7/23 (30)

B symptoms at baseline
Yes 40/75 (53) 15/30 (50) 21/36 (58) 14/23 (61)
No 35/75 (47) 15/30 (50) 15/36 (42) 9/23 (39)

Serum LDH
Normal 13/57 (23) 7/23 (30) 7/28 (25) 3/19 (16)
Elevated 44/57 (77) 16/23 (70) 21/28 (75) 16/19 (84)

Age-adjusted IPI
0–1 points 33/67 (49) 16/28 (57) 21/35 (60) 11/21 (52)
2–3 points 34/67 (51) 12/28 (43) 14/35 (40) 10/21 (48)

Calendar year of PTLD
1980–1989 5 (6) 0 3/40 (8) 0
1990–1999 40 (49) 15/33 (45) 18/40 (45) 11/23 (48)
2000–2006 36 (44) 18/33 (55) 19/40 (48) 12/23 (52)

PD-1: programed death protein 1; PD-L1: programed death ligand 1; PD-L2: programed death ligand 2; PTLD: posttransplant lym-
phoproliferative disorder; DLBCL: diffuse large B-cell lymphoma; GC: germinal center; EBER: Epstein–Barr virus-encoded RNA; LMP1:
latent membrane protein 1; FoxP3: forkhead box protein 3 (phenotypic marker for regulatory T cells); SOT: solid organ transplant-
ation; ECOG: Eastern Cooperative Oncology Group; LDH: lactate dehydrogenase; IPI: International Prognostic Index.
aExpression on tumor-infiltrating cells.
bExpression on tumor cells.
cPTLD in a transplanted liver is reported as allograft and not liver (n¼ 2).
dPTLD in a transplanted lung is reported as allograft and not lung (n¼ 5).�Statistically significant difference (p< .05).
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antibody (clone D7U8C; Cell Signaling Technology)
[17]. The anti PD-L2 antibody (clone HPA 013411; Atlas
Antibodies) that we used has been used to demon-
strate the prognostic impact of PD-L2 expression in
lung cancer [25].

Another factor that may influence the result is the
composition of PTLD subtypes in the study. EBV has
been shown to induce PD-L1 in a subset of Hodgkin
lymphomas, PTLDs, and EBV-transformed lymphoblas-
toid cell lines [15]. The mechanism for this is that
LMP1, which is the major oncogene of EBV, promotes
Activator Protein 1 (AP1) and Janus kinase/Signal
Transducer and Activator of Transcription (JAK/STAT)
signaling leading to increased PD-L1 promoter activity.
In our case series, PD-L1þ PTLD tended more often to
be LMP1þ, which fits well with the mechanism
described above. However, expression of LMP1 was
not associated with detection of PD-1 or PD-L2.
Neither was EBV-status of PTLD when analyzed by
EBER ISH, which is the golden standard for detection
of latent EBV infection, associated with expression of
PD-1, -L1, or -L2 in accordance with previously pub-
lished small case series on PD-L1 and -L2 expression in
EBVþ and EBV– PTLD [16,17]. Burkitt lymphomas
express, in contrast to most PTLDs, a minimum of EBV
gene products and are thus LMP1 negative. All five
Burkitt PTLDs in our study were PD-L1–, which adds
evidence to the previously reported eight cases of
EBVþ Burkitt lymphomas that Burkitt PTLDs are con-
sistently PD-L1 negative [16].

In Hodgkin lymphomas, genetic aberrations within
the 9p24.1 locus leading to overexpression of PD-L1
and PD-L2 are frequently observed [26]. Genetic

alternations of 9p24.1 may also be a common feature
in posttransplant DLBCL according to recent case ser-
ies [17,27]. Ferreiro et al. found that two of five
EBVþ PTLDs had amplification of 9p24.1 [27]. de Jong
et al. observed that seven of eight evaluated post-
transplant DLBCL showed either polysomy, copy gain,
amplification, or chromosomic rearrangements at the
PD-L1/PD-L2 locus in both EBVþ and EBV– cases [17].
This may be a shared pathogenetic mechanism for
DLBCL associated with immunodeficiency, which is
shown to be PD-L1þ to a much higher extent than
DLBCL in immunocompetent individuals; �60–100%
vs. 11% [15–17,22]. In DLBCL in immunocompetent
individuals, the PD-L1 expression is associated with
non-GC type [22] and likewise in our case series of
PTLD, non-GC DLBCL, compared with GC DLBCL,
tended more frequently to be PD-L1þ.

Infiltration of Tregs in the microenvironment of
tumors is another identified immune escape mechan-
ism besides the upregulation of PD-L1. We have previ-
ously reported that Tregs were rare in PTLD tissue and
did not influence survival [20]. In this case series, there
was no association between expression of intratumoral
Tregs and PD-1 or its ligands.

An unexpected finding was that PTLDs with a PD-
1þ microenvironment were overrepresented in recipi-
ents of heart transplants. One would rather expect
that heart recipients who generally receive heavier
immunosuppression compared with kidney recipients
would have less numerous activated infiltrating
immune cells. We can only speculate that the distribu-
tion of PTLD subtypes may in part explain this differ-
ence, for example, the large proportion of non-GC

Figure 1. Proportion of PTLDs positive for PD-1 in tumor-infiltrating cells (A) and for PD-L1 and PD-L2 in tumor cells (B).
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Case 
no. Graft PTLD EBER LMP1 PD-1 PD-L1 PD-L2 Localization

1 H DLBCL, NGC + + + + - Nodal

2 K DLBCL, NGC + + + + - Extranodal

3 LU DLBCL, NGC + + + + - Extranodal

4 LU DLBCL, NGC + + + + - Nodal

5 K DLBCL, NGC + + - + MD Nodal

6 K DLBCL, NGC + + - + + Extranodal

7 K DLBCL, NGC + + - + + Nodal

8 H DLBCL, NGC + + - + - Extranodal

9 LU DLBCL, NGC + + - + - Nodal

10 LU DLBCL, NGC + + - - - Extranodal

11 LU DLBCL, NGC + + - - - Nodal

12 H DLBCL, NGC + - + + - Extranodal

13 H DLBCL, NGC + - + - + Extranodal

14 H DLBCL, NGC + MD + + MD Extranodal

15 H DLBCL, NGC + MD + + - Nodal

16 H DLBCL, NGC + MD - + + Extranodal

17 K DLBCL, NGC + MD - + + Extranodal

18 K DLBCL, NGC + MD - + - Extranodal

19 K+P DLBCL, NGC + MD - + - Extranodal

20 LI DLBCL, NGC + MD - + - Extranodal

21 K DLBCL, NGC + MD + - - Extranodal

22 LI DLBCL, NGC + MD + - - Nodal

23 LI DLBCL, NGC + MD - - MD Extranodal

24 K DLBCL, NGC + MD - - - Extranodal

25 LI DLBCL, NGC + MD - - - Extranodal

26 K DLBCL, NGC - - + + MD Extranodal

27 K+P DLBCL, NGC - - + + + Extranodal

28 K DLBCL, NGC - - + + - Extranodal

29 LI DLBCL, NGC - - - + - Nodal

30 K DLBCL, NGC - - - - + Extranodal

31 K DLBCL, NGC - - - - + Nodal

32 K+P DLBCL, NGC - MD - MD MD Extranodal

33 K DLBCL, NGC - MD + + - Nodal

34 K DLBCL, NGC - MD + - + Extranodal

35 H DLBCL, NGC - MD + - - Extranodal

36 K DLBCL, NGC - MD - - - Extranodal

37 LU DLBCL, GC + + + - + Extranodal

38 K DLBCL, GC - - - - - Nodal

39 LI DLBCL, GC - - - - - Extranodal

40 K DLBCL, GC - MD + + + Extranodal

41 K DLBCL, GC - MD + + + Nodal

42 K DLBCL, GC - MD - + - Extranodal

43 K DLBCL, GC - MD + - + Extranodal

44 K DLBCL, GC - MD - - - Extranodal

45 K DLBCL, GC - MD - - - Extranodal

46 K DLBCL - - - - MD Extranodal

47 K DLBCL MD + + + + Extranodal

48 H Burkitt + - + - - Extranodal

49 K Burkitt + MD + - + Extranodal

50 K Burkitt + MD - - - Nodal

51 K Burkitt - MD - - - Extranodal

52 LI Burkitt + MD - - - Extranodal

53 LU Aggressive B + + + + - Extranodal

54 K Aggressive B + MD - + - Extranodal

55 K Aggressive B + MD - - - Extranodal

56 K Aggressive B - MD + + - Extranodal

57 K Aggressive B - MD - + - Extranodal

58 K Hodgkin + + - + + Nodal

59 K Hodgkin + MD - + - Nodal

60 LU Polymorphic + + + + + Extranodal

61 LU Polymorphic + + - - MD Extranodal

62 LI Polymorphic + MD + + + Nodal

63 H Polymorphic + MD + - + Nodal

64 H Polymorphic + MD - - - Nodal

65 K Aggressive T - MD - - MD Extranodal

66 K Aggressive T - MD - - - Extranodal

67 K ALCL + MD - - - Extranodal

68 K ALCL - - + + + Extranodal

69 LU ALCL - - - - - Extranodal

70 K ALCL - MD + + + Extranodal

71 LI ALCL - MD - - - Extranodal

72 H EATL + MD + + - Extranodal

73 K EATL - MD - + - Extranodal

74 K HSTL - MD - - - Extranodal

75 K LBTL - - - - - Extranodal

76 K PTCL-NOS - - + + + Extranodal

77 K PTCL-NOS - - - - MD Extranodal

78 K PTCL-NOS - MD + - - Extranodal

79 K PTCL-NOS - MD - - + Extranodal

80 LI L-UNC + MD - - - Extranodal

81 LI L-UNC - - - + - Extranodal

Figure 2. Expression of PD-1, -L1, and -L2 by subtype and EBV-status of PTLD.
PTLD: posttransplant lymphoproliferative disorder; EBER: Epstein–Barr virus-encoded RNA; LMP1: latent membrane protein 1; PD-1: programed death protein
1; PD-L1: programed death ligand 1; PD-L2: programed death ligand 2; H: heart; K: kidney; LU: lung; P: pancreas; LI: liver; DLBCL: diffuse large B-cell lymph-
oma; NGC: non-germinal center; GC: germinal center; Aggressive B: aggressive B-cell lymphoma, unclassifiable; Aggressive T: aggressive T-cell lymphoma,
unclassifiable; ALCL: anaplastic large cell lymphoma; EATL: enteropathy-associated T-cell lymphoma; HSTL: hepatosplenic T-cell lymphoma; LBTL: lympho-
blastic lymphoma; PTCL-NOS: peripheral T-cell lymphoma, unspecified; L-UNC: lymphoma, unclassifiable; þ: positive; –: negative; MD: missing data.

6 A. KINCH ET AL.



DLBCL (67%) in this subgroup. Another theory is that
different allografts may have different immunogen-
icity [28].

Given the promising results with PD-1 checkpoint
inhibitors in Hodgkin lymphoma [8–10] and to a lesser
degree also in DLBCL and T-cell lymphoma in
immunocompetent individuals [11,12] one would con-
sider its use in refractory or relapsed PTLD bearing in
mind the high frequency of PD-1, -L1, and -L2 expres-
sion. However, there is limited experience, if any, of
treatment of PTLD with PD-1 checkpoint inhibitors in
solid organ recipients. In contrast, there is a growing
number of case reports of the use of PD-1 inhibitors
for skin cancers, mainly metastatic melanoma, in solid
organ recipients, which appears to be effective but
associated with a high frequency of acute allograft
rejection [28–31]. Four of eight reported cases of solid
organ recipients who received PD-1 inhibitors experi-
enced graft rejection that did not respond to immuno-
suppressive therapy and thus resulted in graft
loss [28]. In addition, after allogeneic hematopoietic
stem cell transplantation, the use of PD-1 inhibitors
is hampered by a high risk of complications in the
form of severe GVHD [32,33]. Further studies of
the safety of PD-(L)1 inhibitors in transplant recipients
are warranted. However, in circumstances when
an allograft loss would be acceptable, for example in
a kidney recipient that may return to dialysis, and
when the therapy is assumed to be life-saving there
may be a therapeutic place for PD-(L)1 inhibitors
in PTLD.

Some limitations should be noted when interpret-
ing this work. First, immunostainings for PD-L2 were
difficult to interpret due to either weak staining or

unspecific staining of the background. Thus, some of
the cases reported as PD-L2þ may be false positive
and some cases judged as unspecific staining may be
false negative. Second, although this is a nationwide
case series gathering PTLDs from three decades, the
sample size may be too small to detect differences
between groups, such as LMP1þ vs. LMP1– PTLD and
GC vs. non-GC DLBCL. Nevertheless, this is the largest
study of the expression of PD-1 and its ligands in
PTLD to date, with well-characterized PTLDs and
detailed clinical data.

In conclusion, following solid organ transplantation
two-thirds of PTLDs were positive for either PD-1 or its
ligands. LMP1þ PTLD and non-GC DLBCL-type of PTLD
tended to be PD-L1 positive more frequently. PD-L1
negativity, on the other hand, was associated with
Burkitt-type of PTLD and localization in the bone mar-
row. Heart recipients had more frequently PTLDs with
a PD-1þ microenvironment for unknown reasons.
Although the high frequency of PD-1/-L1 expression in
PTLD in solid organ recipients may indicate a potential
for response to PD-(L)1 blockade, extreme caution

Table 2. Expression of PD-1, PD-L1, and PD-L2 in PTLD tissue.
PD-1 PD-L1 PD-L2

All evaluable cases (n) 81 80 72

Expression in tumor cells
Negative cases (<5% positive) [n (%)] 81 (100) 40 (50) 49 (68)
Positive cases [n (%)] 0 40 (50) 23 (32)

5–29% 11 (28) 5 (22)
30–99% 26 (65) 7 (30)
100% 3 (8) 11 (48)

Expression in tumor-infiltrating cells
Negative cases [n (%)] 48 (59) NA NA
Positive cases [n (%)] 33 (41) NA NA

1–9 positive cells/HPF 13
10–29 positive cells/HPF 6
30–59 positive cells/HPF 7
60–100 positive cells/HPF 4
>100 positive cells/HPF 3

Microenvironment of PD-L1 negative cases
<20% positive cells NA 37 NA
>20% positive cells NA 0 NA

PD-1: programed death protein 1; PD-L1: programed death ligand 1; PD-
L2: programed death ligand 2; PTLD: posttransplant lymphoproliferative
disorder; NA: not applicable; HPF: high-power field.

DLBCL

ALCL

DLBCL

J K L

G H I

D E F

A B C

DLBCL

PD-L2PD-L1PD-1

Figure 3. Immunohistochemical stainings of PD-1, PD-L1, and
PD-L2 in PTLD. First row: Anaplastic large cell lymphoma
(ALCL) positive in all three stainings, with a membranous stain-
ing pattern for PD-1(A) and PD-L1 (B), and a cytoplasmic and
nuclear pattern for PD-L2 (C); Second row: Diffuse large B-cell
lymphoma (DLBCL) of non-germinal center (non-GC) type with
a membranous staining pattern for PD-1 (D) and PD-L1 (E),
but negative for PD-L2 (F); Third row: DLBCL of GC type posi-
tive for PD-1 in a membranous pattern (G), with <5% of the
tumor cells positive for PD-L1, therefore regarded as PD-L1
negative (H), but PD-L2 positive in a cytoplasmic and nuclear
pattern (I); Fourth row: DLBCL of non-GC type negative for PD-
1 (J), but positive for PD-L1 in a membranous (K) and PD-L2 in
a cytoplasmic pattern (L).
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should be taken regarding the use in this patient
group considering the putative high risk of allo-
graft rejection.
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