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Abstract
The programmed cell death 1 (PD-1) pathway is a recently recognized mechanism of tumor immune evasion. In this study,
programmed cell death ligand 1 (PD-L1) expression was evaluated in 95 patients with systemic anaplastic large
cell lymphoma: 45 ALK+ and 50 ALK−. ALK+ anaplastic large cell lymphoma was more often positive for PD-L1 than
ALK− anaplastic large cell lymphoma (76% vs 42%, p= 0.002). ALK− anaplastic large cell lymphoma showed a strong
correlation between PD-L1 expression and STAT3 activation (measured by pSTAT3Tyr705) (r= 0.8, p < 0.0001). In contrast,
the PD-L1/pSTAT3 correlation was weaker in ALK+ anaplastic large cell lymphoma (r= 0.4, p= 0.08). In ALK−
anaplastic large cell lymphoma, the PD-L1+ subgroup was more often EMA positive (69% vs 20%, p= 0.02) and tended to
be less often CD2+ (50% vs 83%, p= 0.059). In ALK+ anaplastic large cell lymphoma, PD-L1 was not associated with
pathologic features (all p > 0.05). Negative ALK status and high IPI score (≥3) were associated with shorter overall survival
(p= 0.009 and p= 0.0005, respectively). Overall survival was not different between patients with PD-L1+ vs PD-L1−
anaplastic large cell lymphoma (p= 0.44), regardless of ALK status and International Prognostic Index (IPI) score. We
conclude that PD-L1 expression is more common in ALK+ anaplastic large cell lymphoma than ALK− anaplastic large cell
lymphoma. In ALK− anaplastic large cell lymphoma, PD-L1 is strongly correlated with STAT3 activation and is associated
with more frequent EMA and less frequent CD2 expression. PD-L1 has no prognostic significance in predicting the outcome
of patients with systemic anaplastic large cell lymphoma, regardless of ALK status. PD-L1 expression on the anaplastic large
cell lymphoma cells suggests these patients as potential candidates for PD-1 blockade immunotherapy.

Introduction

Systemic anaplastic large cell lymphoma is a CD30+ T-cell
lymphoma usually composed of large pleomorphic cells
with horseshoe-shaped nuclei and abundant cytoplasm.
These neoplasms can be further classified into ALK+ and
ALK− types [1]. ALK+ anaplastic large cell lymphoma is

characterized by ALK protein expression resulting from
translocations involving ALK at 2p23, most commonly t
(2;5)(p23;q35)/NPM1-ALK. Compared to ALK+ anaplastic
large cell lymphoma, patients with ALK− anaplastic large
cell lymphoma are usually older and have more aggressive
clinical course and a poorer outcome. The long-term overall
survival rates are 70–90% in patients with ALK+ anaplastic
large cell lymphoma but <50% in patients with ALK−
anaplastic large cell lymphoma [2–11].

Programmed cell death ligand 1 (PD-L1, also known as
CD274 or B7-H1) is normally expressed by antigen-
presenting cells. After PD-L1 binds to its receptor, pro-
grammed cell death 1 (PD-1) on the effector T cells, PD-L1
inhibits T-cell receptor signaling and proliferation (T cell
“exhaustion”). A subset of malignant tumors including some
types of lymphoma expresses PD-L1 to escape T-cell-
mediated killing, conferring an adverse prognosis [12–23].
A few small studies have reported PD-L1 expression in
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ALK+ and ALK− anaplastic large cell lymphoma, includ-
ing cell lines and patient tissue specimens [19, 24–26]. In
ALK+ and ALK− anaplastic large cell lymphoma cell lines,
PD-L1 expression was regulated by STAT3 activation;
knocking down STAT3 by siRNA constructs resulted in
significantly decreased PD-L1 protein levels [24, 25].

In this study, we assessed PD-L1 in 95 patients with
systemic anaplastic large cell lymphoma. We correlated PD-
L1 expression with clinicopathologic features, ALK status
and STAT3 activation, and we assessed the potential impact
of PD-L1 expression on the outcome of patients with sys-
temic anaplastic large cell lymphoma.

Materials and methods

Case selection

We searched the database of the Department of Hemato-
pathology at The University of Texas MD Anderson Cancer

Center from January 1, 2007 to December 31, 2018 for
cases of systemic anaplastic large cell lymphoma that had
material available for immunohistochemistry. The diagnosis
and sub-classification of anaplastic large cell lymphoma
were based on the criteria specified in the 2016 World
Health Organization classification [1]. The diagnosis of
ALK+ anaplastic large cell lymphoma was confirmed by
ALK expression by immunohistochemistry and/or t(2;5)
(p23;q35) by conventional cytogenetics or ALK rearrange-
ment by fluorescence in situ hybridization (FISH) analysis.
Clinical information was obtained by review of medical
records. This study was approved by the institutional
review board.

Immunophenotypic analysis

Immunohistochemical studies were performed using for-
malin-fixed, paraffin-embedded tissue sections, either at the
time of diagnosis or retrospectively for this study as
described previously [27]. Immunohistochemical analysis

Table 1 Clinical features of
patients with PD-L1+ and PD-
L1− anaplastic large cell
lymphoma

ALK+ ALCL (n= 45) ALK− ALCL (n= 50)

PD-L1+a

(n= 34)
PD-L1−
(n= 11)

P valueb PD-L1+a

(n= 21)
PD-L1−
(n= 29)

P valuec

Male:female 1.3:1 (19/15) 2.7:1 (8/3) 0.48 3.2:1 (16/5) 2.2:1 (20/9) 0.75

Median age
(yrs, range)

36 (11–58) 29 (11–67) 0.61 64 (43–95) 58 (21–77) 0.09

B symptoms 59% (13/22) 44% (4/9) 0.69 69% (11/16) 57% (12/21) 0.52

Nodal presentation 79% (23/29) 89% (8/9) 1 72% (13/18) 74% (20/27) 1

Extranodal
involvement

68% (19/28) 36% (4/11) 0.14 78% (14/18) 65% (15/23) 0.5

Bone marrow
involvement

21% (5/24) 0% (0/10) 0.29 22% (4/18) 17% (4/23) 0.71

Stage III or IV 75% (18/24) 50% (5/10) 0.23 56% (9/16) 81% (17/21) 0.15

Elevated WBC 28% (5/18) 25% (1/4) 1 45% (5/11) 14% (2/14) 0.18

Absolute
lymphocytosis

0% (0/17) 0% (0/3) 1 0% (0/11) 0% (0/13) 1

Elevated
serum LDH

50% (9/18) 50% (2/4) 1 60% (6/10) 67% (8/12) 1

IPI ≥ 3 17% (3/18) 13% (1/8) 1 53% (8/15) 44% (7/16) 0.72

Initial treatment

CHOP or
modified CHOP

71% (17/24) 80% (8/10) 0.69 86% (12/14) 83% (19/23) 1

Other 29% (7/24) 20% (2/10) 14% (2/14) 17% (4/23)

Initial CR 79% (19/24) 90% (9/10) 0.64 29% (4/14) 61% (14/23) 0.09

With SCT 29% (7/24) 60% (6/10) 0.13 14% (2/14) 26% (6/23) 0.68

ALCL anaplastic large cell lymphoma, WBC white blood cells, LDH lactate dehydrogenase, IPI International
Prognostic Index, CHOP cyclophosphamide, doxorubicin, vincristine, and prednisone, R rituximab, CR
complete response, SCT stem cell transplant
a ≥5% of lymphoma cells were positive for PD-L1
bALK+/PD-L1+ ALCL compared with ALK+/PD-L1− ALCL
cALK−/PD-L1+ ALCL compared with ALK−/PD-L1− ALCL
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was performed on an automated immunostainer (Leica
Bond-Max IHC Stainer, San Diego, CA). The 4-μm-thick
tissue sections were deparaffinized and underwent heat-
induced antigen retrieval using the Bond Max Epitope
Retrieval 1 solution for 15 min. The antibodies used were
specific for CD2, CD7, EMA (Leica Biosystems, New-
castle, United Kingdom); CD3, CD20, CD43, CD45, and
Ki67 (Dako, Carpinteria, CA, USA); CD4 (Cell Marque,
Rocklin, CA, USA); CD5 (SP4; Labvision/Neomarkers,
Fremont, CA, USA); CD8, granzyme B (Thermo Fisher,
Waltham, MA, USA); ALK, phospho-STAT3 (Tyr705)
(Cell Signaling, Danvers, MA, USA); PAX5 (Transduction
Labs, San Diego, CA, USA); PD-L1 (Dako, Santa Clara,
CA, USA). The positive cutoff value for PD-L1 was ≥5%
[14, 15]. The Bond Refine Polymer detection system was
used for visualization.

Flow cytometry immunophenotypic analysis was per-
formed on cell suspensions of tissue biopsy specimens or bone
marrow aspirates using either a FACScanto II or FACSCalibur
cytometer (Becton-Dickinson Biosciences, San Jose, CA,
USA) as has been described [27]. Lymphocytes were gated for
analysis using side scatter vs forward scatter and CD45
expression vs side scatter. The panel of monoclonal antibodies
included reagents specific for CD2, CD3, CD4, CD5, CD7,
CD8, CD10, CD25, CD30, CD45, TCR-AB, TCR-GD
(Becton-Dickinson Biosciences, San Jose, CA, USA).

Conventional cytogenetic analysis and fluorescence
in situ hybridization

Conventional cytogenetic analysis was performed on
metaphase cells prepared from bone marrow aspirates or
cell suspensions from tissue biopsy specimens as described
previously [28]. Twenty Giemsa-banded metaphases were
analyzed, and the results were reported using the 2016
International System for Human Cytogenetic Nomenclature.
FISH analysis was performed using a LSI ALK dual color,
breakapart rearrangement probe on interphase nuclei
obtained from bone marrow cells or tissue sections,
according to the manufacturer’s instructions (Abbott
Molecular, Des Plaines, IL, USA).

Statistical analysis

Statistical analyses were performed using the Graph-Pad
Prism 7. Fisher’s exact test was utilized to compare the
clinicopathologic features between PD-L1+ vs PD-L1−
subgroups in patients with ALK+ or ALK− anaplastic large
cell lymphoma. Overall survival was calculated from the date
of initial diagnosis to the date of death or last follow-up.
Survival was analyzed using the Kaplan–Meier method and
was compared using the log rank test. A p-value of less than
0.05 was considered statistically significant.

Results

Clinical findings

We identified 95 cases of anaplastic large cell lymphoma
that had PD-L1 results assessed: 45 ALK+ and 50 ALK−.
The clinical features of these patients are summarized in
Table 1. The ALK+ anaplastic large cell lymphoma cases
included 34 (76%) that were PD-L1+ and 11 that were PD-
L1−. The ALK+/PD-L1+ subgroup included 19 men and
15 women with a median age of 36 years (range, 11–58
years) at the time of diagnosis. Thirteen of 22 (59%)
patients had B symptoms. Lymphadenopathy was identified
in 23 of 29 (79%) patients and 19 of 28 (68%) had extra-
nodal involvement. Bone marrow was involved in 5 of 24
(21%) patients assessed. Eighteen of 24 (75%) fully staged
patients had stage III or IV disease. Five of 18 (28%)
patients had an elevated white blood cell count. No patients
had absolute lymphocytosis. Nine of 18 (50%) patients
tested showed an elevated serum LDH level. The Interna-
tional Prognostic Index (IPI) [29] was available for 18
patients: 15 (83%) patients had a low or intermediate IPI
score (0, 1, or 2) whereas three (17%) patients had a high
IPI score (3, 4, or 5). The ALK+/PD-L1− subgroup
included 11 patients, eight men and three women with a
median age of 29 years (11–67). Four of nine (44%) had B
symptoms, eight of nine (89%) had lymphadenopathy, and
four of 11 (36%) had extranodal disease. Bone marrow was
not involved and half of these patients had stage III or IV
disease. These features were very similar to the ALK+/PD-
L1+subgroup (all p > 0.05; Table 1).

The ALK− anaplastic large cell lymphoma cases inclu-
ded 21 (42%) positive for PD-L1 and 29 negative for PD-
L1. As shown in Table 1, there were no significant differ-
ences in the clinical features between the PD-L1+ vs PD-L1
− subgroups of ALK− anaplastic large cell lymphoma (all
p > 0.05).

Pathologic findings

PD-L1 expression, assessed by immunohistochemistry,
showed a membranous staining pattern; a small subset of
lymphoma cells in some cases had a membranous and
paranuclear dot-like or Golgi staining pattern (Fig. 1f). In 30
of 45 (67%) cases of ALK+ anaplastic large cell lym-
phoma, ≥20% of lymphoma cells were positive for PD-L1
(Table 2). In contrast, in 29 of 50 (58%) cases of ALK−
anaplastic large cell lymphoma, <5% of lymphoma cells
were positive for PD-L1. Using ≥5% as the cutoff value, the
PD-L1 positivity rate in ALK+ anaplastic large cell lym-
phoma was higher than that in ALK− anaplastic large cell
lymphoma (76% vs 42%, p= 0.002; Table 3). On average,
42% of lymphoma cells in ALK+ anaplastic large cell
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lymphoma were positive for PD-L1, significantly higher
than the mean of 20% positive cells in the ALK− anaplastic
large cell lymphoma (Fig. 2, p= 0.0006).

Activation of STAT3 was also analyzed, determined by
assessing for nuclear expression of phosphorylated STAT3
(pSTAT3Tyr705). A mean of 53% lymphoma cells in ALK+
anaplastic large cell lymphoma showed nuclear staining of
pSTAT3, higher than the mean of 27% observed in ALK−
anaplastic large cell lymphoma (Fig. 3a, p= 0.007). A weak
correlation was found between PD-L1 expression and
pSTAT3 in ALK+ anaplastic large cell lymphoma (Fig. 3b,
r= 0.4, p= 0.08). In contrast, there was a strong correlation
between PD-L1 expression and pSTAT3 in ALK− ana-
plastic large cell lymphoma (Fig. 3c, r= 0.8, p < 0.0001;
Fig. 3d–i).

In the patients with ALK+ anaplastic large cell lym-
phoma, PD-L1+ cases included 29 (85%) with common (or
classic) morphologic features, 3 (5%) with small-cell

morphology, and 2 (4%) with lymphohistiocytic morphol-
ogy (Table 4). No significant difference in morphologic
patterns were found between the PD-L1+ vs PD-L1−
subgroups of ALK+ anaplastic large cell lymphoma (p=
0.38). Twenty-eight cases were assessed by flow cytometry
and immunohistochemistry. There was no significant dif-
ference in pan T-cell antigen loss comparing these two
techniques (p > 0.05; data not shown). No cases were
assessed only by flow cytometry. Combining flow cyto-
metry and immunohistochemical findings (Table 4), the
ALK+/PD-L1+anaplastic large cell lymphoma subgroup
showed variable expression of T-cell antigens: nine of 24
(38%) were positive for CD2, seven of 31 (23%) were
positive for CD3, 17 of 25 (68%) were positive for CD4, 10
of 24 (42%) were positive for CD5, three of 13 (23%) were
positive for CD7, and one (5%) case was positive for CD8.
All ALK+/PD-L1+ anaplastic large cell lymphoma cases
were positive for CD25 and most of them were positive for
EMA (16/17; 94%), granzyme B (8/10; 80%), CD45 (17/
25; 68%), and CD43 (11/17; 65%). There was no significant
difference in the pathological features between the PD-L1+
vs PD-L1− subgroups of ALK+ anaplastic large cell
lymphoma (all p > 0.05; Table 4).

In the patients with ALK− anaplastic large cell lym-
phoma, the morphologic and immunophenotypic features of
PD-L1+ vs PD-L1− subgroups were also compared and
most of the features were similar between these two sub-
groups except for EMA and CD2. PD-L1+ cases were more

Fig. 1 An ALK+ anaplastic large cell lymphoma case with strong PD-
L1 expression. The lymphoma cells were large, with pleomorphic,
often horseshoe- or kidney-shaped nuclei and abundant cytoplasm (a,
hematoxylin and eosin stain, ×400). The lymphoma cells showed
uniform, strong CD30 positivity on the cell membrane and in the Golgi
region (b, immunohistochemistry, ×400), loss of CD3 expression (c,

immunohistochemistry, ×400), nuclear and cytoplasmic staining for
ALK (d, immunohistochemistry, ×400), and granzyme B positivity (e,
immunohistochemistry, ×400). The lymphoma cells were positive for
PD-L1, mainly membranous staining, with a small subset of cells
showing Golgi staining pattern (f, immunohistochemistry, ×400)

Table 2 Percentage of PD-L1+ lymphoma cells in anaplastic large cell
lymphoma

PD-L1+ lymphoma cells

<5% 5–9% 10–19% ≥20%

ALK+ ALCL (n= 45) 11 (24%) 1 (2%) 3 (7%) 30 (67%)

ALK− ALCL (n= 50) 29 (58%) 1 (2%) 3 (6%) 17 (34%)

ALCL anaplastic large cell lymphoma
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often positive for EMA than PD-L1− cases (69% vs 20%,
p= 0.02). PD-L1+ cases were less likely to express CD2
compared with the PD-L1− subgroup, although this result
was marginally significant (p= 0.059; Table 4).

Treatment and response

Thirty-four patients with ALK+ anaplastic large cell lym-
phoma and 37 patients with ALK− anaplastic large cell
lymphoma had treatment information available. All of these
patients were treated with different chemotherapy regimens
over the time interval of this study, with or without stem cell
transplant. In the patients with PD-L1+ ALK+ anaplastic
large cell lymphoma, 17 (71%) were treated with cyclo-
phosphamide, doxorubicin, vincristine, and prednisone
(CHOP) or modified CHOP (Table 1). After initial induc-
tion chemotherapy, 19 of 24 (79%) patients with PD-L1+
ALK+ anaplastic large cell lymphoma achieved complete
remission and seven (29%) patients received autologous
stem cell transplant. In the patients with PD-L1− ALK+
anaplastic large cell lymphoma, eight (80%) were treated
with CHOP or modified CHOP. After initial induction
chemotherapy, nine of 10 (90%) patients with PD-L1−
ALK+ anaplastic large cell lymphoma achieved complete
remission and six (60%) patients received stem cell

transplant: four autologous, one allogeneic, one autologous
followed by allogeneic.

There was no significant difference in treatment or initial
complete remission rate between the PD-L1+ vs PD-L1−
subgroups in patients with either ALK+ or ALK− ana-
plastic large cell lymphoma (all p > 0.05; Table 1).

Outcome

After a median clinical follow-up of 20.3 months (range,
0–224 months), 27 of 77 (35%) patients died. Negative ALK
and high IPI score were associated with shorter overall sur-
vival (p= 0.009 and p= 0.0005, respectively) (Fig. 4a, b).
The median overall survival of patients with PD-L1+
anaplastic large cell lymphoma was 20.8 months, not sig-
nificantly different from patients with PD-L1− anaplastic
large cell lymphoma (p= 0.44, Fig. 4c). Since ALK and IPI
status were major prognostic factors in anaplastic large cell
lymphoma, survival analysis were further performed in
patients based on the status of these two factors. PD-L1
expression did not affect overall survival in anaplastic large
cell lymphoma patients regardless of ALK status or IPI
score (all p > 0.05, Fig. 5a–d).

Discussion

In the literature, most studies of PD-L1 in lymphomas have
been focused on B-cell lymphomas. PD-L1 expression is
commonly positive in the neoplastic cells of classic Hodg-
kin lymphoma, primary mediastinal large B-cell lymphoma,
T-cell/histiocyte-rich large B-cell lymphoma, and EBV+
diffuse large B-cell lymphoma [14, 19, 20]. The particularly
high expression rate of PD-L1 in classic Hodgkin lym-
phoma plays a role in these neoplasms being sensitive to
PD-1 blockade therapy. In patients with relapsed or
refractory Hodgkin lymphoma, PD-1-blocking antibodies
led to an overall response rate of 65–87% (16–17% with
complete response, 48–70% with partial response) and a 24-
week progression-free survival rate of 69–86% [30, 31].
Amplification of chromosome 9p24.1/PD-L1/PD-L2 or PD-
L1 expression was associated with poorer prognosis in
patients with classic Hodgkin lymphoma [20, 32]. Although
only a small subset (11–24%) of cases of diffuse large B-
cell lymphoma show PD-L1 expression [14, 19], PD-L1

Table 3 High PD-L1 positivity
rate in ALK+ anaplastic large
cell lymphoma

No. of case PD-L1+(n [%])a PD-L1-negative (n [%]) P-value

ALK+ALCL 45 34 (76%) 11 (24%) 0.002

ALK− ALCL 50 21 (42%) 29 (58%)

ALCL anaplastic large cell lymphoma
a ≥5% of lymphoma cells were positive for PD-L1

Fig. 2 PD-L1 expression in anaplastic large cell lymphoma was
associated with ALK positivity. The percentage of PD-L1+ lymphoma
cells in anaplastic large cell lymphoma was higher than that in ALK-
negative anaplastic large cell lymphoma
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expression in diffuse large B-cell lymphoma is associated
with non-germinal center B-cell subtype [19, 21, 23, 33].
Most studies of diffuse large B-cell lymphoma have
reported an association between PD-L1 expression
and shorter overall survival [21–23], but in other studies
PD-L1 expression has not been associated with prognostic
impact [33].

Two small studies have shown strong expression of PD-
L1 in ALK+ anaplastic large cell lymphoma cell lines and
patient specimens [19, 24]. A recent study reported that 12
of 15 (80%) anaplastic large cell lymphomas (ALK+ and
ALL− together) were positive for PD-L1 [26]. A relatively
larger study reported PD-L1 expression in 18 of 36 (50%)
ALK+ anaplastic large cell lymphoma and 18 of 24 (67%)
of ALK− anaplastic large cell lymphoma [25]. In this large
study, we detected PD-L1 expression in about three quarters
of ALK+ anaplastic large cell lymphoma cases and about
40% of ALK− anaplastic large cell lymphoma cases. We
also show that PD-L1 expression in anaplastic large cell

lymphoma is associated with ALK positivity in patient
specimens.

It has been reported in anaplastic large cell lymphoma
cell lines that NPM1-ALK fusion protein induces PD-L1
expression through the activation of STAT3 [24]. In ALK+
anaplastic large cell lymphoma, the oncogenic effect of
ALK fusion protein was mostly mediated by STAT3, which
was required for cell transformation and tumor maintenance
[34, 35]. Knocking down STAT3 by siRNA constructs
resulted in decreased PD-L1 protein levels in anaplastic
large cell lymphoma cells [24, 25]. The constitutive acti-
vation of the JAK/STAT signaling pathway is a central
pathogenic feature of ALK+ as well as ALK− anaplastic
large cell lymphoma. Activating mutations of JAK1 and/or
STAT3 have been shown in ~20% of the ALK− anaplastic
large cell lymphoma cases; recurrent chimeras combining a
transcription factor (NFkB2 or NCOR2) with a tyrosine
kinase (ROS1 or TYK2) were discovered in ~22% of
ALK− anaplastic large cell lymphoma, all in the absence of

Fig. 3 Correlation between PD-L1 expression and pSTAT3 in ana-
plastic large cell lymphoma. a The percentage of pSTAT3+ lymphoma
cells in ALK+ anaplastic large cell lymphoma was higher than that in
ALK-negative anaplastic large cell lymphoma. b, c, The percentage of
PD-L1+ lymphoma cells was correlated with the percentage of

pSTAT3+ lymphoma cells, weakly (b, r= 0.4) in ALK+ but strongly
(c, r= 0.8) in ALK-negative anaplastic large cell lymphoma. d–i
representative pictures showing the correlation between PD-L1 and
pSTAT3 (d–f PD-L1 immunohistochemistry, ×400; g–i, pSTAT3
immunohistochemistry, ×400)
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JAK1 or STAT3 mutation [36]. All these aberrations lead to
the constitutive activation of the JAK/STAT pathway.
Nuclear pSTAT3 expression was seen in almost 85% of
ALK+ anaplastic large cell lymphoma cases and nearly half
of ALK− anaplastic large cell lymphoma cases in a pre-
vious study [37]. Similarly, we found that pSTAT3 was
associated with ALK activity. We also found that PD-L1
expression correlated with pSTAT3, particularly strong in
ALK− anaplastic large cell lymphoma, suggesting that PD-
L1 expression in anaplastic large cell lymphoma is likely
regulated by STAT3 activation. According to the World
Health Organization classification 2016, ALK+ and ALK−
anaplastic large cell lymphomas are considered as two

separate entities with distinct genetic profiles. In addition to
STAT3, some other unknown factors or pathways may also
regulate PD-L1 expression in ALK+ anaplastic large
cell lymphoma, which may explain the weaker PD-L1/
pSTAT3 correlation observed in ALK+ anaplastic large
cell lymphoma.

Most cases of anaplastic large cell lymphoma have a
cytotoxic T-cell immunophenotype and do not express one
or more T-cell antigens [1, 3, 10]. For example, CD3, CD5,
and T-cell receptors are commonly absent in anaplastic
large cell lymphoma. It is also true that cases of ALK+ and
ALK− anaplastic large cell lymphoma often show differ-
ences in their immunophenotype. CD3 and CD5 are more

Table 4 Pathological features of
patients with PD-L1+ and PD-
L1− anaplastic large cell
lymphoma

ALK+ ALCL (n= 45) ALK− ALCL (n= 50)

PD-L1+a

(n= 34)
PD-L1−
(n= 11)a

P-valueb PD-L1+a

(n= 21)
PD-L1−
(n= 29)

P-valuec

Morphologic type

Common pattern 85% (29/34) 73% (8/11) 0.38 100% (21/21) 97% (28/29) 1

Non-common
pattern

14% (5/34) 27% (3/11) 0% (0/21) 3% (1/29)

Immunophenotype

CD2+ 38% (9/24) 71% (5/7) 0.2 50% (6/12) 83% (19/23) 0.059

CD3+ 23% (7/31) 45% (5/11) 0.24 38% (8/21) 63% (17/27) 0.14

CD4+ 68% (17/25) 33% (2/6) 0.17 89% (17/19) 81% (21/26) 0.68

CD5+ 42% (10/24) 43% (3/7) 1 40% (6/15) 58% (14/24) 0.33

CD7+ 23% (3/13) 33% (1/3) 1 27% (3/11) 37% (7/19) 0.7

CD8+ 5% (1/19) 17% (1/6) 0.43 0% (0/14) 13% (3/24) 0.28

CD25+ 100% (9/9) 67% (2/3) 0.25 100% (2/2) 60% (3/5) 1

CD43+ 65% (11/17) 100% (5/5) 0.27 70% (7/10) 100% (9/9) 0.21

CD45+ 68% (17/25) 75% (3/4) 1 73% (11/15) 92% (12/13) 0.33

Granzyme B+ 80% (8/10) 100% (4/4) 1 56% (5/9) 33% (2/6) 0.61

EMA+ 94% (16/17) 100% (5/5) 1 69% (9/13) 20% (3/15) 0.02

ALCL anaplastic large cell lymphoma
a≥5% of lymphoma cells were positive for PD-L1
bALK+/PD-L1+ ALCL compared with ALK+ /PD-L1− ALCL
cALK−/PD-L1+ ALCL compared with ALK−/PD-L1− ALCL

Fig. 4 The impact of ALK status, International Prognostic Index
(IPI) score, and PD-L1 expression on overall survival of patients
with anaplastic large cell lymphoma. Negative ALK status (a) and

high IPI score (b), but not PD-L1 (c), were associated with shorter
overall survival
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often negative in ALK+ anaplastic large cell lymphoma
[3, 7, 8]. About 80% of ALK+ anaplastic large cell lym-
phoma cases are positive for EMA, compared with 43% of
ALK− cases [3]. ALK+ anaplastic large cell lymphoma
cases are usually negative for Bcl-2 whereas at least half of
ALK− anaplastic large cell lymphoma cases are positive
[38]. The results of the current study add to these differ-
ences as we found that PD-L1 expression is far more
common in ALK+ anaplastic large cell lymphoma.

Patients with ALK+ anaplastic large cell lymphoma
generally have a better prognosis than patients with ALK−
anaplastic large cell lymphoma with 5-year overall survival
rates of 70–90% vs <50%, respectively [2–5, 8, 11]. In this
study, ALK expression was significantly associated with
longer overall survival. The International Prognostic Index
(IPI), a clinical risk stratification model initially developed
for aggressive non-Hodgkin lymphomas [29], is also
effective in stratifying patients with anaplastic large cell
lymphoma [3–6, 8, 11]. Although ALK+ anaplastic large
cell lymphoma is generally associated with a good prog-
nosis, ALK+ anaplastic large cell lymphoma patients with
an IPI score of ≥3 had a 5-year overall survival of only
20–30%, similar to that of patients with other types of
peripheral T-cell lymphoma; conversely, ALK− anaplastic
large cell lymphoma patients with a low IPI score had a
favorable prognosis [3]. Our data confirm that high risk IPI
score (≥3) was associated with poorer outcome (shorter
overall survival). Although there were small series reports
about PD-L1 expression in anaplastic large cell lymphoma
in the literature, none have studied its prognostic

significance in anaplastic large cell lymphoma. Our data
show that PD-L1 expression is not associated with overall
survival in anaplastic large cell lymphoma, regardless of
ALK status and IPI score. In other words, despite its
association with ALK, PD-L1 had no prognostic sig-
nificance in this cohort of anaplastic large cell lymphoma
patients. In some studies, ALK expression has not been
identified as an independent prognostic factor in multi-
variate analysis, mainly because of the correlation between
younger age and ALK positivity. If the analysis was limited
to patients younger than 40 years old, patients with ALK−
anaplastic large cell lymphoma have good outcomes similar
to those with ALK+ anaplastic large cell lymphoma, sug-
gesting that age might be a major factor driving the dif-
ference in outcomes [7]. In the current study, there was no
significant difference in age between patients with PD-L1+
vs PD-L1− anaplastic large cell lymphoma, which might
explain the lack of impact of PD-L1 on patient outcome.

Although many innovative drugs including aggressive
chemotherapy and targeted agents, such as anti-CD30
antibody and ALK inhibitors, have been developed to
treat patients with systemic anaplastic large cell lymphoma
[39], the clinical outcome of patients with ALK− or
refractory/relapsed ALK+ anaplastic large cell lymphoma
is still poor, with 5-year overall survival rate of <50%
[40, 41]. PD-L1 expression on anaplastic large cell lym-
phoma cells provides a strong rationale for PD-1 blockade
as a potential treatment for those patients. Durable complete
remission achieved by anti-PD1 antibodies (nivolumab
and pembrolizumab) have been reported in three patients

Fig. 5 PD-L1 had no prognostic
significance in patients with
anaplastic large cell lymphoma,
regardless of ALK status and
International Prognostic Index
(IPI) score. a in patients with
ALK+ anaplastic large cell
lymphoma. b in patients with
ALK− anaplastic large cell
lymphoma. c in patients with
low IPI score (<3). d in patients
with high IPI score (≥3)
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with relapsed/refractory anaplastic large cell lymphoma
(2 ALK+ and 1 ALK−) who had failed multiple treatment
regimens including chemotherapy, ALK inhibitor, anti-
CD30 antibody, with or without stem cell transplant
[42–44]. Two patients had PD-L1+ tumors and one patient
had unknown PD-L1 status. These reports suggest that
disruption of the PD-1 pathway in anaplastic large cell
lymphoma can establish therapeutically effective antitumor
immunity and advocate for the development of clinical trials
evaluating the efficacy of PD-1 blockade in patients with
refractory/relapsed anaplastic large cell lymphoma.

In conclusion, we assessed PD-L1 expression in 95
patients with systemic anaplastic large cell lymphoma and
compared the clinicopathologic features and outcome
between patients with PD-L1+ versus PD-L1− tumors. The
data we present suggest that PD-L1 is expressed in about
three quarters of ALK+ anaplastic large cell lymphoma and
in a smaller subset of ALK− anaplastic large cell lym-
phoma. Therefore, patients with PD-L1+ anaplastic large
cell lymphoma may be potential candidates for PD-1
blockade immunotherapy. In addition, in ALK− anaplas-
tic large cell lymphoma, PD-L1 expression is strongly
correlated with STAT3 activation. PD-L1 has no prognostic
significance in predicting overall survival of patients with
systemic anaplastic large cell lymphoma regardless of ALK
status.
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