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Summary Breast implant-associated anaplastic large cell lymphoma (BI-ALCL) is a variant of anaplastic large
cell lymphoma arising within seroma effusion associated with breast implants. BI-ALCL is a rare disease, re-
cently recognized as a new provisional entity by the 2017 revised World Health Organization classification. All

I():DLI; . BI-ALCLs tested so far showed a “triple-negative” genetic profile—negative for ALK, DUSP22, and TP63 re-
P(())lp }; (;g;m, arrangements—and were characterized by mutational and gene expression profiles consistent with aberrant
ysomy

activation of the JAK/STAT pathway. The active form of STAT3 (pSTAT3) is constantly expressed in BI-
ALCLs and may favor tumor immune escape by triggering the transcription of PDLI (CD274), a gene
encoding the immune-checkpoint molecule programmed cell death ligand 1 (PDL1); immunohistochemical
positivity for PDL1 has been recently described in 3 BI-ALCL cases, and one of them also harbored PDLI
gene amplification. We evaluated PDL1 and pSTAT expression by immunohistochemistry and PDLI copy
number alterations (CNAs) at chromosome 9p24.1 by fluorescent in situ hybridization in a cohort of 9 BI-
ALCL cases; we also investigated the presence of tumor-infiltrating programmed cell death 1 (PD1)+ T cells
(tumor-infiltrating lymphocytes, or TILs) and PDL1+ tumor-associated macrophages (TAMs) in BI-ALCL
microenvironment. Tumor cells expressed PDL1 in 5 (56%) of 9 cases and harbored PDLI CNAs in 3
(33%) of 9 cases; immunohistochemistry for pSTAT3 was positive in all 6 cases tested (100%), indicative
of active JAK/STAT signaling. We observed PDLI CNAs only among PDL1-positive cases, whereas PD1+
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TILs and PDL1+ TAMs were present at variable levels in both PDL1-positive and PDL1-negative BI-
ALCLs. We report frequent PDL1 expression and recurrent PDL/ CNAs in BI-ALCLs: our data suggest
that 9p24.1 alterations represent a common mechanism of PDL1 overexpression in this disease, likely acting
in synergy with constitutive pSTAT3 signaling. In PDL1-positive cases without chromosomal aberration,
PDL1 expression may be induced by JAK/STAT signaling alone and/or others alternative pathways. BI-
ALCL microenvironment hosts variable amounts of PD1+ TILs and PDL1+ TAMs, suggesting the presence
of an active PD1/PDL1 axis. These findings may be of therapeutic value in advanced-stage patients who
may benefit from a PD1/PDL1 blocking treatment.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

The revised World Health Organization classification of
lymphoid tumors recognizes breast implant—associated ana-
plastic large cell lymphoma (BI-ALCL) as a new provi-
sional entity for its unique features: it is a rare ALCL
variant arising in the effusion and/or the capsule surround-
ing saline or silicon-filled breast implants [1]. BI-ALCL
usually has a favorable outcome, being confined to the peri-
prosthetic effusion and thus cured by surgery alone. However,
the minority of cases that develop extraprosthetic involvement
display an aggressive clinical course, at times leading to death
from disease [2,3].

Genomic studies on BI-ALCL biology have been limited
by the rarity of this disease: a recent meta-analysis estimates
an annual incidence of less than 5 cases per 100 000 women
with implants [4].

From a genetic perspective, BI-ALCL shows a so-called
“triple-negative” profile: it characteristically lacks ALK rear-
rangements, and all cases tested so far have been consistently
negative for DUSP22 and TP63 rearrangements (2 mutually
exclusive chromosomal abnormalities recurrently detected in
systemic and cutaneous ALK-negative ALCL) [3,5].

Aberrant activation of STAT3 seems to be a key player in
BI-ALCL oncogenesis: neoplastic cells nearly always express
phosphorylated STAT3 Y705 (pSTAT3) by immunohisto-
chemistry, in contrast to the variable positivity observed in
other ALK-negative ALCLs [3.5]. Although in ALK-
positive ALCL the chimeric ALK protein drives STAT3 phos-
phorylation [6], in BI-ALCL, pSTAT3 overexpression can be
caused, at least in part, by mutational events in genes involved
in the JAK/STAT pathway: roughly one-third of the cases bear
activating mutations of genes involved in the JAK/STAT
pathway (STAT3, JAKI, JAK3) or loss-of-function mutation
of SOCSI, a negative regulator of JAK kinase activity
[3,5,7-10]. However, because pSTAT3 is uniformly positive
regardless of the mutational status, alternative genetic mecha-
nisms may be involved in JAK/STAT pathway activation.

Several investigators have also proposed a role for chronic
antigen stimulation and immune escape mechanisms in BI-
ALCL pathogenesis: silicone degradation products and bio-
film organisms on the implant surface may stimulate and
maintain T-cell activation [11,12], whereas BI-ALCL—derived

cell lines can release immunosuppressive cytokines fostering a
tumor-tolerant microenvironment [13,14].

Persistent JAK/STAT signaling may also favor an immu-
nosuppressive tumor microenvironment in BI-ALCL:
pSTAT3 enhances the transcription of the immune-
checkpoint molecule PDL1 (encoded by PDLI/CD274)
[15,16] that engages the programmed cell death 1 (PD1) recep-
tor on tumor-infiltrating T cells (tumor-infiltrating lympho-
cytes, or TILs), promoting reversible T-cell exhaustion [17].
PDL1 immunohistochemical expression has been recently re-
ported in 3 BI-ALCL cases, and one of them also harbored
PDL]I gene amplification [18,19].

Because PD1/PDL1 blockade may represent a therapeutic
strategy—especially for patients with aggressive or recurrent
disease—we investigated PDL1 and pSTAT3 expression by
immunohistochemistry in a cohort of 9 BI-ALCL cases. Be-
sides pSTAT3-mediated transcriptional upregulation, PDL1
expression can also be boosted by increased gene dosage due
to PDL1 copy number alterations (CNAs), so we also evalu-
ated PDLI genetic abnormalities at chromosome 9p24.1 by
fluorescence in situ hybridization (FISH). Finally, to further
investigate the PD1/PDL1 axis in BI-ALCL microenviron-
ment, we examined PD1 and PDL1 expression in TILs and
tumor-associated macrophages (TAMs), respectively.

2. Materials and methods
2.1. Patients and specimens

Formalin-fixed, paraffin-embedded archival specimens from
9 patients with BI-ALCL at first presentation were collected in
accordance with local institutional review board protocols.
Cases were reviewed and diagnosed according to 2017 revised
World Health Organization classification [1] by 4 expert hema-
topathologists (V. T.,S.F., A.D.N.,and S. A. P.). The disease
was staged using the TNM staging system proposed by Clem-
ens et al [2].

2.2. Immunohistochemistry

Immunohistochemistry was performed on 2-um-thick
formalin-fixed, paraffin-embedded whole tumor sections using
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a Dako Autostainer Link48 (Dako Agilent, Glostrup, Den-
mark), after antigen retrieval (PTLink at 92°C for 5 minutes
in Dako EnVision Flex Target Retrival Solution High pH).
The primary antibodies used were PDL1 (clone EIL3N,
1:200; Cell Signalling, Danvers, Massachusetts), pSTAT3
(clone D3A7, 1:100; Cell Signaling), PD1 (clone NAT105,
1:4; Abcam, Cambrige, UK), and CD3 (clone SP7, 1:100;
BioOptica, Milan, Italy). Slides were developed using fast
red (alkaline phosphatase-chromogen) or with 3,3’-diamino-
benzidine chromogen (Dako) after peroxidase block for 5 mi-
nutes, counterstained with hematoxylin, dehydrated, and
coverslipped.

For PDL1, both cytoplasmic and cell-membrane staining pat-
terns were recorded. PDL1 expression was scored with a semi-
quantitative approach (H-score: range, 0-300) multiplying the
percentage of positive malignant cells (0%-100%) and the aver-
age intensity of staining (0, no staining; 1+, weak staining; 2+,
moderate staining; 3+, strong staining). Samples were considered
positive for pPSTAT3 when >20% of neoplastic cells showed nu-
clear staining, as previously described [20]. Endothelial cells and
macrophages were used as internal positive controls for
pSTAT3 and PDLLI staining, respectively. Microphotographs
of BI-ALCL1 to BI-ALCL6 were taken using an Olympus,
Tokyo, Japan BX53 light microscope with an Olympus DP71
camera. Original magnifications are specified in figure legends.

2.3. Fluorescence in situ hybridization

FISH was performed on 4-um-thick sections with Texas
Red CD274 (PDL1)-labeled probe and FITC CEN9qg-labeled
centromeric probe as an internal control, according to the man-
ufacturer's recommendations (Abnova, Taipei City, Taiwan).
Because BI-ALCL cells often formed small clusters within a
fibrinoid material, FISH evaluation was focused on areas with
the highest density of neoplastic cells, previously highlighted
on hematoxylin and eosin—stained slides. Approximately 100
cells per case were analyzed; nuclei without CEN9q signals
and overlapping nuclei were excluded from the count.

Cutoff value was determined by analyzing 10 reactive
lymph nodes as normal controls. The ratio of PDLI (red)

signals to centromere 9 (green) signals was evaluated in 200
nuclei: the mean ratio + 3 SDs (corresponding to the value
of 1.23) was assumed as the upper cutoff for copy gain and
amplification. CNAs were further classified according by Roe-
mer et al [21]: nuclei were defined as amplified if the target/
control probe ratio was >3:1, as copy gain if the probe ratio
was >1:1 but <3:1, or as polysomic for chromosome 9 if the
probe ratio was 1:1, but more than 2 copies of each probe were
detected. The MDA-MB-436 triple-negative breast cancer cell
line, known to harbor PDLI amplification (Cancer Cell Line
Encyclopedia, www.broadinstitute.org/ccle), was used as a
positive control: MDA-MB-436 cells were purchased from
the American Type Culture Collection (Manassas, VA), tested
and authenticated by Stem cell Elite ID (Promega, Madison,
US), and cultured as previously described [22]. MDA-MB-
436 cells from culture were centrifuged, fixed in 10% neu-
tral-buffered formalin, suspended in agar, and embedded in
paraffin blocks. FISH analysis of cell blocks confirmed
PDLI amplification in MDA-MB-436 cell nuclei (Supplemen-
tary Fig. S1).

BI-ALCL cases were classified by the highest observed level
of 9p24.1 alteration. The spectrum of 9p24.1 CNAs
(amplification, copy gain, polysomy) and residual disomy (nor-
mal 9p24.1 copy numbers) was quantified in each case
(Table 1). Images were taken using an Olympus BX51 fluores-
cence microscope and Olympus cellSens image acquisition
software.

2.4. Assessment of CD3, PD1, and PDL1 in tumor
microenvironment

PD1 and CD3 expression in TILs was quantified in 6 peri-
prosthetic capsule specimens by 2 hematopathologists (V. T.
and S. F.); discrepancies in scoring (<10% of cases) were dis-
cussed by the third pathologist until consensus was reached.
The samples were analyzed with the objective lens of 40x/
0.75 Olympus UPlanFL (Olympus), corresponding to an area
of 0.237 mm?. PD1- and CD3-positive lymphocytes were
counted in 5 high-power fields (HPFs) along the inner edge
of the capsule and scored as the average number of positive

Table 1  Spectrum of PDLI genetic alterations in BI-ALCLs
Case ID Cytogenetics

PDL1 IHC  No. of tumor cells  Disomy Polysomy  No. of Copy gain ~ No. of signals ~ Amplification

(% cells) (% cells) signals (% cells) (% cells)

BI-ALCL 1  + 103 12 65 3-6 23 3-8R:2G -
BI-ALCL2  + 102 10 90 3-6 - - -
BIFALCL3  + 108 44 56 3 = = =
BI-ALCL4 - 95 100 - - - - -
BI-ALCLS - 98 100 = = = = =
BI-ALCL6 - 109 100 - - - - -
BI-ALCL7  + 102 100 - - - - -
BI-ALCL8  + NE NE NE NE NE NE NE
BI-ALCL9 - 110 100 - - - - -

Abbreviations: G, CEN9q FITC green signal; NE, not evaluable due to technical pitfalls; R, PDLI (CD274) Texas red signal.


http://www.broadinstitute.org/ccle

Table 2  Clinical, pathological, and genetic features of BI-ALCL cases
Case ID Age at Interval to Reason for Type of implant  Clinical presentation TNM (stage)®  Immunophenotype " PDL1 IHC PDLI pSTAT3
diagnosis BI-ALCL implant (H-score)  FISH IHC®
) 52
BI-ALCL 1 71 4 Breast cancer Macrotextured, Right-side effusion TINOMO (IA) CD30+, TIA1+, CD3—, Positive Copy Positive
reconstruction silicone gel filled CD4-, CD8—, EMA+/—, (200) gain (90)
ALKc—, PAX5—
BI-ALCL 2 32 5 Breast cancer Macrotextured,  Right-side effusion TINOMO (IA) CD30+, TIA1+, perforin—, Positive Polysomy Positive
reconstruction silicone gel filled CD3+, CD2-, CD5+, (300) (30)
CD7+, CD4+, CD8-,
EMA+, ALKc—, PAX5—-
BI-ALCL 3 69 7 Breast cancer Macrotextured,  Right-side effusion TINOMO (JA) CD30+, TIA1+, perforin+, Positive Polysomy Positive
reconstruction silicone gel filled CD3+, CD2+, CD5+, CD7-, (250) (80)
CD4+, CD8—, ALKc—,
PAXS5-
BI-ALCL 4 60 5 Breast cancer Macrotextured,  Right-side effusion TINOMO (IA) CD30+, TIA1+, perforin+/—,  Negative ~ Disomy  Positive
reconstruction silicone gel filled CD3+, CD4+, CD8-, EMA+, (0) (80)
ALKc—, PAX5—, CD20-
BI-ALCL 5 52 7 Breast cancer Macrotextured,  Right-side effusion and TINOMO (IA) CD30+, TIA1+, perforin—, Negative ~ Disomy  Positive
reconstruction silicone gel filled thickening of periprosthetic CD3-, CD2-, CD5-, CD7—, ) (70)
capsule CD4+, CD8-, EMA—/+,
ALKc—, PAX5—
BI-ALCL 6 38 11 Cosmetic Macrotextured, Right-side effusion TINOMO (IA) CD30+, TIA1+/—, perforin+/—, Negative Disomy Positive
silicone gel filled CD4+/—-, CD8—, EMA—/+, ©0) 30)
ALKc—
BI-ALCL 7 49 6 Breast cancer Macrotextured,  Left-side effusion and TINIMO (IIB) CD30+, ALK—, CD8-, Positive Disomy ND
reconstruction silicone gel filled contralateral lymph nodes GrB+/—, CD4+, CD3-, (300)
enlargement CDI15+/—, MUM1+,
CD25+, PDI1-, ALKc—,
PAXS5-
BI-ALCL 8 51 21 Cosmetic Macrotextured, Right-side effusion and T4ANIMO (Il) CD30+, CD3—, CD4+/—, Positive NA ND
silicone gel filled lymph nodes enlargement CD25+, CD8—, GrB—, (70)
ALKc—, CD20-
BI-ALCL 9 49 7 Cosmetic Macrotextured, Left-side mass T4NOMO (ITA) CD30+, CD15+, GrB+, Negative Disomy ND
silicone gel filled CD3—, CD4+, CD8—, 0)

ALKc—, PAXS5—, CD79a+

Abbreviations: EMA, epithelial membrane antigen; GrB, granzyme B; IHC, immunohistochemistry; ND, not done; NE, not evaluable; TIA1, T-cell intracellular antigen-1.

* Based on the TNM staging system proposed by Clemens et al [2].
® ) positive, >75% tumor cells staining; (+/—) 50% to 75% tumor cells staining; (—/+) 25% to 49%; (-) negative, 0% tumor cells staining.
¢ Percentage of tumor cells with nuclear staining. Positivity cutoff: >20% nuclear staining.
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Figure 1  Morphologic and immunophenotypic findings in BI-ALCL. A, Low-power hematoxylin and eosin stain from BI-ALCL 2 shows neo-
plastic cells suspended in a fibrinoid material lining the inner surface of the capsule (*; original magnification x100). B, High-power hematoxylin
and eosin stain from BI-ALCL 3 highlights large pleomorphic cells surrounded by a clear halo admixed with scattered hallmark cells with horse-
shoe- or kidney-shaped nuclei (original magnification x600). C and D, CD30 immunohistochemical staining is strongly positive in both specimens
(original magnifications x100 and x400).

TILs per HPF. TAMs expressing PDL1 were also recorded as the median interval from implant placement to BI-ALCL pre-

average number per HPF. sentation was 7 years (range, 4-21 years). Six (67%) of 9 pa-
tients presented with effusion-limited BI-ALCL, whereas the

3. Results remaining 3 patients (33%) showed extracapsular disease:
one had effusion and nodal involvement, one presented with

3.1. Cohort characteristics breast mass, and the last one had breast mass and lymph node
involvement. All patients underwent bilateral removal of the

Clinical data are summarized in Table 2. All patients were implants; patients with extracapsular disease also received cy-
women, with a median age of 51 years (range, 32-71 years); clophosphamide, doxorubicin, vincristine, and prednisone

Figure2  Analyses of the PDLI locus, PDL1, and pSTAT3 immunohistochemical expression in BI-ALCL. Representative images of cases with
PDLI CNAs by FISH (original magnification x1000). A, BI-ALCL 1 cells display both PDL1 copy gain (5 copies of PDLI [red] compared with 2
CENY9q centromeric probes [green]), polysomy associated with relative copy gain by FISH (arrow: 5 copies of PDLI and 3 CEN9q probes), or
residual disomy (arrowhead: 2 copies of PDLI and 3 CEN9q each). D, BI-ALCL 2 and BI-ALCL 3 show PDLI polysomy: BI-ALCL 2 harbors
cells with 4, 5, and 6 copies of PDLI and CENY9q each;. G, BI-ALCL 3 presents cells with 3 copies of PDLI and CEN9q each. J, BI-ALCL 4 is
disomic for 9p24.1, carrying 2 copies PDLI and CEN9q. PDL1 and pSTAT3 expression by immunohistochemistry in the same cases (original
magnification x400): positive PDL1 staining is present in BLALCL 1 (B), BILALCL 2 (E), and BI-ALCL 3 (H), whereas it is absent BI-ALCL
4 (K). C, F, 1, and L, All cases are positive for pSTAT3 staining.
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chemotherapy or cyclophosphamide, doxorubicin, vincristine,
etoposide, and prednisone chemotherapy.

3.2. Histopathologic features

Effusion-limited BI-ALCL specimens presented similar
morphologic features: small clusters of tumor cells floated
within serous/fibrinoid material or were confined to the inner
surface of the capsule surrounding the implant (Fig. 1A); neo-
plastic cells were large with pleomorphic, multilobated,
kidney-shaped nuclei and abundant eosinophilic cytoplasm
(Fig. 1B). Patients with extracapsular disease presented with
cohesive sheets of tumor cells that diffusely infiltrated the cap-
sule and/or the pericapsular tissues, with necrotic areas. In
cases with lymph node involvement, neoplastic cells invaded
the nodal parenchyma with a nodular and/or a sinusoidal cohe-
sive pattern.

CD30 was strongly positive in all cases (Fig. 1C and D),
whereas ALK protein was always negative. BI-ALCL cases
showed incomplete T-cell phenotype with expression of at
least one of the tested cytotoxic markers (Tial, perforin, gran-
zyme B). Additional phenotypic data are shown in Table 2.

3.3. PDL1 expression and PDL1 CNAs in BI-ALCL
tumor cells

PDL1 positivity was frequently observed in BI-ALCL
(Table 2 and Fig. 2): 5 (56%) of 9 cases expressed PDL1 with
a median H-score of 250 (range, 70-300); PDL1 was positive
in 3 (50%) of 6 effusion limited cases and in 2 (67%) of 3
cases with extracapsular disease and/or lymph node involve-
ment (Fig. 3). Tumor cells were positive for nuclear
pSTATS3 at a variable level (with immunostaining in 30% to
100% of tumor cell nuclei) in all 6 cases tested (100%)
(Table 2 and Fig. 2).

Fluorescent in situ hybridization analysis was
successful in 8 (89%) of 9 cases; we found 9p24.1 CNAs
in 3 cases (33%), as depicted in Fig. 2: 1 case showed
PDL] relative copy gain and 2 had polysomy of 9p; all 3 cases

Figure 3

with 9p24.1 CNAs were effusion-limited BI-ALCL. The
remaining 5 cases were disomic for 9p24.1. No one case
showed PDLI amplification. In copy gain and polysomic
samples, we also detected neoplastic cells with lower-level
9p24.1 CNAs and/or residual disomic cells. More specifically,
sample BI-ALCL1 presented PDLI copy gain in 23% of cells,
9p polysomy in 65% cells, and residual disomy in 12% of
cells; polysomic samples BI-ALCL2 and BI-ALCL3 also
harbored 10% and 44% residual disomic cells, respectively
(Table 1); this pattern resembles the spectrum of 9p24.1
alterations described by Roemer et al [21] in classical Hodgkin
lymphomas.

Among the 5 cases with positive PDL1 staining, 3 (60%)
harbored PDLI CNAs and 1 (20%) was disomic for 9p24.1,
and in the other one (20%), FISH was not analyzable because
of technical artifacts; PDL1-negative cases were consistently
negative for PDL] CNAs.

3.4. Assessment of CD3, PD1, and PDL1 expression in
BI-ALCL microenvironment

The specimens relative to the capsular and pericapsular tis-
sues hosted a mixed inflammatory infiltrate composed by var-
iable proportions of small-sized lymphocytes, plasma cells,
and foamy macrophages; some cases also showed multinucle-
ated giant cells engulfing amorphous material (likely silicone).
In BI-ALCLG6, the inflammatory background was mainly com-
posed by eosinophils.

Infiltration of any quantity of CD3+ and PD 1+ cells was de-
tected in all cases tested (100%): the results are summarized in
Table 3. Considering the whole cohort, the median number of
CD3+ TILs/HPF was 18 (mean, 56; range, 12-167); for PDI,
the median number of positive TILs/HPF 7 (mean, 13; range,
1-39). The median number of TAMs expressing PDL1 per
HPF was 19 (mean, 29; range, 8-83).

Most of the specimens presented a mild inflammatory
infiltrate in the inner layer of the capsule; conversely,
BI-ALCL2 and BI-ALCLS5 showed a severe infiltrate,
with >100 CD3+ TILs/HPF and >30 PDI TILs/HPF

PDL1 immunohistochemical expression in BI-ALCLs with extracapsular disease. A, BI-ALCL 7 shows lymph node involvement with

diffuse and strong PDL1 staining (H-score, 300). BI-ALCL 8 (B) and BI-ALCL 9 (C) infiltrate the capsule and the pericapsular tissues: BI-ALCL 8
is partially positive for PDL1 (H-score, 70), whereas BI-ALCL 9 is negative. Original magnification x400.
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Table 3  Quantification of PDL1-positive TAMs and of PD1+ and CD3+ TILs
Case ID PDL1 FISH PDL1 IHC PDL1 positive PD1 positive CD3 positive PD1/CD3 (%)
(tumor cells) (tumor cells) TAMSs/HPF* TILs/HPF?* TILs/HPF*

BI-ALCL 1 Copy gain + 10 6 18 31

BI-ALCL 2 Polysomy + 36 18 102 18

BI-ALCL 3 Polysomy + 20 8 12 63

BI-ALCL 4 Disomy = 18 7 19 35

BI-ALCL 5 Disomy - 83 39 167 23

BI-ALCL 6 Disomy - 8 1 18 3

Abbreviation: HPF, high-power field (40x/0.75 objective lens); IHC, immunohistochemistry.

 HPF area equals to 0.237 mm?.

(Table 3, Fig. 4A-D and E-H). Even if our cohort was too small
to allow for a statistical comparison, PDL1-positive and PDL1-
negative BI-ALCLs displayed similar values for CD3 (median,
18 versus 19 TILs/HPF), PD1 (median, 6 versus 7 TILs/HPF),
and PDL1+ TAMs (median, 20 versus 18/HPF), whereas
PD1/CD3 ratio was higher in PDLI-positive BI-ALCLs
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(median, 31% versus 23%). In particular, BI-ALCL3 hosted a
very mild inflammatory infiltrate but exhibited the highest
PD1/CD3 ratio (68%; Fig. 4I-L). Among PDL1-negative BI-
ALCLs, we observed the highest amount of PD1+ TILs in
BI-ALCLS (39/HPF), which also presented the highest num-
ber of PDL1+ TAMs (83/HPF; Fig. 4E-H).

Figure 4  Analyses of PD1 and CD3 expression in TILs and PDLI expression in TAMs. Low-power hematoxylin and eosin stain from PDLI-
positive BI-ALCL 2 (A) and PDL1-negative BI-ALCL 5 (E) showing a severe inflammatory infiltrate along the inner layer of the capsule (arrows;
original magnification x100). Both samples present numerous CD3+ (B and F) and PD1+ (C and G) TILs and abundant PDL1+ TAMs (D and H).
PDL1-positive BI-ALCL 3 (I) hosts a very mild inflammatory infiltrate (arrow; hematoxylin and eosin stain, original magnification x100) but dis-
plays a high PD1/CD3 ratio because most CD3+ TILs (J) are also PD1+ (K); in addition, numerous TAMs express PDL1 (L). All immunohisto-

chemical images were captured at an original magnification of x400.
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4. Discussion

We documented frequent PDL1 expression in BI-ALCLs,
along with recurrent PDLI CNAs. In classical Hodgkin lym-
phoma, PDL1 overexpression largely correlates with PDL]
CNAs at 9p24.1 locus [21,23]; systemic ALCLSs frequently ex-
press PDL1 by immunohistochemistry, but in this type of lym-
phoma, PDLI CNAs are less common [16,19,24,25], and
PDL1 overexpression is transcriptionally induced by phosphory-
lated STAT3 [15,16]. Enhanced expression of PDL1 on tumor
cells favors immune evasion inducing functional exhaustion in
tumor-infiltrating T cells through PD1 engagement [17].

PDL1 positivity has been recently reported in 3 BI-ALCL
cases [18,19], but the prevalence and the genetic basis of
PDL1 expression in this disease are unknown. We assessed
PDL1 and pSTATS3 expression by immunohistochemistry
and PDL1 gene alterations in a cohort of 9 BI-ALCLs; we also
investigated PD1/PDL1 interaction quantifying PD1+ TILs
and PDL1+ TAMs in tumor microenvironment.

In keeping with previous reports [3,5,7], immunohisto-
chemistry for pSTAT3 was consistently positive in all BI-
ALCLs tested, furtherly supporting the hypothesis of a consti-
tutive activation of the JAK/STAT3 pathway in this disease.
We observed PDL1 expression in more than one-half (57%)
of our cases; in particular, 2 of 3 BI-ALCLs with extracapsular
involvement (67%) were positive for PDL1 staining.

Three PDL1-positive cases showed 9p24.1 CNAs: 1 case
harbored PDL1 copy gain, and 2 cases were polysomic for
chromosome 9. All cases with PDLI CNAs also showed
PDLI1 expression, suggesting that PDL/ genetic alterations
represent an important driver of PDLI expression. The
9p24.1 region also harbors the Janus kinase 2 (JAK2) locus:
9p24.1 copy number—positive variations increase the gene
dosage of both PDLI and its inducer, JAK?2, that further stim-
ulates PDL] transcription via JAK/STAT activity and STAT3
phosphorylation [23]. In BI-ALCL cases carrying chromo-
some 9 polysomy, the co-increase of JAK2 transcript abun-
dance may have further enhanced PDLI expression in
synergy with simple PDLI gene-dosage effect.

However, PDLI1 positivity was also observed in disomic
cases, implying that constitutive JAK/STAT activation and/
or other genetic pathways can also enhance PDL1 expression
in the absence of increased PDLI gene-dosage.

It has been postulated that chronic antigen stimulation can
drive BI-ALCL development by triggering T-cell activation
and eventually leading to their clonal expansion in an immune
tolerant milieu. In vitro studies showed that BI-ALCL cell lines
can release immunosuppressive cytokines—such as IL-6, tumor
growth factor band, and IL-10—that promote tumor survival and
proliferation [13,14]. We found variable amounts of PD1+
TILs and PDL1+ TAMs in the inner layer of the capsule of
both PDL1-positive and PDL1-negative cases. High numbers
of PDL1+ TAMs may be responsible of PD1+ T-cell engage-
ment in PDL1-negative BI-ALCLs and additionally trigger
PDI/PDLI1 axis in PDLI1-positive BI-ALCLs. Our data
furtherly uphold earlier findings that supported the role of

immune escape in BI-ALCL oncogenesis: an active PDL1/
PD1 axis may cooperate with the release of immunosuppres-
sive cytokines to foster an immune-tolerant microenviron-
ment; PDL1/PD1 ligation can shut down T-cell receptor
signaling and T-cell activation, inducing an exhausted func-
tional state in tumor-infiltrating T cells.

5. Conclusions

In summary, we identified frequent PDL1 expression and
recurrent PDLI CNAs in BI-ALCL. Even if the small size of
our series limited the statistical power of our, PD1/PDLI1 axis
seems to be a promising therapeutic target in BI-ALCL. Al-
though most BI-ALCLs are successfully treated with capsu-
lectomy alone, the subset of cases with extracapsular
involvement and aggressive behavior requires a more exten-
sive therapeutic approach; in our series, advanced-stage BI-
ALCLs frequently express PDL1, suggesting the usefulness
of immune-checkpoint inhibitors in these patients.
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