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Median duration of response was 14 (range 5-26)
Su mmd ru months. Median follow-up time was 25 months (range,
6-30) from the start of nivolumab-based treatment.
Overall survival and progression free survival rates were
83% and 38%, respectively. This case series demonstrat-
ed that nivolumab-based regimen may be an effective
treatment option for patients with r/r GZL.

The treatment of relapsed/refractory gray zone lym-
phoma (r/r GZL) remains challenging. Genetic aberra-
tions involving 9p24.1 and associated with programmed
death ligand (PD-L1/L2) upregulation are important
in GZL pathogenesis and immune evasion. Immune
checkpoint inhibitor nivolumab (PD-1-blocking anti-
body) may be an attractive treatment strategy in GZL. Ke l_-JWO rdS
We have retrospectively assessed efficacy and toxici-
ty of nivolumab-based regimens in nine patients with
r/r GZL. Most of the patients n=7 (78%) had primary
chemoresistance and the median number of prior ther-
apy lines was 3 (range, 2-5). At the start of nivolumab
treatment disease stage III-IV was in n=6 (67%) patients
and bulky disease was in n=3 (33%) patients. All nine
patients had high-level of PD-L1 expression (80%-
100%) on tumor cells. In this group n=4 (44%) patients
received nivolumab as monotherapy, n=3 (33%) re-
ceived nivolumab in combination with chemotherapy,
n=1 (11%) received nivolumab in combination with BV
and n=1 (11%) received nivolumab in combination with
lenalidomide. The objective response rate among all
treated patients was 89% with 6 cases (67%) of complete
response and 2 (22%), with partial response. One patient
(11%) had stabilization of the disease as best response.

Gray-zone lymphoma, relapse, immune checkpoints in-
hibitors, nivolumab, hematopoietic stem cell transplan-
tation, allogeneic, autologous.
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Introduction

B-cell lymphoma, unclassifiable, with features intermediate
between diffuse large B-cell lymphoma (DLBCL) and clas-
sical Hodgkin lymphoma (cHL) was initially described in
1998 [1] and first recognized in the World Health Organiza-
tion classification as a distinct entity in 2008 [2]. It is a rare
and aggressive lymphoma, also known as gray zone lympho-
ma (GZL), with morphologic and immunophenotypic fea-
tures overlap with both of primary mediastinal large B-cell
lymphoma (PMBL) and cHL, nodular sclerosis [3]. Initially,
GZL with mediastinum involvement, i.e., mediastinal GZL
(MGZL), was described, whereas data on non-mediastinal
GZL (NMGZL) were obtained later. MGZL typically occurs
in young adults. In contrast, patients with NMGZL are usu-
ally older, with advanced-stage disease and extranodal in-
volvement. However, a large retrospective study in the North
American population with 112 cases of GZL demonstrated
that the patients with MGZL and NMGZL have similar out-
comes [4].

GZL shows a wide variety of morphological features and can
be represented by tumor cells cytologically related to ¢cHL
(cHL-like GZL), but with large B-cell lymphoma (LBCL) im-
munophenotype (CD20, CD79a, PAXS5, and OCT2), while
another type of GZL can demonstrate large B-cell lymphoma
morphology (LBCL-like GZL) with cHL immunophenotype
(CD15 and CD30). Similar to cHL and PMBL, genetic alter-
ations involving CIITA (16p13.13) and CD274 (PD-L1)/PD-
CD1LG2 (PD-L2) (9p24.1) have been described in GZL [5].
Epigenetic profile of GZL demonstrated close relationship of
GZL with cHL/PMBL and the difference between GZL and
DLBCL [6].

Due to relative rarity, difficult diagnosis and lack of rand-
omized trials, clinical management of GZL is challenging.
There is no standard for a frontline therapy for GZL, but
regimens for aggressive large B-cell lymphoma (CHOP +/-
R, EPOCH, DA-EPOCH +/-R, etc.) are preferable with con-
sideration for consolidative radiotherapy for bulk disease [4,
7]. GZL has a worse prognosis than either cHL, or PMBL.
Compared to PMBL treated with R-DA-EPOCH, the GZL
outcomes were significantly lower with 5-year overall sur-
vival (OS) 74% vs 97% and 5- year event-free survival (EFS)
of 62% vs 93%, respectively [8, 9]. About 59% of patients
achieved a complete response, but 33% had primary refrac-
tory disease and 58% relapsed with a median time to relapse
of 7 months [4]. The optimal treatment strategy for relapsed/
refractory (r/r) GZL is not yet established. Most of the pa-
tients received standard salvage chemotherapy and, in case of
chemosensitivity, autologous hematopoietic stem cell trans-
plant (HSCT) can be performed. Two-year OS for patients
with r/r GZL who underwent HSCT was 88% versus 67% for
the patients who did not undergo HSCT [4]. However, some
patients cannot be candidates for high-dose chemother-
apy with HSCT due to age, comorbidity, or chemoresistant
disease.

Asbased on biological characteristics of GZL, search for nov-
el target and immunotherapy is necessary. Most cases of GZL
show expression of CD30 [8]. Brentuximab vedotin (BV) is
an anti-CD30 antibody-drug conjugate that is effective in HL
and some T-cell lymphomas. Due to the expression of CD30
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in GZL, BV is an attractive treatment strategy in patients
with GZL and some data on BV therapy in patients with GZL
have been published [10].

Genetic aberrations involving 9p24.1 and associated with
programmed death ligand (PD-L1/L2) upregulation are
important in GZL pathogenesis and immune evasion [11].
Only case series of patients with r/r GZL with complete and
durable responses after checkpoint inhibitor treatment were
published [12, 13]. In this view, immune checkpoint inhibi-
tor nivolumab (PD-1-blocking antibody) may be an attrac-
tive treatment strategy in GZL.

Patients and methods

The single-center study included nine patients (6 men and
3 women) with histologically confirmed GZL, relapsed or
refractory to at least 2 lines of previous therapy, and treated
in RM Gorbacheva Research Institute of Pediatric Oncology,
Hematology and Transplantation, Pavlov University. All the
patients had active disease following the previous therapy.
Patients received nivolumab in dose of 0.5-3 mg/kg every 2
weeks as monotherapy or in combination with lenalidomide
or chemotherapy. Total-body PET/CT scans were performed
before treatment initiation, and clinical response was as-
sessed by investigators using LYmphoma Response to Im-
munomodulatory therapy Criteria (LYRIC) every 3 months.
Treatment toxicity was graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) v 4.03.

The primary efficacy endpoint was the overall response rate
during nivolumab therapy, defined as the proportion of pa-
tients with complete response (CR) or partial response (PR)
in measurable lesions by LYRIC criteria within a timeframe
of 24 months. The efficacy and safety evaluable population
included those patients who received at least 1 cycle of ther-
apy. To evaluate the best response, all assessments during
therapy were analyzed up to the treatment discontinuation
or initiation of other therapy. Secondary endpoints includ-
ed frequency of grade 3 or higher treatment-related adverse
events by NCI CTCAE 4.03, duration of response (DOR),
progression-free survival (PFS) and overall survival (OS).
Duration of response was defined as the time from initial
objective response to documented disease progression or
death; PFS was defined as the time from the first nivolum-
ab infusion to disease progression, relapse or death; overall
survival (OS) defined as the time from the first nivolumab
infusion to death from any reason. In each survival outcome,
data were censored at the date of last contact for patients who
have not experienced the events of interest during their fol-
low-up. Both OS and PFS were censored at the date of last
contact and were estimated using Kaplan-Meier method
with 95% CI estimates. All analyses were performed using
SPSS system v 17.0 and R 3.6.1 software.

Results

Therapeutic effects of nivolumab-containing
treatment schedules

All the patients (n=9) were included into safety and efficacy
analysis. The median age was 35 (23-87) years. Six patients
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(67%) were initially diagnosed as cHL, one patient (11%),
as PMBL, and two patients, as GZL (22%). Thus, 6 patients
at the first-line therapy received regimens for cHL (ABVD,
BEACOPP), and 3 patients were treated with regimens for
aggressive large B-cell lymphoma (R-CHOP, R-DA-EP-
OCH). Most patients (n=7, 78%) had primary chemore-
sistance and the median number of prior therapy lines was 3
(range, 2-5). At the start of nivolumab treatment, the disease
stage ITI-IV was assessed in 6 cases (67%), and bulky disease
was registred in 3 patients (33%).

All nine patients showed high levels of PD-L1 expression
(80%-100%) on their tumor cells. In this group, 4 patients
(44%) received nivolumab as monotherapy, 3 patients (33%)
received nivolumab in combination with chemotherapy, one
patient (11%) was treated with nivolumab in combination

with BV, and nivolumab in combination with lenalidomide
was used in one case (11%). Demographic characteristics
and clinical data are summarized in Table 1.

Median follow-up time was 25 months (range, 6-30) from
the start of nivolumab-based treatment. Objective response
rate among all the treated patients was 89%, with complete
response (CR) in 6 cases (67%), and partial response (PR)
in 2 cases (22%). One patient (11%) had shown stabilization
of the disease as best response. Median duration of response
(DOR) was 14 months (range 5-26). After immunotherapy;,
one patient in CR underwent allogeneic hematopoietic stem
cell transplantation (allo-HSCT) from haploidentical donor,
and 3 patients in CR underwent autologous hematopoietic
stem cell transplantation (auto-HSCT) as the consolidation
treatment. One patient after allo-HSCT and two patients

Table 1. Demographic and clinical characteristics of the studied GZL patients

Patients, no |1 2 3 4 5 6 7 8 9 Summary

Gender Male Female Male Male Male Male Female Male Female |Male n=6 (67%)
Female n=3 (33%)

Age 23 38 87 35 31 21 41 31 64 Median 35 (23-87)

Initially cHL cHL cHL cHL cHL cHL PMBL GZL GZL cHL n=6 (67%)

diagnosis PMBL n=1 (11%)
GZL n=2(22%)

First-line BEACOPP | BEACOPP | ABVD ABVD BEACOPP |BEACOPP |R-CHOP R-DA-EPOCH |R-CHOP |cHL-like regimen

therapy n=6 (67%)
DLBCL- like regi-
men n=3 (33%)

Primary Yes Yes No Yes Yes Yes No Yes No n=6 (67%)

chemore-

sistance

Number of |4 4 3 2 2 2 3 5 2 Median 3 (2-5)

prior thera-

py lines

Auto-HSCT  [No Yes No No No No No No No n=1 (11%)

before Nivo

B-symptoms | Yes Yes Yes Yes Yes No Yes No No n=6 (67%)

at the start

of treatment

with Nivo

Stage at v v v 11} v I v I I Il n=3 (33%)

the start of -1V n=6 (67%)

treatment

with Nivo

Bulky Yes No No No Yes No Yes No No n=3 (33%)

disease

PD-L1 100% 90% 100% 90% 100% 100% 80% 100% 100% Median 100%

expression (80-100)

Nivolumab-  |Nivo + Mono- Mono- Mono- Nivo + Nivo + Mono- Nivo + Len Nivo + Mono-Nivo n=4

based ther- |BV Nivo Nivo Nivo Chemo Chemo Nivo Chemo | (44%)

apy Nivo + Chemo n=2
(22%)
Nivo +BV n=1 (11%)
Nivo + Len n=1
(M%)

Nivolumab |3 3 05 3 05 05 3 1 05 Median 1(0.5-3)

dose, mg/kg
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after auto-HSCT are alive in CR. Another patient after auto-
HSCT relapsed and was re-treated with nivolumab com-
bined with brentuximab vedotin, followed by CR achieve-
ment. Overall, 4 patients received additional therapy after
nivolumab-based treatment, due to disease progression. At
the time of analysis, 6 patients are alive and in CR, one pa-
tient is alive in PR (proceeding with nivolumab therapy), one
patient is alive in progression (receiving another therapy),
and one patient died, due to the disease progression. Overall
survival and progression-free survival rates were 83% and
48%, respectively. Clinical outcomes are presented in Table
2 and Fig. 1, 2.

CLINICAL STUDIES |

Nivolumab toxicity

During nivolumab treatment, 3 (33%) patients experienced
grade 3-4 adverse events (AEs), which included two cases of
neutropenia (these two patients received nivolumab in com-
bination with chemotherapy) and one case of autoimmune
pneumonitis. Due to severe adverse events, nivolumab treat-
ment was discontinued, and the patient received glucocorti-
coids (1 mg/kg methylprednisolone) with complete resolu-
tion of pneumonitis.

Table 2. Clinical complications and outcomes in the studied lymphoma patients

Patients, no 1 2 3 4 5 6 1 8 9
Best response | (R (R SD PR (R (R PR (R (R
AEs 3-4 grade | No Autoimmune | No No Neutropenia | Neutropenia No No No
pneumonitis
Consolidation | Allo No No No Auto Auto No Auto No
with HSCT
Relapse/ No No Yes Yes No No No Yes Yes
progression
Nivolumab No No No, No, No No Continues | Nivo + | No,
retreatment another | another Nivo BV another
therapy | therapy therapy

Current status | CR (R PD PD (R (R PR (R (R
Alive Yes Yes Yes No Yes Yes Yes Yes Yes
Follow up, 30 21 25 12 21 1 6 30 9
months

1 Allo-HSCT IS

8 Auto-HSCT B []os

5 Auto-HSCT O

o
2
@

3 @ rD/Relapse

4 P Alive

6 X Dead

9 Retreatment

7

0 15 30
Time, month

Figure 1. Characteristics of clinical response achieved during observation period

Numbers of the left ordinate axis represent the patient number (see Table 1 and Table 2), OS, overall survival; PES, progres-
sion-free survival; CR, complete remission achieved; PR, partial remission achieved; PD/Relapse, time point of documented
progression or relapse; Retreatment, time point of starting repeated nivolumab treatment.
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Figure 2. Two-year overall survival (A) and progression-free survival (B) for the patients with r/r GZL after

nivolumab-based treatment

Discussion

The diagnosis of GZL is difficult, due to clinical, morpho-
logical and immunophenotypic features [14,15]. In our
study, only 2 of 9 patients were initially diagnosed with
GZL, while 6 patients were diagnosed as classical Hodgkin’s
lymphoma (cHL). This group of patients received cHL-like
regimens (ABVD or BEACOPP), as frontline therapy. How-
ever, dose-intensive chemotherapy might be more effective
in GZL, and 5 of 6 patients who received cHL-like regimen
showed primary chemoresistance. Retrospective study of
the 112 patients with GZL who received ABVD, R-CHOP
or R-DA-EPOCH, as frontline therapy, demonstrated signi-
ficantly inferior PFS rate for the patients treated with ABVD
versus DLBCL-based regimen with two-year rates of 23%
versus 52%, respectively. In patients with chemosensitive
r/r GZL, high-dose chemotherapy with auto-HSCT may be
beneficial [4]. However, in patients with chemoresistant dis-
ease, the optimal treatment strategy is not well established,
and there are only scarce clinical data on usage of biological
agents for r/r GZL.

GZL share a common genetic signature and high rates of
9p24.1 gain, similar to cHL. Blockade of PD-1/PD-L1 path-
way demonstrated beneficial therapeutic effect in cHL pa-
tients [16,17], but there is limited data on effects of check-
point inhibitors in GZL. In our study, all 9 patients initially
demonstrated high-level (80%-100%) PD-L1 expression.
Depending on the stage of the disease, patients received
nivolumab at different regimens, i.e., nivolumab as mono-
therapy, or in combination with other drugs (lenalidomide,
BV, chemotherapy), dose of nivolumab was 0.5-3 mg/kg.
Decrease of tumor mass was noted in all patients during
nivolumab-based therapy, with objective response in 8 of 9
patients, regardless of nivolumab regimen and dose. Howev-
er, an elderly patient (87 y.o.) who achieved only stabilization
of the disease, well tolerated the nivolumab therapy, showing
suppression of tumor growth and good quality of life.

BV may augment the effect of PD-1 blockade, and combina-
tion of nivolumab with BV demonstrated efficacy in r/r cHL
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[18]. In this study, 2 patients received nivolumab with BV,
one of them relapsed after earlier nivolumab treatment. Both
patients achieved CR after this treatment. Thus, nivolumab
with BV may be perspective treatment option for the patients
with r/r GZL. Moreover, among 8 patients with objective re-
sponse to nivolumab-based treatment, four patients received
hematopoietic stem cell transplantation as the consolidation
of response. Thus, nivolumab can be used as a "bridge" to
HSCT.

Conclusion

Diagnosis and treatment of GZL still represent a challenge
to clinicians. This case series demonstrated that nivolum-
ab-based regimen may be an effective treatment option for
patients with r/r GZL. Larger studies of nivolumab therapy
and development of optimal combinations of target and im-
munotherapy for GZL are required in future.
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IMMyHOTEpanus Ha 0CHOBe HUBOJNTYyMaba npu
peuuausupyiowen/pedpakrepHon B-knetouHon numdome,
HeKnaccupuuumpyemoi, C NPOMEeXYTOYHbIMU NMPU3HAKaMH
MeXay Anpey3HONM KPYNHOKIeToYHon B-numpomoi

W KNnaccmyeckon numepomon XomKK1Ha
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Enena E. Jlenuk, I0pwnii P. 3ananos, JIunua B. Crenbmax, Bagum B. baiikos, MIBan C. Moucees, Anekcanap [I. Kynarus,
[Bopuc B. Adanacpes |
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P Y opnoro nanuentTa (11%) crabunmusanms saboneBaHms
es3rme OblTa JyqmnM OTBeTOM. MefmaHa MpORO/KUTENBHO-
CTU HOCTUTHYTOTO OTBeTa cocTaBuIa 14 MecAues (mm-
amasoH 5-26 mecsneB). MennaHa BpeMeH HaOIOeHIS
cocraBuia 25 mecsaneB (or 6 mo 30 MecaleB) OT Haya-
7la Tepammy HUBOMyMaboM. O6Ijasd BbDKMBAEMOCTb U
BBDKMBAEMOCTb 6e3 MpOorpeccupoBaHus 3abojeBaHMs
coctaBumn 83% m 38%, COOTBETCTBEHHO. JTa Cepus
K/IMHIYIECKUX C/IyYaeB IPOAEMOHCTPUPOBAIA, YTO CXe-

Tepanusa peuyayBupyomeit/peppakTepHoit TMM(OMBI
cepoit 3oHbI (p/p JIC3) ocraercs clnoXkHOI 3amadeit. Te-
HeTuyeckye abeppauuy ¢ yyactveM 9p24.1 u cBs3aH-
Hble C AKTMBALVMEN JUTAaHAA 3alpOrpaMMUPOBaHHOM
knerou”oy rmbemu (PD-L1/L2) BakHBI B IIaTOTeHe3e
JIC3 u yK7IOHeHMM OITyXOJIEBBIX K/I€TOK OT MMMYHMTe-
Ta. IIpyMeHeHMe MHIMOUTOpa VIMMYHHBIX KOHTPOJIb-
HBIX TOYeK — HMBOIyMaba (aHTUTeNOo, GIOKMpylollee
PD-1) MoxxeT OBITH NPMBJIEKATeIbHON CTpaTeryeil B
tepanuy JIC3. MBI peTpOCIIeKTUBHO OLleHMmm 3¢ dek-
TYBHOCTD ¥ TOKCMYHOCTD CXeM Ha OCHOBe HUBOJIyMaba K-n loueBble (J10Bd
y meBsaTy nanyeHTos ¢ p/p JIC3. bonpmHCTBO mamm-
eHTOB n=7 (78%) yMemy NepBUYHYIO XMMMOPE3VICTEHT-
HOCTb, MefjaHa IIPefLIeCTBYIOIMX JIMHUI Tepanuu
cocraBmia 3 muHuM (guamasoH oT 2 ;o 5 mmHuit). Ha
MOMeHT Havaja Tepanyyu Husonymabom III-IV crapms
3aboneBaHys OblIa y n=6 (67%) IalIeHTOB, a 00beM-
Hoe obpasoBaHue y n=3 (33%) mammeHToB. ¥ BCeX fie-
BATY IAIVIEHTOB OBUI BBICOKMII YPOBEHb 3KCIPECCUM
PD-L1 (80%-100%) Ha omyxo/eBBIX KIeTKax. B aroit
rpynme n=4 (44%) manyeHTra MONTYyYWIM HUBOTyMab B
MoOHOTepanuy, n=3 (33%) — HuBoIyMab B KOMOVHAIIN
¢ xumuorepanueit, n=1 (11%) - HuBorymMab B KOMOM-
Haiyu ¢ 6peHTyKcuMabom BegotuHoM u n=1 (11%) -
HUBOMTYyMab B cOYeTaHMU C JIeHamupoMupoM. YactoTa
00'BEKTMBHOTO OTBETA CPENV BCEX MAIMEHTOB COCTA-
Bua 89%, y 6 (67%) malueHTOB ObII JOCTUTHYT IIOJI-
HBIIT OTBET U 2-X (22%) MaI[leHTOB — YaCTUYHBIIT OTBET.

MBI Ha OCHOBE HMBOTYMaba MOTYT OBITb 3¢ PeKTUBHBIM
BapMaHTOM Tepanyy nanyueHTos ¢ p/p JIC3.

JInm¢oma «cepoiil 30HBI», PELVIAVB, UHIMOUTOPBI UM-
MYHHBIX TOY€K, HUBOIyMaO, TPAHCIUIAHTALVS T€MOIIO-
3TUYECKMX CTBOJIOBBIX KJIETOK, a/l/IOT€HHasA, ay TO/IOTNY-
Hasl.
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