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ABSTRACT

Introduction: Treatment of advanced mycosis fungoides (MF) and Sézary syndrome (SS) is a challenge. In this
international, multicenter, open-label phase II trial, we assessed the efficacy and safety of anti-PD-L1 atezoli-
zumab in stage IIB-IV refractory/relapsed MF and SS.

Materials and methods: Patients received atezolizumab 1200 mg IV Q3w for up to 1 year unless progression or
withdrawal. The main study endpoints were overall response rate (ORR), progression-free survival (PFS), time to
next systemic treatment (TTNT), and overall survival (OS).

Results: A total of 26 patients were enrolled from seven countries. Seventeen patients met the inclusion criteria.
At a median follow-up of 36.6 months, the ORR was 15.4 % in the intention to treat (ITT) and 17.6 % in the per
protocol (PP) population, respectively. In the PP group, 58.8 % of patients, and in the ITT group, 53.9 % of
patients achieved partial response or stable disease as their best outcome. One complete response was observed
after 1 year. Median PFS was 3 months (95 % CI 1.4-4.9) in PP and 3.1 months (95 % CI 2.4-4.0) in ITT. Median
OS was not reached for PP and was 22.3 months (20.0-NE) for ITT. Median TTNT was 5.9 months (2.8-NE) in PP
and 6.2 months (3.1-14.8) in ITT. The most common grade > 3 adverse events were fatigue (23.1 %) and in-
fections (15.4 %), with two sepsis-related deaths. Atezolizumab was primarily discontinued due to disease
progression (50 %).

Conclusions: Atezolizumab shows moderate activity in pretreated refractory/relapsed MF and SS. Further studies
are needed to identify reliable predictors of safety and treatment response.

* Corresponding authors.

E-mail addresses: rudolf.stadler@ruhr-uni-bochum.de (R. Stadler), gabriele.roccuzzo@unito.it (G. Roccuzzo).
! These authors equally contributed and share first authorship.

https://doi.org/10.1016/j.ejca.2025.115484

Received 9 December 2024; Received in revised form 29 January 2025; Accepted 25 April 2025

Available online 30 April 2025

0959-8049/© 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0003-2683-6028
https://orcid.org/0000-0003-2683-6028
https://orcid.org/0000-0001-7126-5506
https://orcid.org/0000-0001-7126-5506
https://orcid.org/0000-0001-5478-8735
https://orcid.org/0000-0001-5478-8735
https://orcid.org/0000-0002-2347-436X
https://orcid.org/0000-0002-2347-436X
https://orcid.org/0000-0002-6228-3531
https://orcid.org/0000-0002-6228-3531
https://orcid.org/0000-0002-7053-7431
https://orcid.org/0000-0002-7053-7431
https://orcid.org/0000-0002-4561-7616
https://orcid.org/0000-0002-4561-7616
mailto:rudolf.stadler@ruhr-uni-bochum.de
mailto:gabriele.roccuzzo@unito.it
www.sciencedirect.com/science/journal/09598049
https://www.ejcancer.com
https://doi.org/10.1016/j.ejca.2025.115484
https://doi.org/10.1016/j.ejca.2025.115484
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2025.115484&domain=pdf
http://creativecommons.org/licenses/by/4.0/

R. Stadler et al.
1. Introduction

Treatment of Mycosis fungoides (MF) and Sézary syndrome (SS)
represents a challenge, with diversity of treatment approaches encom-
passing over twenty modalities, despite no significant improvement in
survival outcomes [1]. In advanced cases, patients have a 5-year survival
rate of 28 %, alongside impaired quality of life and recurrent infections
[2]. Despite new immunotherapies showing superiority over traditional
regimens in terms of progression-free survival [3,4], there remains a need
for novel treatments based on the molecular and immunological features
underlying cutaneous-T-cell lymphomas (CTCLs) [5-8]. In this scenario,
the role of the tumor microenvironment (TME) and related immune
exhaustion has been subject of recent investigations [9,10]. In particular,
PD-1 (programmed death-1) functions together with its ligands (PD-L1
and PD-L2) as a checkpoint in regulating immune responses, minimizing
activity within inflammatory responses and promoting cancer cell pro-
liferation [11-13]. PD-1 checkpoint inhibitors have been effective in
treating melanoma and Hodgkin lymphoma and are now being studied in
relapsed/refractory MF-SS [14,15]. The interaction between tumor cells,
tumor-infiltrating lymphocytes (TIL), and tissue-resident anti-
gen-presenting cells (APC) Langerhans cells (LC) has been explored in
MF, with LC appearing to decrease with increasing disease stages [16,
17]. Moreover, Murray et al. have shown that TILs display an exhausted
phenotype characterized by the expression of PD-1 and TIGIT, whilst
retaining cytotoxic activity and production of interferon-y and
interleukin-17 [18]. As for tumor cells, they are characterized by high
heterogeneity, with three different phenotypes based on the expression of
HLA-DR: “cold” (DR-), “exhausted” (DR+ PD-1+), and “evasive”
(DR++ PD-L1 +). Hence, the relative expression of PD-1/PD-L1 on TILs
and tumor cells may be useful in predicting response to anti-PD1/PD-L1
therapies [18]. In addition, PD-L1 expression on the T-cell surface posi-
tively correlates with disease stage and lymphoma progression [19].
Atezolizumab, a human immunoglobulin (Ig) G1 monoclonal antibody
targeting human PD-L1, inhibits the interaction with its receptors, PD-1
and B7.1 (CD80, B7-1). Both interactions are reported to provide
inhibitory signals to T-cells and other immune cells. Currently, atezoli-
zumab is considered as a first-line treatment in PD-L1 + metastatic lung
carcinoma [20]. Considering this evidence, blocking the PD-1-L1
pathway may represent a promising option in CTCLs. This study aimed
to prove the therapeutic potential of atezolizumab in advanced CTCLs.

2. Patients and methods
2.1. 2.1 Trial design

In this international, multi-center, phase II, single-arm trial, patients
received intravenous atezolizumab 1200 mg for one year unless clinically
relevant disease progression or other protocol withdrawal criteria
occurred. The study was approved by the competent Authorities and
Ethical Committees. All patients gave written informed consent prior to
enrollment. Inclusion criteria were: patients aged > 18 years, stage IIB-
IVB MF/SS, relapsed/refractory disease after standard systemic therapy,
and WHO performance status < 1. Patients with documented clinical
benefit after one year could continue treatment for two additional years.
Adverse events (AEs) of grade > IV resulted in treatment discontinuation.
Standard disease assessment was performed every 2 cycles (skin-blood)
and every 4 cycles (lymph nodes-visceral organs) by local investigators,
according to the EORTC-ISCL-USCLC criteria, allowing a global response
call every 4 cycles [21]. If progression was not deemed clinically relevant,
patients proceeded with 2 additional cycles of atezolizumab. If progres-
sion was confirmed, atezolizumab was discontinued permanently.

2.2. 2.2 Statistical analysis

This study used an A'Hern design to detect a 15 % improvement in
the overall response rate (ORR). It aimed to reject the null hypothesis
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(HO: ORR=40 %) with 90 % power under the alternative hypothesis (H1:
ORR=65%) using an exact binary test at 10 % significance level
1-sided. 29 eligible patients were required, with the drug considered for
further investigation if 16 or more were responders. Exact type I error
and power were 7.1 % and 90.2 %, respectively. The ORR for encapsu-
lated doxorubicin reported in EORTC-21012 trial served as reference.
This reference was based on older response criteria (excluding blood,
tumor burden), yet no major outcome migration was expected. All
registered patients represent the ITT population. The PP population
includes all eligible patients receiving atezolizumab. Safety population
considered all registered patients receiving treatment. The primary
endpoint was ORR defined as proportion of patients achieving complete
response (CR) or partial response (PR) up to a maximum of 1 year after
registration [21]. Secondary endpoints included time to response,
measured from treatment start to CR/PR, with non-CR/PR patients
censored at their last disease assessment; response duration, measured
from initial determination of CR/PR until first documentation of pro-
gressive disease (PD); clinical benefit rate, measured as the proportion of
CR, PR, or stable disease (SD) achieved; time to next systemic treatment
(TTNT), measured from initiation of atezolizumab to record of subse-
quent systemic treatment; progression-free survival (PFS), measured
from treatment initiation to first documentation of PD or death from any
cause; overall survival (OS), measured from treatment initiation and
date of death from any cause. Main analyses of the efficacy endpoints
were performed in the PP population and descriptively reported in the
ITT population. Safety data were analyzed in the safety population. Time
to event endpoints, duration of response, TTNT, PFS and OS are dis-
played using Kaplan-Meier (KM) curves with median time estimates and
95 % ClIs. For time to response, a competing risk analysis was performed,
treating death before response or immediate progression on treatment as
competing risks.

2.3. 2.3 Immunohistochemical and mass cytometry analysis

Standard immunohistochemical analysis was conducted on biopsies
to evaluate PD-L1 expression. Assessments included baseline (n = 22), 6-
month (n = 8), and 1-year (n =9) reviews, categorizing PD-L1 status as
’low’ (score 0-1) or "high’ (score 2-3) after peer review. Mass cytometry
analysis [13,18] utilized fresh skin and blood samples from 11 patients
across three time points, analyzing cell populations and markers
descriptively [18,22] (Supplementary Appendix 1).

3. Results
3.1. 3.1 Statistical reconsideration

The power calculation was revised due to 3 deaths, including 1 toxic
death, leading to premature stopping of accrual. There were 26 enrolled
patients at closure, amongst whom 17 were eligible (Fig. 1, Supplement
Table 2). Recruited patients continued treatment if the investigator
considered it beneficial. Assuming the same design parameters (Null
hypothesis (HO): ORR= 40 %, alternative hypothesis (H1): ORR= 65 %,
and alpha=0.1), at least 10 responders out of 17 were needed to justify
further investigation of the drug, achieving a power of 78 %. The exact
type I error and power was 9.2 % and 78.7 %, respectively. All 26 pa-
tients were registered by 7 institutions in 7 countries (Spain, France,
Germany, Italy, Poland, Austria, Switzerland and Greece) between
October, 23rd 2018 and September, 16th 2019. This analysis includes all
available data up to the database lock on August 18, 2022, with a me-
dian follow-up of 36.6 months (IQR: 35.2-37.3 months) for all enrolled
patients.

3.2. 3.2 Patients’ characteristics

Baseline characteristics of the PP and ITT populations are shown in
Table 1. Median age among the 17 eligible patients was 66 years (range
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Assessed for
eligibility (n=26)

Registered (n=26)

v

Atezolizumab (n= 26)
¢ Received intervention (n=26)
o Eligible (n=17)
o Ineligible (n=9)

l

Discontinued intervention (Off treatment) (n=26)
Normal completion (n=4)

Disease progression (n=13)

Toxicity (n=4)

Patient decision (n=3)

Death not due to malignant disease or tox (n=1)
Others (n=1)

* S & O o o0

Analysed (n=26)

¢ Safety population (n=26)
¢ Intention-to-treat population(n=26)
¢ Per protocol population (n=17)

Fig. 1. Patient disposition for the single-arm phase II EORTC-1652-CLTG
PARCT trial.

52-82), all with other medical conditions at entry. Most patients had MF
(70.6 %), stage IIB disease (41.2 %) and no nodal involvement (58.8 %).
The median mSWAT score was 79 (range 1-190). All patients were off-
treatment at the time of the lock, with 57.7 % receiving at least 4 cycles
(median number of 5 cycles, range 1-51), with 9 (34.6 %) experiencing
a delayed treatment partly due to adverse events (55.6 %). The median
treatment duration was 15 weeks (range 3-160). Twelve patients
(46.2 %) had a relative dose intensity (RDI) of 80-100 %, and 14 pa-
tients (53.8 %) had a RDI > 100 %. The median RDI was 100 %
(Table 2). The main reason for treatment discontinuation was PD
(50 %). Four patients (15.4 %) stopped protocol treatment due to
toxicity (Table 2). After recruitment closure, 8 patients continued ate-
zolizumab due to perceived benefit, amongst whom 4 completed as per
protocol, 3 stopped due to PD, and 1 for patient’s decision. Fifteen pa-
tients had stopped treatment before the closure mainly due to PD
(66.7 % [10/15]). Four out of 26 ITT (15.4 %) had a PR within 1 year.
Most patients had skin improvement, with a median change mSWAT
scores of —52.6 % from baseline (Fig. 2. E/F) ( Table 3).

-Clinical benefit rate: The clinical benefit rate within 1 year since
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registration was 58.8 % in the PP patients and 53.9 % in the ITT. Seven
(41.2 %) PP patients and ten (38.5 %) ITT patients had a SD.

-Best overall response throughout follow-up: There were 5 responders (1
CR, 4 PRs) in the ITT population (median follow-up of 36.6 months),
specifically 1 CR and 1 PR in SS patients and 3 PRs in MF patients. The
highest response rates occurred in patients under 65 years, with 5 re-
sponses (1 CR, 4 PRs), in stage IVA disease (19 %) with 2 PRs and in
stage IIIB (15 %) with 1 CR (Table 1). Two of the 5 responders pro-
gressed or relapsed after 4.3 and 21 months of response duration,
respectively.

-Time-to event endpoints: The median PFS was 3 months (95 % CI
1.4-4.9) in the PP patients and 3.1 months (95 % CI 2.4-4.0) in the ITT
population. The 1-year PFS rate was 11.8 % (2.0-31.2 %) and 15.4 %
(4.8-31.5 %) in the PP and ITT populations, respectively. The median
OS was 22.3 months (20.0-NE) in the ITT population. The 1-year OS rate
was 87.8 % (59.5-96.8 %) and 76.7 % (55.3-88.8 %) in the PP and ITT
populations respectively (Fig. 2). The median TTNT was 5.9 months
(2.8-NE) in the PP and 6.2 months (3.1-14.8) in the ITT population
(Supplementary Figure 1).

3.3. 3.4 Safety

Among the ITT patients, 21 (80.8 %) experienced at least a grade 1
AE, with 14 (53.8 %) possibly related to atezolizumab (Table 4). The
most common AEs, occurring in > 10 % of patients, were fatigue
(23.1 %) and infection (15.4 %). Five out of 6 fatigue cases and two out
of 4 infectious events were possibly treatment-related. Two deaths due
to sepsis were recorded. All severe AEs occurred at treatment initiation.
Four patients experienced immune AEs: grade 3 pancreatitis, drug
induced liver injury, myositis, and maculo-papular rash. Four patients
had grade 1 pruritus, with two treatment-related cases. There were three
deaths (two sepsis and one disease progression), one of which was
possibly related to atezolizumab (sepsis). Biochemical and hematologi-
cal toxicities are summarized in Supplementary Table 3.

3.4. 3.5 Immunohistochemical and mass cytometry analyses

As for of PD-L1 expression at baseline, higher levels were detected in
the dermal region compared to the epidermis (Supplementary Table 4).
In the dermal region, patients were similarly distributed between high or
low in PD-L1 positive cells scores, with no significant differences in
terms of clinical outcomes (Table 5), serum chemistry, hematology, and
AEs (results not shown). The cell population demographics detected by
mass cytometry is depicted in Fig. 3A. At baseline, dominant skin cell
populations included tumoral cells (35 %), along with CD4 + T-cells
(17 %), myeloid APCs (LC and dendritic cells, DC (12 %)) and CD8 + T-
cells (5%). Early after treatment, the cutaneous LC subset briefly
expanded yet returned to near baseline by cycle 2 (Fig. 3B). CD8 + and
NK cells showed a smaller, more sustained increase in the TME, while
tumor cells decreased from baseline. Unlike the TME, CD4 + T-cells
were the predominant peripheral blood population (44 %) and
remained stable during treatment.(PD-L1 showed the highest expression
on APCs (LC and DC) within the TME (2.2 median intensity (MI) at
baseline), followed by a minority (<1 %) of T-cell double negative
(DNEG) (Fig. 3C). The MI of PD-L1 expression on LCs decreased sub-
stantially with treatment, whereas PD-L2 expression did not. The highest
PD-L1 and PD-L2 expressions in the peripheral blood at baseline were
observed on monocytoid (0.21 MI) and B cells (0.25MI), respectively.
PD-L1 was predominantly expressed on LCs in the TME, which also
showed high PD-L2 levels. Peripherally, PD-L2 expression was highest
on B cells. Baseline LCs were notably high in a patient who died early,
decreasing over time (Fig. 4A). Patients with grade 3 treatment-related
AEs showed higher PD-L1/PD-L2 expression on cell subsets, as those
with immune-related AEs (Fig. 4B). Overall, no significant differences in
the PD-L1 expression or in the magnitude of expression decrease were
observed between responders and non-responders.
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Table 1
Baseline characteristics and clinical response.
Population Overall response achieved within 1 “Best overall response achieved throughout
year since registration (ITT) follow-up evaluations.(in the ITT population,
n=26)
Per-protocol Intention-to-treat CR/PR(N = 4) CR PR SD PD
(N=17) (N =26) (n=1) (n=4) (n=9) (n=6)
Age (randomization)
> =65 years 10 (58.8) 16 (61.5) 0 0 0 8 4
< 65 years 7 (41.2) 10 (38.5) 4 1 4 1 2
Mean (SD) 67.88 (8.12) 66.77 (11.14)
Median 66.0 65.5
Range 52.0-82.0 41.0-84.0
Sex
Female 10 (58.8) 14 (53.8) 3 1 2 5 5
Male 7 (41.2) 12 (46.2) 1 0 2 4 1
Current WHO performance status
0 9 (52.9) 15 (57.7) 1 0 1 9 4
1 8(47.1) 11 (42.3) 3 1 3 0 2
Stage
1B 1(5.9) 1(3.8) 0 0 0 0 1
IIB 7 (41.2) 9 (34.6) 1 0 1 4 3
A 1(5.9) 3(11.5) 1 0 1 0 1
IIIB 3(17.6) 4 (15.4) 1 1 0 2 1
IVA 4 (23.5) 5(19.2) 1 0 2 3 0
IVB 1(5.9) 4 (15.4) 0 0 0 0 0
Diagnosis of CTCL
Mycosis fungoides (MF) 12 (70.6) 20 (76.9) 2 0 3 6 5
Sézary Syndrome (SS) 5(29.4) 6 (23.1) 2 1 1 3 1
Skin
T1 1(5.9) 1(3.8) 1 0 1 0 0
T2 3(17.6) 6 (23.1) 1 0 1 2 1
T3 7 (41.2) 9 (34.6) 0 0 0 4 3
T4 6 (35.3) 10 (38.5) 2 1 2 3 2
Node
NO 10 (58.8) 14 (53.8) 3 0 3 6 4
N1 0 (0) 2(7.7) 0 0 0 0 1
N2 0 (0) 1(3.8 0 0 0 1 0
N3 5(29.4) 7 (26.9) 1 1 0 2 0
Nx 2(11.8) 2(7.7) 0 0 1 0 1
Visceral
MO 16 (94.1) 22 (84.6) 4 1 4 9 6
M1 1(5.9) 4 (15.4) 0 0 0 0 0
Blood
BO 8 (47.1) 13 (50.0) 1 0 1 5 5
Bl 5(29.4) 7 (26.9) 1 1 3
B2 4 (23.5) 6(23.1) 1 0 2 1 0
mSWAT score
1-50 3(17.6) 6 (23.1) 1 0 1 1 1
51-100 9 (52.9) 14(53.8) 2 0 2 7 4
101-150"° 2(11.8) 3(11.5) 0 0 1 0 1
> 150 3(17.6) 3(11.5) 1 1 0 1 0
Mean (SD) 87.95 (55.49) 79.98 (48.53)
Median 79.0 77.0
Range 1.0-190.0 1.0-190.0
PD-L1 positive cells in epidermal region:
tumor cells
Low 14 (82.4) 20 (76.9) 4 1 4 6 3
High 0 (0) 1(3.8) 0 0 0 0 1
Unknown 3(17.6) 5(19.2) 0 0 0 3 2
PD-L1 positive cells in epidermal region:
reactive cells (or dendritic cells)
Low 14 (82.4) 20 (76.9) 4 1 4 5 4
High 0 (0) 1(3.8) 0 0 0 1 0
Unknown 3(17.6) 5(19.2) 0 0 0 3 2
PD-L1 positive cells in dermal region: tumor
cells or reactive cells
Low 9 (52.9) 11 (42.3) 2 1 1 4 3
High 6 (35.3) 11 (42.3) 2 0 3 2 2
Unknown 2(11.8) 4 (15.4) 0 0 0 3 1

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease
@ Results from 6 patient (3 early death and 3 unevaluable) are not included
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Table 2
Exposure to study treatment, schedule modifications and treatment
discontinuation.

Treatment
Atezolizumab
(N =26)
Exposure to study treatment
Total dose (mg)
Median 6000.0
Range 1200.0-62400.0
Relative Dose Intensity (%)
Median 100.0
Range 84.4-102.4
80-100 % 12 (46.2)
> =100 % 14 (53.8)
Number of treatment cycles
Median 5.0
Range 1.0-52.0
Treatment schedule modified > 48 h, n (%)
No 17 (65.4)
Treatment delayed 9 (34.6)
Major reason for protocol treatment discontinuation, n
(%)
Normal completion 4 (15.4)
Progressive disease 13 (50.0)
Toxicity 4 (15.4)
Patient’s decision 3(11.5)
Death not due to malignant disease or toxicity 1(3.8)
Other 1(3.8)

Table 3
Summary of the main clinical activity endpoints.

Intention-to-treat
population(n = 26)

per protocol
population(n = 17)

n (%) n (%)
Overall response rate within 1
year since registration
Responders (CR + PR) 3(17.6) 4 (15.4)
ORR (1-sided 90 % CI) 0.176 (0.066 — 1) 0.154 (0.068 - 1)

ORR (95 % CI) 0.176 (0.038 - 0. 154 (0.043 - 0.348)
0.434)

Best overall response within 1

year from registration
Partial response 3 (17.6) 4 (15.4)
Stable disease 7 (41.2) 10 (38.5)
Progression 5(29.4) 6(23.1)
Not evaluable 1(5.9 3(11.5)
Early death 1(5.9 3 (11.5)
Best overall response

achieved throughout

follow-up evaluations
Best overall response
Complete Response 1(5.9 1(3.8)
Partial response 3(17.6) 4 (15.4)
Stable disease 6 (35.3) 9 (34.6)
Progression 5(29.4) 6(23.1)
Not evaluable 1(5.9 3(11.5)
Early death 1 (5.9) 3 (11.5)

Time to event endpoints

Median PFS (95 % CI)

Median time to next systemic
treatment (95 % CI)

Median OS (95 % CI) NE

1-year PFS rate 11.8 % (2.0-31.2 %)

1-year OS rate 88.2 (60.6-96.9 %)

Time to response: Status

CR or PR

Competing event

3.0 mo (1.4-4.9 mo)
5.9 mo (2.8-33.4)

3.1 mo (2.4-4.0 mo)
6.2 mo (3.1-14.8 mo)

33.6 (16.5-NE)
15.4 % (4.8-31.5 %)
76.9 (55.7-88.9 %)

4(23.5)
13 (76.5)

5(19.2)
21 (80.8)

mo; month, NE; No estimate, OS; overall survival, PFS; progression free survival
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4. Discussion

Key challenges in treating CTCL include the distinct nature of the
tumor, which arises from CD4 + T-cells rather than other types of skin
cells, and the heterogeneity of its TME [9,23,24]. This trial did not reach
the minimum responders needed to recommend atezolizumab for
advanced CTCL, with only 3 of 17 PP patients achieving PR, likely due to
underpowering (78.7 %) from early closure. Notably, one patient ach-
ieved a rare CR in this advanced-refractory group. The ORR was 17.6 %
in PP and 15.4 % in ITT, with a total of 4 PRs. One patient had a CR
during follow-up, suggesting that checkpoint inhibition may be of sig-
nificant therapeutic value in individual cases. Responding patients
received more than 60.000 mg of atezolizumab. Fatigue and infections
were the most common AEs, with two deaths due to sepsis. To date, data
on anti-PD1/PD-L1 agents in CTCL remain limited. A phase I study on
nivolumab included 13 pre-treated MF patients, showing a 15 % ORR
with a median PFS of 10 months [25]. A phase II trial of pembrolizumab
including 3 patients with transformed MF reported 1 CR and 2 PD and
was halted early following a preplanned interim analysis [26]. More
recently, a larger phase II trial on 24 patients with advanced MF/SS
explored pembrolizumab every 3 weeks for up to 24 months, achieving
an ORR of 38 % [13]. Transient worsening of erythroderma occurred in
53 % of SS patients, linked to high PD-1 expression on Sezary cells, yet
responses were not associated with PD-L1 expression. In 2023, a phase II
study on anti-PD1 tislelizumab reported an ORR of 45 % in 11 MF/SS
patients, with 2 patients discontinuing therapy early [27]. 90.9 % had
treatment-emergent adverse events, with 72.7 % experiencing grade
> 3. Preliminary reports from a phase II trial comparing durvalumab to
durvalumab + lenalidomide showed an ORR of 58 % for the combina-
tion vs 36 % for durvalumab alone in 23 relapsed/advanced MF/SS
patients [28]. A grade IV neutropenia event and one death after
discontinuation due to PD were reported. Ongoing combination studies
are expected to release further results [29]. Overall, the activity of single
agent anti-PD-1/PD-L1 appears limited and requires further trans-
lational investigation [30]. Responses may be influenced by varying
PD-1/PD-L1 expression levels across disease subtypes, PD-1 loss, PD-L2
levels, monocyte/LC/T-cell exhaustion in tumor cells, and PD-L1
structural variants in large cell transformation [11,24,31,32]. In this
trial, PD-L1 expression did not serve as an effective predictive marker of
response to therapy. LCs expressed the highest levels of PD-L1/PD-L2
within the TME and PD-L1 expression decreased with treatment,
possibly due to antigen-antibody binding or genuine PD-L1 down-
regulation across cell populations. Further studies on PD-L2 levels and
their maintenance or increase in immune cell populations could eluci-
date the immune biology and treatment outcomes. As for safety, Saulite
et al. reported that PD-1 blockade can elicit a remarkable proliferation of
CD4 + malignant T cells [32]. This observation was confirmed in
another case and linked to oncogenic activation of the T-cell receptor
signaling pathway [33]. Recently, Philipps et al. found no differences in
the frequencies of immune or tumor cells between responders and
non-responders to pembrolizumab, yet identified a spatial biomarker
derived from differences in the functional immune state correlated with
immunotherapy response [34]. In this trial, progression was more
common in stage IIb patients, regardless of PD-L1 expression, possibly
due to a more immunosuppressive environment associated with ulcer-
ated tumors with high bacterial loads. In conclusion, significant chal-
lenges remain, particularly the lack of reliable predictors for
immunotherapy response and toxicity. Atezolizumab showed moderate
activity in pretreated-advanced CTCLs (PR 4/26, CR 1/26). Refining
clinical trial inclusion criteria and further investigating new biomarker
profiles may help identifying the most suitable population for an effec-
tive and safe use of checkpoint-inhibitors in CTCL.
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Fig. 2. (A) PFS KM curves in the per-protocol, (B) PFS KM curves in the ITT (C) OS KM curves in the per-protocol, (D) OS KM curves in the ITT, (E) Longitudinal
change of skin modified Severity Weighted Assessment Tool (mSWAT) score from baseline. (F) Maximum % change in mSWAT score from baseline. Note: E and F
does not include patients with early death as BOR since patient had only baseline data. Three patients with a partial skin response were classified as having pro-
gressive disease due to lymph node progression. Abbreviations: BOR; Best Overall response achieved throughout follow-up evaluations, OS; Overall survival, PFS;

progression free survival, KM; Kaplan-Meier.
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Adverse events (AEs) occurring in > 10 % of patients for all grades and immune related AEs.

Safety population (N = 26)

GradelN (%) Grade2N (%)

Grade3N (%)

Grade4N (%) Grade5N (%) Grade> 3 N (%) Grade> 1 N (%)

All AEs 3(11.5) 8(30.8) 6(23.1) 1(3.8) 3(11.5) 10 (38.5) 21 (80.8)
AEs occurring in > 10 % of patients

Fatigue 5(19.2) 1(3.8) 6 (23.1)
Sepsis 1(3.8) 1(3.8) 2(7.7) 4 (15.4) 4 (15.4)
Alanine Aminotransferase Increased 3 (11.5) 1(3.8) 1(3.8) 4 (15.4)
Aspartate Aminotransferase Increased 3(11.5) 1(3.8) 1(3.8) 4 (15.4)
Myalgia 3(11.5) 3(11.5)
Alopecia 3 (11.5) 3 (11.5)
Headache 1(3.8) 2(7.7) 3(11.5)
Immune related AEs

Pancreatitis 1(3.8) 1(3.8) 1(3.8)
Drug-induced liver injury 1(3.8) 1(3.8) 1(3.8)
Pruritus 4(15.4) 4(15.49)
Myositis 1(3.8) 1(3.8) 1(3.8)
Rash Maculo-Papular 1(3.8) 1(3.8) 1(3.8)

Table 5

Baseline PD-L1 positive cells in dermal region: tumor cells or reactive cells versus clinical data.

PD-L1 positive cells in dermal region: tumor cells or reactive cells

Low(N =11) High(N = 11)

N (%) N (%)
Survival status
Death 6 (54.5) 6 (54.5)
Alive 5 (45.5) 5 (45.5)
Best Overall response
Stable disease 4 (36.4) 2 (18.2)
Progression 3(27.3) 2 (18.2)
Partial response 109.1) 3(27.3)
Not evaluable 1(9.1) 2(18.2)
Early death 1(9.1) 2 (18.2)
Complete Response 109.1) 0 (0.0)
Progression status (PFS)
Event 10 (90.9) 10 (90.9)
Censored 1(9.1) 1(9.1)
Time to next systemic treatment: Status
Event 7 (63.6) 6 (54.5)
Censored 4 (36.4) 5 (45.5)
Best overall response within 1 year from registration
Stable disease 4(36.4) 3(27.3)
Progression 3(27.3) 2 (18.2)
Partial response 2(18.2) 2(18.2)
Not evaluable 1(9.1) 2(18.2)
Early death 1(09.1) 2(18.2)
Overall Response status within 1 year since registration
Failure 9 (81.8) 9 (81.8)
Success 2(18.2) 2(18.2)
Sepsis status
No sepsis 10 (90.9) 8(72.7)
Non-fatal sepsis 109.1) 1(09.1)
Fatal sepsis 0 (0.0) 2 (18.2)
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