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front-line treatment [1–4]. Traditionally, patients with 
relapsed/refractory (r/r) disease received non-cross-resistant 
high dose chemotherapy (HDT), including platinum-based 
regimens such as the ICE scheme (ifosfamide, carboplatin, 
and etoposide) [5], gemcitabine-based treatment such as 
the GVD scheme (gemcitabine, vinorelbine, and pegylated 
liposomal doxorubicin) [6], or less toxic regimen BEGEV 
(bendamustine, gemcitabine, vinorelbine) [7, 8] followed 
by consolidation with autologous stem cell transplantation 
(auto-SCT) in chemo-sensitive cases [9]. The combination 
of multi-agent chemotherapy (CHT) with auto-SCT resulted 
in a long-term cure in about 50% of patients [10]. On the 
contrary, the prognosis of patients who do not respond to 
second-line chemotherapy or who relapse after auto-SCT 
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Abstract
Immune checkpoint inhibitors (CPIs) emerged as an effective and safe therapeutic option for patients with relapsed/refrac-
tory (R/R) classical Hodgkin lymphoma (cHL). However, many patients lose their response to CPIs. To improve outcomes 
in this setting, two strategies can be considered: salvage chemotherapy (CHT) for those with an unsatisfactory response, 
and autologous stem-cell transplantation (auto-SCT) as a consolidation for patients with at least partial response (PR).

We analyzed retrospectively the effectiveness in terms of rate of response and survivals of these two approaches in 
cohort 1 (salvage CHT) and in cohort 2 (auto-SCT consolidation). Adverse events were also assessed.

A total of 45 heavily pre-treated patients were analyzed (median of 4 prior therapies; 93.3% refractory to the last 
therapy). Thirty patients received further CHT at a median of 32 days (range 1-1213) after CPI Fifteen patients in cohort 
2 underwent auto-SCT, with 8 in complete response (CR) and 7 in PR. In cohort 1 a final overall response rate (ORR) of 
50.0% with a median progression-free survival of 24.6 months. In cohort 2, the ORR was 93.3% (all CR) with median 
survivals not reached. No unexpected or cumulative toxicities were observed.

Our findings suggest that auto-SCT is an effective consolidation strategy for cHL patients who achieve at least a PR 
after CPI therapy, despite multiple prior lines of treatment. Additionally, CPIs treatment appears to sensitize heavily pre-
treated and chemorefractory patients to subsequent chemotherapy, potentially facilitating successful transplant consolida-
tion and improving the chances of cure.
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Introduction

Classical Hodgkin lymphoma (cHL) is generally considered 
a highly curable disease, however approximately 15–25% 
of patients do not respond to or relapse after conventional 
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remains poor, with a median overall survival (OS) of only 
2 years [10–12].

Several elements have been recognized as prognostic 
factors of auto-SCT outcome. Specifically, in the pre-PET 
(Positron Emission Tomography) era, primary refractory 
disease, early relapse within one year of first line treatment, 
and the presence of B symptoms or extra-nodal disease at 
relapse were associated with worse outcome [13]. Nowa-
days, however, PET status at the time of auto-SCT is consid-
ered the strongest predictor of patient prognosis [14].

Certainly, the approval over the last decade of novel drugs 
such as brentuximab-vedotin (BV), a drug-conjugated anti-
CD30 monoclonal antibody [15] and nivolumab or pem-
brolizumab, both programmed death-1 (PD-1) inhibiting 
antibodies [16, 17], improved outcomes in r/r cHL patients 
[18–24]. However, these drugs showed limited complete 
response (CR) rates and did not provide sustained responses 
[19–24]. For instance, BV demonstrated an overall response 
rate (ORR) of 75%, with a CR in 33% (34/102) of patients 
with r/r HL after auto-SCT [19]. However, only 38% of CR 
patients (13/34) maintained a complete remission after 5 
years of follow-up, with most patient requiring additional 
treatment within 1 year [20]. In the CheckMate-205 trial, 
nivolumab showed an ORR of 69% and a CR rate of 16% in 
243 cHL patients after failure of auto-SCT or both auto-SCT 
and BV [21, 22]. Similarly, in the phase II KEYNOTE-087 
study, pembrolizumab lead to achieve an ORR of 72% with 
a CR rate of 28% in 210 r/r cHL patients [23]. Moreover, 
the 5 year follow-up of these phase 2 trials suggests that 
about half of patients in CR are likely to eventually relapse, 
with a median progression free survival (PFS) for overall 
population of 15.1 and 13.7 months for nivolumab and pem-
brolizumab, respectively [21, 24]. In this context, identify-
ing an appropriate strategy after PD-1 inhibition remains 
a challenge for both anti-PD1 responsive and refractory 
patients. Retrospective studies have shown a potential role 
of nivolumab and pembrolizumab in re-sensitizing tumor 
cells to CHT, leading to patients previously chemo-refrac-
tory and unresponsive to anti-PD1, to achieve a response 
after re-treatment with CHT used in combination or sequen-
tially to check-point inhibitors (CPIs) [25–27]. Additionally, 
the efficacy of auto-SCT as a consolidation treatment, even 
in cases of partial remission (PR) following anti-PD1 expo-
sure, has been supported by a large retrospective study and 
corroborated by our previously published experience [27, 
28].

Based on previous findings and insights from our daily 
clinical practice, we explored two strategies to assess their 
potential in improving patient outcomes following CPI ther-
apy: (1) the role of salvage CHT for patients who exhibit an 
unsatisfactory response to CPI treatment, and (2) the role 

of auto-SCT as a consolidation therapy for patients who 
achieve at least a PR with CPI.

Methods

We retrospectively analyzed the outcome of salvage CHT 
(cohort 1, N = 30) rather than consolidation with auto-SCT 
(cohort 2, N = 15) in 45 patients with cHL who were treated 
with anti-PD1 therapy (pembrolizumab or nivolumab) from 
March 2015 to October 2022, achieving either an unsat-
isfactory response (PR, stable disease [SD] or progres-
sion disease [PD]; cohort 1) or a CR/PR deemed suitable 
for transplant consolidation (cohort 2). Regarding salvage 
approaches in cohort 1, the choice between multi-agent or 
single-agent CHT, or transplantation, was mainly made both 
on the basis of therapies performed prior to CPIs, avoid-
ing re-treatment with agents already administered when 
possible, and on the basis of clinical characteristics such 
as age, performance status and tolerance to previous treat-
ments. The patient list was extracted from the electronic 
database of our Institute. The study was approved by our 
institutional board and by our Ethical Committee and has 
been performed in accordance with the ethical standards 
as laid down in the 1964 Declaration of Helsinki and its 
later amendments (Ethical Committee AVEC of Bologna, 
approval id 1043/2021/Oss/AOUBo). Patients were con-
secutively enrolled to avoid selection bias, and all patients 
provided written informed consent to collect retrospectively 
their data when applicable. We obtained a special permis-
sion (for scientific purpose) from our Ethical Committee 
to collect even data of patients who were deceased or lost 
to follow-up. To be enrolled patients must have received 
at least two cycles of single agent nivolumab or pembroli-
zumab and must have unsatisfactory response (cohort 1) or 
achieved at least a PR (cohort 2) to CPI. The diagnosis of 
cHL was established from lymph node biopsies, in accor-
dance with the 2008 World Health Organization classifica-
tion [29]. In both cohorts, responses were assessed with PET 
scan and computed tomography (CT) scan, with different 
timings depending on the type of treatment the patient was 
undergoing. ORR (defined as the sum of CR and PR at the 
end of treatment) and complete response rate (CRR) in both 
cohorts were chosen as primary endpoint, whereas PFS and 
OS were analyzed as secondary endpoints. OS was defined 
as the time from first cycle of therapy (CHT) performed after 
CPI to death from any cause and was censored at the date 
of last available follow up. PFS was measured from initia-
tion of therapy performed after CPI to progression, relapse, 
or death from any cause [30]. Responses were classified 
according to the Lugano criteria [31, 32]. The toxicities were 
graded according to the National Cancer Institute Common 
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Toxicity Criteria for Adverse Events (CTCAE version 
4.0). No formal sample size estimation and power calcu-
lation were made for this observational retrospective study 
as we enrolled all patients treated at our Institute accord-
ing to study inclusion criteria. Demographics and patients’ 
characteristics were summarized by descriptive statistics. 
Continuous and categorical variables were presented as 
median (range) and n (%), respectively. Comparisons were 
executed using the Student’s t or Mann-Whitney tests for 
continuous variables and a Chi-square or Fisher’s exact test 
for categorical variables, as applicable. Survival functions 
were estimated by using the Kaplan-Meier method and were 
compared using log-rank test. Confidence intervals (CI) at 
95% were provided. Statistical analyses were performed in 
Python version 3.10.12 (including the following packages: 
lifelines version 0.29.0, numpy version 1.26.4, pandas ver-
sion 2.1.4, scipy version 1.13.1) and p values for statistical 
significance were set at 0.05. Matplotlib version 3.7.1 was 
used to create charts.

Results

Patients

Thirty patients in cohort 1 and 15 patients in cohort 2 were 
enrolled. No statistically significant differences in patient 
characteristics were observed between the two cohorts, 
with the exception of a higher number of patients refrac-
tory to first-line therapy in cohort 1 (83.3% vs. 66.7%, 
respectively; p < 0.05) (Table  1). Considering the total of 
45 patients enrolled, 53.3% (N = 25) were females, with a 
median age at diagnosis of 29.9 years (range 17.6–69.8). 
All patients but one received first-line therapy according to 
ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine), 
to which 77.8% (N = 35) were refractory. The study popula-
tion was highly pretreated with a median of four therapies 
(range 1–9) before CPI, including auto-SCT (22%), radio-
therapy (22%) and BV (89%) (Table 1). There was a high 
heterogeneity in the treatment given immediately before 

Table 1  Patient characteristics
Patient characteristics Total population

(n = 45)
Cohort 1
Salvage chemotherapy
(n = 30)

Cohort 2
ASCT
(n = 15)

P

Female, n (%) 24 (53.3) 17 (56.7) 7 (46.7) ns
Median age at diagnosis, years (range) 29.9 (17.6–69.8) 31.1 (17.6–69.8) 28.9 (19.8–41.3) ns
Histologic subtypes, n (%) ns
  Nodular sclerosis 42 (93.3) 27 (90) 15 (100)
  Mixed cellularity 2 (4.4) 2 (6.7) 0
  Lymphocyte-depleted 1 (2.2) 1 (3.3) 0
Ann Arbor stage at diagnosis, n (%) ns
  I-II 22 (48.9) 13 (43.3) 9 (60)
  III-IV 21 (46.7) 17 (56.7) 6 (40)
  Unknown 2 (4.4) 0 0
Prior therapies to CPi, median (range) 4 (1–9) 4 (1–9) 3 (1–5) ns
  ASCT, n (%) 10 (22.2) 10 (33.3) 0 NA
  Radiotherapy, n (%) 10 (22.2) 7 (23.3) 3 (20) ns
  Brentuximab Vedotin, n (%) 40 (89) 27 (90) 13 (87) ns
Outcome of first line therapy, n (%)
  Refractory 35 (77.8) 25(83.3) 10 (66.7) < 0.05
  Relapsed 10 (22.2) 5 (16.7) 5 (33.3) ns
Median age at CPIs, years (range) 32.0 (19.3–72.0) 34.2 (19.3–72.0) 31.6 (20.8–44.2) ns
Ann Arbor stage at CPIs, n (%) ns
  I-II 21 (46.7) 13 (43.3) 8 (54.4)
  III-IV 24 (53.3) 17 (56.7) 7 (46.6)
Outcome of last therapy before CPIs, n (%)
  Refractory 42 (93.3) 28 (93.3) 14 (93.3) ns
  Relapsed 3 (6.7) 2 (6.7) 1 (6.7)
Type of CPIs received, n (%) ns
  Nivolumab 15 (33.3) 10 (33.3) 5 (33.3)
  Pembrolizumab 30 (66.7) 20 (66.7) 10 (66.7)
Number of cycle of CPIs, median (range) ​14 (3–52) 14 (3–52) ​12 (6–49) < 0.05
Best ORR to CPIs, n (%) 32 (71.1) 17 (56.6) 15 (100) 0.0018
Final ORR to CPIs, n (%) 17 (37.8) 2 (6.7) 15 (100) < 0.0001
ASCT: autologous stem cell transplantation; CPi: check point inhibitors; ORR: overall response rate
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Outcome and toxicity of treatment after CPIs

After a median time of 32 days (range 1-1213) from the 
last response assessment to anti-PD1 treatment, 17 out of 
30 patients (56.7%) in cohort 1 received a single agent 
CHT, whereas 12 (40%) had a multi-agent treatment (Table 
S1). Twenty-eight out of thirty patients were evaluable for 
response, thus, after a median of three cycles (range 1–10), 
7 patients obtained a CR (CRR: 25%) and 7 a PR, with 
an ORR of 50% (Table  2; Fig.  1A). Patients undergoing 
multi-agent treatment had a significant higher ORR than 
those treated with single agent therapy (ORR: 81.82% vs. 
29.41%, p = 0.0202). Furthermore, seven patients were re-
exposed to the same CHT agents that they have received 
before check-point inhibition, all of them were refractory 
at the first exposure and five out of seven (71.4%) became 
responsive after anti-PD1 treatment (Table S1). Twenty-
three patients (82.1%) discontinued the salvage treatment: 
eleven due to unsatisfactory response at the first evaluation, 
five due to a grade 2–4 toxicity and seven patients due to 
a consolidation with stem cell transplantation. Specifically, 
3 patients (one in CR and two in PR) received auto-SCT 
while the remaining four underwent to allogenic stem cell 
transplantation (allo-SCT, three patients were in CR and 
one in PR). Transplantation as a consolidation strategy 
allowed all PR patients to convert their response into CR. 
Overall, 13 (46.4%) of the 28 patients who failed treatment 
with CPIs achieved a CR, with a median of two subsequent 
lines of salvage CHT (range 1–4) (Table S1). In term of 
toxicity, 11 (50%) experienced hematological side effects: 
seven patients had grade 3–4 neutropenia, four patients had 

CPI, with the most common being BV as single agent 
(25 patients, 55%) or in combination with chemotherapy 
(3 patients, 6.6%). At the start of anti-PD1 therapy, the 
median age was 32 years (range 19.3–72), with the major-
ity of patients (93.3%, N = 42) being refractory to the last 
therapy before CPI. Thirty out of 45 patients received pem-
brolizumab (3 patients at the dose of 10 mg/kg and 27 at 
the flat dose of 200 mg every 3 weeks) and the remaining 
underwent nivolumab (9 patients at the dose of 3 mg/kg and 
6 at the flat dose of 200 mg every 2 weeks). A median of 
14 cycles (range 3–52) of anti-PD1 therapy were infused 
(Table 1). The best ORR obtained with CPI was 71,1%, with 
8 patients achieving a CR and 24 a PR. At the end of treat-
ment, 62.2% of patients did not respond to anti-PD1 therapy 
(25 PD and 3 SD), whereas ten had a PR and seven patients 
achieved a CR, with an ORR of 37.8% (Table 1).

Table 2  Response rates to treatment performed immediately after 
check-point inhibitors
Final response to 
first treatment after 
CPi

Total popu-
lation 
(n = 43*)

Cohort 1 
Salvage che-
motherapy
(n = 30)

Cohort 2 
ASCT
(n = 15)

P

ORR, n (%)
  CR, n (%)
  PR, n (%)

28 (65.1)
21 (48.8)
7 (16.3)

14 (50.0)
7 (25.0)
7 (25.0)

14 (93.3)
14 (93.3)
0 (0.0)

< 0.5

SD, n (%) 5 (11.6) 5 (17.9) 0 (0.0)
PD, n (%) 10 (23.3) 9 (32.1) 1 (6.7)
ASCT: autologous stem cell transplantation; CR: complete response; 
ORR: overall response rate; PD: progression disease; PR: partial 
response; SD: stable disease
* Two patients had non-assessable response, one due to an adverse 
event of grade 5 and one was lost at follow-up

Fig. 1  Conversion of response in cohort 1 and 2. A Conversion of response after re-exposure to chemotherapy in patients with unsatisfactory 
response to CPi, focus on cohort 1; B Conversion of responses after autologous stem cell transplantation, focus on cohort 2
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blockade (cohort 2), 14 achieved a CR (CRR: 93.3%), spe-
cifically 7 converted their PR obtained with CPI into CR, 
with an ORR to auto-SCT of 93.3% (Fig.  1B). Thirteen 
patients were evaluable for toxicity, all of whom experi-
enced at least one hematological AE of any grade. Specifi-
cally, 13 patients had grade 4 neutropenia, of which 7 had 
febrile neutropenia, while 12 had grade 4 thrombocytope-
nia, requiring transfusion support. All hematological events 
resolved with a median of 5 and 4 days, respectively. Fif-
teen non-hematological AE were observed, all except one of 
grade 2 or less. The most common were mucositis in eight 
patients (seven of grade 2 and one of grade 3) and diarrhea 
in two patients. None of them developed engraftment syn-
drome. In the four patients who subsequently underwent 
allo-SCT after at least one line following CPi there were no 
cases of severe GVHD. With a median follow-up of 24.6 
months, both median PFS and OS were not reached. In par-
ticular, PFS estimated at 3 years from auto-SCT was 85.1% 
(CI 95%: 52.3–96.1%) (Fig. 3A) while the OS was 88.9% 
(CI 95%: 43.3–98.4%), respectively (Fig. 3B). Comparing 
the PFS between the two populations, those in CR and those 
in PR prior to ASCT, no differences were observed.

thrombocytopenia (1 grade 2 and 3 grade 3–4, respectively) 
while two patient had grade ≤ 2 anemia. Seven patients 
(31.9%) presented at least one extra-hematological AE, pre-
dominantly grade 1–2 (82.3% of events). Specifically, the 
most frequent grade ≤ 2 event was a skin rash occurring in 
5 out of 7 patients. One patient died before response evalu-
ation due to febrile neutropenia and pneumonia of grade 5. 
Median PFS with salvage treatment was reached at 12.8 
months (95% CI, 3.3 to not reached) (Fig. 2A) with no sta-
tistically differences between multi-agent and single agent 
regimen: 39.7 months (CI 95%, 0.6 to not reached) vs. 5.2 
months (CI 95%, 1.6 to not reached), p = 0.32 (Fig.  2B). 
PFS estimated from start of salvage therapy was 42.8% at 
3 years (95% CI: 24.1–60.3%). After a median follow-up 
of 24.8 months, 12 patients died (eight due to a PD, one 
due to febrile neutropenia and pneumonia, one in CR due to 
secondary acute myeloid leukemia and the last one also in 
CR due to pneumonia) while 11 patients are still alive and 
in CR, with an estimated OS at 3 years of 58% (median not 
reached, 95% CI: 36.7–74.4%) (Fig. 2C).

Regarding the 15 patients who underwent to autolo-
gous transplantation as consolidation treatment after PD-1 

Fig. 2  Outcome of patients in cohort 1. A Progression free survival. B Progression-free survival with salvage treatment (1: single agent; 2: multi-
agents regimen). C Overall survival

 

Fig. 3  Outcome of patients in cohort 2. A Progression free survival. B Overall survival

 

1 3

1761



Annals of Hematology (2025) 104:1757–1764

combination of nivolumab with ICE (NICE) in a phase II 
trial resulted in over 90% of CR, enabling patients to pro-
ceed to auto-SCT [38]. A “chemotherapy-free regimen” of 
BV with nivolumab (nivo-BV) was tested in a phase I/II 
study with 61 r/r cHL patients. After four cycles of nivo-BV, 
92% of patients were able to proceed to auto-SCT, with 74% 
doing so directly. With a median follow-up of 34.3 months, 
the estimated 3-year PFS was 77% overall, while 91% in 
those who underwent directly to auto-SCT [39].

In Italy, none of these novel combination therapies is 
currently approved, making the treatment of patients with 
r/r cHL a significant challenge in clinical practice. In our 
study we analyze a real-life retrospective clinical experi-
ence focus on the chemosensitizing ability of the anti-PD1 
drug class. Within the study population we identified two 
groups with dinstict characteristics. Cohort 1 included 
patients who exhibited an unsatisfactory response (PR, SD) 
or progression disease with CPIs, with primary focus on 
chemo-salvage therapies post-CPIs and their subsequent 
outcomes. Cohort 2 included patients who achieved a CR 
or PR after treatment with CPIs deemed satisfactory to pro-
ceed with ASCT, emphasizing the role of ASCT in patients 
who responded to CPIs. Cohort 1 results indicated that 50% 
of patients who received conventional chemotherapy after 
failing CPI therapy achieved an objective response (Table 2; 
Fig. 1A). Remarkably, seven patients were re-treated with 
the same chemotherapy agents they had received before 
checkpoint inhibition. Despite being refractory during 
the initial treatment, five of these seven patients (71.4%) 
responded after anti-PD1 therapy (Table S1). Additionally, 
using transplantation as a consolidation strategy allowed all 
patients who achieved a PR after salvage CHT to convert 
their response into a CR. Among the 28 patients who did 
not respond to CPIs, 46.4% reached a CR after a median 
of two additional lines of salvage chemotherapy (range 
1–4) (Table S1). These findings, in line with previous stud-
ies, confirm that while some patients may not respond to 
anti-PD1 therapy initially, it can potentially restore chemo-
sensitivity. This restoration offers the possibility of curing 
r/r disease through a bridge to autologous-SCT or, in some 
cases, allo-SCT. Cohort 2 results further support the use of 
transplantation as a consolidation strategy after anti PD-1, 
converting PR to CR and yielding positive outcomes even 
in patients with high-risk factors prior to auto-SCT. Regard-
ing allo-SCT, in our cohort, there were no cases of severe 
GVHD This outcome was expected, considering that anti-
PD1 therapy was not the last line of treatment before trans-
plantation in this four patients. Additionally, the response 
to a salvage chemotherapy regimen (cohort 2) in relapsed/
refractory patients with high-risk characteristics, including 
post-autologous relapse, can be explained by the chemosen-
sitizing ability of anti-PD1 therapy.

Discussion

CPIs have significantly enriched the therapeutic options 
for patients with r/r cHL. This improvement is not only 
reflected in the proportion of patients achieving a response 
thanks to CPIs, but also in the peculiar chemosensitization 
effect observed in previously refractory patients.

The mechanisms driving this chemosensitizing effect 
are not yet fully understood. One theory proposes that CPIs 
may affect the tumor microenvironment (TME) in a way 
that enhances chemotherapy effectiveness, possibly by dis-
rupting pro-survival signals within the TME [33]. Chemo-
therapy may augment cytotoxic T-lymphocytes activity by 
increasing tumor antigen presentation and facilitating the 
infiltration of these lymphocytes into the tumor tissue [34]. 
Additionally, studies in mice suggest that chemotherapy can 
elevate the mutational load, thereby enhancing the effec-
tiveness of checkpoint blockade therapy [35]. Compelling 
evidence in cHL confirms that CPIs enhance chemo-respon-
siveness in previously chemo-refractory patients. Rossi and 
colleagues reported an ORR of 66% and a median PFS of 11 
months in 30 chemo-refractory patients after re-treatment 
with CHT, in association with or immediately after check-
point inhibition [26]. Notably, 15 patients were re-exposed 
to the same chemotherapy regimen, including 6 who had 
been initially refractory. Similar results were observed in 
our previous retrospective study [27], where we assessed 
salvage chemotherapy in 25 r/r cHL patients with unsatis-
factory responses to anti-PD1 therapy. Treated with either 
multi-agent or single-agent regimens, the ORR was obtained 
in 60% of patients, with 8 reaching a CR. Positive results 
were also observed when auto-SCT is used as a consolida-
tion strategy in patients responsive to anti PD-1 therapy but 
previously chemo-refractory, suggesting that the demon-
stration of chemosensitivity prior to auto-SCT may not be 
essential. In our first retrospective case series, we showed 
that consolidation with auto-SCT after CPI resulted in CRR 
of 84.6%, with a 5-year disease-free survival of 87.5% [36]. 
Similarly, Merryman et al. retrospectively reviewed 78 
high-risk, multiply r/r cHL patients who underwent auto-
SCT following CPI therapy. Despite a high prevalence of 
chemorefractory disease in this cohort, including 41% of 
patients with positive pre-transplantation PET-CT scans, 
the outcomes were notably favorable, with an 18-month 
PFS rate of 75% [28]. Based on the high overall efficacy 
and potential chemosensitizing effect of CPIs, recent stud-
ies have explored the association between anti PD-1 treat-
ment and second line HDT, showing high rates of complete 
metabolic remission. For example, the combination of pem-
brolizumab with GVD achieved a 100% ORR and a 95% 
of CRR, with 92% of patients in CR after two cycles and 
95% proceeding directly to auto-SCT [37]. Similarly, the 
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