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Abstract
Aims The primary standard treatment for classic Hodgkin’s lymphoma (cHL) is chemotherapy and radiation therapy. How-
ever, some patients get relapsed, or their diseases become resistant. PD1 blocking antibodies have been used to increase the 
response of treatment in solid tumors, and led to potentially stable responses that are acceptable. Our purpose in this study 
is to investigate the effect of nivolumab as a PD1 blocking antibody on the survival rate of patients with Hodgkin’s cancer.
Methods Databases were found in International Medical Sciences, Web of Science, Medline, Scopus, Index Copernicus, 
PubMed, DOAJ, Google Scholar, EBSCO-CINAHL, and Persian databases containing SID and Magiran using keywords 
such as: “checkpoint inhibitor”, “nivolumab”, “Hodgkin lymphoma”, and “PD1 Blockade”. The risk of bias was determined 
by two external observers using the Cochrane checklists. After the search, the data provided in 51 documents was indepen-
dently evaluated. Duplicate papers were excluded. Assessing the full texts of the remaining papers, 7 papers were approved.
Results Pooled data of these seven studies revealed that the overall objective response rate was 68% (CI 64.1% to 72.1%; 
heterogeneity; I2 = 40.19%; p = 0.123) with partial remission (52%; CI 46.5% to 57.6%; heterogeneity; I2 = 28.36%; p = 0.212). 
In the pooled analysis, complete remission was 16.8 (CI 11.1% to 26.4%). Pooled data of six studies showed that stable 
disease was averaged to 19% (CI 16% to 23%; heterogeneity; I2 = 30%; p = 0.209; fixed-effect model).
Conclusions The results of the study indicate that nivolumab as a PD1 pathway inhibitor can be effective in treating relapsed 
and refractory cHL patients compared to other therapies, and lead to more effective treatment over the long term. Further-
more, the adverse effects of nivolumab are controllable and have a good safety profile.
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Introduction

The primary standard treatment for classic Hodgkin’s lym-
phoma (cHL) is chemotherapy and radiation therapy. This 
cancer type has been reported for about 80% of patients 
that are being treated [1, 2]. However, some patients get 
relapsed, or their diseases become) resistant. Qualified 
patients can undergo autologous stem cell transplantation 
(ASCT) after chemotherapy. Clinical studies suggested 
that checkpoint inhibitors therapy can play a significant 
role in controlling malignant diseases. The goal of therapy 
targets immune checkpoints is to control the immune sys-
tem which motivates or constrain its activities that tumors 
can use to protect themselves from attack by the immune 
system. Checkpoint therapy can prevent inhibitory check-
points and block the restoration of the safety system. 
Reed–Sternberg cells use planned death (PD-1) to pre-
vent detection by the immune system. The planned death 
course (PD-1) acts as an inspection point to limit immune 
responses by the T cells. Both PD-1 ligands, including 
PD-L1 and PD-L2, are interconnected to PD-1 recep-
tors, and this interferes with PD-1 signaling, binding to T 
cell, activation inhibitors, and T-cell proliferation [3]. By 
expressing PD-1 ligands on the surface cell and PD-1 posi-
tive receptor cells, tumors can coordinate PD-1 pathway 
to prevent immune response [4]. PD-1 blocking antibodies 
have been used to increase the response of treatment of 
solid tumors and led to potentially stable responses that 
are acceptable [3–6]. The preliminary information also 
includes experimental degradation of PD-1 as a therapeu-
tic strategy in some hematological cancers [7–19].

Genes encoding PD-1, PDL1, and PDL2 proteins are 
key targets for amplification of the 9p24.1 chromosome, 
which affects these genes in nodular sclerosis type of 
Hodgkin’s lymphoma. Ampillicon 9p24.1 also contains 
JAK2 and activates the JAK-STAT gene-linked, which 
results in a greater transcription of the PD-1 ligand. This 
copy-related mechanism results in the excessive expres-
sion of PD-1 ligands in Reed–Sternberg cells in patients 
with Hodgkin’s lymphoma. The Epstein–Barr virus (EBV) 
increases the expression of PD-1 ligands in Hodgkin’s 
positive EBV lymphomas. Supplementary mechanisms 
of excessive expression of PD-1 in Hodgkin’s lymphoma 
indicate that the disease can be genetically a candidate 
for PD-1 block [19]. Nivolumab is an IgG4 monoclonal 
antibody which is blocking for PD-1 and inhibits the 
PD-1 pathway, and it has been shown to be effective in 
several types of malignancy in patients who treated with 
nivolumab. On May 2016, after a quick priority check, 
the Food and Drug Administration of the United States 
approved the use of nivolumab for treatment of patients 
with classic Hodgkin’s lymphoma (cHL) who had 

recurrence or developmental progression after transplan-
tation of the autologous hematopoietic stem cell transplant 
(HSCT). Complications which are commonly associated 
with PD-1 inhibitors include itching, swelling, and diar-
rhea. PD-1 blockers have a less toxic effect on the colitis, 
hepatitis, pituitaritis, and thyroiditis diseases [20–22].

A phase I study (CheckMate 039) conducted in the United 
States showed that nivolumab had an 87% effectiveness 
before treatment with recurrence or resistant patients with 
intense cHL [23]. To the best of our knowledge, a system-
atic review on the relationship between the response rate to 
treatment of patients with cHL and the nivolumab drug has 
not been published until today. The aim in this meta-analysis 
study is to investigate the effects of nivolumab on the sur-
vival rate of patients with Hodgkin’s lymphoma cancer.

Data collection

Search strategy for study selection

Databases were found in International Medical Sciences, 
Web of Science, Medline, Scopus, Index Copernicus, 
PubMed, DOAJ, Google Scholar, EBSCO-CINAHL, and 
Persian databases containing SID and Magiran using the 
following keywords: “checkpoint inhibitor”, “nivolumab”, 
“Hodgkin cancer”, “Hodgkin lymphoma”, “PD1 Blockade”, 
and “PD1”. Searches were done using Boolean operators 
containing “AND” and “OR” between main phrases. Fur-
thermore, related keywords and Boolean operators were 
selected to change (as alternatives) the approach in each 
particular database.

Study selection

The search was done with two independent researchers 
who selected the title and the summary of all citations of 
their searches and selected the primary studies relevant to 
the systematic review topic. The literature was obtained in 
full text and studied independently by the two researchers. 
Researchers identified the primary studies and selected stud-
ies that were in line with our selection criteria. If there was 
a discrepancy between these two researchers, a dissenting 
opinion was solved using a third scholar.

Quality of research evidence

The risk of bias was determined by two external observers 
using the Cochrane checklists separately. Evaluation of the 
quality of the studies was carried out using the Cochrane 
Bias tool. This tool has 8 types of biases including selec-
tion bias (evaluating randomization, hiding the sequences), 
performance bias (blind spell checking of participants and 
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personnel), detection bias (blind assessment of consequences 
of outcome), erosion bias (outcomes review), reporting bias 
(assessment of selected reports by author’s results), and 
some other biases. Base on the degree of the biases low, 
high, and uncertain risk, studies were considered for each 
part [24].

Data collection

This research was conducted by two independent researchers 
from December 2017 to September 2018, and the informa-
tion extraction form was used for this purpose. If there was 
a difference between the two scholars, the difference was 
solved using a third scholar. The data were analyzed using 
the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) checklist.

Data analysis

The random effects model (Der-simonian and Laird method) 
was applied for pooling proportions recorded across the 
studies. For heterogeneity evaluation, Cochrane Q test 
(p < 0.05 as statistically significant) and I2 indices were used.

Protocol registration

The PROSPERO code for this study was CRD42018105712.

Inclusion and exclusion criteria

Inclusion and exclusion criteria of this study are demon-
strated in Table 1.

Findings

After the search, the data which was provided in 51 docu-
ments were evaluated independently. Duplicate papers were 
excluded, and 39 articles were evaluated. In the next phase, 
32 articles which had irrelevant, case report and without 

the exact quantity information were excluded. Assess-
ing the full-texts of the remaining papers, 7 papers were 
approved. Figure 1 displays the assessment process. Then, 
the key results of the designated documents were summa-
rized (Table 2). The selected articles included a study on 
17–243 participants, and a total of 560 individuals were 
included in the 7 eligible studies. Most of the patients in 
the studies received 3 mg/kg nivolumab every 2 weeks 
until they had complete response, cancer development, or 
extreme toxic effects of the drug. The average time of drug 
response was between 2.1 and 8.7 months. In most of the 
selected articles, the main outcome was the overall response 
rate (ORR) of nivolumab. ORR in the review studies was 
ranging between 64 and 95% and in all of them was above 
50%. One of the evaluated outcomes in the studies was the 
effect of nivolumab on the progression-free survival (PFS). 
In these studies, it was shown that nivolumab has useful 
properties on PFS (between 58.25 and 86%). Adverse effects 
following the use of nivolumab were pyrexia (N = 3), pru-
ritus (N = 2), rash (N = 2), hypothyroidism (N = 1), fatigue 
(N = 2), infusion (N = 2), neutropenia (N = 1), fever (N = 1), 
and increased lipase concentrations (N = 1). Bias in all 
papers was evaluated by use of the Cochrane instrument. 
Among the articles, the risk of bias was mostly unknown. 
There was no evidence of heterogeneity between studies; 
hence, fixed-effects model was chosen to pool the data. 
The pooled data of the seven selected studies revealed that 
the overall objective response rate was 68% (CI 64.1% to 
72.1%; heterogeneity; I2= 40.19%; p = 0.123; Fig. 2) with 
partial remission (52%; CI 46.5% to 57.6%; heterogeneity; 
I2= 28.36%; p = 0.212; Fig. 3). In pooled analysis, complete 
remission (CR) was 16.8 (CI 11.1 to 26.4%; Fig. 4). Using 
sensitivity analysis, studies were excluded one by one to 
detect potential sources of high heterogeneity. The sensitiv-
ity analysis has shown that the study by Herbaux et al. [30] 
was a potential study. Forest plot also showed that this study 
was(had) the largest outlier, and it was excluded from the 
meta-analysis [15% (CI 12.2% to 18.6% %; heterogeneity; 
I2= 50.45%; p = 0.073; Fig. 2)]. The pooled data of the six 
studies showed that stable disease was averaged to 19% (CI 

Table 1  Inclusion and exclusion criteria of the study

Characteristics Inclusion Exclusion

Participants People with Hodgkin cancer
Intervention Nivolumab as checkpoint inhibitor injected to patients with Hodgkin 

cancer
Comparators No comparators for nivolumab with other drugs were evaluated
Outcomes Survival rate of nivolumab
Study design Randomized controlled trials; other controlled trials, and cohort studies 

were evaluated
Reviews, letters, editorials, articles only in abstract 

form, case reports, articles identified as prelimi-
nary reports

Publication No language or publication date limitation were placed
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16% to 23%; heterogeneity; I2= 30%; p = 0.209; fixed-effect 
model; Fig. 5).

Discussion

This study was the first meta-analysis study performed 
on patients with relapsed and refractory cHL treated with 
nivolumab. The objective response rate (ORR) was 68% 
among 7 studies. The results of the current systematic review 
and meta-analysis suggest that nivolumab is an effective 
treatment for patients with relapsed and refractory cHL. As 
it was documented in the WHO 2008 classification [31], the 
standard treatment for patients with first recurrence of cHL 
is high-dose chemotherapy with autologous stem cell trans-
plantation (ASCT) [26]. However, only 55% of patients have 
been shown to be free from treatment failure at 3 years [26, 
32]. Patients who have recurrence after ASCT have a more 
severe prognosis. In these patients, Brentuximab vedotin 
(BV) is an important treatment option [27, 33, 34]. However, 
median progression-free survival (PFS) for patients treated 
with BV is only 3.5 months [27, 35].

The results of molecular studies indicate that patients 
with relapsed and refractory cHL have changes in PD1 

ligand level and correspondingly, their protein expression 
increases the number of PDL1 and PDL2 copies in biopsied 
tumor cells. Increased expression of PDLl and PDL2 pro-
teins has also been observed in Reed–Sternberg cells [23]. 
Nivolumab is a programmed-death blocking antibody (PD1) 
monoclonal antibody that inhibits T cell and strengthens the 
immune response against the tumor. Blocking the PD1 path-
way leads to a long and adequate response to treatment in 
adult patients (> 18 years) with relapsed and refractory cHL 
after brentuximab vedotin, auto-hct treatment, and more 
prior lines of systemic therapy [23, 25–30].

Genes that encode PD-1, PDL1, and PDL2 proteins are 
key targets for enhancing the 9p24.1 chromosome. Distur-
bances in these genes are observed in the nodular sclerosis 
type of Hodgkin’s lymphoma. Base on this effect, nivolumab 
is expected to be suitable only for nodular nodes of Hodg-
kin’s lymphoma [19]. However, the results of a study in Jap-
anese patients suggest that nivolumab is effective in treating 
various types of histopathologic subtypes of cHL [25].

In a number of studies, adverse effects of nivolumab in 
patients with relapsed and refractory cHL have been evalu-
ated [23, 25–30]. These complications are often related to 
the blockage of PD1 pathway and the complications of the 
immune system. In the study of Armand et al. [29] the most 

Fig. 1  PRISMA flowchart 
to define the process of the 
selected studies
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reported complications were fatigue, diarrhea, injection-
related reactions, and most of the side effects of grades 
3–4 were due to drug, lipase, neutropenia, and alanine ami-
notransferase elevations. The most common side effect has 
also reported to be complication of hypothyroidism/thyroidi-
tis and rash. The mean of the onset of the complications 
minimum–maximum (0–62 weeks) was 12 weeks–17 weeks 
(0–83 weeks). In that study, the incidence of pneumonitis 
was reported in two patients with grade 2 and grade 3 cancer 
who were both treated with corticosteroid therapy [29].

Maruyama et al. [25] reported some of the more severe 
complications in a number of Japanese patients which 
included hyponatremia, pyrexia, hepatic function abnormal, 
interstitial lung disease, fulminant type 1 diabetes mellitus, 
and rush. Most of the observed complications are related to 

the immune system, and they can be controlled by corticos-
teroids [25]. However, fulminate type 1 diabetes mellitus 
requires long-term treatment with insulin. This complica-
tion has been reported in the study of Armand et al. [29]. 
However, it has been reported that these complications may 
be associated with inaccurate activation of T cells in some 
patients with renal cell carcinoma, melanoma, and lung ces-
sation who were treated with nivolumab and pembrolizumab 
[25, 36–39]. Another important complication reported in 
that study is interstitial lung disease [25]. Accordingly, it 
was suggested that physicians were aware of the risk when 
they prescribed anti-PD-1-antibody therapy in the patients.

Finally, the results of some studies showed safety advan-
tageous of nivolumab in patients with relapsed/refrac-
tory cHL [23, 25–30]. In the study of Armand et al. in the 

Fig. 2  Overall objective 
response rate

Fig. 3  Partial remission (PR)
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United States, after 18 months of follow-up, immunologi-
cal outcomes persisted and most of the adverse events were 
reported in grade 1 and grade 2 [29].

The use of nivolumab before allo-Hct also has been evalu-
ated. In these patients, continuous follow up should be used 
to evaluate complications such as acute graft versus host 
disease (GVHD) grade 3 and grade 4, hepatic veno-occlu-
sive disease, steroid-requiring febrile syndrome, and other 
immune-mediated adverse effects. In studies conducted in 
this regard, the heterogeneity of the treatment regimen was 
used to prevent the correct acquirement of post-transplant 
toxicity [23, 25–30]. Therefore, the continuation of the fol-
low-up and the increase in the number of patients who were 
examined may change the post-transplant toxicity [28].

According to Herbaux’s study [30], the use of nivolumab 
in recurrent patients after allo-HCT treatment likely results 
better treatment responses than other treatments such as 

brentuximab (with an ORR response of 95%). However, 
the results of that study has reported the risk of develop-
ing acute GVHD in some patients and resulted death in two 
patients. All of the patients who have been diagnosed with 
acute GVHD and whose symptoms were observed within 
1 week after the first injection of nivolumab. These results 
indicate that blocking the PD1 pathway in patients without 
a history of acute GVHD does not lead to acute GVHD. 
Preclinical studies and the use of fast systemic corticosteroid 
treatments (2 mg/kg) are advisable; therefore, it is recom-
mended to physicians to pay attention to the risk of compli-
cations and follow-up the patients with a history of acute 
GVHD. In Herbaux study, after 370 days follow-up, it was 
not reported any chronic GVHD in recurrent after allo-HCT 
patients receiving nivolumab [30].

By sensitivity analysis of this study, the study by 
Herbaux et al. [30] was identified as a potential source of 

Fig. 4  Complete remission (CR)

Fig. 5  Stable disease
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high correlation. This finding may have resulted that the 
Herbaux study was the only study that evaluated the effect of 
nivolumab in patients who were relapsing or resistant after 
allo-HCT treatment.

Among the limitations of this study, it can be mentioned 
that there were a few articles which have been studied in this 
subject. Most of the evaluated studies are cohort studies, and 
a small number of them have a control group. Additionally, 
in some of these studies, a number of patients have died due 
to illness (death due to GVHD or disease progression).

Finally, the results of this study indicate that nivolumab as 
a PD1 pathway inhibitor can be effective in treating relapsed 
and refractory cHL patients compared with other therapies, 
and it leads to more effective treatment over a long term. 
The adverse effects of nivolumab are controllable and have 
a good safety profile.

Conclusion

The results of this systematic review and meta-analysis 
revealed that nivolumab increases the survival rate of 
patients with relapsed and refractory cHL and its various 
histopathologic subtypes. Nivolumab helps to respond more 
effectively to long-term treatment. It has also controlled and 
recurrent complications in patients with relapsed/refractory 
cHL. This study provides enough information for oncologists 
to control Hodgkin cancer with combination of nivolumab 
and other treatments. It is suggested that in the next 2 years, 
another meta-analysis can be performed when more related 
studies are published.
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