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Background: Immune checkpoint inhibition therapy with monoclonal antibody against

programmed cell death protein 1 (PD-1), including nivolumab and pembrolizumab, has

demonstrated powerful clinical efficacy in the treatment of advanced cancers. However,

there is no evidence-based systematic review on the safety and efficacy of anti-PD-1

antibody in treating lymphoma.

Methods: To evaluate the safety and efficacy of nivolumab/pembrolizumab, we analyzed

clinical trials from PUBMED, EMBASE, and The Cochrane Library. For safety analysis, the

incidence and exhibition of any grade and grade≥3 adverse events (AEs) were evaluated.

Overall response rate (ORR), 6-month progression-free survival (PFS) and 6-month overall

survival (OS) were calculated for efficacy analysis.

Results: Overall ten studies and 718 patients (114 non-Hodgkin lymphomas, 604

Hodgkin lymphomas) were enrolled, including 4 phase I studies and 6 phase II studies.

The pooled incidences of any grade and grade ≥3 adverse events (AEs) were 74 and

24%, respectively. Drug-related deaths occurred in two patients. The most common

any grade AEs were fatigue (14.91%), rash (14.8%), hypothyroidism (13.77%), platelet

count decreased (13.54%), pyrexia (13%). The most common grade ≥3 AEs were

neutropenia (4.79%), pneumonitis (3.58%), rash (3.38%), and leukopenia (3.31%).

Fatigue (p = 0.0072) and rash (p = 0.0078) in any grade AEs were less observed in

patients treated with pembrolizumab than nivolumab. The pooled ORR, PFS rate and OS

rate were 58, 73, and 96%, respectively. The ORR in patients with Hodgkin lymphomas

(HL) was higher than patients with non-Hodgkin lymphomas (NHL) (69.08 vs. 30.77%,

p < 0.0001). However, there was no significant difference of efficacy between nivolumab

and pembrolizumab.

Conclusions: Nivolumab and pembrolizumab have promising outcomes with tolerable

AEs and drug-related deaths in patients with relapsed or refractory lymphoma.

Pembrolizumab caused less any grade AEs like fatigue and rash than nivolumab. Patients

with HL got better response than NHL.

Keywords: anti–PD-1 monoclonal antibodies, nivolumab, pembrolizumab, relapsed or refractory lymphoma,

safety, efficacy
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INTRODUCTION

Programmed cell death protein 1 (PD-1) is an immune
checkpoint receptor mainly expressed on activated T cells,
natural killer cells, and B cells (Ishida et al., 1992). The PD-
L1 and PD-L2 are its known ligands, which interact with PD-
1 on T cells and prevent T-cell activation and proliferation.
PD-L1 is expressed on macrophages and it can be upregulated
in some tissues and tumors in answer to IFN-γ and other
inflammatory factors (Dong et al., 2002; Yamazaki et al., 2002;
Taube et al., 2012). While, PD-L2 is expressed on macrophages
and dendritic cells (Tseng et al., 2001; Ishida et al., 2002). Besides
PD-1, PD-L1 can combine with CD80/B7-1 (Butte et al., 2007;
Park et al., 2010) and PD-L2 can incorporate with RGMb (Xiao
et al., 2014); these may cause the differences in response and
immune-related adverse events (AEs) between anti-PD-1 and
anti-PD-L1 antibodies.

Combination chemotherapy can cure most patients with
classic Hodgkin lymphomas (cHL). However, for patients who
failed to treatment (refractory cHL) or regained the disease
soon (relapsed cHL), immunotherapy can be an appropriate
option. CHL’s typical feature is the existence of the malignant
Hodgkin Reed Sternberg (HRS) cells surrounded by an
inflammatory immune infiltrate. Meanwhile, PD-L1 expression
was upregulated in cHL via JAK2-STAT signaling with near
universal genetic amplification of the 9p24.1 locus (Green
et al., 2010). Among the non-Hodgkin lymphomas (NHL), the
overexpression of PD-L1 is also identified in many cases (Chen
et al., 2013). Therefore, the anti-PD-1 antibody can be a potential
therapy for patients with lymphoma.

The US Food and Drug Administration (FDA) currently
approved two anti-PD-1 antibodies, including pembrolizumab
and nivolumab. Pembrolizumab is a fully humanized IgG4
kappa isotype anti-PD-1 monoclonal antibody. Nivolumab is a
fully human IgG4 anti-PD-1 monoclonal antibody. Clinic trials
with other anti-PD-1 antibodies and anti-PD-L1 antibodies are
ongoing, the results have not been publicated.

In recent years, immunotherapy with PD-1 blockage or PD-
L1 blockage were successfully used in many cancers, including
melanoma, non-small cell lung cancer, renal cell carcinoma,
ovarian cancer, lymphoma, et al. (Sunshine and Taube, 2015).
However, the efficacy of anti-PD-1 in lymphoma ranged widely.
Additionally, the adverse events (AEs) with checkpoint inhibition
is not related to traditional therapy, such as nausea, vomiting,
hair loss, etc., but relates to several autoimmune side effects.
However, there is no systematic review to evaluate the safety and
efficacy of anti-PD-1 antibody in treating lymphoma. Therefore,
this meta-analysis was to assess the safety and efficacy of anti-PD-
1 antibody in patients with lymphoma, offering evidence-based
references for clinicians.

METHODS

Literature Search
We obeyed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines. We searched
PUBMED, EMBASE, and The Cochrane Library to identify the

relevant studies up to March 2018. We used a combination
of terms: “pembrolizumab/ lambrolizumab/ Keytruda/ MK-
3475” OR “Nivolumab/ MDX-1106/ ONO-4538/ BMS-936558/
Opdivo” AND “lymphoma.”

Inclusion and Exclusion Criteria
Studies had to meet the following criteria: (1) prospective trials
concerning the efficacy or safety of nivolumab/pembrolizumab
on patients with relapsed or refractory lymphoma. (2) articles
reporting any of the data: ORR, 6-month PFS rate, 6-month OS
rate, and drug-related AEs.

Exclusion criteria: (1) articles not association with our topics;
(2) studies without usable data; and (3) retrospective or observed
studies, letters, editorials, case reports, and reviews.

Data Extraction and Quality Control
The eligible studies were reviewed and extracted data by two
authors independently. We extracted first author, published
year, ClinicalTrials.gov number, phase, study design, treatment,
disease, number of patients, age, prior systemic treatment
regimens, ORR, 6-month PFS rate, 6-month OS rate, any
grade AEs, grader ≥3 AEs, and drug-related deaths. The
methodological index for non-randomized studies (MINORS)
(Slim et al., 2015) was used to evaluate themethodological quality
of the included articles. MINORS contained 12 items, the first
eight being specifically for non-comparative studies. The items
including a stated aim of the study, the inclusion of consecutive
patients, prospective collection of data, endpoint appropriate
to the study aim, unbiased evaluation of endpoints, follow-up
period appropriate to the major endpoint, loss to follow up not
exceeding 5% and prospective calculation of the sample size. Each
item was scored from 0 to 2; 0 indicates that it was not reported,
one represented that it was reported inadequately, and 2 revealed
that it was reported adequately.

Statistical Analysis
The primary outcome for efficacy was ORR; secondary outcomes
were 6-month PFS and 6-month OS. For safety analysis, the
incidence and exhibition of any grade and grade ≥3 AEs
were evaluated. In each trial, objective response rate (ORR)
= [(complete responses + partial responses) ÷ total no. of
patients] × 100. Heterogeneity among studies was detected with
a forest plot and the inconsistency statistic (I2). A random-effect
model was used when potential heterogeneity existed (I2 >50%);
otherwise, the fixed-effect model was employed. The Metaprop
module in the R-3.3.2 statistical software package was used to
analyze the efficacy and safety. Subgroup analysis was performed
to solve heterogeneity. Sensitivity analysis was carried out by
using different effect models. No dose effect was considered.
P < 0.05 suggested statistically significant.

RESULTS

Study Selection
The search strategy produced a total of 443 records; 41 studies
were removed after duplication; 391 studies were excluded.
Finally, ten studies were enrolled after removing one study with
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combined therapy (Ansell et al., 2015; Armand et al., 2016, 2018;
Lesokhin et al., 2016; Younes et al., 2016; Chen et al., 2017;
Ding et al., 2017; Maruyama et al., 2017; Zinzani P. et al., 2017;
Zinzani P. L. et al., 2017). Figure 1 showed the procedure of
study selection.

Study Characteristics
Table 1 showed the characteristics of the included studies.
The included studies were published from 2015 to 2018.
We included a total of 10 studies, 762 patients, of which
114 patients were NHL [9 CLL with Richter transformation,
105 primary mediastinal large B-cell lymphomas (PMBCL)],
604 patients were HL, 17 patients were leukemia, and 27
patients were multiple myeloma. Altogether 384 patients’ mean
ages were <50 years, while 79 patients’ mean ages were
>50 years. We assessed AEs, ORR, PFS and OS only in
patients with lymphoma. There were 4 phase I studies and
6 phase II studies. Patients in 5 studies used nivolumab
and five studies received pembrolizumab. Two studies were
dose-escalation, cohort expansion studies, three studies were
multicohort studies, and five studies were single-arm trails.
Patients received nivolumab intravenously at a dose of 1
or 3 mg/kg every 2 weeks. Pembrolizumab were given 10
mg/kg every 2 weeks or 200mg every 3 weeks. Drug-related
deaths occurred in two patients; one received nivolumab with
pneumonitis/ARDS, one treated with pembrolizumab observed
with Pseudomonas sepsis.

FIGURE 1 | The flow chart.

Safety
Overall eight studies were included to assess the pooled incidence
of any grade (74%, 95%CL: 62%−84%) and grade ≥3 (24%,
95%CL: 17%−34%) AEs (Figure 2). There was no significant
difference in the total risk of AEs between the nivolumab
and pembrolizumab. The most common any grade adverse
event was fatigue (14.91%, 10.27%−21.13%). Other common
drug-related any grade AEs were rash (14.8%), hypothyroidism
(13.77%), platelet count decreased (13.54%), pyrexia (13%),
cough (11.56%), pruritus (10.81%), and nausea (10.16%).
Neutropenia was the most common grade ≥3 AEs (4.79%).
Another common severe AEs were pneumonitis (3.58%), rash
(3.38%), and leukopenia (3.31%). We also compared nivolumab
with pembrolizumab in patients with lymphoma, the incidences
of any grade fatigue (p = 0.0072) and rash (p = 0.0078)
were lower in pembrolizumab group than those patients with
nivolumab. More details were exhibited in Table 2.

Efficacy
The pooled ORR, 6-month PFS rate and 6-month OS rate
were performed to evaluate the efficacy of nivolumab or
pembrolizumab treated lymphoma. We enrolled all ten studies
to analyze ORR, five studies to evaluate PFS and five studies to
assess OS. The pooled ORR, PFS rate and OS rate were 58%
(95%Cl: 47%−69%), 73% (95%Cl: 68%−78%), and 96% (95%Cl:
92%−98%), respectively. There were no significant differences in
ORR between patients’ mean age >50 years (46%, 16%−79%)
and < 50 years (62%, 50%−73%). PFS and OS between patients’
mean age >50 and <50 years did not analyze due to limitation
numbers. Meanwhile, the ORR, PFS and OS between nivolumab
and pembrolizumab had no significant differences. While, the
ORR in patients with HL was higher than patients with NHL
(69.08 vs. 30.77%, p < 0.0001). The PFS and OS could not
be subgrouped by HL and NHL. These results were exhibited
in Figure 3.

Study Quality
Two studies without full text can’t evaluate totally. The two items
including unbiased evaluation of endpoints and prospective
calculation of the sample size were not reported. The overall score
was high. Therefore, the overall quality of the included studies
was satisfactory (Table 3).

DISCUSSION

Anti-PD-1 antibodies are rapidly developed in recent decades.
FDA has approved two anti-PD-1 antibodies, including
pembrolizumab and nivolumab. However, the AEs may be
different between pembrolizumab and nivolumab. Meanwhile,
the efficacy of these two anti-PD-1 antibodies in lymphoma
ranged widely.

This meta-analysis included overall ten prospective studies
with 718 patients with lymphomas, including 114 patients with
NHL and 604 patients with HL, to assess the safety and efficacy.
The pooled incidence of AEs of any grade reached 74%, while
grade ≥3 was only 24%. However, there were two patients
occurred drug-related death. Approximately 58% of patients
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FIGURE 2 | The forest plot of pooled incidence of AEs in any grade (A) and grade ≥3 (B).

gained complete response or partial response. Meanwhile, 73%
of patients’ diseases remained stable for half a year, and 96% of
patients survived for half a year.

Immune-related adverse events caused by blockage of the
PD-1 pathway can affect almost any organ, mainly mediated
by T cells (Weber et al., 2015b). B cells secreting antibodies
(Good-Jacobson et al., 2016) and granulocytes secreting
inflammatory mediators and cytokines (Zitvogel and Kroemer,
2012; Good-Jacobson et al., 2016) may also develop immune-
related adverse events. We found that the most common any
grade adverse event were fatigue, rash, hypothyroidism, platelet
count decreased, pyrexia, cough, pruritus, and nausea. The
severe AEs over 3% were neutropenia, pneumonitis, rash,
and leukopenia. In advanced melanoma, fatigue (19–21%,
34%), diarrhea (14–17%, 11–19%), pruritus (14%, 16–19%),
rash (13–15%, 9–22%), arthralgia (9–12%, 6–8%), vitiligo

(9–11%, 5–11%) and hypothyroidism (9–10%, 4–9%) were most
common for any grade in pembrolizumab (Robert et al., 2015b)
and nivolumab (Larkin et al., 2015; Robert et al., 2015a; Weber
et al., 2015a), respectively. In advanced lung cancer, fatigue (14%,
16%), diarrhea (8%, 8–10%), pruritus (11%, 6–8%), rash (10%,
4–11%), arthralgia (9%, 5%), hypothyroidism (8%, 4–7%) and
pneumonitis (8%, 4–7%) were most common for any grade in
pembrolizumab (Garon et al., 2015; Herbst et al., 2016) and
nivolumab (Borghaei et al., 2015; Brahmer et al., 2015; Rizvi
et al., 2015), respectively. Therefore, the safety of anti-PD-1
antibodies were similar between the different cancers.

Many clinic trials reported fatigue as one of the AEs
with anti-PD-1 antibodies (Brahmer et al., 2015; Rizvi et al.,
2015). While, it was generally mild and not related to other
systemic symptoms. We reported the maculopapular rash was
most commonly. Additionally, rarer rashes including lichenoid

Frontiers in Pharmacology | www.frontiersin.org 5 May 2019 | Volume 10 | Article 387

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Utility of Anti-PD-1 Antibodies

T
A
B
L
E
2
|
T
h
e
in
c
id
e
n
c
e
o
f
a
d
ve
rs
e
e
ve
n
ts

in
a
ll
g
ra
d
e
o
r
g
ra
d
e
≥
3
.

A
n
y
g
ra
d
e

G
ra
d
e

≥
3

A
E
s

T
re
a
tm

e
n
t

In
c
lu
d
e
d

s
tu
d
y

E
v
e
n
t

To
ta
l

p
a
ti
e
n
ts

P
o
o
le
d
ra
te

(9
5
%

C
l)

M
o
d
e
l

P
-v
a
lu
e

In
c
lu
d
e
d

s
tu
d
y

E
v
e
n
t

To
ta
l

p
a
ti
e
n
ts

P
o
o
le
d
ra
te

(9
5
%

C
l)

M
o
d
e
l

P
-v
a
lu
e

G
E
N
E
R
A
L

F
a
tig

u
e

N
iv
o
lu
m
a
b

4
4
0

2
0
2

0
.2
0
1
8
[0
.1
5
1
4
;
0
.2
6
3
6
]

F
ix
e
d

0
.0
0
7

4
0

2
0
2

0
.0
1
2
1
[0
.0
0
3
0
;
0
.0
4
7
1
]

F
ix
e
d

0
.2
2
0
0

P
e
m
b
ro
liz
u
m
a
b

4
2
8

2
8
4

0
.1
0
2
4
[0
.0
7
1
5
;
0
.1
4
4
5
]

F
ix
e
d

3
3

2
5
3

0
.0
2
8
0
[0
.0
0
4
4
;
0
.1
5
9
5
]

R
a
n
d
o
m

O
ve
ra
ll

8
6
8

4
8
6

0
.1
4
9
1
[0
.1
0
2
7
;
0
.2
1
1
3
]

R
a
n
d
o
m

7
3

4
5
5

0
.0
2
4
5
[0
.0
1
1
3
;
0
.0
5
2
4
]

F
ix
e
d

P
yr
e
xi
a

N
iv
o
lu
m
a
b

3
1
6

1
2
2

0
.1
6
7
5
[0
.0
4
8
6
;
0
.4
4
2
2
]

R
a
n
d
o
m

0
.4
4
2

3
1

1
2
2

0
.0
3
6
7
[0
.0
1
0
5
;
0
.1
1
9
9
]

F
ix
e
d

0
.4
9

P
e
m
b
ro
liz
u
m
a
b

3
2
6

2
5
3

0
.1
0
3
0
[0
.0
7
1
1
;
0
.1
4
7
1
]

F
ix
e
d

3
2

2
5
3

0
.0
2
0
8
[0
.0
0
7
3
;
0
.0
5
7
9
]

F
ix
e
d

O
ve
ra
ll

6
4
2

3
7
5

0
.1
3
0
0
[0
.0
7
2
8
;
0
.2
2
1
3
]

R
a
n
d
o
m

6
3

3
7
5

0
.0
2
6
3
[0
.0
1
1
8
;
0
.0
5
7
5
]

F
ix
e
d

C
h
ill
s

P
e
m
b
ro
liz
u
m
a
b

3
9

2
6
6

0
.0
3
8
6
[0
.0
2
0
2
;
0
.0
7
2
7
]

F
ix
e
d

2
0

2
3
5

0
.0
0
6
7
[0
.0
0
0
9
;
0
.0
4
6
3
]

F
ix
e
d

A
st
h
e
n
ia

P
e
m
b
ro
liz
u
m
a
b

2
5

2
4
1

0
.0
2
8
8
[0
.0
0
6
4
;
0
.1
1
9
9
]

R
a
n
d
o
m

1
1

3
3

0
.0
3
0
3

R
E
S
P
IR

A
T
O
R
Y

P
n
e
u
m
o
n
iti
s

N
iv
o
lu
m
a
b

2
1
2

1
6
2

0
.0
6
2
9
[0
.0
1
2
9
;
0
.2
5
7
1
]

R
a
n
d
o
m

0
.8
5
9

2
5

1
6
2

0
.0
3
7
0
[0
.0
1
5
5
;
0
.0
8
6
0
]

F
ix
e
d

0
.8
5
3

P
e
m
b
ro
liz
u
m
a
b

2
4

4
9

0
.0
8
4
0
[0
.0
3
1
9
;
0
.2
0
3
7
]

F
ix
e
d

1
1

3
3

0
.0
3
0
3

O
ve
ra
ll

4
1
5

2
1
1

0
.0
9
4
2
[0
.0
5
7
4
;
0
.1
5
0
8
]

F
ix
e
d

3
6

1
9
5

0
.0
3
5
8
[0
.0
1
6
1
;
0
.0
7
7
5
]

F
ix
e
d

E
m
b
o
lis
m

N
iv
o
lu
m
a
b

2
1

1
6
2

0
.0
1
3
8
[0
.0
0
3
5
;
0
.0
5
3
5
]

F
ix
e
d

2
1

1
6
2

0
.0
1
3
8
[0
.0
0
3
5
;
0
.0
5
3
5
]

F
ix
e
d

C
o
u
g
h

N
iv
o
lu
m
a
b

1
2

2
3

0
.0
8
7
9

1
0

2
3

0

P
e
m
b
ro
liz
u
m
a
b

2
1
9

2
3
5

0
.1
2
9
7
[0
.0
2
3
6
;
0
.4
7
9
3
]

R
a
n
d
o
m

2
1

2
3
5

0
.0
0
9
1
[0
.0
0
2
3
;
0
.0
3
5
7
]

F
ix
e
d

O
ve
ra
ll

3
2
1

2
5
8

0
.1
1
5
6
[0
.0
3
4
6
;
0
.3
2
2
6
]

R
a
n
d
o
m

3
1

2
5
8

0
.0
1
0
7
[0
.0
0
3
1
;
0
.0
3
6
4
]

F
ix
e
d

U
p
p
e
r

re
sp

ira
to
ry

tr
a
c
t
in
fe
c
tio

n

N
iv
o
lu
m
a
b

2
5

9
7

0
.0
6
0
3
[0
.0
0
1
0
;
0
.8
0
3
8
]

R
a
n
d
o
m

2
0

9
7

0
.0
1
3
0
[0
.0
0
1
8
;
0
.0
8
7
1
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

1
1
3

2
1
0

0
.0
6
1
9

1
0

2
1
0

0

O
ve
ra
ll

3
1
8

3
0
7

0
.0
7
8
0
[0
.0
1
4
7
;
0
.3
2
4
3
]

R
a
n
d
o
m

3
0

3
0
7

0
.0
0
7
4
[0
.0
0
1
5
;
0
.0
3
5
8
]

F
ix
e
d

D
ys
p
n
e
a

N
iv
o
lu
m
a
b

1
3

8
0

0
.0
3
7
5

1
1

8
0

0
.0
1
2
5

P
e
m
b
ro
liz
u
m
a
b

3
1
7

2
6
6

0
.0
9
5
1
[0
.0
1
7
2
;
0
.3
8
7
3
]

R
a
n
d
o
m

2
6

2
3
5

0
.0
4
2
4
[0
.0
0
2
4
;
0
.4
5
2
4
]

R
a
n
d
o
m

O
ve
ra
ll

4
2
0

3
4
6

0
.0
7
6
4
[0
.0
2
0
2
;
0
.2
4
8
9
]

R
a
n
d
o
m

3
7

3
1
5

0
.0
2
9
8
[0
.0
0
3
6
;
0
.2
0
6
8
]

R
a
n
d
o
m

S
K
IN

R
a
sh

N
iv
o
lu
m
a
b

4
3
5

2
0
2

0
.1
9
2
7
[0
.1
1
4
6
;
0
.3
0
5
7
]

R
a
n
d
o
m

0
.0
0
8

4
5

2
0
2

0
.0
3
6
6
[0
.0
1
7
5
;
0
.0
7
4
9
]

F
ix
e
d

0
.6
5
1

P
e
m
b
ro
liz
u
m
a
b

2
1
8

2
3
5

0
.0
7
6
6
[0
.0
4
8
8
;
0
.1
1
8
3
]

F
ix
e
d

2
1

2
3
5

0
.0
1
4
5
[0
.0
0
0
6
;
0
.2
5
7
7
]

R
a
n
d
o
m

O
ve
ra
ll

6
5
3

4
3
7

0
.1
4
8
0
[0
.0
8
6
9
;
0
.2
4
0
8
]

R
a
n
d
o
m

6
6

4
3
7

0
.0
3
3
8
[0
.0
1
7
6
;
0
.0
6
3
9
]

F
ix
e
d

P
ru
rit
u
s

N
iv
o
lu
m
a
b

4
2
4

2
0
2

0
.1
4
0
3
[0
.0
7
0
7
;
0
.2
5
9
3
]

R
a
n
d
o
m

4
0

2
0
2

0
.0
1
2
1
[0
.0
0
3
0
;
0
.0
4
7
1
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

1
8

2
1
0

0
.0
3
8
1

1
0

2
1
0

0

O
ve
ra
ll

5
3
2

4
1
2

0
.1
0
8
1
[0
.0
5
0
9
;
0
.2
1
5
2
]

R
a
n
d
o
m

5
0

4
1
2

0
.0
0
8
7
[0
.0
0
2
5
;
0
.0
2
9
6
]

F
ix
e
d

G
A
S
T
R
O
IN

T
E
S
T
IN

A
L

D
e
c
re
a
se

d

a
p
p
e
tit
e

N
iv
o
lu
m
a
b

2
9

1
6
2

0
.0
5
3
2
[0
.0
1
6
0
;
0
.1
6
2
1
]

R
a
n
d
o
m

0
.6
4
5

2
0

1
6
2

0
.0
0
6
1
[0
.0
0
0
9
;
0
.0
4
2
0
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

2
4

4
9

0
.0
8
4
4
[0
.0
3
2
0
;
0
.2
0
4
5
]

F
ix
e
d

1
0

1
8

0

O
ve
ra
ll

4
1
3

2
1
1

0
.0
7
0
1
[0
.0
4
1
0
;
0
.1
1
7
2
]

F
ix
e
d

3
0

1
8
0

0
.0
0
9
9
[0
.0
0
2
0
;
0
.0
4
7
6
]

F
ix
e
d

(C
o
n
ti
n
u
e
d
)

Frontiers in Pharmacology | www.frontiersin.org 6 May 2019 | Volume 10 | Article 387

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Utility of Anti-PD-1 Antibodies

T
A
B
L
E
2
|
C
o
n
tin

u
e
d

A
n
y
g
ra
d
e

G
ra
d
e

≥
3

A
E
s

T
re
a
tm

e
n
t

In
c
lu
d
e
d

s
tu
d
y

E
v
e
n
t

To
ta
l

p
a
ti
e
n
ts

P
o
o
le
d
ra
te

(9
5
%

C
l)

M
o
d
e
l

P
-v
a
lu
e

In
c
lu
d
e
d

s
tu
d
y

E
v
e
n
t

To
ta
l

p
a
ti
e
n
ts

P
o
o
le
d
ra
te

(9
5
%

C
l)

M
o
d
e
l

P
-v
a
lu
e

D
ia
rr
h
e
a

N
iv
o
lu
m
a
b

4
1
9

2
0
2

0
.0
9
5
9
[0
.0
6
2
0
;
0
.1
4
5
5
]

F
ix
e
d

0
.9
7
1
0

4
0

2
0
2

0
.0
1
2
1
[0
.0
0
3
0
;
0
.0
4
7
1
]

F
ix
e
d

0
.8
5
3

P
e
m
b
ro
liz
u
m
a
b

4
2
6

2
8
4

0
.0
9
6
9
[0
.0
6
6
7
;
0
.1
3
8
7
]

F
ix
e
d

3
2

2
5
3

0
.0
1
4
2
[0
.0
0
5
0
;
0
.0
3
9
8
]

F
ix
e
d

O
ve
ra
ll

8
4
5

4
8
6

0
.0
9
6
5
[0
.0
7
2
7
;
0
.1
2
6
9
]

F
ix
e
d

7
2

4
5
5

0
.0
1
3
4
[0
.0
0
5
8
;
0
.0
3
0
6
]

F
ix
e
d

N
a
u
se

a
N
iv
o
lu
m
a
b

2
1
3

1
0
3

0
.1
2
6
2
[0
.0
7
4
7
;
0
.2
0
5
4
]

F
ix
e
d

0
.3
0
5

2
0

1
0
3

0
.0
1
1
3
[0
.0
0
1
6
;
0
.0
7
6
1
]

F
ix
e
d

0
.9
5
8

P
e
m
b
ro
liz
u
m
a
b

4
2
3

2
8
4

0
.1
0
6
9
[0
.0
5
4
7
;
0
.1
9
8
3
]

R
a
n
d
o
m

3
0

2
5
3

0
.0
1
0
6
[0
.0
0
2
1
;
0
.0
5
0
9
]

F
ix
e
d

O
ve
ra
ll

6
3
6

3
8
7

0
.1
0
1
6
[0
.0
7
4
1
;
0
.1
3
8
0
]

F
ix
e
d

5
0

3
5
6

0
.0
1
0
9
[0
.0
0
3
1
;
0
.0
3
6
9
]

F
ix
e
d

V
o
m
iti
n
g

N
iv
o
lu
m
a
b

1
6

8
0

0
.0
7
5
0

1
0

8
0

0

P
e
m
b
ro
liz
u
m
a
b

3
1
3

2
6
6

0
.0
5
3
3
[0
.0
3
1
1
;
0
.0
8
9
9
]

F
ix
e
d

2
0

2
3
5

0
.0
0
6
7
[0
.0
0
0
9
;
0
.0
4
6
3
]

F
ix
e
d

O
ve
ra
ll

4
1
9

3
4
6

0
.0
5
9
4
[0
.0
3
8
1
;
0
.0
9
1
3
]

F
ix
e
d

3
0

3
1
5

0
.0
0
6
5
[0
.0
0
1
3
;
0
.0
3
1
8
]

F
ix
e
d

C
o
n
st
ip
a
tio

n
N
iv
o
lu
m
a
b

2
7

9
7

0
.0
7
4
6
[0
.0
3
5
9
;
0
.1
4
8
4
]

F
ix
e
d

0
.1
3
4

2
0

9
7

0
.0
1
3
0
[0
.0
0
1
8
;
0
.0
8
7
1
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

2
8

2
4
1

0
.0
3
4
9
[0
.0
1
7
5
;
0
.0
6
8
3
]

F
ix
e
d

1
0

2
1
0

0

O
ve
ra
ll

4
1
5

3
3
8

0
.0
4
9
5
[0
.0
3
0
0
;
0
.0
8
0
7
]

F
ix
e
d

3
0

3
0
7

0
.0
0
7
4
[0
.0
0
1
5
;
0
.0
3
5
8
]

F
ix
e
d

S
to
m
a
tit
is

N
iv
o
lu
m
a
b

2
4

1
0
5

0
.0
4
5
6
[0
.0
1
7
1
;
0
.1
1
5
7
]

F
ix
e
d

2
2

1
0
5

0
.0
2
2
9
[0
.0
0
5
7
;
0
.0
8
7
3
]

F
ix
e
d

H
E
P
A
T
IC

L
ip
a
se

in
c
re
a
se

d

N
iv
o
lu
m
a
b

2
5

1
0
5

0
.0
5
1
4
[0
.0
2
1
5
;
0
.1
1
7
9
]

F
ix
e
d

4
1
8

4
2
8

0
.0
4
5
4
[0
.0
2
8
8
;
0
.0
7
1
0
]

F
ix
e
d

A
S
T

in
c
re
a
se

d

N
iv
o
lu
m
a
b

1
4

8
0

0
.0
5
0
0

1
2

8
0

0
.0
2
5
0

P
e
m
b
ro
liz
u
m
a
b

1
2

3
1

0
.0
6
4
5

1
1

3
1

0
.0
3
2
3

O
ve
ra
ll

2
6

1
1
1

0
.0
5
4
4
[0
.0
2
4
6
;
0
.1
1
5
9
]

F
ix
e
d

2
3

1
1
1

0
.0
2
7
2
[0
.0
0
8
8
;
0
.0
8
1
0
]

F
ix
e
d

A
LT

in
c
re
a
se

d
N
iv
o
lu
m
a
b

1
3

8
0

0
.0
3
7
5

2
9

3
2
3

0
.0
2
7
9
[0
.0
1
4
6
;
0
.0
5
2
8
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

1
2

3
1

0
.0
6
4
5

1
1

3
1

0
.0
3
2
3

O
ve
ra
ll

2
5

1
1
1

0
.0
4
6
5
[0
.0
1
9
5
;
0
.1
0
7
0
]

F
ix
e
d

3
1
0

3
5
4

0
.0
2
8
3
[0
.0
1
5
3
;
0
.0
5
1
8
]

F
ix
e
d

E
N
D
O
C
R
IN

E

H
yp

o
th
yr
o
id
is
m

N
iv
o
lu
m
a
b

2
7

4
0

0
.1
7
8
9
[0
.0
4
9
3
;
0
.4
7
8
0
]

R
a
n
d
o
m

0
.2
5
1

2
0

4
0

0
.0
2
4
1
[0
.0
0
3
4
;
0
.1
5
2
0
]

F
ix
e
d

0
.4
6
3

P
e
m
b
ro
liz
u
m
a
b

3
3
3

2
5
9

0
.1
2
7
9
[0
.0
9
2
4
;
0
.1
7
4
5
]

F
ix
e
d

2
1

2
2
8

0
.0
0
9
8
[0
.0
0
2
5
;
0
.0
3
8
5
]

F
ix
e
d

O
ve
ra
ll

5
4
0

2
9
9

0
.1
3
7
7
[0
.1
0
2
5
;
0
.1
8
2
6
]

F
ix
e
d

4
1

2
6
8

0
.0
1
3
2
[0
.0
0
4
3
;
0
.0
4
0
3
]

F
ix
e
d

N
E
U
R
A
L

H
e
a
d
a
c
h
e

N
iv
o
lu
m
a
b

2
6

9
7

0
.0
8
4
4
[0
.0
0
8
0
;
0
.5
1
2
6
]

R
a
n
d
o
m

2
0

9
7

0
.0
1
3
0
[0
.0
0
1
8
;
0
.0
8
7
1
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

1
1
3

2
1
0

0
.0
6
1
9

1
0

2
1
0

0

O
ve
ra
ll

3
1
9

3
0
7

0
.0
7
6
8
[0
.0
2
4
6
;
0
.2
1
5
5
]

R
a
n
d
o
m

3
0

3
0
7

0
.0
0
7
4
[0
.0
0
1
5
;
0
.0
3
5
8
]

F
ix
e
d

B
a
c
k
p
a
in

N
iv
o
lu
m
a
b

2
4

9
7

0
.0
5
4
4
[0
.0
1
1
3
;
0
.2
2
4
4
]

R
a
n
d
o
m

2
0

9
7

0
.0
1
3
0
[0
.0
0
1
8
;
0
.0
8
7
1
]

F
ix
e
d

0
.6
6
9

P
e
m
b
ro
liz
u
m
a
b

1
4

2
1
0

0
.0
1
9
0

2
1

2
4
1

0
.0
1
3
2
[0
.0
0
0
7
;
0
.2
0
2
2
]

R
a
n
d
o
m

O
ve
ra
ll

3
8

3
0
7

0
.0
3
5
8
[0
.0
1
1
9
;
0
.1
0
2
6
]

R
a
n
d
o
m

4
1

3
3
8

0
.0
1
8
4
[0
.0
0
5
9
;
0
.0
5
5
9
]

F
ix
e
d

M
ya
lg
ia

N
iv
o
lu
m
a
b

2
8

9
7

0
.0
8
3
8
[0
.0
4
2
4
;
0
.1
5
8
7
]

F
ix
e
d

2
0

9
7

0
.0
1
3
0
[0
.0
0
1
8
;
0
.0
8
7
1
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

1
5

2
1
0

0
.0
2
3
8

1
0

2
1
0

0

(C
o
n
ti
n
u
e
d
)

Frontiers in Pharmacology | www.frontiersin.org 7 May 2019 | Volume 10 | Article 387

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Utility of Anti-PD-1 Antibodies

T
A
B
L
E
2
|
C
o
n
tin

u
e
d

A
n
y
g
ra
d
e

G
ra
d
e

≥
3

A
E
s

T
re
a
tm

e
n
t

In
c
lu
d
e
d

s
tu
d
y

E
v
e
n
t

To
ta
l

p
a
ti
e
n
ts

P
o
o
le
d
ra
te

(9
5
%

C
l)

M
o
d
e
l

P
-v
a
lu
e

In
c
lu
d
e
d

s
tu
d
y

E
v
e
n
t

To
ta
l

p
a
ti
e
n
ts

P
o
o
le
d
ra
te

(9
5
%

C
l)

M
o
d
e
l

P
-v
a
lu
e

O
ve
ra
ll

3
1
3

3
0
7

0
.0
5
5
2
[0
.0
2
1
6
;
0
.1
3
4
3
]

R
a
n
d
o
m

3
0

3
0
7

0
.0
0
7
4
[0
.0
0
1
5
;
0
.0
3
5
8
]

F
ix
e
d

A
rt
h
ra
lg
ia

N
iv
o
lu
m
a
b

1
1
1

8
0

0
.1
3
7
5

1
0

8
0

0
.0
0
6
2

P
e
m
b
ro
liz
u
m
a
b

1
8

2
1
0

0
.0
3
8
1

1
1

2
1
0

0
.0
0
4
8

O
ve
ra
ll

2
1
9

2
9
0

0
.0
7
4
2
[0
.0
2
0
1
;
0
.2
3
8
8
]

R
a
n
d
o
m

2
1

2
9
0

0
.0
0
6
9
[0
.0
0
1
7
;
0
.0
2
7
0
]

F
ix
e
d

H
E
M
A
T
O
L
O
G
IC

A
n
e
m
ia

N
iv
o
lu
m
a
b

2
8

1
6
2

0
.0
5
0
7
[0
.0
2
5
6
;
0
.0
9
8
2
]

F
ix
e
d

0
.9
5
5

2
3

1
6
2

0
.0
3
3
1
[0
.0
1
2
4
;
0
.0
8
5
0
]

F
ix
e
d

0
.9
4
5

P
e
m
b
ro
liz
u
m
a
b

2
1
1

2
3
5

0
.0
5
7
9
[0
.0
0
0
5
;
0
.8
8
5
6
]

R
a
n
d
o
m

2
5

2
3
5

0
.0
2
9
6
[0
.0
0
0
3
;
0
.7
5
5
1
]

R
a
n
d
o
m

O
ve
ra
ll

3
1
6

3
1
7

0
.0
5
7
6
[0
.0
0
9
8
;
0
.2
7
4
1
]

R
a
n
d
o
m

3
8

3
1
7

0
.0
2
9
2
[0
.0
0
4
6
;
0
.1
6
3
1
]

R
a
n
d
o
m

N
e
u
tr
o
p
e
n
ia

N
iv
o
lu
m
a
b

2
1
0

1
6
2

0
.0
6
7
0
[0
.0
3
6
4
;
0
.1
2
0
3
]

F
ix
e
d

0
.6
4
9

3
1
2

4
0
5

0
.0
3
2
2
[0
.0
1
8
3
;
0
.0
5
5
8
]

F
ix
e
d

0
.2
4
3

P
e
m
b
ro
liz
u
m
a
b

3
1
4

2
5
3

0
.0
5
5
8
[0
.0
3
3
3
;
0
.0
9
2
1
]

F
ix
e
d

4
1
4

2
8
6

0
.0
6
8
5
[0
.0
2
1
6
;
0
.1
9
6
9
]

R
a
n
d
o
m

O
ve
ra
ll

5
2
4

4
1
5

0
.0
6
0
2
[0
.0
4
0
7
;
0
.0
8
8
3
]

F
ix
e
d

7
2
6

6
9
1

0
.0
4
7
9
[0
.0
2
3
4
;
0
.0
9
5
3
]

R
a
n
d
o
m

Ly
m
p
h
o
p
e
n
ia

N
iv
o
lu
m
a
b

3
8

1
8
5

0
.0
4
7
4
[0
.0
2
3
9
;
0
.0
9
2
1
]

F
ix
e
d

3
5

1
8
5

0
.0
2
7
6
[0
.0
1
1
5
;
0
.0
6
4
7
]

F
ix
e
d

P
la
te
le
t
c
o
u
n
t

d
e
c
re
a
se

d

N
iv
o
lu
m
a
b

2
5

1
0
3

0
.0
5
5
3
[0
.0
0
3
8
;
0
.4
7
6
6
]

R
a
n
d
o
m

2
0

1
0
3

0
.0
1
1
3
[0
.0
0
1
6
;
0
.0
7
6
1
]

F
ix
e
d

P
e
m
b
ro
liz
u
m
a
b

1
1
1

2
5

0
.4
4
0
0

1
5

2
5

0
.2
0
0
0

O
ve
ra
ll

3
1
6

1
2
8

0
.1
3
5
4
[0
.0
2
2
5
;
0
.5
1
5
9
]

R
a
n
d
o
m

3
5

1
2
8

0
.0
4
1
4
[0
.0
0
3
4
;
0
.3
5
3
0
]

R
a
n
d
o
m

L
e
u
ko

p
e
n
ia

N
iv
o
lu
m
a
b

2
6

1
6
2

0
.0
3
9
0
[0
.0
1
7
6
;
0
.0
8
4
1
]

F
ix
e
d

2
3

1
6
2

0
.0
3
3
1
[0
.0
1
2
4
;
0
.0
8
5
0
]

F
ix
e
d

B
o
ld
va
lu
e
s
in
d
ic
a
te
s
th
e
c
la
s
s
ifi
c
a
ti
o
n
o
f
th
e
a
d
ve
rs
e
e
ve
n
ts
.

Frontiers in Pharmacology | www.frontiersin.org 8 May 2019 | Volume 10 | Article 387

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Zhou et al. The Utility of Anti-PD-1 Antibodies

FIGURE 3 | The forest plot of pooled ORR (A), 6-month PFS rate (C), 6-month OS rate (D) in patients received nivolumab or pembrolizumab; the forest plot of pooled

ORR in patients with HL or NHL (B).

TABLE 3 | The scores of MINORS.

References 1 2 3 4 5 6 7 8 Total

Lesokhin et al. (2016) 2 2 2 2 0 2 2 0 12

Ansell et al. (2015) 2 2 2 2 0 2 2 0 12

Maruyama et al. (2017) 2 2 2 1 0 2 2 0 11

Younes et al. (2016) 2 2 2 2 0 2 2 0 12

Armand et al. (2018) 2 – – 2 – 2 – – 6

Armand et al. (2016) 2 2 2 2 0 2 2 0 12

Chen et al. (2017) 2 2 2 2 0 2 2 0 12

Ding et al. (2017) 2 2 2 1 0 2 2 0 11

Zinzani et al. (2018) 2 2 2 1 0 2 2 0 11

Zinzani P. L. et al.

(2017)

2 – – 2 – – – – 4

(Joseph et al., 2015), bullous pemphigoid (Carlos et al., 2015),
Stevens-Johnson syndrome, and toxic epidermal necrolysis
(Postow, 2015) were also described and may be life-threatening.
Immune-modulating medications like corticosteroids were
usually utilized to treat the rash. Pyrexia was described in
multiple immunotherapy, including cancer vaccines, adoptive T-
cell therapy, chimeric antigen receptor T cells, and antibodies
(Weber et al., 2015b). The cytokine release and nonspecific
activation of an immune response may cause this AEs
(Schwartz et al., 2002). Antipyretics such as acetaminophen or
nonsteroidal anti-inflammatory drugs may solve the problem.

Hypothyroidism was another common AEs, which can be
managed with thyroid hormone replacement. Pneumonitis was
common both in any grade and severe AEs. If pneumonitis
grade >1, infectious diseases physicians and pulmonologist
should exclude infectious etiologies, and oral or intravenous
corticosteroids may be needed. Diarrhea and nausea are most
commonly AEs in gastrointestinal disorders. Mild diarrhea can
be cured with diet and antidiarrheal medications including
atropine and oral diphenoxylate hydrochloride (Postow, 2015).
Worsening or persistent diarrhea for more than 3 days
should consider an infectious cause. Therefore, early detect
and properly manage these immune-related AEs are very
important. Additionally, the trails compared AEs of anti-PD-
1 and traditional therapy should be performed to find an
optimal treatment.

Arthritis, myositis, sicca syndrome, vasculitis were common
AEs for anti-PD-1 antibodies in the type of rheumatology. Several
studies suggested that patients with underlying autoimmunity,
including rheumatic diseases, can be effectively treated by
immune checkpoint inhibitors, but 1/3 of patients may occur
the outbreak of underlying diseases (Johnson et al., 2016; Maul
et al., 2016; Menzies et al., 2017). Therefore, rheumatologists and
oncologists were needed to care of such patients and to explore
the potential mechanisms of these complications (Calabrese and
Mariette, 2018).

Former study (Lee et al., 2016) found that nivolumab and
pembrolizumab combine with similar areas, but another study
(Tan et al., 2017) suggested that the two antibodies bind to
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completely different areas of PD-1. The pembrolizumab mainly
binds to the C’D loop of PD-1, while nivolumab primarily
binds to the N-loop, which is not involved in recognition
of PD-L1. We found no difference in ORR, PFS and OS.
However, the incidences of any grade AEs like fatigue and
rash were lower in pembrolizumab than nivolumab, consistent
with the previous study with lymphoma (Xu-Monette et al.,
2017) and with advanced melanoma (Spain et al., 2016). This
difference may because the different structures which the anti-
PD-1 agents bind to play a different role in downstream
cytokine signaling. Therefore, more randomized controlled trials
are needed to detect the difference of safety between two
agents, and further basic experiments are needed to explore the
potential mechanism.

Generally, the expression of PD-1 is usually elevated on
tumor-infiltrating T cells (TILs) in lymphomas, especially
observed in HL (Yamamoto et al., 2008; Muenst et al., 2009) than
in NHL (Ahearne et al., 2014; Kiyasu et al., 2015; Kwon et al.,
2016). Similarly, we showed that the ORR in patients with HL
was higher than NHL. It may suggest that the anti-tumor activity
is an association with PD-1 expression. Additionally, PD-L1/PD-
L2 expression often increased in cHL (97%) (Roemer et al.,
2016) and PMBCL (70%) (Green et al., 2010) because of copy-
number gain or amplification of 9p24.1.Meanwhile, Epstein-Barr
virus (EBV) infection also may lead PD-L1 overexpression in HL
(Kieser et al., 1997; Green et al., 2012; Ok et al., 2013). Therefore,
anti-PD-1 antibodies inhibited PD-L1/PD-L2 binding to PD-1,
increasing the anti-tumor activity of T cells in HL. We could not
evaluate the differences of PFS and OS between HL and NHL
due to the limitation of study number. However, some studies
showed that high expression of PD-1 on TILs was related to poor
prognosis (OS) (Muenst et al., 2009) and disease-specific survival

(Greaves et al., 2013). Therefore, more randomized controlled
trials are needed to detect the difference of efficacy between HL
and NHL.

Previous study (Georgieva et al., 2018) has demonstrated
that first-line pembrolizumab for non-small cell lung cancer
may be cost-effective in the US but not the UK, in spite of
very similar incremental cost-effectiveness ratios values in both
countries. Therefore, the cost must be considered to use anti-PD-
1 antibodies for patients.

Our study has several limitations. First, the study number was
limited, which may make the data skewed. Second, there were
only phase I/II studies without double-blinded RCT, which may
lead the potential performance bias. Third, the survival time and
PFS time didn’t present individually, so we can’t perform the
survival analysis.

In conclusion, this meta-analysis demonstrated that
nivolumab and pembrolizumab have potential effects of
ORR, 6-month OS rate and 6-month PFS rate, while the
AEs and drug-related deaths were tolerable in patients with
relapsed or refractory lymphoma. We also demonstrated that
pembrolizumab had a lower risk of AEs than nivolumab,
and patients with HL had a better ORR than NHL. Further
researches with these novel drugs are needed to compare
with traditional therapy for patients with relapsed or
refractory lymphoma.
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