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Abstract \\
Background: In recent years, a number of clinical trials for antibody drugs targeting programmed cell death protein 1 (PD1)/ |
programmed cell death 1 ligand 1 (PD-L1) have been carried out on recurrent or metastatic head and neck squamous cell carcinoma
(R/M SCCHN) and reported promising prospects. To further evaluate and understand the effects and risk of anti-PD1/PD-L1
monotherapy vs standard of care (SoC) in R/M SCCHN, we conducted this meta-analysis of published randomized controlled trials.

Method: The potential eligible trials were searched from Cochrane library and Pubmed and Embase databases. Randomized
controlled trials evaluating the effects and risk of anti-PD1/PD-L1 monotherapy vs SoC in platinum refractory R/M SCCHN were
selected. The outcomes, including objective response rate, disease control rate, progression-free survival, overall survival, and
treatment-related adverse events, were extracted and pooled.

Results: 1345 patients with R/M SCCHN from three randomized controlled trials were enrolled in this analysis. Compared with
SoC, anti-PD1/PD-L1 monotherapy could provide statistically significant overall survival benefit, hazard ratio (95% confidence interval
) =0.79 [0.70-0.90]. However, we observed no significant difference between 2 treatments in progression-free survival (hazard ratio
[95% confidence interval] = 0.96 [0.85-1.09]). Furthermore, anti-PD1/PD-L1 monotherapy caused less treatment-related adverse
events than standard of care.

Conclusion: Anti-PD1/PD-L1 monotherapy could indeed reduce the risk of death in R/M SCCHN patients, and provide higher
safety vs SoC. Expression level of PD-L1 may be a useful biomarker for selecting patients with better response to anti-PD1/PD-L1
monotherapy.

Abbreviations: Cl = confidence interval, DCR = disease control rate, HR = hazard ratio, ORR = objective response rate, OS =
overall survival, PD1 = programmed cell death protein 1, PD-L1 = programmed cell death 1 ligand 1, PFS = progression-free survival,
R/M SCCHN = recurrent or metastatic head and neck squamous cell carcinoma, RCTs = randomized controlled trials, trAEs =
treatment-related adverse events.
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1. Introduction

Head and neck carcinomas represent a class of biologically diverse
solid tumors, including tumors in larynx, oropharynx, oral cavity,
hypopharynx, and nasopharynx.»?! In the world, it is the sixth
most prevalent malignant tumor, with approximately 830,000
patients diagnosed annually.®! Squamous cell carcinoma con-
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stitutes 90% to 95% of all head and neck carcinomas.'! At present,
radiotherapy or surgery is effective for patients in early stage of
SCCHN. However, most diagnosed patients are at advanced stage.
Despite aggressive multidisciplinary treatments consisting of
surgery, radiation, and chemotherapy, more than half of these
patients have disease recurrence or suffer distant metastases within
three years of treatment.!>*! For these recurrent or metastatic
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patients, the first-line treatment had been the EXTREME regimen
(cetuximab and platinum-based chemotherapy plus 5-fluoroura-
cil), with limited efficacy and significant toxicity.!”>8!

After tumor progression, second-line treatment options were
generally limited to a single-agent chemotherapy or cetuximab,
and delivered limited survival benefits.!”! Therefore, there is an
urgent need for a novel therapy that can provide better options.
Immunotherapies have achieved great success in treating a variety
of tumors by regulating immune checkpoints in T cells, such as
cytotoxic T-lymphocyte protein 4 and programmed cell death
protein 1 (PD1)/programmed cell death 1 ligand 1 (PD-L1).['%-!"]
It has been confirmed that immune escape and abnormal immune
regulation play a key role in the occurrence and progression of
head and neck cancer.'?! Over recent years, more and more
clinical trials for antibody drugs targeting PD1/PD-L1 have been
carried out on recurrent or metastatic head and neck squamous
cell carcinoma (R/M SCCHN) and reported promising pros-
pects.!'37'7) Based on the findings of these trials, 2 anti-PD1
agents (pembrolizumab and nivolumab) obtained approval of the
US Food and Drug Administration for the therapy of platinum-
refractory R/M SCCHN in 2016.°! Furthermore, several
completed and ongoing phase III randomized controlled trials
(RCTs) have provided new data. Here, we conducted this meta-
analysis of RCTs to evaluate the efficacy and risk of anti-PD1/PD-
L1 therapy in R/M SCCHN patients.
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2. Methods

This meta-analysis was based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) State-
ment."® The data used in this study were based on the published
clinical researches, no ethical approval and patient consent are
required.

2.1. Literature search

The relevant literatures published before May 30, 2020 were
retrieved from the following databases: Cochrane Library,
EMBASE, and PubMed. The main keywords used were: avelumab,
atezolizumab, durvalumab, pembrolizumab, nivolumab, cemipli-
mab, checkpoint inhibitors, PD-L1, PD1, cancer, carcinoma, head
and neck neoplasms, head and neck, tumor. The search strategy is
combined with [MeSH Terms] and [Text Word]. We also did a
manual search, using the reference lists of identified studies, to
include other potentially eligible literatures.

2.2. Inclusion criteria
Literatures were selected according to the following criteria:

1. the literature was about a randomized controlled trial on
SCCHN patients who had recurrence or progression after a
treatment containing platinum;

Records identified through
database searching=1259

Additional records identified
through other sources=3

!

Records after duplicates remaoved=1183 ’
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Figure 1. Flow diagram of study search and selection.
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Characteristics of included trials.

Median 0S (mo)

Trial Year Study design Arms and interventions N Total PD-L1* PD-L1~ 12- month 0S rate Median PFS
CheckMate141 2018 A phase Ill randomized, Nivolumab: 240 75 TC>1%:82 TC<1%: 6.5 36.0% 2.0 mo
(XXXXX) open-label, multi-center trial 3 mg/kg Q2W
Standard of Care: 121 51 TC=1%: 4.7  TC<1%: 5.5 16.6% 2.3 mo
Investigator’s choice
of methotrexate,
docetaxel, or cetuximab
KEYNOTE-040 2019 A phase Ill randomized, Pembrolizumab: 247 84 CPS>1: 8.7 CPS<1: 6.3 37.0% 2.1 mo
(XXXXX) open-label, multi-center trial 200mg Q3W TC=50%: 11.6 TC<50%: 6.5
Standard of care: 248 6.9 CPS>1: 7.1 CPS<1: 7.0 26.5% 2.3 mo
Investigator’s choice of TC>50%: 6.6 TC<50%: 7.1
methotrexate, docetaxel,
or cetuximab
EAGLE 2020 A phase Ill randomized, Durvalumab: 240 76 TC=25%: 9.8 TC<25%: 7.6 37.0% 2.1 mo
(XXXXX) open-label, multi-center trial 10 mg/kg Q2W
Standard of Care: 249 83 TC>25%: 9.0 TC<25%: 8.0 30.5% 3.7mo

Investigator’s choice of

cetuximab, taxane, methotrexate,

or fluoropyrimidine

N=number of patients, mo=months, 0S=overall survival, PFS =progression-free survival, TC=tumour cell proportion score, CPS=combined positive score.

2. the experimental group received anti-PD1/PD-L1 monotherapy;

3. the control group received SoC therapy (single-agent chemo-
therapy or cetuximab);

4. outcomes data, such as overall survival (OS), progression-free
survival (PFS), treatment-related adverse events (trAEs),

should be included.
Literatures should be excluded if they are:

1. conference abstracts, reviews, letters, case reports, trial
protocols, or comments;
2. studies in which necessary data could not be extracted.

If there are literatures reporting on the same clinical trial, the
literature that provide more and newer data will be selected.

2.3. Data extraction

Two authors (ZP, WYW) independently reviewed the selected
literatures and extracted data as needed. Any disagreements
were settled by discussion or consensus with another author
(LX). The following data from each selected study were
extracted: the trial name, publication year, patients number,
PD-L1 status, antibody drug used, and multiple outcomes.
Hazard ratio with 95% confidence interval (CI) was extracted
for the statistical analysis of PFS and OS. Number of patients
with certain events, such as complete response, partial
response, stable disease, and adverse reactions, were also
extracted for the evaluation of objective response rate (ORR),
disease control rate (DCR), and trAEs.

Random sequence generation (selection bias)
Allocation concealment (selection bias) _
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrfon bias) NN
Selective reporting (reporting bias) _
otrerias [N

—
S| |

0% 25% 50% 75%  100%

. Low risk of bias

D Unclear risk of bias

B High risk of bias

Figure 2. Quality evaluation of the included trials.
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2.4. Quality assessment

Two authors (ZP, WYW) independently assessed the methodologi-
cal quality of selected literatures using the Cochrane Collaboration’s
tool.!"! Disagreements were also settled down by discussion among
authors or consensus with a third investigator (LX).

2.5. Statistical analysis

We performed the meta-analysis for the extracted data using
Review Manager software (RevMan version 5.3) provided by the
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Cochrane Collaboration. Time to event data OS and PFS were
pooled as hazard ratio (HR) with 95% CI. DCR, ORR, and
trAEs data were pooled as risk ratio (RR) with 95% CI. The
Cochran Q test and I? test were used to assess heterogeneity
between studies. We used a random-effects model for meta-
analysis when the heterogeneity test is statistically significant (I*
>50%, P < .1). Otherwise, a fixed-effect model was used. P <.05
is thought to have statistical significance for all outcomes data.
Stata software (version 14.0) was used to assess the publication
bias of the analysis results.

Overall survival

Study or Sut logrH | Ratio] SE_Weight V. Fixed. 95% Cl

CheckMate 141 2018 -0.38566 0.118715 27.8%

EAGLE 2020 -0.12783 0.103435 36.6%
KEYNOTE-040 2019 -0.22314 0.10474 35.7%
Total (95% CI) 100.0%
Heterogeneity: Chi? = 2,70, df = 2 (P = 0.26); I* = 26%
ATest for overall effect: Z = 3.73 (P = 0.0002)
Progression-free survival

Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI

CheckMate 141 2018
EAGLE 2020
KEYNOTE-040 2019

-0.11653 0.122166 25.0%
0.019803 0.101402 36.2%
-0.04082 0.097995 38.8%

Total (95% CI) 100.0%
Heterogeneity: Chi? = 0.74, df = 2 (P = 0.69); I’ = 0%

Test for overall effect: Z = 0.62 (P = 0.54)

Objective response rate

Hazard Ratio Hazard Ratio

IV, Fi

0.68 [0.54, 0.86] e
0.88 [0.72, 1.08]
0.80 [0.65, 0.98] ]
0.79 [0.70, 0.90] <>
05 07 1 15 2
Favours [PD-1/PD-L1] Favours [SoC]
Hazard Ratio Hazard Ratio

IV, Fi

0.89 [0.70, 1.13]
1.02[0.84, 1.24]
0.96 [0.79, 1.16]

0.96 [0.85, 1.09]
05 0.7 1 15
Favours [PD-1/PD-L1] Favours [SoC]

2

Anti-PD-1/PD-L1 therapy  Standard of care Risk Ratio Risk Ratio
—Study or Subgroup Events T -H. Fi o
1.3.1PD1
CheckMate 141 2018 32 240 T 121 12.2% 2.30[1.05, 5.07] A e
KEYNOTE-040 2019 36 247 25 248 32.6% 1.45[0.90, 2.33] T e
Subtotal (95% Cl) 487 369 44.8% 1.68 [1.11, 2.53] e
Total events 68 32
Heterogeneity: Chi = 1.00, df = 1 (P = 0.32); I = 0%
Test for overall effect: Z = 2.48 (P = 0.01)
1.3.2PD-L1
EAGLE 2020 43 240 43 249 552% 1.04 [0.71, 1.52] t
Subtotal (95% Cl) 240 249 552%  1.04[0.71,1.52]
Total events 43 43
Heterogeneity: Not applicable
Test for overall effect: Z=0.19 (P = 0.85)
Total (95% CI) 727 618 100.0% 1.32 [1.00, 1.75] o
Total events 1M 75
¢etezgeneityl:l C;il = :;55a d;8=(l2= (P0=005. Jﬂr); I = 44% s o 1 : 4
est for overall effect: Z = 1. =0. 2
Test for subaroun differences: Chi* = 2.83. df = 1 (P = 0.09). I* = 64.6% PRI TR
Disease control rate
Anti-PD-1/PD-L1 therapy Standard of care Risk Ratio Risk Ratio

_Study or Subgroup Events I
CheckMate 141 2018 87 240 50 121 23.1% 0.88 [0.67, 1.15] 2018
KEYNOTE-040 2019 92 247 90 248 31.2% 1.03 [0.81, 1.29] 2019
EAGLE 2020 99 240 134 249 457% 0.77 [0.63, 0.93] 2020
Total (95% CI) 727 618 100.0% 0.87 [0.77, 0.99]
Total events 278 274

Heterogeneity: Chi* = 3.69, df = 2 (P = 0.16); I* = 46%
Test for overall effect: Z = 2.06 (P = 0.04)

05 07 1 15 2
Favours [SoC] Favours [PD-1/PD-L1]

Figure 3. Forest plots of efficacy outcomes comparison: anti-PD1/PD-L1 monotherapy versus standard of care. Outcomes assessed are (A) Overall survival, (B)
Progression-free survival, (C) Objective response rate, (D) Disease control rate.
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Any grade trAEs
Anti-PD-1/PD-L1 therapy Standard of care
—Study or Subgroup Events To
CheckMate 141 2018 146 236 88 111 23.2%
KEYNOTE-040 2019 155 246 196 234 38.9%
EAGLE 2020 136 237 197 240 37.9%
Total (95% CI) 719 585 100.0%
Total events 437 481

Heterogeneity: Chi = 1.46, df = 2 (P = 0.48); I? = 0%
Test for overall effect: Z = 8.32 (P < 0.00001)

Grade 3-4 trAEs

Anti-PD-1/PD-L1 therapy Standard of care

—Study or Subgroup Events T
CheckMate 141 2018 36 236 41 111 281%
KEYNOTE-040 2019 29 246 83 234 429%
EAGLE 2020 24 237 58 240 29.0%
Total (95% Cl) 719 585 100.0%
Total events 89 182

Heterogeneity: Chi? = 0.84, df = 2 (P = 0.66); I = 0%
Test for overall effect: Z = 8.13 (P < 0.00001)

Risk Ratio Risk Ratio

0,

0.78 [0.68, 0.80] 2018

0.75[0.67, 0.84] 2019 ——
0.70[0.62,0.79] 2020 —a—
0.74 [0.69, 0.79] >
05 07 1 15 2

Favours [PD-1/PD-L1] Favours [SoC]

Risk Ratio Risk Ratio

0.41[0.28, 0.61] 2018

0.33[0.23,0.49] 2019 —W—
0.42 [0.27, 0.65] 2020 —
0.38 [0.30, 0.48] -
0.2 05 1 2 5

Favours [PD-1/PD-L1] Favours [SoC]

Figure 4. Forest plots of trAEs comparison: anti-PD1/PD-L1 monotherapy versus SoC. (A) Any grade trAEs, (B) Grade 3-4 trAEs.

3. Results

3.1. Search results

We identified 1262 literatures, of which three RCT studies (with
data for 1345 participants) were selected according to the
inclusion criteria for this analysis (Figure 1).129-221 All trials
included SCCHN patients who had recurrence or progression
after a treatment containing platinum. The antibody drugs used
in the experimental arm of these RCT studies included one PD-L1
inhibitor and 2 PD1 inhibitors. The control arm in three RCT
studies was the same, receiving a SoC therapy (single-agent
chemotherapy or cetuximab). The characteristics of the 3 selected
trials were presented in Table 1. The quality evaluation result of
the included trials was shown in Figure 2. The result indicated
that the included trials were with high quality.

3.2. Efficacy data

Pooled analysis of all three RCTs indicated that anti-PD1/PD-L1
monotherapy led to an improvement in OS vs SoC with statistical
significance (HR [95% CI] = 0.79 [0.70-0.90]). Due to the low
heterogeneity (I =26%), we used a fixed-effect model. The result
was shown in Figure 3A. There were no publication bias on Egger
test (P=.204) and Begg test (P=.296) in this analysis. However,
the pooled analysis of PFS showed no statistical difference
between 2 arms (HR [95% CI] = 0.96 [0.85-1.09]; Fig. 3 B).

Pooled analysis of ORR showed a risk ratio (RR) of 1.32 (95%
CL: 1.00-1.75; Fig. 3C), which suggested a better effect of anti-
PD1/PD-L1 therapy, but without statistical significance. ORR
subgroup analysis showed that patients seems benefit more from
anti-PD1 monotherapy (RR [95%CI| = 1.68 [1.11-2.53]) than
from anti-PD-L1 monotherapy (RR [95%CI] = 1.04 [0.71-
1.52]). Pooled analysis for DCR showed a risk ratio of 0.87 (95%
CI=0.77-0.99; Fig. 3D), which suggested a better response to
standard of care therapy with statistical significance.

3.3. Safety data

The safety of the treatments was evaluated by the incidence of
trAEs of any grade and grade 3 to 4. The pooled analysis showed

a risk ratio of 0.74 (95%CI = 0.69-0.79; Fig. 4A) for any grade
trAEs and 0.38 (95%CI = 0.30-0.48; Fig. 4B) for grade 3 to 4
trAEs, which suggested a higher safety of anti-PD1/PD-L1
monotherapy.

4. Discussion

Over the last decade, SCCHN patients who recurred or
metastasized after platinum chemotherapy have limited effective
therapy options and a poor prognosis. The advent of the era of
immune checkpoint therapy brings new hope for the therapy of
R/M SCCHN, which is characterized as immunosuppression and
high tumor mutation burden. The PD1 and its ligand PD-L1 axis
is a key immune checkpoint inhibiting the excessive activation of
T cells and can be targeted to reactivate anti-tumor immune
response of T cells.[*3! Recent years, there are more and more
clinical researches of PD1/PD-L1 antibodies on R/M SCCHN. In
a previously published meta-analysis, only 2 RCT studies on PD1
inhibitors were included.”*! In addition, for time-to-event
outcomes OS and PFS, that study used odds ratio as effect
measures, which is commonly used in case-control studies,
resulting in an unreliable estimate and wrong interpretation.
Recently, the results of randomized controlled trial EAGLE
have just been published, evaluating PD-L1 inhibitor durvalumab
in patients with R/M SCCHN. Here, we conducted an updated
meta-analysis of RCTs including EAGLE to further understand
the effects and risk of anti-PD1/PD-L1 monotherapy vs SoC in R/
M SCCHN. The standard of care means the investigator’s choice
of a single-agent, standard doses of cetuximab, docetaxel,
paclitaxel, or methotrexate. Our results show that, compared
with SoC, anti-PD1/PD-L1 therapies offer a great improvement
on OS, with a 21% lower risk of death. But the progression-free
survival (PFS) is quite similar in 2 groups, probably because some
patients might not benefit from anti-PD1/PD-L1 monotherapy. In
KEYNOTE 040, the PFS and OS were longer with anti-PD1
agent (pembrolizumab) in patients with a PD-L1 tumor
proportion score (TPS; the percentage of tumor cells with
membranous PD-L1 staining) of 50% or higher (Table 1).
Similarly, in CheckMate141, patients with a PD-L1 tumor cell
(TC) expression level of 1% or higher were associated with
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prolongation of OS compared to SoC. In EAGLE, the OS was
also improved in PD-L1 positive (TC > 25%) patients compared
to SoC. In a word, PD-L1 expression status may be a predictive
biomarker for the efficacy of anti-PD1/PD-L1 monotherapy in R/
M SCCHN patients. Because of different testing method and
score criteria for PD-L1 expression status, we did not conduct a
sub-group meta-analysis on OS for the included 3 RCTs.

Furthermore, the results of sub-group meta-analysis on ORR
showed that patients seem to benefit more from anti-PD1 therapy
than from anti-PD-L1 therapy. Compared with SoC, anti-PD1
therapy has a 68 % higher of ORR, yet anti-PD-L1 therapy has no
difference.

SoC has a 13% higher of disease control rate vs anti-PD1/PD-
L1 monotherapy. However, the 12-month OS rate is higher for
anti-PD1/PD-L1 monotherapy compared with SoC in the
included three studies (Table 1). Regarding safety, trAEs of
any grade occurred in 60.8% in the anti-PD1/PD-L1 arm, 82.2%
in the SoC arm. Grade 3 to 4 trAEs occurred in 12.9% patients
receiving anti-PD1/PD-L1 monotherapy, 31.5% patients receiv-
ing SoC.

A limitation of this analysis is that only 3 RCTs are included in
this study. Second, the included three RCTs are of open-label
design and supported by pharmaceutical industry funding. Third,
only 1 anti-PD-L1 therapy is included.

On the whole, these data lend support to anti-PD1/PD-L1
monotherapy as a better clinical choice compared with SoC for R/
M SCCHN patients, who experienced tumor progression after
platinum-based therapy. The expression status of PD-L1 may be
a biomarker in patients’ selection for better response to anti-PD1/
PD-L1 agents. Unified evaluation criteria for PD-L1 expression
status are needed in further clinical trials.
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