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ABSTRACT

Background The addition of cetuximab significantly
increased the antitumor effect of programmed cell death
protein 1 (PD-1) inhibitors in recurrent or metastatic head
and neck squamous cell carcinoma (HNSCC). However,
preliminary analyses suggested that human papillomavirus
(HPV)-positive disease benefited less than HPV-negative
disease. Therefore, we conducted a meta-analysis to
assess whether the efficacy of the combination therapy
varied according to HPV status in HNSCC.

Methods We identified clinical trials of patients with
recurrent or metastatic HNSCC who received PD-1
inhibitor monotherapy or the combination therapy of
cetuximab plus a PD-1 inhibitor. The participants were
divided into four groups based on the type of therapy
(combination vs monotherapy) and HPV status (positive vs
negative). We focused on three comparisons (monotherapy
vs combination therapy by HPV status and HPV-positive vs
HPV-negative disease in combination therapy). The primary
and secondary endpoints were objective response rate
(ORR) and 1-year overall survival (0S) rate, respectively.
The ORR and 1-year OS rate were pooled using random-
effects models for each group and were compared for the
different comparisons.

Results Overall, 802 patients from seven trials were
eligible for the ORR assessment; of which, 684 patients
received PD-1 inhibitor monotherapy and 118 patients
underwent the combination therapy. Compared with

PD-1 inhibitor monotherapy, the addition of cetuximab
improved the ORR in HPV-negative disease (pooled ORR

in monotherapy vs combination therapy: 15% vs 46%,
p<0.001) but not in HPV-positive disease (17% vs 18%,
p=0.686). The efficacy of adding cetuximab was consistent
for the 1-year OS rate in HPV-negative disease (pooled
1-year OS rate in monotherapy vs combination therapy:
36% vs 59%, p<0.001) and in HPV-positive disease

(40% vs 55%, p=0.252). After the combination therapy,
HPV-positive disease had a significantly lower ORR than
HPV-negative disease (odds ratio: 0.29, p=0.004), but no
differences were shown in the 1-year OS rate.
Conclusions Our meta-analysis suggests that the
addition of cetuximab to a PD-1 inhibitor is more effective
compared with PD-1 inhibitor monotherapy only in patients
with HPV-negative HNSCC. Despite the retrospective
nature of this meta-analysis, these findings should help in
designing relevant clinical trials rationally.
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BACKGROUND

Head and neck squamous cell carcinomas
(HNSCCGs) are two etiologically distinct types
of human papillomavirus (HPV)-negative
and HPV-positive disease, respectively. The
HPV-positive tumor occurs primarily in the
oropharynx. The HPV status is tested using
HPV gene detection (eg, in situ hybridiza-
tion or PCR assay) or, more frequently, using
pl6 (a surrogate biomarker) immunohisto-
chemistry. Programmed cell death protein 1
(PD-1) inhibitors (eg, pembrolizumab and
nivolumab) and epidermal growth factor
receptor (EGFR) inhibitors (eg, cetuximab)
are US Food and Drug Administration (US
FDA) approved agents for recurrent or meta-
static HNSCC, irrespective of HPV status.
Monotherapy of these agents is associated
with modest response rates (pembrolizumab:
16%-18%,'™ nivolumab: 13%.° ® and cetux-
imab: 6%-13%").

Cetuximab prevents EGFR signal trans-
duction leading to the promotion of antigen
presentation and the increase of immuno-
therapy efficacy in preclinical models.® There-
fore, prior exposure to or combination with
cetuximab may impact the efficacy of PD-1
inhibitors. In a post hoc analysis of the phase
3 CheckMate 141 trial of nivolumab versus
single agent chemotherapy in recurrent or
metastatic HNSCC post-platinum therapy,
the overall survival (OS) benefit of nivolumab
appeared lower in patients with prior cetux-
imab exposure than in those without prior
cetuximab exposure.” Afterwards, the combi-
nation therapy of cetuximab with a PD-1 inhib-
itor was tested in two clinical trials in patients
with recurrent or metastatic HNSCC, with
both demonstrating a markedly improved
antitumor effect.'” "' Post hoc analyses of the
two trials showed that HPV-negative disease
was associated with a more favorable response
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rate relative to HPV-positive disease.'” ! However, neither
had been adequately powered nor designed to reveal the
difference in the response rates by HPV status. We identi-
fied all related clinical trials and assessed whether the effi-
cacy of the combination therapy was increased compared
with PD-1 inhibitor monotherapy by HPV status and
whether the efficacy of the combination therapy varied by
HPYV status for HNSCC.

METHODS

Study selection and data extraction

We searched PubMed, Web of Science, Embase, Clinical-
Trials.gov, and Chinese databases (Database for Chinese
Technical Periodicals, Wan Fang, and China National
Knowledge Infrastructure) on April 1, 2022, for clinical
trials of PD-1 inhibitor monotherapy or of the combi-
nation therapy of cetuximab plus a PD-1 inhibitor.
The search criteria included key terms “MK-3475” OR
“pembrolizumab” OR “Keytruda” OR “BMS-936558” OR
“nivolumab” OR “Opdivo” AND “recurrent” OR “meta-
static” AND “head and neck squamous cell carcinoma”
OR “HNSCC” OR “SCCHN”. To identify trials for the
combination therapy, the following keywords “cetux-
imab” OR “Erbitux” were added to the above search
terms. No limits were applied to the search for language
or date. In addition, we manually searched the references
of the retrieved review and primary articles for complete
coverage. If a trial was reported by several publications,
we included the most recent results.

Clinical trials eligible for inclusion met the following
criteria: (1) squamous cell carcinoma originating from
the oral cavity, oropharynx, larynx, or hypopharynx; (2)
the treatment regimen was PD-1 inhibitor monotherapy
or the combination of cetuximab plus a PD-1 inhibitor,
and the PD-1 inhibitor must be US FDA approved for
HNSCC (pembrolizumab or nivolumab); and (3) the
study provided objective response rate (ORR) according
to HPV or p16 status or reported information to calculate
these measures.

Two authors independently conducted the literature
search, study selection, and data extraction. Discrepancies
were resolved by reaching a consensus among the authors,
with an additional reference to a third reviewer whenever
necessary. The trial name; phase; the PD-1 inhibitor used;
the number of patients; clinical endpoint; inclusion crite-
rion; prior therapy; HPV status; the number of patients
with complete response, partial response, stable disease,
and progressive disease; time for assessment of response;
criteria for the assessment of reported response; duration
of follow-up; and 1-year OS rate were obtained from each
study that was included.

Statistical analysis

The primary endpoint was ORR, including the complete
and partial response. The secondary endpoint was the
l-year OS rate. Patients were categorized into four groups
by both therapy (combination vs monotherapy) and

HPV status (positive vs negative). We conducted three
different comparisons including monotherapy vs combi-
nation therapy stratified by HPV status and HPV-positive
versus HPV-negative disease in the combination therapy.
Exact binomial distribution was used to compute the 95%
CIs of the ORR for the groups in every trial included in
the study. The ORR and I-year OS rate for each group
were combined using a random-effects model (the DerSi-
monian and Laird method), separately. A forest plot was
constructed, including the overall effect, Cochran’s Q
test, and I” statistics. The Cochran’s Q test and I? statistics
were used to determine heterogeneity across the included
trials, and I? values of 25%, 50%, and 75% were consid-
ered to indicate low, moderate, and high inconsistencies,
respectively. The Cochran-Mantel-Haenszel test, stratified
by the PD-1 inhibitor, was used to compare ORRs between
the different comparisons. The results were presented as
odds ratios (ORs) with the corresponding 95% Cls. The
Breslow-Day test was conducted to assess the homoge-
neity among the trials. The test of interaction proposed
by Altman and Bland'? was used to compare the 1-year OS
rate between the different comparisons. The results were
presented as the ratio of the l-year OS rate with its corre-
sponding 95% Cls. Statistical analyses were performed
using the STATA V.14.0 program (Stata Corporation).
Statistical significance was defined as a two-sided p value
<0.05.

RESULTS

Seven trials were identified, including 978 patients after
PD-1 inhibitor monotherapy or PD-1 inhibitor plus cetux-
imab combined therapy (trial selection process shown
in figure 1).'? %1911 The study characteristics are
described in table 1. The primary endpoint was the ORR
in two phase 1b and two phase 2 trials,”* ' * 1-year OS
rate in one phase 2 trial (two cohorts),'" and OS in two
phase 3 trials.' ® HPV status was mostly assessed by p16
immunohistochemistry in all the trials.

Of the 978 patients included in this meta-analysis, 802
(82%) patients were eligible for tumor response assess-
ment. Five trials with 684 patients (206 p16-positive and
478 pl6-negative) investigated PD-1 inhibitor mono-
therapy. Two trials (three cohorts) with 118 patients (51
pl6-positive and 67 pl6-negative) investigated the combi-
nation therapy, including 29 (24.6%) patients with prior
exposure to either checkpoint inhibitor or cetuximab.
The pooled ORR after PD-1 inhibitor monotherapy was
17% (95% CI 11% to 23%) and 15% (95% CI 12% to
18%) in patients with pl6-positive and pl6-negative
disease, respectively. The pooled ORR after the combi-
nation therapy was 18% (95% CI 5% to 30%) and 46%
(95% CI 34% to 58%) in patients with pl6-positive and
pl6-negative disease, respectively (figure 2). Low and
moderate heterogeneity was observed in the meta-analysis
of the monotherapy and the combination therapy in
pl6-positive disease, respectively. There was a significant
difference in the pooled ORR between PD-1 inhibitor
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Figure 1

Flow chart showing trial selection procedure. Note: no eligible trial was identified in Chinese biomedical databases.

EGFR, epidermal growth factor receptor; HPV, human papillomavirus; ORR, objective response rate; PD-1, programmed cell

death protein 1.

monotherapy and the combination therapy in patients
with pl6-negative disease (OR: 5.45, 95% CI 2.79 to 10.64,
p<0.001, table 2), whereas no differences were detected
in patients with p16-positive disease (1.19, 95% CI 0.51 to
2.74, p=0.686). After the combination therapy, patients
with pl6-positive disease had a significantly lower ORR
compared with that of patients with pl6-negative disease
(0.29,95% CI0.13 to 0.68, p=0.004). The Breslow-Day test
detected no heterogeneity.

Six trials with 712 patients were eligible for the survival
analysis. Four trials with 591 patients (182 pl6-positive
and 409 pl6-negative) investigated PD-1 inhibitor mono-
therapy. Two trials with 121 patients (52 p16-positive and
69 pl6-negative) investigated the combination therapy.
The pooled l-year OS rate after PD-1 inhibitor mono-
therapy was 40% (95% CI 32% to 49%) and 36% (95%
CI 32% to 41%) in the pl6-positive and pl6-negative
cohorts, respectively. The pooled l-year OS rate after the
combination therapy was 55% (95% CI 30% to 81%) and

59% (95% CI 47% to 71%) in the pl6-positive and p16-
negative cohorts, respectively (figure 2). Moderate and
high heterogeneity was observed in the meta-analysis of
the monotherapy and the combination therapy in pl6-
positive disease, respectively. There was a significant differ-
ence in the pooled l-year OS rate between PD-1 inhibitor
monotherapy and the combination therapy in the pl6-
negative cohort (ratio of 1-year OS rate: 1.62, 95% CI 1.26
to 2.07, p<0.001, table 2), whereas no differences were
detected in the pl6-positive cohort (1.37, 95% CI 0.80 to
2.36, p=0.252). After the combination therapy, the 1-year
OS rate was not different between the pl6-positive and
pl6-negative cohorts (0.95,95% CI 0.55 to 1.62, p=0.850).

DISCUSSION

To the best of our knowledge, this is the first meta-
analysis to evaluate the effectiveness of combining cetux-
imab, an EGFR inhibitor, with a PD-1 inhibitor based on
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tumor HPV status in patients with recurrent or metastatic
HNSCC. The combination therapy was shown to be signifi-
cantly better in terms of ORR and l-year OS rate than
the PD-1 inhibitor monotherapy in HPV-negative disease.
However, the addition of cetuximab improved neither
ORR nor l-year OS rate compared with PD-1 inhibitor
monotherapy in patients with HPV-positive recurrent or
metastatic HNSCC.

Our results raise an important question of whether
tumor HPV status is a potential predictor of cetuximab
plus a PD-1 inhibitor in recurrent or metastatic HNSCC.
To the best of our knowledge, EGFR inhibitor mono-
therapy, either cetuximab or afatinib, appears to be less
active in HPV-positive than in HPV-negative disease in
all clinical trials of subsequentline recurrent or meta-
static HNSCC.” *'® On the contrary, the combination of
cetuximab with radiotherapy in the curative setting (the
IMCL-9815 trial) or with chemotherapy in the palliative
setting (the EXTREME trial (a randomized phase 3 trial
comparing platinum/5-FU alone versus combined with
cetuximab as first-line treatment in recurrent or meta-
static HNSCC)) shows a significant OS benefit regardless
of the HPV status.'” '® Nevertheless, in the phase $ SPEC-
TRUMtrial that compared the same chemotherapy as the
EXTREME trial versus combined with panitumumab as
first-line treatment in recurrent or metastatic HNSCC,
the significant OS improvement was shown only in the
pl6-negative cohort but not in the pl6-positive cohort or
the overall population.'” Due to this controversy, tumor
HPV status should be an important consideration in the
design of future trials of cetuximab combined therapy in
recurrent or metastatic HNSCC.

Two methodological issues of the present study are
worth noting. (1) Trials of afatinib plus PD-1 inhibition
for HNSCC was ineligible for this meta-analysis, because
afatinib has not been approved by US FDA. Although
afatinib is approved by the National Comprehensive
Cancer Network guidelines in the management of recur-
rent or metastatic disease, the level of evidence (category
2B recommendation) for this approval is poorer than
that for cetuximab (category 2A recommendation).”
In addition, there is only one trial (n=29) investigating
afatinib plus PD-1 inhibition in HNSCC, which did not
report ORR according to HPV status.”' (2) Among five
out of the seven trials included in this meta-analysis, non-
oropharyngeal tumors were considered HPV-negative
unless reported.'™ ' ¥ There is evidence that non-
oropharyngeal tumors were considered HPV-negative.
The presence of HPV has not been clearly established
to be associated with carcinogenesis or outcomes in
patients with non-oropharyngeal tumors.” We could not
conduct stratified analyses based on both tumor subsite
and HPV status due to the lack of information. However,
the incidence of HPV positivity was much lower in non-
oropharyngeal tumors than oropharynx tumors,” and
thus an analysis of HPV status in non-oropharyngeal
tumors would be unlikely to materially change the results
of our meta-analysis.
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Figure 2 Pooled estimates of clinical benefits according to p16 status and therapy. *The 1-year OS rates and their 95%
Cls were reported in the KEYNOTE-040 trial and were calculated by the life-table analysis proposed by Anderson et al?® in
the other trials. "’KEYNOTE-012 expansion reported neither 1-year OS rate nor provided information to calculate it. CK-141,
CheckMate-141; CN, cetuximab plus nivolumab; CP, cetuximab plus pembrolizumab; KN, KEYNOTE; N, nivolumab; ORR,
objective response rate; OS, overall survival; P, pembrolizumab.

The present analysis had several limitations. First, the PD-1 inhibitor monotherapy as the firstline treat-
treatment lines were not uniform between the combina- ment. However, ORR did not differ between the various
tion therapy groups and the PD-1 inhibitor monotherapy treatment lines in recurrent or metastatic HNSCC across
groups. Ninety (70.3%) out of the 128 patients received the KEYNOTE trials: the ORR of pembrolizumab mono-
the combination therapy as the firstline treatment, therapywas 17% in first-line treatmentin KEYNOTE-O‘IS,4
whereas only 31 (3.7%) out of the 850 patients received 15% and 16% in second-line or beyond line treatment

Table 2 Clinical benefits from adding cetuximab to a PD-1 inhibitor therapy according to p16 status

ORR 1-year OS rate *
Comparison Rate (%) OR (95%Cl) P effect P homogeneity Rate (%) Ratio of rate (95%Cl) P effect
Cetuximab plus anti-PD-1 18 versus  1.19 (0.51 to 2.74) 0.686 0.695 55 versus 1.37 (0.80 to 2.36) 0.252
versus anti-PD-1in p16- 17 40
positive patients
Cetuximab plus anti-PD-1 46 versus 5.45(2.79t0 10.64)  <0.001 0.389 59 versus 1.62 (1.26 to 2.07) <0.001
versus anti-PD-1in p16- 15 36
negative patients
p16-positive versus p16- 18 versus  0.29 (0.13 to 0.68) 0.004 0.818 55 versus 0.95 (0.55 to 1.62) 0.850
negative patients after 46 59
cetuximab plus anti-PD-1
therapy

*Due to the lack of data, tests for heterogeneity could not be conducted.
OR, odds ratio; ORR, Objective response rate; OS, overall survival; PD-1, programmed cell death protein 1.
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in KEYNOTE-040" and KEYNOTE-055" respectively, and
18% in mixed-line treatment in both KEYNOTE-012°
and KEYNOTE-012 expansion.'” Second, caution should
be taken when interpreting the results of the l-year OS
rate analyses. A larger sample size is needed for the OS
analysis than for the ORR analysis in a clinical trial. The
sample size (n=121) of the two trials (three cohorts) of
the combination therapy was unlikely to have sufficient
power for a definite conclusion to be drawn from the
analyses of the l-year OS rate. In addition, there was
moderate to high heterogeneity in the meta-analyses
of the I-year OS rate in HPV-positive disease. The small
sample size prohibited any investigations on sources of
heterogeneity. Nonetheless, the 1-year OS rate was 49%
in the total population with any HPV status after the
first-line treatment of pembrolizumab monotherapy in
KEYNOTE-048,* compared with the l-year OS rate of
59% in the HPV-negative group after the combination
therapy in our meta-analysis. Because 238 (79%) out of
301 patients had HPV-negative tumors in the pembroli-
zumab monotherapy group in KEYNOTE-048," the
difference between the l-year OS rates, at least in part,
supported our findings that the addition of cetuximab
was associated with a better l-year OS rate than PD-1
inhibitor monotherapy in HPV-negative disease. Third,
no clinical trials have been conducted to compare the
efficacy of the combination therapy of cetuximab plus a
PD-1 inhibitor with that of PD-1 inhibitor monotherapy;
therefore, we conducted across-trial comparisons.
Although across-trial comparisons are prone to bias, the
tests of heterogeneity showed no significant heteroge-
neity in the analyses of ORR, thereby suggesting the reli-
ability of these results. Finally, the present meta-analysis
was based on summarized data instead of individual
patient data. However, results from summarized data
are generally in agreement with those from individual
patient data.”

Although clinical trials suggested a synergistic effect
from cetuximab plus a PD-1 inhibitor compared with
PD-1 inhibitor monotherapy in recurrent or metastatic
HNSCC, preliminary analyses showed a more favorable
response rate in HPV-negative disease than HPV-positive
disease. Our meta-analysis confirms these results and
furthermore showed that the combination therapy was
likely to be effective in terms of response rate and l-year
OS rate only in patients with HPV-negative disease. These
findings support that tumor HPV status should be an
important consideration, for example, as a standard strat-
ification factor, in future trials of cetuximab plus a PD-1
inhibitor in patients with HNSCC.
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