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Keywords: Background: We conducted a meta-analysis to examine the associations of age, human papillomavirus (HPV)
Age infection, and performance status with the overall survival (OS) benefits of patients with head and neck squa-
Epidermal growth factor receptor inhibitor mous cell carcinoma (HNSCC) after treatment with versus without epidermal growth factor receptor (EGFR)
Head and neck inhibitors

Human papillomavirus
Meta-analysis
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Methods: We systematically searched literature for randomized controlled trials comparing chemotherapy or
radiotherapy with versus without EGFR inhibitors in locoregionally advanced, recurrent, or metastatic HNSCCs.
Hazard ratios (HRs) for OS were calculated using random-effects models for patient groups according to age
(younger vs. older), HPV infection status (p16-positive vs. pl6-negative), and performance status score (better
vs. poorer).

Results: Five phase III trials with 2653 patients were included. EGFR inhibition was associated with a greater OS
benefit in younger patients than in older counterparts (HR 0.70 vs. 1.05, P < 0.001). There were no apparent
differences in OS based on HPV status (P = 0.860) or performance status score (P = 0.235). Largely consistent
results were obtained following stratification by treatment strategy (i.e., chemotherapy and radiotherapy).
Conclusions: Patient age appears to impact OS independent of HPV infection and performance status after adding
EGFR inhibitor agents during HNSCC treatment. This finding may help design relevant clinical trials.

1. Background demonstrated a survival benefit following the addition of cetuximab to
chemotherapy in recurrent or metastatic disease, a subgroup analysis
showed an increased overall survival (OS) rate in younger but not older

patients (Vermorken et al., 2008). Additionally, while the SPECTRUM

Targeting the epidermal growth factor receptor (EGFR) in patients
with head and neck squamous cell carcinoma (HNSCC) produces a

modest benefit (National Comprehensive Cancer Network, 2017;
Cohen, 2014). Predictive markers such as RAS mutations, which are
associated with patient responsiveness in colorectal cancer, have never
been established in patients with HNSCC (Stransky et al., 2011; Licitra
et al., 2011, 2013).

Post-hoc analyses from randomized trials have suggested that age
might be a prognostic factor in patients with HNSCC in whom anti-
EGFR therapy is included in their treatment regimens (Vermorken
et al., 2008; Bonner et al., 2010; Argiris et al., 2013; Vermorken et al.,
2013; Ang et al., 2014). In the pivotal phase III EXTREME trial that

trial demonstrated no OS benefit from adding panitumumab to che-
motherapy for recurrent or metastatic disease, a subgroup analysis
demonstrated an improved OS in younger patients (Vermorken et al.,
2013). To date, no studies with a suitable design or adequate statistical
power have been performed to detect the differences in OS benefits
between younger and older patients.

Underlying causes for the differences in outcomes associated with
age might be related to human papillomavirus (HPV) infection and
performance status. Increasing age and the concomitant decline in
performance status are major determinants of health. Additionally,
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younger age and higher performance status scores are characteristics of
HPV-positive disease (Gillison et al., 2008). To clarify these associa-
tions, we conducted a meta-analysis of treatment with versus without
EGFR inhibition in patients with locoregionally advanced, recurrent, or
metastatic HNSCC.

2. Methods

This meta-analysis was conducted in conformance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (Liberati et al., 2009).

2.1. Selection criteria

Studies eligible for inclusion were required to meet all the following
criteria: 1) the EGFR antagonists, whether tyrosine kinase inhibitors
(TKIs) or antibodies, selectively targeted EGFR and not any other
member of the human epidermal growth factor receptor family; 2) the
study was a phase III or phase IV randomized controlled trial; 3) pa-
tients had cytologically or histologically confirmed squamous cell car-
cinoma of the oral cavity, oropharynx, hypopharynx, or larynx; 4) the
studied disease was locoregionally advanced or recurrent and/or me-
tastatic; 5) the study compared chemotherapy, radiotherapy, or con-
current chemoradiotherapy in the presence versus absence of an EGFR
inhibitor; and 6) the study provided hazard ratios (HRs) with 95%
confidence intervals (CIs) for OS according to patient age groups, or
else provided sufficient information to calculate these values.

Studies were excluded if they were reported solely in an abstract or
if surgery was used as a curative treatment. If multiple publications
were available for a given trial, only the most updated results were
included. There were no language restrictions.

2.2. Identification of eligible trials

We performed a comprehensive search of papers published before
March 13, 2018. The computerized bibliographic databases included:
PubMed, ClinicalTrials.gov, EMBASE, Web of Science, and Chinese
databases (Chinese Biomedical Literature Database, Chinese Wanfang
Database, China Scientific and Technical Papers and Citations, and
Chinese National Knowledge Infrastructure databases). For compre-
hensive exploration, the search string was “(EGFR OR HER1 OR ErbB1
OR epidermal growth factor receptor OR human epidermal growth
factor receptor-1) AND (head and neck OR oral cavity OR oropharynx
OR hypopharynx OR larynx) AND (trial)”. We also manually searched
the reference lists of the retrieved review articles and primary studies to
ensure complete coverage.

2.3. Data extraction

Two investigators independently extracted the following data from
each trial: study design, inclusion and exclusion criteria, patient char-
acteristics, number of patients, histologic type, TNM stage, follow-up,
EGFR inhibitors, compliance with treatment, major clinical end points,
exclusion from trial analyses and reasons for such exclusions, and
failure patterns. HRs and their 95% CIs were directly used if reported,
and corresponding authors were contacted via e-mail to request any
missing information. If the corresponding authors were unreachable,
the data were calculated according to the method of Parmar et al
(Parmar et al., 1998).

Two authors independently assessed the risk of bias of each eligible
trial following the guidelines of the Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (Higgins and Green (2011)). The
following domains were assessed as having a low, high, or unclear risk
of bias: random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment, in-
complete outcome data, selective reporting, and other sources of bias.
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Disagreements were resolved by discussion between the authors
with arbitration by a third reviewer when necessary.

2.4. Credibility assessment

The credibility of subgroup analysis was determined using the cri-
teria proposed by Sun et al. (Sun et al., 2014) in our meta-analyses.
These criteria include 5 domains: (1) Can chance explain the subgroup
difference? (2) Is the subgroup difference consistent across studies? (3)
Was the subgroup difference one of a small number of a priori hy-
potheses in which the direction was accurately prespecified? (4) Is there
external evidence to support the subgroup difference (biological ratio-
nale)? (5) Are subgroup differences suggested by comparisons within
rather than between studies? As before, disagreements were resolved by
discussion between the authors with the arbitration of a third reviewer
when necessary.

2.5. Statistical analysis

All analyses were pre-specified in a protocol unless otherwise in-
dicated. We calculated HRs and 95% ClIs to assess the OS advantage of
treatment that included EGFR inhibition versus treatment that did not.
Because of clinical heterogeneity between trials identified a priori, the
random-effects model was used to pool the data (Higgins and Green
(2011)). An HR < 1 suggested an improved OS with treatment regi-
mens containing EGFR inhibitors in relation to control (non-EGFR in-
hibitor-containing) regimens. The patient groups were defined based on
age (younger vs. older), HPV status (p16-positive vs. pl6-negative), and
performance status (better vs. poorer). The cutoff points for age, per-
formance status score, and p16 status were those provided in each trial.
The Cochrane Q test and I? statistic were used to assess heterogeneity
between trials (Higgins (2002)). The test of interaction proposed by
Altman et al. (Altman and Bland, 2003) was used to compare treatment
effects between groups. Stratified analyses were conducted to assess
differences related to treatment strategies, including radiotherapy and
chemotherapy. We conducted five sensitivity analyses by excluding: (1)
trials in which control subjects did not receive the standard of care; (2)
trials with a significant increase of treatment interruptions or delays
owing to adding EGFR inhibitors to the regimen; (3) trials of TKIs,
because their therapeutic efficacy might be different from that of an-
tibodies; (4) trials in which the primary endpoint was not OS; and (5)
trials of cetuximab, in order to test whether the efficacy of EGFR in-
hibition in the main meta-analysis was dependent on this antibody. We
performed statistical analyses using the Stata software (StataCorp,
College Station, Texas), version 12. Statistical significance was defined
as a P-value of < 0.05 (two-sided).

3. Results
3.1. Summary of included trials

We identified 2838 studies from the initial search of the English-
language databases (PubMed, EMBASE, ClinicalTrials.gov, and Web of
Science) up to March 13, 2018. Among these, five phase III randomized
controlled trials between 2005 and 2016 that met the inclusion criteria
were identified (Vermorken et al., 2008; Bonner et al., 2010; Argiris
et al., 2013; Vermorken et al., 2013; Ang et al., 2014). A search of
Chinese-language databases (Chinese Biomedical Literature Database,
Chinese Wanfang Database, China Scientific and Technical Papers and
Citations, and Chinese National Knowledge Infrastructure databases)
yielded 2288 publications available as of March 13, 2018. We did not
identify a randomized controlled trial of EGFR inhibition for HNSCC in
the latter databases; hence, the five English-language phase III trials
were included in this meta-analysis (Fig. 1). One of these trials did not
apply an intention-to-treat analysis and was considered to have a
moderate risk of bias. The remaining trials were considered to have a
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Fig. 1. Flow diagram of study selection®.

@ The search of the Chinese databases yielded 2288 publica-
tions dated until March 13, 2018. We did not identify any
randomized controlled trial of epidermal growth factor re-
ceptor (EGFR) inhibition for locoregionally advanced, re-
current, or metastatic head and neck squamous cell carcinoma
(HNSCQ).

PubMed EMBASE ClinicalTrials Web of Science
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Multiple reports for the same trial n=4

low risk of bias, although investigators and patients were not blinded to
the assigned treatment arms (Supplementary Table S1).

The details of the trials are shown in Table 1. In total, 2653 patients
were randomly assigned to the control group (no EGFR inhibition)
(n = 1326) and the investigation group (with EGFR inhibition)
(n = 1327). Three EGFR inhibitors were investigated: gefitinib in one
trial (Argiris et al., 2013), panitumumab in one (Vermorken et al.,
2013), and cetuximab in three (Vermorken et al., 2008; Bonner et al.,
2010; Ang et al., 2014). Three trials involving 1338 patients in-
vestigated chemotherapy with or without an EGFR inhibitor in patients
with recurrent and/or metastatic HNSCC (Vermorken et al., 2008;
Argiris et al., 2013; Vermorken et al., 2013). Two trials involving 1315
patients investigated radiotherapy or chemoradiotherapy with or
without an EGFR inhibitor for patients with locoregionally advanced
HNSCC (Bonner et al., 2010; Ang et al., 2014). All these trials compared
an experimental group with a control group that received standard of
care treatment except for the IMCL-9815 trial (Bonner et al., 2010), in
which the control arm received radiotherapy alone while concurrent
chemoradiotherapy was the recognized standard of care.

The age cutoffs between young and old patients were 50 years in the
RTOG 0522 trial (Ang et al., 2014), 55 years in the SPECTRUM trial
(Vermorken et al., 2013), and 65 years in the EXTREME (Vermorken
et al.,, 2008), IMCL-9815 (Bonner et al., 2010), and ECOG-E1302
(Argiris et al., 2013) trials. The performance score was assessed using
the Karnofsky performance status (KPS) scale in the EXTREME
(Vermorken et al., 2008) and IMCL-9815 (Bonner et al., 2010) trials,
where the cutoff score for good versus poor performance was 80. In the
remaining trials, the Eastern Cooperative Oncology Group performance
status (ECOG PS) scale was used. The cutoff point was 1 in the SPEC-
TRUM (Vermorken et al., 2013) and RTOG 0522 (Ang et al., 2014)
trials, and 2 in the ECOG-E1302 (Argiris et al., 2013) trial. For com-
parison, KPS sores were converted to ECOG PS scores by considering a
KPS score of 100 equal to an ECOG PS score of 0, KPS scores of 80-90
equivalent to an ECOG PS score of 1, and KPS score of 70 or less
equivalent to ECOG PS scores of 2 or greater (Ma et al., 2010; Buccheri
et al.,, 1996). HPV status was evaluated using immunohistochemical
detection of the p16 protein in four trials; p16 positivity was defined by
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p16 staining in 10% or more of the tumour cells in the SPECTRUM trial
(Vermorken et al., 2013) and in 70% or more of tumour cells in the
EXTREME (Vermorken et al., 2008), IMCL-9815 (Bonner et al., 2010),
and RTOG 0522 (Ang et al., 2014) trials.

3.2. OS as related to age, HPV status, and performance status

In terms of OS, there were 1430 (54%) deaths among the 2653
patients (Fig. 2). An OS benefit from adding EGFR inhibitors was as-
sociated with younger age (n = 1241; HR 0.70, 95% CI 0.61-0.80;
P < 0.001), pl6-negative disease (n = 877; HR 0.79, 95% CI
0.67-0.92); P = 0.002), and a better performance status score (n =
1511; HR 0.81, 95% CI 0.66-0.99; P = 0.039). In contrast, patients
with older age (n = 1412; HR 1.05, 95% CI 0.91-1.21; P = 0.467),
pl6-positive disease (n = 450; HR 0.83, 95% CI 0.51-1.35; P =
0.456), and poorer performance status scores (n = 1096; HR 0.94, 95%
CI 0.82-1.08; P = 0.381) did not obtain an OS benefit from EGFR in-
hibition. The improvement in OS after treatment with versus without
EGFR inhibition differed by age (P < 0.001) but not by p16 status
(P = 0.860) or performance status score (P = 0.235). Obvious het-
erogeneity in performance status score and pl6 status was present in
the meta-analyses, but not in age.

We conducted prespecified subgroup analyses by treatment strategy
(chemotherapy and radiotherapy) and un-prespecified subgroup ana-
lyses using available cutoffs for age (at 50, 55, and 65 years), perfor-
mance status score (ECOG PS score of 1 and 2), and p16 status (pl6
positivity defined at =10% and 70%). The results of these subgroup
analyses were generally consistent with the main analysis (Tables 2 and
3). Sensitivity analyses (Table 4) yielded generally consistent results.

3.3. Credibility

Supplementary Table S2 shows the credibility of evidence de-
termined by our meta-analyses. In terms of age difference, the inter-
action test produced a very small P-value of < 0.001, consistent results
across trials following a limited number of subgroup hypotheses with
correctly specified directions, and support by external evidence. As for
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Investigation ~Control

Overall survival

2007-2009

Recurrent and/or metastatic

disease

Cisplatin plus 5-Fluorouracil with vs. without

panitumumab

59 (53 - 64) ECOG PS (0-1)

58 (53-63)

443 (67%)

657

SPECTRUM

Overall survival

2004-2005

Recurrent and/or metastatic

disease

Cisplatin or carboplatin plus 5-Fluorouracil

with vs. without cetuximab

57(NR) KPS (70-100)

56(NR)

416 (94%)

442

EXTREME

Overall survival

2004-2008

Recurrent and/or metastatic

disease

Docetaxel with vs. without gefitinib

61 (28 - 87) ECOG PS (0-2)

61(42-84)

NR

ECOG-E1302 270

Duration of control of
locoregional disease

1999-2002

Locoregionally advanced

disease

Radiotherapy with vs. without cetuximab

58 (35 -83) KPS (60-100)

56 (34-81)

182(43%)

424

IMCL-9815

Progression free survival

2005-2009

Locoregionally advanced

disease

Radiotherapy plus cisplatin with vs. without

cetuximab

58 (34 - 76) ECOG PS (0-1)

57(31-79)

321 (36%)

891

RTOG 0522

ECOG PS, Eastern Cooperative Oncology Group performance status; HPV, human papillomavirus; KPS, Karnofsky performance status; NR, not reported.
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the differences in HPV and performance statuses, we found inconsistent
results across the trials with small interactions easily explained by
chance. Therefore, the age difference was considered highly plausible,
whereas genuine differences based on performance or HPV status were
unlikely.

4. Discussion

Our meta-analysis supported previous observations that age influ-
ences the OS following the addition of EGFR inhibitors in patients with
HNSCC. In contrast, we found no apparent differences in OS according
to performance or HPV status. Controlling for all available confounders
did not change these findings appreciably.

The impact of age on OS after treating with EGFR inhibitors is likely
independent of HPV status. In a subgroup analysis of the IMCL-9815
trial, patients who exhibited the greatest gains had characteristics
linked to oropharyngeal carcinoma, younger age, and higher perfor-
mance status score (Bonner et al., 2010), which are characteristics of
HPV-positive disease (Gillison et al., 2008). These findings may lead to
the assumption that HPV infection might be the underlying cause for
the differences in outcomes after EGFR inhibition in patients with
HNSCC. However, a subgroup analysis of the EXTREME trial suggested
that, although the magnitude of the survival benefit was most pro-
nounced in the pl6-negative population, HPV status did not influence
the efficacy of cetuximab (Vermorken et al., 2014). Similarly, our re-
sults revealed no apparent difference in OS between patients with p16-
positive vs. pl6-negative disease. Significant heterogeneity was ob-
served in most of the meta-analyses of patients with p16-positive dis-
ease, the sources of which ought to be investigated in future studies.
Indeed, a recent meta-analysis showed that adding EGFR inhibitors to
chemotherapy was effective against p16-negative but not p16-positive
disease, whereas adding EGFR inhibitors to radiotherapy or chemor-
adiotherapy was not effective against either pl6-negative or p16-posi-
tive disease (Su et al., 2018).

The biological process of aging causes a decline in functional ca-
pacity and an increase in comorbidities. The performance status score is
a more suitable indicator of functional status, comorbidities, and phy-
siological reserves than age. However, our meta-analysis indicates that
age, not performance status, impacts the survival benefit of EGFR in-
hibition in patients with HNSCC, perhaps suggesting that aging-related
aetiologies but not aging-related physiological changes might be the
underlying causes. Compared to older patients, younger subjects appear
to develop disease following a shorter exposure time to carcinogenic
substances; thus, younger patients may have a greater predisposition to
disease development (Popovtzer et al., 2004; Jones et al., 1989). Such a
predisposition could be related to genetic defects in carcinogen meta-
bolism, DNA repair, or immune system response (Tremblay et al., 2006;
Llewellyn et al., 2003). Further studies are needed to investigate the
role of such genetic defects in the efficacy of EGFR inhibition in HNSCC.

The results of meta-analysis do not support the hypothesis that the
differential survival benefits according to age were caused by more
treatment interruptions or delays in older patients than younger pa-
tients owing to the toxic sequelae of adding EGFR inhibitors. First, any
such treatment interruptions or delays occurred in only two of the five
included trials. One was the RTOG 0522 trial (Ang et al., 2014) com-
paring the presence vs. absence of cetuximab in patients undergoing
concurrent chemoradiotherapy; the other was the ECOG 1302 trial
(Argiris et al., 2013) that investigated docetaxel with versus without
gefitinib. However, the latter comprised a far greater proportion of
patients with ECOG PS scores of 2 (n = 150) than all the other trials. In
contrast, adding EGFR inhibitors did not affect the tolerability to
radiotherapy in the IMCL-9815 trial (Bonner et al., 2010), or to che-
motherapy in the EXTREME (Vermorken et al., 2008) and SPECTRUM
(Vermorken et al., 2013) trials. Moreover, we conducted a planned
sensitivity analysis by excluding trials that had significant increases in
treatment interruptions or delays caused by adding EGFR inhibitors
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Trail HR (95% Cl) HR (95% Cl) HR (95% Cl)

Younger p16-negative Better performance score

SPECTRUM — 0.72 (0.52, 1.00) - 0.73 (0.58, 0.93) - 0.78 (0.55,1.11)

EXTREME -+ 0.74 (0.59, 0.94) - 0.82 (0.65, 1.04) - 0.75 (0.60,0.94)

IMCL-9815 —— 0.66 (0.49, 0.92) —_—r 0.93 (0.59, 1.48) — 0.61 (0.43,0.88)

RTOG 0522 —_—— 0.45 (0.24, 0.89) —_— 0.70 (0.36, 1.38) —_— 1.16 (0.83,1.61)

ECOG-E1302 —_— 0.71 (0.51, 0.98) —_— 0.86 (0.56,1.34)

Subtotal 0.70 (0.61, 0.80) <> 0.79 (0.67, 0.92) 0 0.81 (0.66,0.99)
Heterogeneity (I2; P) 0.0%; 0.725 0.0%; 0.770 46.1%; 0.115
Treatment effect (P) < 0.001 0.002 0.039

Older p16-positive Poorer performance score

SPECTRUM - 0.94 (0.76, 1.17) -_— 1.00 (0.62, 1.61) - 0.93 (0.75,1.14)

EXTREME #— 1.07 (0.65, 1.77) —_— 0.63 (0.29, 1,34) H— 1.14 (0.64,2.04)

IMCL-9815 —t4— 1.19(0.78, 1.90) —_— 0.38 (0.15, 0.94) —— 1.10 (0.78,1.63)

RTOG 0522 —_— 1.06 (0.81, 1.38) —t—4+—1.41 (0.74, 2.69) —— 0.77 (0.55,1.09)

ECOG-E1302 =% 1.51 (0.95, 2.40) - 0.95 (0.68,1.33)

Subtotal <> 1.05 (0.91, 1.21) <:> 0.83 (0.51, 1.35) €> 0.94 (0.82,1.08)
Heterogeneity (|2; P) 0.0%; 0.450 52.1%; 0.099 0.0%; 0.672
Treatment effect (P) 0.467 0.456 0.381

Test for interaction (P) < 0.001 0.860 0.235

«— > «— > «— >

Anti-EGFR Non-anti-EGFR
Better Better

Anti-EGFR Non-anti-EGFR
Better Better

Anti-EGFR Non-anti-EGFR
Better Better

Fig. 2. Forest plot of the treatment effect on overall survival according to age, human papillomavirus status, and performance status score.
CI, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio.

(the RTOG 0522 [Ang et al.,, 2014] and ECOG 1302 [Argiris et al.,
2013] trials), and observed results similar to those of the primary
analysis. Taken together, treatment interruptions or delays due to
toxicities following the incorporation of EGFR inhibitors do not explain
the negative results observed in older patients.

The results of this study have clinical implications. (1) The age re-
lated phenomenon in outcome following EGFR inhibitors observed in
our meta-analysis might not be limited to HNSCC. Indeed, evidence is
also shown in advanced KRAS wild-type colorectal cancer. Guidelines
recommend adding an anti-EGFR antibody to an infusional fluorouracil
based chemotherapy regimen in the first-line treatment of the meta-
static disease (National Comprehensive Cancer Network, 2018). Among
4 trials (Grothey and Lenz, 2012; Van Cutsem et al., 2009; Douillard
et al., 2010; Bokemeyer et al., 2009; Maughan et al., 2011) that de-
monstrated an efficacy of this setting, two trials (Douillard et al., 2010;
Bokemeyer et al., 2011) reported subgroup analyses based on age, with
a trend toward greater benefits in patients younger than 65 years
compared with patients 65 and older. (2) The use of radiotherapy and
concurrent cetuximab has been considered to be a more tolerable al-
ternative compared to platinum-based chemoradiation for older

Table 2
Stratified analyses according to treatment strategy.

patients with locally advanced HNSCC (Baxi et al., 2016). However, our
meta-analysis was against the therapeutic option in patients older than
65 years of age. This was supported by a recent Surveillance, Epide-
miology, and End Results—Medicare database analysis that compared
radiotherapy with concurrent cetuximab versus radiotherapy with or
without concurrent chemotherapy in patients over 65 yeas of age. The
results showed that radiotherapy with concurrent cetuximab was as-
sociated with similar OS to radiotherapy alone, and worse OS compared
to radiotherapy with concurrent chemotherapy (Zandberg et al., 2018).
Due to the respective nature, we advise cautious interpretation of the
findings on radiotherapy and concurrent anti-EGFR therapy for patients
over 65 yeas of age. (3) Our results should help in the design of pro-
spective trials. We recommend 65 years as the age cut-off and cetux-
imab as the EGFR inhibitor.

There are several limitations in this meta-analysis. First, publication
bias was not assessed, as any findings would be unreliable given the low
number of included studies (Iloannidis and Trikalinos, 2007). Second,
we adopted the methods provided by the investigators in each in-
dividual trial to classify age, HPV status, and performance status. These
classifications varied between trials, which in turn may have diluted HR

Covariate Chemotherapy with vs. without EGFR inhibitors Radiotherapy with vs. without EGFR inhibitors
HR (95%CI) P effect 1% (%) HR (95%CI) P effect % (%)
Age
Younger 0.73 (0.62,0.86) < 0.001 0.0 0.61 (0.46,0.82) 0.001 1.8
Older 1.09 (0.83,1.44) 0.556 39.9 1.09 (0.87,1.37) 0.436 0.0
Interaction test (P) 0.014 0.002
HPV status
p16 positive 0.88 (0.58,1.32) 0.531 0.8 0.76 (0.21,2.75) 0.399 80.9
p16 negative 0.77 (0.66,0.91) 0.003 0.0 0.85 (0.58, 1.24) 0.680 0.0
Interaction test (P) 0.585 0.886
Performance score
Better 0.77 (0.65,0.92) 0.004 0.0 0.84 (0.45,1.58) 0.593 84.9
Poorer 0.95 (0.80,1.13) 0.567 0.0 0.92 (0.65,1.29) 0.622 46.1

Interaction test (P) 0.092

0.814

CI, confidence interval; EGFR, epidermal growth factor receptor; HPV, human papillomavirus; HR, hazard ratio; 7, I-squared for heterogeneity.

43



Y. Zhao et al.

Table 3
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Stratified analyses according to different cutoff points for age, human papillomavirus status, and performance status score.

Covariate Cutoff point HR(95%CI) P effect 1 (%) P heterogeneity Interaction test (P)
Age (years)
Categorization 1 3 trials with 1105 patients < 0.001
Younger (< 65) 0.71(0.60,0.84) < 0.001 0.0 0.849
Older (= 65) 1.18(0.95,1.47) 0.128 0.0 0.469
Categorization 2 1 trial with 657 patients 0.182
Younger (< 55) 0.72(0.52,1.00) 0.049 NA NA
Older (= 55) 0.94(0.76,1.17) 0.574 NA NA
Categorization 3 1 trial with 889 patients 0.017
Younger (< 50) 0.45(0.23,0.87) 0.017 NA NA
Older (> 50) 1.06(0.81,1.38) 0.668 NA NA
Performance status
Categorization 1 2 trials with 1542 patients 0.702
Better (ECOG PS = 0) 0.96(0.65,1.41) 0.818 61.5 0.107
Poorer (ECOG PS = 1) 0.88(0.74,1.06) 0.173 0.0 0.356
Categorization 2 2 trials with 681 patients 0.159
Better (ECOG PS = 0, 1) 0.77(0.63,0.94) 0.011 0.0 0.585
Poorer (ECOG PS = 2) 0.99(0.74,1.33) 0.970 0.0 0.594
HPV status
Categorization 1 1 trial with 443 patients 0.247
p16 positive (= 10%) 1.00(0.62,1.61) 0.998 NA NA
pl6 negative (< 10%) 0.73(0.58,0.93) 0.012 NA NA
Categorization 2 3 trials with 884 patients 0.773
P16 positive (= 70%) 0.73(0.34,1.57) 0.425 65.9 0.053
P16 negative (< 70%) 0.83(0.68,1.01) 0.064 0.0 0.782

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HPV, human papillomavirus; HR, hazard ratio; ?, I-squared for het-

erogeneity; NA, not applicable.

estimates and led to obscuring the differences between groups. How-
ever, a difference in OS was consistently observed between younger and
older patients, with sensitivity analyses indicating the robustness of
these results. Based on these outcomes, it was entirely appropriate to
pool these trials together, and the variability may be considered a
strength of our study. Third, our study was based on summarized data
rather than individual patient data; however, results derived from both

Table 4
Sensitivity analyses.

these types of studies are often consistent (Steinberg et al., 1997; Baujat
et al., 2006). Fourth, this meta-analysis had a small number of studies
(n = 5), which included locally advanced, recurrent, and metastatic
diseases, as well as 3 different EGFR inhibitors whereas only cetuximab
has been approved for routine clinical care. Because of the above lim-
itations, our findings should be considered preliminary proof-of-con-
cepts that require prospective trials for confirmation.

Exclusion of

Trials in which control subjects
did not receive the standard of
care *

Trials with a significant increase of

treatment interruptions or delays

owing to adding EGFR inhibitors "

Trials of tyrosine kinase
inhibitors ©

Trials in which the primary
endpoint was not overall
survival ¢

Trials of cetuximab ©

HR(95%CI) ? (%)  HR(95%CI) % (%) HR(95%CI) ? (%) HR(95%CI) ? (%)  HR(95%CI) ? (%)
Age
Younger 0.71(0.60,0.83) 0.0 0.71(0.61, 0.84) 0.0 0.70(0.59,0.81) 0.0 0.73(0.62,0.86) 0.0 0.72(0.57,0.90) © 0.0
Older 1.05(0.89,1.24) 11.0 0.99(0.83,1.19) 0.0 1.02(0.88,1.18) 0.0 1.09(0.83,1.44) 39.9 1.14(0.72,1.79)  69.7
Interaction 0.001 0.006 0.001 0.014 0.07
test (P)
Performance score
Better 0.86 (0.70,1.05) 36.9 0.72 (0.61,0.86) 0.0 0.80 (0.63,1.02) 59.0  0.77 (0.65,0.92) * 0.0 0.81 (0.62,1.07) 0.0
Poorer 0.91 (0.79,1.06) 0.0 0.98 (0.82,1.17) 0.0 0.94 (0.80, 1.09) 0.0 0.95 (0.80,1.13) 0.0 0.94 (0.78,1.12) 0.0
Interaction 0.670 0.010 0.271 0.092 0.394
test (P)
HPV status
p16 (+) 1.00 (0.68,1.48) 19.6 0.69 (0.40, 1.20) 45.8 0.83 (0.51,1.36) 52.1  0.88 (0.58,1.32) 0.8 1.00 (0.62,1.61)  NA
p16 () 0.77 (0.66,0.90) * 0.0 0.79 (0.68,0.93) 0.0 0.79 (0.68,0.92) © 0.0 0.77 (0.66, 0.91) © 0.0 0.73 (0.58,0.92) © NA
Interaction 0.226 0.658 0.845 0.585 0.248
test (P)

CI, confidence interval; HPV, human papillomavirus; HR, hazard ratio; 12, I-squared for heterogeneity; NA, not applicable.
2 Exclusion of one trial (IMCL-9815: n = 424, 16%).
b Exclusion of two trials (ECOG-E1302 and RTOG 0522: n = 1130, 43%).
¢ Exclusion of one trial (ECOG-E1302: n = 239, 9%).
4 Exclusion of two trials (IMCL-9815 and RTOG 0522: n = 1315, 50%).
€ Exclusion of three trials (EXTREME, IMCL-9815 and RTOG 0522: n = 1757, 66%).
** P effect < 0.001; " P effect < 0.05.

44



Y. Zhao et al.

In conclusion, our meta-analysis found that age is a factor that in-
fluences survival following EGFR inhibition therapy in patients with
HNSCC in a manner that is independent of performance and HPV sta-
tuses. These findings ought to be helpful for designing future clinical
trials.
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