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A B S T R A C T

Background: The most effective regimen is unclear for patients with recurrent or metastatic head and neck
squamous cell carcinomas (R/M HNSCC). We performed a systematic review and meta-analysis of randomized
controlled trials (RCTs) investigating only systemic therapy for R/M HNSCC.
Methods: This systematic review followed PRISMA and the Cochrane Collaboration Handbook for Systematic
Reviews of Interventions. Endpoints included overall survival (OS), progression-free survival (PFS) and overall
response rates (ORR).
Results: 55 RCTs from 1990-November 2019 qualified for review (n=12132). Only PD-1/PDL-1 inhibitors in-
creased OS in R/M HNSCC platinum-resistant disease against their control (HR=0·79, 95%CI 0·70-0.90,
p< 0·001), especially for PD-L1≥1% expressing tumours (HR=0·72, 95%CI 0·60-0·86, p< 0·001). PFS was
prolonged for anti-EGFR agents against methotrexate when used in a second line setting (HR=0·74, 95 %CI
0·62-0·87, p=0·001), and when cetuximab (HR=0·60, 95%CI 0·49-0·72, p< 0·0001) and panitumumab
(HR=0·76, 95%CI 0·65-0·89, p=0·001) were introduced to platinum-based regimens for first-line treatment.
Conclusions: PD-1/PD-L1 inhibitors may represent the future of R/M HNSCC treatment. However, EGFR in-
hibitors may still play improve clinical outcomes.

1. Introduction

Head and neck squamous cell carcinomas (HNSCC) is the sixth most
common cancer worldwide (World Health Organization, 2014). Despite
diagnostic and therapeutic advances in the past three decades, up to 50-
60% of patients with locally advanced disease develop loco-regional
relapse and, or distant metastasis within 2 years (Sacco and Cohen,
2015). The prognosis of patients with recurrent or metastatic (R/M)
HNSCC is poor (Sacco and Cohen, 2015). A vast majority have un-
resectable disease and only qualify for palliative treatment with sys-
temic therapy. First-line treatment in R/M HNSCC historically consisted
of cytotoxic agents such as methotrexate (MTX), bleomycin, or pla-
tinum-based protocols until targeted biological therapies were in-
troduced in the 2000’s (Sacco and Cohen, 2015; Blasco et al., 2017).
Combination therapy (the EXTREME regimen) of cetuximab, cisplatin
and 5-Fluoruracil (5-FU) rapidly became the standard for first-line
treatment in 2008 based on its overall survival benefit against standard
cytotoxic therapy reported from one phase III RCT (EXTREME) (Sacco
and Cohen, 2015; Blasco et al., 2017; Vermorken and Specenier, 2010).

Recent understanding about the role of immune dysfunction in

HNSCC has quickly established immunotherapy (IMT) as a promising
treatment avenue (Ling et al., 2018). Antagonizing the programmed-
cell death (PD-1) immune check-point can disable T-cell suppression by
HNSCC cells for re-sensitization of the immune system to clear tumor
cells (Ling et al., 2018). PD-1 inhibitor pembrolizumab used in mono-
therapy or in combination with platinum/5-FU, has recently superseded
the EXTREME regimen by the FDA as first-line treatment in R/M
HNSCC based on its superior survival data from the KEYNOTE-048
phase III RCT (Brockstein and Vokes, 2020).

Unfortunately, many patients with R/M HNSCC further relapse de-
spite treatment. The choice of subsequent therapy after first-line
treatments was initially poorly defined until PD-1 inhibitors nivolumab
and pembrolizumab became FDA- licensed for 2nd line treatment of R/
M HNSCC for patients who had disease progression on or after pla-
tinum-based therapy (Blasco et al., 2017; Brockstein and Vokes, 2020).

Despite these breakthroughs, the most optimum regime for R/M
HNSCC is still unclear. Many recommendations are based on single RCT
results and there is currently a dearth of efficacious treatment options
available when FDA-approved 1st and 2nd line treatments are contra-
indicated. To address this issue, we will be the first to appraise RCTs
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evaluating systemic treatment in patients with unresectable R/M
HNSCC through a systematic review and meta-analysis. The activity of
systemic treatment will be assessed through overall survival (OS),
progression free survival (PFS), and clinical response (overall response
rate, ORR). By reviewing the existing literature, we hope to highlight
recommendations towards treatment and the design of future trials.

2. Methods

This systematic review and meta-analysis is registered on PROSP-
ERO (CRD42019127722) and followed the Cochrane Collaboration
Handbook of Interventions Systematic Reviews and the PRISMA state-
ment checklist and flowchart.

2.1. Search strategy and selection criteria

A systematic search was performed from peer-reviewed journals
published between 1990-May 2018 from MEDLINE via Pubmed,
EMBASE via Ovid, The Cochrane CENTRAL, and Web of Science. The
search was updated in September 5, 2018 with a final revision on
November 23, 2019.

Search queries included MeSH terms for “Head and Neck
Neoplasms”, “Neoplasm recurrence”, “metastatic neoplasm”, “mouth
neoplasms”, “oropharyngeal neoplasms”, “laryngeal neoplasms”, “hy-
popharynx neoplasms”, “anti-neoplastic drugs”, “clinical trials”, “anti-
neoplastic combined chemotherapy”, in combination with free text
phrases such as “randomized controlled trials”, “head and neck cancer”.
The syntax input was revised for each database.

ClinicalTrials.gov, Proceedings from ASCO (http://meetinglibrary.
asco.org/) and ESMO (http://www.esmo.org/) for abstract conferences,
and reference lists from review articles, were additionally screened for
any ongoing or missed trials from the search queries. No language re-
strictions were imposed.

Studies in the review had the following criteria:

1 Patients with histologically confirmed, unresectable R/M HNSCC
2 RCTs
3 Patients receiving only systemic therapy for R/M HNSCC. All types
of agents and routes of administration were included.

Exclusion criteria for the review were as follows:

1 Patients receiving surgery or radiotherapy in addition to systemic
therapy for R/M HSNCC

2 Second primary HNSCC
3 Studies only investigating R/M nasopharyngeal carcinomas

Two authors independently reviewed databases for studies fulfilling
the eligibility criteria. Characteristics of the excluded studies were
documented and counterchecked in a standardized chart. Any incon-
sistencies and disagreements were resolved amongst group discussion.

If there was insufficient data from a trial, attempts were made to
contact the corresponding author for information.

2.2. Data analysis

A risk of bias assessment was performed in accordance with the
Cochrane Collaboration’s Tool (Cochrane Handbook version 5·1·0).
Outcome data was considered complete if less than 20% of patients
randomized were excluded from the trial data with reasoning. We did
not assess for blinding due to the ethical difficulty of performing a
double-blinded trial. If the bias risk was difficult to interpret, the study
authors were contacted for clarification.

A study was classified as ‘low risk’ if it met all criteria for ‘low bias’
in the risk assessment domains. If an ‘unclear risk’ was assigned to at
least one key category, the study was considered as ‘unclear risk’. A

‘high risk’ study had a high risk of bias determined in one or more
domains and was subsequently excluded to maintain data reliability in
the systematic review and meta-analysis.

ORR was reported as odds ratio (OR) for the meta-analysis. If there
were no (or all) events reported in both treatment groups, the study as
excluded from the meta-analysis. OS and PFS were expressed as hazard
ratios (HR) for the meta-analysis. All outcomes included the 95%
confidence interval (CI). Survival data was pooled by calculating the
logHR and its corresponding variance through formulas derived from
Parmar et al (Parmar et al., 1998) and Tierney et al (Tierney et al.,
2007). Calculations were performed independently by two authors and
verified to minimize error. All outcomes included the 95% confidence
interval (CI) in the meta-analysis. A significant result was indicated by a
p-value of< 0·05 for any measured outcomes.

The STAT/SE®, version 11 [Stat Crop., College Station, TX, USA]
was used for data input. Because most of the included outcomes were
relatively rare and the number of the included studies was relatively
small, the fixed-effect model was used (the Mantel-Haenszel fixed-effect
method for OR; the Inverse Variance fixed-effect model for hazard
ratio). To determine whether result variations were by heterogeneity
rather than sample error, substantial heterogeneity between studies was
quantified using the chi2 test (χ2) with p-value of< 0·10 or I-squared
statistic of> 50%. If substantial heterogeneity was significant, the
random-effects model was performed as a sensitivity analysis.

Role of Funding Source

There was no funding source for this study.

3. Results

Study selection was conducted according to the PRISMA flowchart
(Fig. 1). The initial database query retrieved 1981 studies, where 178
full-text articles were screened for eligibility. 57 RCTs met the inclusion
criteria. 2 studies were excluded for high bias risk for not reporting all
pre-specified outcomes (Fig. 2). 55 trials (n=12132) were included in
the systematic review where 23 RCTs (n=5737) were included for
meta-analysis. Characteristics of the included studies are described in
Table 1. 36 studies were phase II (Bossi et al., 2017; Bourhis et al.,
2006; Burtness et al., 2008; Colella et al., 1994; Fayette et al., 2016;
Ferris et al., 2018; Gilbert et al., 2012; Gilbert et al., 2015; Guardiola
et al., 2004; Harrington et al., 2018; Jimeno et al., 2015; Jimeno et al.,
2014; Joshi et al., 2017; Klinghammer et al., 2019; Limaye et al., 2013;
Machiels et al., 2016; Paccagnella et al., 1993; Pivot et al., 2003; Ruzsa
et al., 2014; Seiwert et al., 2014a; Siu et al., 2019; Soulières et al., 2017;
Vermorken et al., 1999; Vermorken et al., 2013a; Vokes et al., 2015;
William et al., 2017; Wirth et al., 2016; Fury et al., 2012; Ferrarotto
et al., 2018; Friesland et al., 2018; Seiwert et al., 2014b; Amrein and
Fabian, 1992; Kushawah et al., 2015; Pivot et al., 2001; Guigay et al.,
2019; Adkins et al., 2019) followed by 19 phase III RCTs (Vermorken
et al., 2013b; Argiris et al., 2013; Argiris et al., 2017; Clavel et al., 1994;
Ferris et al., 2016; Forastiere et al., 2001; Forastiere et al., 1992;
Fountzilas et al., 2006; Jacobs et al., 1992; Machiels et al., 2015;
Machiels et al., 2011; Stewart et al., 2009; Urba et al., 2012; Vermorken
et al., 2008; Schrijvers et al., 1998; Burtness et al., 2005; Cohen et al.,
2018; Licitra et al., 2019; Burtness et al., 2019). Oropharyngeal cancers
were the predominant diagnosis (n=19) (Burtness et al., 2008; Fayette
et al., 2016; Ferris et al., 2018; Guardiola et al., 2004; Klinghammer
et al., 2019; Limaye et al., 2013; Seiwert et al., 2014a; Siu et al., 2019;
Vermorken et al., 2013a; William et al., 2017; Wirth et al., 2016; Fury
et al., 2012; Argiris et al., 2013; Argiris et al., 2017; Forastiere et al.,
2001; Jacobs et al., 1992; Machiels et al., 2015; Vermorken et al., 2008;
Burtness et al., 2005) followed by oral (n=10) [24,40,41,
43(Vermorken et al., 2013b; Ferris et al., 2016; Machiels et al., 2011;
Stewart et al., 2009; Urba et al., 2012; Schrijvers et al., 1998) laryngeal
(n=5) (Bourhis et al., 2006; Colella et al., 1994; Paccagnella et al.,
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1993; Clavel et al., 1994; Fountzilas et al., 2006), hypopharynx (n= 1)
(Pivot et al., 2003) and others but not specified (n=4) (Bossi et al.,
2017; Gilbert et al., 2012; Gilbert et al., 2015; Pivot et al., 2001) can-
cers. 1 study (Soulières et al., 2017) had both larynx and hypopharynx
as the highest proportion of cancers. 15 studies did not publish the
proportions of tumor site origins (Harrington et al., 2018; Jimeno et al.,
2015; Jimeno et al., 2014; Joshi et al., 2017; Ruzsa et al., 2014;
Vermorken et al., 1999; Vokes et al., 2015; Ferrarotto et al., 2018;
Friesland et al., 2018; Seiwert et al., 2014b; Adkins et al., 2019;
Forastiere et al., 1992; Cohen et al., 2018; Argiris et al., 2013; Argiris
et al., 2013; Argiris et al., 2017; Clavel et al., 1994; Ferris et al., 2016;
Forastiere et al., 2001; Forastiere et al., 1992; Fountzilas et al., 2006;
Jacobs et al., 1992; Machiels et al., 2015; Machiels et al., 2011; Stewart
et al., 2009; Urba et al., 2012; Vermorken et al., 2008; Schrijvers et al.,
1998; Burtness et al., 2005; Cohen et al., 2018; Licitra et al., 2019;
Burtness et al., 2019) 29 RCTs evaluated first-line therapy (Bossi et al.,
2017; Bourhis et al., 2006; Colella et al., 1994; Ferris et al., 2018;
Guardiola et al., 2004; Harrington et al., 2018; Klinghammer et al.,
2019; Paccagnella et al., 1993; Pivot et al., 2003; Vermorken et al.,
1999; Vermorken et al., 2013a; William et al., 2017; Wirth et al., 2016;
Friesland et al., 2018; Seiwert et al., 2014b; Amrein and Fabian, 1992;
Guigay et al., 2019Argiris et al., 2013; Clavel et al., 1994; Forastiere
et al., 2001; Forastiere et al., 1992; Fountzilas et al., 2006; Jacobs et al.,
1992; Urba et al., 2012; Vermorken et al., 2008; Schrijvers et al., 1998;
Burtness et al., 2005; Burtness et al., 2019), 25 for second-line treat-
ment (Burtness et al., 2008; Fayette et al., 2016; Gilbert et al., 2012;

Gilbert et al., 2015; Jimeno et al., 2015; Jimeno et al., 2015; Jimeno
et al., 2014; Joshi et al., 2017; Limaye et al., 2013; Machiels et al.,
2016; Ruzsa et al., 2014; Soulières et al., 2017; Vokes et al., 2015; Fury
et al., 2012; Ferrarotto et al., 2018; Kushawah et al., 2015; Pivot et al.,
2001; Ferris et al., 2016; Machiels et al., 2015; Machiels et al., 2011;
Stewart et al., 2009; Cohen et al., 2018; Licitra et al., 2019) and 1 RCT
(Argiris et al., 2017) included both R/M HNSCC treatment naïve and
previously treated patients.

No trial had low bias risk (Fig. 2). All RCTs were classified as ‘un-
clear risk’ since many had an ‘unclear risk’ assigned to at least one
domain. Many RCTs failed to specify how randomization sequencing
and allocation were performed leading to an ‘unclear risk’ in the ‘se-
lection bias’ category. Likewise, the involvement of pharmaceutical
companies precluded an ‘unclear risk’ to be allotted towards the ‘other
bias’ category.

3.1. First-line treatment

3.1.1. Cytotoxic chemotherapy
3.1.1.1. Single agents. Three trials compared the activity of single
cytotoxic agents (Table 1.1a) (Guardiola et al., 2004; Pivot et al.,
2003; Vermorken et al., 1999). MTX against taxane therapy found ORR
favouring taxanes (OR=3·16, 95% CI 1·26-7·97 p=0·01) (Fig. 3a)
(Guardiola et al., 2004; Vermorken et al., 1999). RCTs reporting for
survival noted no difference between OS for MTX and taxane therapy
(Guardiola et al., 2004; Vermorken et al., 1999) with the exception of

Fig. 1. Literature search according to the PRISMA statement for RCTs studying systemic therapy in R/M HNSCC.
The initial database query found 1981 studies, where 179 full-text articles were screened for eligibility. 55 RCTs met the inclusion criteria for systematic review.
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increased PFS when paclitaxel given over 24 hours at the expense of
higher toxicity (Vermorken et al., 1999).

No other single agents increased ORR, PFS and OS in the remaining
studies from Table 2.1a.

3.1.1.2. Combination agents. Ten RCTs tested cytotoxic agents used in
combination (Table 1.1b) (Colella et al., 1994; Paccagnella et al., 1993;
Amrein and Fabian, 1992; Clavel et al., 1994; Forastiere et al., 2001;
Forastiere et al., 1992; Fountzilas et al., 2006; Jacobs et al., 1992; Urba
et al., 2012; Schrijvers et al., 1998). Meta-analysis of two RCTs (Clavel
et al., 1994; Jacobs et al., 1992) demonstrated a superior ORR with
cisplatin-5-FU compared to cisplatin alone (OR=2·44, 95% CI 1·50-
3·95, p< 0·0003) (Fig. 3b). Both studies found no OS advantage with
the addition of 5-FU to cisplatin (Clavel et al., 1994; Jacobs et al.,
1992).

When cisplatin-5-FU was assessed against other cytotoxic combi-
nations, only the addition of bleomycin and MTX to cisplatin-5-FU in-
creased ORR (Amrein and Fabian, 1992). No cytotoxic combination
improved OS over cisplatin-5-FU. Regarding the choice of platinum
agent used with 5-FU, an indirect analysis from one RCT (Forastiere
et al., 1992) demonstrated a higher ORR with cisplatin over carboplatin
with no survival difference between the two drugs (Table 2.1b).

No other chemotherapy combination from Table 1.1b increased
survival over their control (Joshi et al., 2017; Forastiere et al., 2001;
Fountzilas et al., 2006; Urba et al., 2012).

3.1.2. Targeted therapy
3.1.2.1. EGFR combination. 12 RCTs studied the addition of EGFR
inhibitors to cytotoxic agents (Table 1.1c) (Bossi et al., 2017; Bourhis
et al., 2006; Klinghammer et al., 2019; Vermorken et al., 2013a;
William et al., 2017; Wirth et al., 2016; Friesland et al., 2018; Guigay
et al., 2019; Adkins et al., 2019; Vermorken et al., 2013b; Vermorken
et al., 2008; Burtness et al., 2005). The addition of cetuximab to
platinum-based therapy (Vermorken et al., 2008; Burtness et al., 2005)
increased ORR (OR=2.36, 95%CI 1.59-3.51, p< 0.0001) (Fig. 3c) and
PFS (HR=0.60, 95% CI 0.49-0.72, p< 0·0001) (Fig. 4a) without
improving OS (HR=0.83, 95% CI 0.69-1.00, p=0.11) (Fig. 5a).
Regarding the preferred platinum agent paired with cetuximab,
cisplatin had better OS over carboplatin from an indirect analysis in
one RCT (Vermorken et al., 2008) whereas another (Bourhis et al.,
2006) reported no difference to ORR and OS between the two drugs
(Table 2.1c).

Similarly, panitumumab included into a platinum-combination
(Wirth et al., 2016; Vermorken et al., 2013b) found ORR (OR=1.49,
95%CI 1.07-3.51, p=0.02) (Fig. 3d) and PFS (HR=0.76, 95% CI 0.65-
0.89, p=0.001) (Fig. 4b) to be increased without prolonging OS
(HR=0·93, 95% CI 0·74-1·16, p=0·51) (Fig. 5b).

The addition of a taxane to a cetuximab-platinum based regime did
not improve ORR (OR=0.86, 95% CI 0.57-1.31, p=0.48) (Fig. 3e)
(Bossi et al., 2017; Klinghammer et al., 2019), PFS (HR=0.91, 95%CI
0.75-1.11, p= 0.34) (Fig. 4c) (Bossi et al., 2017; Klinghammer et al.,
2019; Seiwert et al., 2014b) and OS (HR=1.29, 95% CI 0.95-1.75,
p=0.23) (Fig. 5c) (Bossi et al., 2017; Klinghammer et al., 2019;
Friesland et al., 2018; Guigay et al., 2019). Similarly, the addition
other-EGFR inhibitors (excluding cetuximab and panitumumab) to
taxane therapy increased ORR (OR=1.97, 95% CI 1.10-3.51, p=0.02)
(Fig. 3e) (Limaye et al., 2013; William et al., 2017; Argiris et al., 2013)
without increasing OS (HR=0.85, 95% CI 0.68- 1.07, p= 0.17)
(Fig. 5d) (William et al., 2017; Argiris et al., 2013).

Other EGFR combinations from Table 2.1c did not report increases

Fig. 2. Risk of Bias Summary of RCTs evaluating systemic treatment for R/M
HNSCC.
There were no studies with a low risk of bias. 2 studies had high risk whilst the
remaining majority were categorized as an unclear risk.

Table 1
Characteristics of RCTs evaluating systemic treatment for R/M HNSCC –
Summary of patient demographics, intervention and control groups.
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to ORR, PFS and OS over their control cohort.

3.1.2.2. VEGF inhibitors. Bevacizumab was the only VEGF inhibitor
evaluated for first-line therapy (Table 1.1d) (Argiris et al., 2017). Whilst
the inclusion of bevacizumab to platinum-doublet chemotherapy

Fig. 3. Overall Response amongst RCTs evaluating systemic therapy for R/M HNSCC.
Overall response rates were increased in most interventions over their control.

Table 2
Results from RCTs evaluating systemic therapy for R/M HNSCC – Summary of
response and survival results of RCTs included in the review.
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reported significant improvements to ORR and PFS over chemotherapy
alone, OS was not prolonged (Argiris et al., 2017) (Table 2.1d).

3.1.2.3. Other targeted agents. Other targeted agents tested in
combination with cetuximab-platinum based therapies did not
provide additional benefit to response or survival (Harrington et al.,
2018; Vermorken et al., 2013a) (Table 2.1e).

3.1.3. Immunotherapy
3.1.3.1. PD-1/PD-L1 inhibitors. The combination of pembrolizumab-
platinum-5-FU (Burtness et al., 2019) was found to increase ORR and
OS compared to cetuximab-platinum-5-FU (Table 1.1f). Pembrolizumab
alone did not increase OS in overall population but was found to
improve OS for those who had a combined positive score of ≥1. No
significant difference was found for PFS in both pembrolizumab
monotherapy and combination therapy (Table 2.1f).

3.1.3.2. Toll-like receptor (TLR) agonists. Motolimod added to the
EXTREME regime found no improvement to PFS and OS but was
noted to provide significant improvements to PFS and OS for those with
HPV positive oropharyngeal cancer (Ferris et al., 2018) (Table 2.1g).

3.2. Second line-treatment

3.2.1. Cytotoxic agents
3.2.1.1. Single agents. Four trials compared the activity of single
cytotoxic agents (Table 1.2a) (Burtness et al., 2008; Joshi et al.,
2017; Machiels et al., 2016; Pivot et al., 2001). No cytotoxic agent
demonstrated a superior clinical benefit over their control arms.

3.2.2. Targeted therapy
3.2.2.1. EGFR monotherapy. EGFR inhibitor monotherapy was studied
in seven RCTs (Table 1.2b) (Fayette et al., 2016; Seiwert et al., 2014a;
Fury et al., 2012; Kushawah et al., 2015; Machiels et al., 2015; Machiels
et al., 2011; Stewart et al., 2009). EGFR inhibitors demonstrated a
higher ORR (OR=1·93, 95% CI 1·12-3·31, p=0·02) (Fig. 3f)
(Kushawah et al., 2015; Machiels et al., 2015; Machiels et al., 2011;
Stewart et al., 2009) and PFS (HR=0·74, 95% CI 0·62-0·87, p=0·001)
(Fig. 4d) (Machiels et al., 2015; Machiels et al., 2011) with minimal
impact on OS (HR=1·00, 95% CI 0·89-1·13, p=0·83) (Fig. 5e)
(Kushawah et al., 2015; Machiels et al., 2015; Machiels et al., 2011;
Stewart et al., 2009) when compared to MTX. Other EGFR inhibitors
namely duligotuzumab and afatinib, both had comparable activity to

Fig. 4. Progression Free Survival amongst RCTs evaluating systemic therapy for R/M HNSCC.
Progression free survival was increased with EGFR agents against methotrexate and when panitumumab or cetuximab was added to a platinum-based therapy over
platinum-based therapy alone.
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cetuximab (Fayette et al., 2016; Seiwert et al., 2014a) yielding similar
ORR (OR=0.73, 95% CI 0.33-1.61, p=0.43) (Fig. 3d), PFS
(HR=1.07, 95% CI 0.81-1.42, p=0.61) (Fig. 4d) and OS
(HR=1.10, 95%CI 0.82-1.48, p=0.17) (Fig. 5f). Cetuximab at
escalating doses made no difference for ORR, PFS and OS (Fury et al.,
2012).

3.2.2.2. EGFR Combination therapy. Cixutuxumab with or without
cetuximab demonstrated limited benefit to PFS and OS despite the
increased ORR observed with cixutuxumab and cetuximab combination
(Table 1.2c) (Ferrarotto et al., 2018). The addition of gefitinib to
docetaxel also had limited activity without improvements to ORR, PFS,
and OS (Argiris et al., 2013) (Table 2.2c). However, this trial recruited
both previously treated and those who progressed from R/M HNSCC
(Table 1.2c) (Argiris et al., 2013).

3.2.2.3. PI3K inhibitors. Three studies assessed PI3K inhibitors
(Table 1.2d) (Jimeno et al., 2015; Jimeno et al., 2014; Soulières
et al., 2017). PX-866 added to cetuximab did not improve ORR, PFS
and OS over cetuximab alone20]. Although ORR bordered significance
(OR=3·88, 95% CI 1·91-7.86, p=0·05) (Fig. 3h) when PI3K inhibitor

was added to taxane therapy (Jimeno et al., 2015; Soulières et al.,
2017), PFS (HR=0·74, 95% CI 0·55-1·00, p=0·183) (Fig. 4f) and OS
(HR=0·86, 95% CI 0·69-1·06, p=0·16) (Fig. 5g) did not improve.

3.2.2.4. VEGF inhibitors. VEGF inhibitor Sorafenib (Table 1.2e)
administered with cetuximab did not provide additional clinical
benefit over cetuximab alone (Gilbert et al., 2015).

3.2.2.5. Other targeted agents. Other targeted therapies in Table 1.2f did
not increase ORR, PFS, and OS over their control arms (Gilbert et al.,
2012; Limaye et al., 2013; Vokes et al., 2015; Seiwert et al., 2014b)
(Table 2.2f)

3.2.3. Immunotherapy
3.2.3.1. PD-1 /PD-L1 inhibitors. Immune-checkpoint inhibitors
targeting PD-1 signaling were tested in four RCTs (Table 1.2g) (Ferris
et al., 2016; Cohen et al., 2018; Licitra et al., 2019). Meta-analysis
against standard single agent therapies (SOC) including MTX, docetaxel
and cetuximab as second-line agents (Ferris et al., 2016; Cohen et al.,
2018; Licitra et al., 2019) highlighted increases to ORR with PD-1/PD-
L1 inhibitors (OR=1·79, 95% CI 1·14-2·82, p < 0·01) (Fig. 3j) and OS

Fig. 5. Overall Survival amongst RCTs evaluating systemic therapy for R/M HNSCC.
Increased overall survival was only observed when PD-1/PD-L1 was investigated against investigator’s choice of single agent therapy.
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(HR=0·79, 95% CI 0·70-0·90, p< 0·001) (Fig. 5h) especially amongst
tumors with high PD-L1 expression (HR=0·72, 95% CI 0·60-0·85,
p< 0·001) (Fig. 6d). However, tumors with PD-L1 expression<1% did
not derive the same OS benefits (HR=0.92, 95% CI 0·67-1·25, p=0·58)
(Fig. 6e). Interestingly, greater survival with PD-1/ PD-L1 inhibitors
was attained over cetuximab (HR=0·53, 95% CI 0·36-0·79, p=0·002)
compared to MTX (HR=0·69, 95% CI 0·52-0·92, p=0·01) and
docetaxel (HR=0·85, 95% CI 0·66-1·09, p=0·19) (Fig. 6a, b, c). PD-
1/PD-L1 inhibitors did not prolong PFS (HR=0·96, 95% CI 0·85-1·09,
p=0·36) (Fig. 4f).

3.2.3.2. TLR-agonists. TLR-9 agonist EMD 1201081 added to cetuximab
did not improve PFS over cetuximab monotherapy (Table 1.2h) (Ruzsa
et al., 2014). OS for the control group was not reported as its survival
results were confounded by the trial’s cross-over design (Ruzsa et al.,
2014) (Table 2.2h).

3.2.3.3. IMT Combination therapy. Two trials evaluated the activity of
PD-L1 inhibitor durvalumab in combination with anti-CTLA-4
tremelimumab (Table 1.2 g) (Siu et al., 2019; Licitra et al., 2019).
The CONDOR study tested the efficacy of durvalumab and
tremelimumab combination against durvalumab or tremelimumab
monotherapy (Siu et al., 2019). ORR was highest with combination
therapy followed by durvalumab and tremelimumab monotherapy.
Although the study was not powered to compare survival, PFS and
OS were comparable between all three arms. In the EAGLE trial,
durvalumab in combination with tremelimumab did not improve
ORR, PFS or OS over SOC of either taxane, cetuximab, MTX or a 5-
FU-based regimen. However, there was an imbalance of patients with a
better ECOG performance score in the control arm with subsequent IMT
also provided in the SOC arm (Licitra et al., 2019) (Table 2.2g).

3.3. Heterogeneity analysis

Substantial heterogeneity was located amongst the PFS endpoint for
studies testing cetuximab added to platinum-based chemotherapy
(Vermorken et al., 2008; Burtness et al., 2005) (Fig. 4b), and for the OS
endpoint in trials evaluating taxane added to a cetuximab-platinum
regime (Bossi et al., 2017; Klinghammer et al., 2019; Friesland et al.,
2018; Guigay et al., 2019) (Fig. 5c) and the effect of PD-1 inhibitors
with low PD-L1 expression (Fig. 6e). Sensitivity analysis using the
random-effects model did not change the benefit of introducing ce-
tuximab to platinum-based therapy to PFS (HR=0·63, 95% CI 0·44-
0·90, p=0·01) whilst OS for trials evaluating taxane added to a cetux-
imab-platinum combination (HR=0.91, 95% CI 0.71-1.16, p= 0.45)
and those with low PD-L1 expression (HR=0.95, 95%CI 0.55-1.65,
p=0.86) remained non-significant.

4. Discussion

Our paper is the first to collate response and survival data from
RCTs investigating systemic therapy in R/M HNSCC. In our meta-ana-
lysis, only immune checkpoint inhibitors targeting PD-1 signaling de-
monstrated a significant increase to OS amongst patients with R/M
HNSCC refractory to platinum-based therapy despite multiple first and
second-line agents capable of increasing ORR. PFS was prolonged when
panitumumab or cetuximab was added to platinum-based therapy as
first-line agents and when EGFR inhibitors were evaluated against MTX
in a second-line setting.

Our results appear to strongly support the paradigm shift towards
IMT in R/M HNSCC treatment. Not only have PD-1/PD-L1 inhibitors
improved OS for second-line treatment in our meta-analysis, the
KEYNOTE-048 trial (Burtness et al., 2019) has established pem-
brolizumab plus platinum-5FU as the new gold-standard for front-line
therapy given its superiority over the EXTREME regime. Unfortunately,
not all IMT agents appear to be equivalent in delivering improved

Fig. 6. Subset analysis of PD-1 inhibitors against SOC in R/M HNSCC treatment.
PD-1 inhibitors had a greater magnitude of benefit for patients with a PD-L1 expression ≥1 and also against patients who received cetuximab therapy.
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survival outcomes. Although our analysis demonstrated PD-1 blockade
to be successful in prolonging survival, PD-L1 inhibitor durvalumab
from the EAGLE trial included in the meta-analysis did not actually
increase OS over SOC unlike their PD-1 inhibitor counterparts nivo-
lumab and pembrolizumab. In the same EAGLE study, no survival ad-
vantage was found with a durvalumab and tremelimumab combination
(Licitra et al., 2019). Whether survival data in the EAGLE study was
confounded by subsequent IMT and an imbalance in ECOG favouring
the control arm, these disappointing findings also suggest that IMT is
not ‘one-size-fits all’. To identify patients who can maximize from IMT,
prognostic biomarkers such as PD-L1 expression have been proposed as
multiple trials (Chow et al., 2016) including our own meta-analysis
have observed better OS outcomes in R/M HNSCC tumours exhibiting a
higher PD-L1 expression compared to those with a lower expression.
However, other meta-analyses have also found no association with PD-
L1 expression and treatment response in R/M HNSCC (Yang et al.,
2018; Li et al., 2017). Such inconsistencies may reflect the intrinsic
challenges of utilizing PD-L1 expression as a biomarker since its ex-
pression can be fluctuant (Vareki et al., 2017; Suresh and Burtness,
2017) and the lack of a standardized assay can make it difficult to
detect on tumour surfaces (Vareki et al., 2017; Suresh and Burtness,
2017). Further research still required to validate the role of IMT espe-
cially in a first-line setting as recommendations for management are
only based on one trial. Furthermore, KEYNOTE-048 (Burtness et al.,
2019) does not address survival amongst those with lower PD-L1 ex-
pression indicating other effective first-line alternatives still need to be
sought for those who are less likely to respond to PD-1 inhibitor
treatment. Understanding which classes of IMT can contribute to sur-
vival and the role of biomarkers are equally important to better ratio-
nalize treatment strategies.

The success of PD-1 inhibitors does not necessarily preclude the
relevance of EGFR-inhibitors in R/M HNSCC treatment. Although our
meta-analysis challenges the effectiveness of the EXTREME regimen as
cetuximab added to platinum chemotherapy did no improve OS, dif-
ferences in cetuximab dosing and the platinum-based regime between
the EXTREME (Vermorken et al., 2008) and ECOG (Burtness et al.,
2005) study could have influenced the accuracy of our assessment.
Furthermore, the increase in PFS without the same findings for OS in
certain EGFR-inhibitor regimes raises whether cross-over or interven-
tion re-allocation that had occurred in the EXTREME (Vermorken et al.,
2008), SPECTRUM (Vermorken et al., 2013b) and PARTNER (Wirth
et al., 2016) diluted OS data to the extent of pushing it towards non-
significance. As PFS data extrapolates survival figures at an earlier
follow-up (Savina et al., 2018; Sherrill et al., 2012), its endpoint may be
more representative of drug efficacy as its statistics are less likely to be
confounded by cross-over or treatment re-allocation. PFS has already
been used as a surrogate endpoint in locally advanced HNSCC (Sherrill
et al., 2012). However, validating its role in R/M HNSCC could expand
the limited repertoire of treatments available for R/M HNSCC patients
especially for those not eligible to receive PD-1/PD-L1 inhibitors. In
such circumstances, regimes that increased PFS in our meta-analysis
such as cetuximab or panitumumab-platinum combination as first-line
and EGFR inhibitor monotherapy as second-line agents could still be
viable treatment options to consider.

Conversely, PD-1 inhibitors improved OS without the same benefits
observed in PFS. Unlike cytotoxic agents, PD-1 inhibitors can cause
tumours to exhibit an initial progressive-like phenomena or a delayed
but enduring response, making PFS difficult to define using the
Response Evaluation Criteria in Solid Tumors (RECIST) criteria
(Gyawali et al., 2018). The limitations of RECIST to describe PFS in IMT
may account for the lack of advantage in PFS vs OS amongst PD-1 in-
hibitors, as the RECIST guidelines were used in all the currently pub-
lished PD-1 inhibitor trials for R/M HNSCC. The IMT-specific RECIST
(iRECIST) criteria developed to accommodate for the atypical response
patterns in IMT (Seymour et al., 2017) should be used in future trial
designs to improve survival interpretation.

There are several limitations to our paper. Firstly, the quality of
many studies could not be extensively appraised lending to a low
number of high-quality studies included in the review. Secondly,
median follow-up times were either not reported or varied between
trials which could have resulted a less ideal comparability for HR values
in OS, and PFS since they used different time points. Finally, our ana-
lysis only evaluated survival without considering patient-specific
parameters. Whilst interpreting survival data helps to stratify the best
drugs available, it is also important to individualize systemic therapy
according to prognostic factors such as performance status and ther-
apeutic goals to maximize survival and quality of life.

In summary, IMT appears to be paving the frontier of R/M HNSCC
treatment but its routine use is hindered by its expense and the chal-
lenge of selecting patients who will truly benefit. EGFR inhibitors may
remain a reasonable choice for those not eligible for IMT; however
systemic therapy should ultimately employ an individualized approach
to optimize treatment outcomes. Refinement to the definition or pre-
dictive biomarkers and the position of PFS in cancer trials can further
improve the continuum of care in R/M HNSCC. Yet there is a need for
more high-quality studies to solidify the role of IMT and to confirm
whether other targeted therapies can still contribute to survival.
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