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Abstract

Background: Anti-epidermal growth factor receptor monoclonal antibodies (anti-EGFR mAbs), such
as cetuximab and nimotuzumab have been used in the treatment of nasopharyngeal carcinoma
(NPC), yet their efficacy and safety are undetermined.

Materials and Methods: We performed two meta-analyses based on systematic searches of PubMed,
EMBASE, the Cochrane Library and SinoMed: comparison 1 (standard therapy plus mAbs vs.
standard therapy) and comparison 2 (radiotherapy plus concurrent mAbs vs. concurrent
chemoradiotherapy) to explore the treatment value of anti-EGFR mAbs in NPC. Primary outcomes
were overall survival (OS) and disease-free survival (DFS); secondary outcomes, locoregional
recurrence-free survival (LRFS), distant metastasis-free survival (DMFS) and grade 3 and above
acute adverse events.

Results: Four randomized controlled trials and thirteen observational studies were eligible.
Comparison 1 (twelve studies): adding mAbs to standard therapy (radiotherapy or
chemoradiotherapy) significantly improved OS (HR, 0.51; 95% ClI, 0.39-0.66) and DFS (HR, 0.68;
95% Cl, 0.54-0.86), but increased the frequency of skin rashes and mucositis. Comparison 2 (six
studies): OS (HR, 1.17; 95% CI, 0.81-1.70) and DFS (HR, 1.16; 95% CI, 0.86-1.57) were not
significantly different when mAbs replaced conventional cytotoxic chemotherapy concurrently with
radiotherapy, with fewer hematological, gastrointestinal and renal toxicities and more skin rashes in
the mAb group.

Conclusion: We recommend anti-EGFR mAbs enhance—but should not replace—current treatment
paradigms for locoregionally advanced NPC. Further evidence from phase Ill clinical trials is
required.

Key words: nasopharyngeal carcinoma; anti-epidermal growth factor receptor; cetuximab; nimotuzumab;
meta-analysis
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Introduction

Nasopharyngeal carcinoma (NPC) is very
prevalent in endemic regions such as southern China,
where the age-standardized annual incidence is 5-11
cases per 100,000 in endemic provinces, increasing to
10-27 cases in endemic counties [1]. In early-stage
NPC (stage I), radiotherapy (RT) alone has good
efficacy, and leads to a 5-year overall survival rate of
over 90% [2]. However, up to 70% of patients present
with locoregionally advanced (stage III-IV) disease at
diagnosis [3]; RT combined with chemotherapy
(chemoradiotherapy, CRT) is the recommended
standard treatment for these patients [4, 5]. Yet, CRT
fails in approximately 30% of patients; most treatment
failures are due to distant metastasis [6, 7]. Moreover,
conventional cytotoxic drugs (ie, cisplatin,
fluorouracil, taxol) are mainly selected for CRT, but
can cause severe intolerable toxicities because of their
unspecific cytotoxic effects in both normal and cancer
cells [8].

Epidermal growth factor receptor (EGFR) is
expressed in over 90% cases of NPC [9, 10], and a
meta-analysis linked overexpression of EGFR to a
poorer prognosis [11]. Activation of EGFR pathways
promotes tumor cell growth, invasion and metastasis,
prevents apoptosis and induces chemoresistance and
radioresistance [12-15]. EGFR has been evaluated as a
therapeutic target in NPC. Anti-EGFR monoclonal
antibodies (anti-EGFR mAbs) bind to the extra-
cellular domain of EGFR and prevent activation of
downstream signaling pathways, and therefore exert
anti-neoplastic effects. Of the several commercialized
anti-EGFR  mAbs available, cetuximab and
nimotuzumab have been clinically tested in NPC.
Several phase II single-arm clinical trials have
preliminarily investigated the efficacy and toxicity of
anti-EGFR mAbs in the treatment of NPC and
reported promising results [16-19]. Moreover, one
randomized controlled phase II trial demonstrated
combining nimotuzumab and RT improved the
complete response rate compared to RT alone in NPC,
but no further survival outcomes were reported [20].
No data from phase III clinical trials is available to
confirm the efficacy and toxicity of anti-EGFR mAbs
in NPC; therefore, a comprehensive review of the
available evidence is needed.

We conducted two separate head-to-head
comparison meta-analyses in an attempt to answer
the following questions: (1) whether combining
anti-EGFR mAbs with the standard treatment
(RT/CRT) improves efficacy without intolerable
toxicities in NPC; and (2) whether anti-EGFR mAbs
can replace conventional cytotoxic chemotherapy
(usually platinum-based) in concurrent chemoradio-

therapy (CCRT) with non-inferior efficacy and milder
toxicities in NPC.

Materials and Methods

Search strategy

A comprehensive search was conducted of
PubMed, EMBASE, the Cochrane Library and
SinoMed (a Chinese database). We used the intelligent
search functions provided by the electronic databases;
the following terms and their synonyms provided by
the intelligent search functions were used:
“nasopharyngeal carcinoma” AND (“targeted
therapy” OR “EGFR inhibitor” OR “anti-EGFR” OR
“monoclonal antibody” OR “cetuximab” OR
“nimotuzumab”). Abstracts from major cancer
conferences were also considered in the EMBASE
search. No restrictions on language or time of
publication were applied. We also searched the US
National Institutes of Health Trials Register and
World Health Organization Clinical Trials Registry
Platform for ongoing trials. The last search was
performed on May 20th, 2018. We also manually
searched the reference lists of retrieved papers or
related reviews for additional studies.

Outcomes

We selected overall survival (OS) and
disease-free survival (DFS) as primary outcomes and
reported these as unadjusted hazard ratio (HR).
Secondary outcomes were locoregional recurrence-
free survival (LRFS) and distant metastasis-free
survival (DMFS), reported as unadjusted HR, and
grade 3 and above acute adverse events, reported as
relative risk (RR). OS was defined as the time from
treatment initiation to death from any cause; DFS, to
distant metastasis, locoregional relapse or death from
any cause (whichever first); LRFS, to locoregional
relapse; DMFS, to distant metastasis. Acute adverse
events were defined as occurring during treatment or
within 90 days of treatment completion.

Eligibility criteria

Studies were included if they met all of the
following predefined criteria: (1) patients with a
pathological diagnosis of non-metastatic NPC
without previous treatment; (2) head-to-head
comparisons between RT/CRT plus anti-EGFR mAbs
and RT/CRT alone, or RT plus concurrent anti-EGFR
mAbs and RT plus concurrent chemotherapy; (3)
studies reporting at least one of the primary outcomes
(OS and DFS), as HR and associated 95% confidence
interval (Cl) or other types of data (i.e., survival
curves, numbers of events and log-rank P-values)
from which we could calculate HR and 95% CI
indirectly. Reviews without original data, case
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reports, preclinical studies and single-arm studies
were excluded. When cohorts from different studies
overlapped, studies with the most participants or
with the most complete data were included. The
eligibility of each citation was independently assessed
by two reviewers (L.P. and C.X.), and disagreements
were resolved by discussion.

Data extraction and quality assessment

The following data was extracted and recorded
using a predesigned table: first author, year of
publication, study design, recruitment period,
participants” age and sex, tumor stage and histologic
type, sample size (per arm), treatment protocol,
follow-up time, survival outcomes, and grade 3 and
above acute adverse events. RCTs were assessed
using the Cochrane risk of bias assessment tool and
six domains for each included study were assessed:
random sequence generation, allocation concealment,
blinding (of participants and outcome assessors),
outcome data, selective outcome reporting and other
bias [21]. Studies were classified as having a low,
unclear or high risk of bias. Observational studies
were assessed with the modified Newcastle-Ottawa
scale, which comprises three items: patient selection,
comparability of the study groups, and assessment of
outcomes [22]. Scores range from 0 to 9; studies with
scores > 6 were regarded as high-quality. Two
reviewers (L.P. and Z.L.L.) independently performed
the extraction and assessment work and discussed
any disagreements; a senior reviewer (Y.P.C.) was
consulted if necessary.

Statistical analysis

For survival analysis, when unadjusted HR and
associated 95% CI were wunavailable, we used
summary statistics or Kaplan-Meier curves to
calculate the HR according to Parmar’s method [23].
For adverse events analysis, the RR and 95% CI were
used as outcome measures. Heterogeneity among
studies was evaluated using the Chi? test and I?
statistic. Heterogeneity was considered statistically
significant if the P-value for the Chi? test was < 0.10 or
I2 value was > 50%; if so, the random-effects model
was used; otherwise, the fixed-effects model was used
[24]. We entered HR data into the meta-analysis using
the inverse variance method. Subgroup analyses were
based on the mAb investigated, namely cetuximab or
nimotuzumab. Funnel plots and Begg’'s tests were
generated to detect potential publication bias using
Stata software 12.0 (StataCorp, College Station, TX,
USA), and P > 0.05 was taken to indicate an absence of
potential publication bias [25]. The meta-analysis and
forest plots were produced using Review Manager 5.3
(Cochrane Collaboration, Oxford, UK).

Results

Characteristics of studies

Seventeen eligible studies were identified from
the 1215 references retrieved [26-42]. The flow
diagram of selection of the included studies is
presented in Figure 1. Twelve studies [26-37] were
included in the comparison between RT/CRT plus
anti-EGFR mAbs and RT/CRT alone (comparison 1);
six studies [29, 38-42] were included in the
comparison between RT plus concurrent anti-EGFR
mAbs and CCRT (comparison 2). Yin et al. [29]
compared three cohorts: RT alone, RT plus concurrent
anti-EGFR mAbs, and CCRT, so the comparison
between RT alone and RT plus concurrent anti-EGFR
mAD and the comparison between RT plus concurrent
anti-EGFR mAb and CCRT were included in the
respective meta-analyses. Among the studies
included in comparison 1, two were RCTs [26, 27] and
ten were observational studies [28-37], and two
studies [26, 29] used RT as standard treatment while
the rest used CRT. You et al. [35] focusing on
cetuximab/nimotuzumab and Xia et al. [34] focusing
on cetuximab were conducted at the same institution
and had partially overlapping participants, so we
pooled the survival data from You et al. [35] in the
overall analysis and Xia et al. [34] in the subgroup
analysis. With regard to toxicities, data from You et al.
[35] was pooled in the overall and subgroup analysis
as adverse events were displayed individually for
cetuximab/nimotuzumab. Among the studies
included in comparison 2, two were RCTs [38, 39] and
four were observational studies [29, 40-42]. The
characteristics of the included studies are shown in
Table 1 and the treatment protocols are summarized
in Table 2.

Assessment of included studies

The results of the assessment are shown in
Supplementary Tables S1 and S2. Wu et al. [26]
reported single-center results from a multicenter,
randomized controlled phase II trial [20], and was
assessed as having an unclear risk of bias, as the two
groups had a small, significant difference in age. The
study by Shao et al. [27] was assessed as having a high
risk of bias as the participants were allocated by
drawing lots, which may cause non-neglectable
selection bias. The phase II RCT registered as
NCT01614938 by Xu et al. [38] was assessed as having
an unclear risk, as it aimed to recruit at least 86
participants, but the trial was closed ahead of
schedule because of the unexpectedly high rates of
grade 3/4 mucositis observed in the RT plus
concurrent cetuximab arm; this trial only recruited 44
participants. Liao et al. [39] reported the interim
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results of a phase III RCT registered as NCT02012062  34-37, 40-42] were assessed as high-quality studies
and was assessed as having an unclear risk of bias. Of  and two [30, 33] scored 5 indicating low quality.
the thirteen observational studies, nine [28, 29, 31, 32,

Table 1. Characteristics of the included studies

Study ID Study Recruitment Study arms Sample Median Stage (%)/staging Histologic Extractable Toxicity criteria Median
type period size or mean system type survival follow-up
age (WHO) outcomes time
(years) (months)
Comparison 1: RT/CRT + anti-EGFR mAbs versus RT/CRT alone
Li2015 OB  2009-2012  CCRT+NTZ 30 57.3¢ 11 (8.3%), 111 (38.3%), 1, III os CTCAEv4.0
CCRT 30 54.6f 1V (53.4%)/ Chinese NR
2008 staging
Lou2016 OB 2012 IC—CCRT+NTZ 22 NR III (NR), IV (NR)/NR NR os CTCAEV3.0, 36
IC—CCRT 161 RTOG/EORTC
Shao RCT 2009-2010 CCRT+NTZ 24 47s 1II (58.3%), IV 11, IIT OS,DFS CTCAEV4.0, 26
2014 CCRT 24 508 (41.7%)/ Chinese 2008 RTOG
staging
Tang OB  2008-2011 CCRT+NTZ—AC 63 542 M (E7.7%), v NR OS,DFS,LRFS, CTCAEV3.0, 195
2012 CCRT—AC 60 550f (42.3%)/Chinese 2008 DMFS RTOG/EORTC
staging
Wang OB  2008-2010  CCRT+CTX 36 46.6f I-IT (80.8 %), ITI-IV NR Os, DFS RTOG 54
2016 CCRT 42 45.9¢ (19.2%)/NR
Wang OB 2008-2014 IC—CCRT+NTZ— 120 47s 1II (59.6%), IV NR OS,DFS,LRFS, CTCAEV3.0, 56
2018 +AC (40.4%)/AJCC 7th DMFS RTOG
IC»CCRT—+AC 120 47 staging
Wu2018 OB  2010-2014  CCRT+CTX 75 47s 1II (50.7%), IV 11, IIT OS,DFS,LRFS, CTCAEV3.0, 41.0
CCRT 150 47s (49.3%)/AJCC 7th DMFS RTOG 436
staging
Wu 2007 RCT 2003-2004 RT+NTZ 18 36f 1II (68.6%), IV 11, IIT OS,DFS,LRFS, CTCAEv2.0, 319
RT 17 A7¢ (31.4%)/AJCC 5th DMFS RTOG
staging
Yin2014a OB  2008-2012  RT+NTZ/CTX 68¢ NR 11 (28.0%), 111 (38.2%), NR OS,DFS,LRFS, CTCAEvV3.0 31.3a
RT 136 1V (33.8%)/ NR DMFS
You2017 OB  2009-2013  CCRT+NTZ/CTX 1894 44.78 11 (9.2%), 11T (71.4%), 1L, 1II OS,DFS,LRFS, CTCAEv4.0, 48.0
CCRT 689 45.68 1V (19.4%)/ AJCC 7th DMFS RTOG/EORTC 489
staging
Zeng OB  2010-2012  CCRT+CTX 64 45.3¢ 111 (47.8%), IV NR os NR NR
2016 CCRT 74 45.0f (52.2%)/AJCC 6th
staging
Xia2017> OB 2006-2013 ~ +IC»>CCRT+CTX 96 43.9¢ 1II (NR), IV I, 11 OS,DFS,LRFS, CTCAEv4.0 62
+[C—CCRT 96 440t (NR)/AJCC7th DMFS 62.9
staging
Comparison 2: RT + concurrent anti-EGFR mAbs versus CCRT
Li2016 OB  2008-2013  IC—RT+NTZ 52 NR 11 (25.0%), 111 (39.4%), 11, 11 OS,DFS CTCAEv4.0 50
IC—CCRT 52 1V (35.6%)/ AJCC 7th
staging
Liao 2016 RCT 2012-2013  IC—RT+NTZ 28 478 I (51.7%), IV 11, 11T OS,DFS,LRFS, CTCAEv3.0 36
IC—CCRT 32 (48.3%)/AJCC 7th DMFS
staging
Wu2016 OB  2008-2012 IC—HRT+CTX 56 46.28 11 (17.0%), 11T (49.1%), 11,111 OS,DFS CTCAEv4.0 55.4
IC—CCRT 56 45.8¢ 1V (33.9%)/ AJCC 7th 56.2
staging
Xu?2015 RCT 2010-2011  IC—HRT+CTX 21 44s 1II (70.5%), IV 11, IIT OS,DFS,LRFS, CTCAEv3.0 36.9
IC—CCRT 23 468 (29.5%)/ AJCC 7th DMFS
staging
Yin2014a OB  2008-2012  RT+NTZ/CTX 68¢ NR 11 (28.0%), 11 (38.2%), NR OS,DFS,LRFS, CTCAEv3.0 31.3a
CCRT 136 1V (33.8%)/ NR DMFS
You-Rui OB 2009-2013  +ICHRT+NTZ/CT 143¢ 468 11 (11.2%), 111 (55.7%), 11, 1T OS,DFS,LRFS, CTCAEv4.0, 50.4
2017 X IV (33.9%)/ AJCC 7th DMFS RTOG
+IC—CCRT 572 478 staging 55.1

Abbreviations: OB = observational; RCT = randomized controlled trial; anti-EGFR mAbs = anti-epidermal growth factor receptor monoclonal antibodies; RT = radiotherapy;
CRT = chemoradiotherapy; CCRT = concurrent chemoradiotherapy; IC = induction chemotherapy; AC = adjuvant chemotherapy; NTZ = nimotuzumab; CTX = cetuximab;
NR = not reported; AJCC = American Joint Committee on Cancer; OS = overall survival; DFS = disease-free survival; LRFS = locoregional recurrence-free survival; DMFS =
distant metastasis-free survival; CTCAE = Common Terminology Criteria for Adverse Events; RTOG = Radiation Therapy Oncology Group; EORTC = European
Organization for Research on Treatment of Cancer. 2 Yin 2014 with three cohorts was split into two comparisons, and the median follow-up time was calculated based on the
total three cohorts. ® The cohort recruited by Xia 2017 partially overlapped with the cohort of You 2017, and was only included in cetuximab subgroup analyses for OS and
DFS. < Numbers of participants treated with NTZ/CTX was 59/9. d Numbers of participants treated with NTZ/CTX was 87/102. e Numbers of participants treated with
NTZ/CTX was 85/58. f Mean age.
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Table 2. Treatment protocols of the included studies

Study ID

Radiotherapy Chemotherapy

Anti-EGFR mAb during RT

Comparison 1: RT/CRT + anti-EGFR mAbs versus RT/CRT alone

NTZ 200 mg qw for 6 cycles
NTZ 100 mg or 200 mg qw for 6 cycles

NTZ 100 mg qw for 7 cycles
NTZ 100 mg qw for 6-7 cycles

NTZ 100 mg qw for 8 cycles
CTX 40 mg/m?2 qw for 6 cycles
NTZ 200 mg qw for 6-7 cycles

CCRT: TP or CDDP 80 mg/m?2 or NDP 80 mg/m2 q3w CTX 400 mg loading, 250 mg qw for 7 cycles

CTX 400 mg loading, 250 mg qw for 7 cycles;
NTZ 200 mg qw for 8 cycles

CTX 400 mg loading, 250 mg qw for 6-7 cycles;
NTZ 200 mg qw for 6-7 cycles

CTX 400 mg loading, 250 mg qw for 7 cycles

Li 2015 3DCRT:60-70Gy CCRT: NDP 40 mg qw for 6 cycles

Lou 2016 IMRT:66-70Gy IC: TP or TPF q3w for 1-2 cycles;
CCRT: NDP 80 mg/m? q3w for 2 cycles

Shao 2014 3DCRT:72-76Gy CCRT: NDP 30 mg/m2 qw for 7 cycles

Tang 2012 3DCRT:70-76Gy CCRT: TP q3w for 2-3 cycles;

IMRT:70-76Gy AC: TP q3w for 2-4 cycles

Wu 2007 2DRT:70Gy NA

Wang 2016 IMRT:66Gy CCRT: CDDP 40 mg/m?2 qw for 6 cycles

Wang 2018 IMRT:66-72Gy IC: TP or PF or TPF or GP q3w for 2-3 cycles;
CCRT: CDDP 80 mg/m?2 q3w for 2-3 cycles;
AC: PF or GP

Wu 2018 IMRT:66-75Gy
for 2 cycles

Yin 2014 IMRT:70-74Gy NA

You 2017 IMRT:68-72Gy CCRT: CDDP 80-100 mg/m?2 q3w for 2-3 cycles

Zeng 2016 IMRT:70Gy CCRT: CDDP 40 mg/m?2 qw for 6 cycles

Xia 2017 2DRT:70-76Gy CCRT: CDDP 80-100 mg/m?2 q3w for 2-3 cycles or

IMRT:68-72Gy

Comparison 2: RT + concurrent anti-EGFR mAbs versus CCRT

30-40 mg/m2 qw for 5-7 cycles

CTX 400 mg loading, 250 mg qw for 6-7 cycles

NTZ 200 mg qw for 6-8 cycles
NTZ 200 mg qw for 8 cycles
CTX 400 mg loading, 250 mg qw for 8 cycles

CTX 250 mg qw for 7 cycles

Li 2016 IMRT:70-74Gy IC: TPF 3w for 2 cycles;
CCRT: CDDP 75 mg/m? q3w for 2-3 cycles
Liao 2016 IMRT:70Gy IC: TPF g3w for 3 cycles;
CCRT: CDDP 40 mg/m?2 qw for 7 cycles
Wu 2016 IMRT:70-74Gy IC: TPF q3w for 2 cycles;
CCRT: CDDP 75 mg/m?2 q3w for 2-3 cycles
Xu 2015 IMRT:66-70Gy IC: TP g3w for 2 cycles;
CCRT: CDDP 30 mg/m2 qw
Yin 2014 IMRT:70-74Gy CCRT: CDDP qw for 6 cycles or g3w for 2cycles

You-Rui 2017

IMRT:76-70Gy

IC: TP or PF or TPF q3w for 2-3 cycles;
CCRT: CDDP 80-100 mg/m?2 3w for 2-3 cycles

CTX 400 mg loading, 250 mg qw for 7 cycles;
NTZ 200 mg qw for 8 cycles

CTX 400 mg loading, 250 mg qw for 6-7 cycles;
NTZ 200 mg qw for 6-7 cycles

Abbreviations: 3DCRT = three-dimensional conformal radiotherapy; IMRT = intensity modulated radiotherapy; 2DRT = two-dimensional radiotherapy; NDP = nedaplatin;
CDDP = cisplatin; TP = taxol analog + platinum; TPF = taxol analog + platinum + 5-fluorouracil; PF = platinum + 5-fluorouracil; GP = gemcitabine + platinum; CTX =
cetuximab; NTZ = nimotuzumab; anti-EGFR mAbs = anti-epidermal growth factor receptor monoclonal antibodies; RT = radiotherapy; CRT = chemoradiotherapy; CCRT =
concurrent chemoradiotherapy; IC = induction chemotherapy; AC = adjuvant chemotherapy; qw = every week; q3w = every three weeks; NA = not applicable.

sMedian age.

1215 potentially relevant citations retrieved ‘

67 duplicates removed

-

1148 titles and abstracts screened ‘

M

940 articles removed

208 full-text articles assessed for eligibility ‘

191 full-text articles excluded:
46 single-arm studies
40 reviews without original data
39 no extractable survival data
13 recurrent or metastatic NPC
12 preclinical studies
10 duplicates
10 irrelevant comparison
9 cancer of other sites
8 case reports
4 overlap in study participants

17 eligible studies identified
comparison 1: 12 studies
comparison 2: 6 studies

Figure

1. Flow diagram of selection of included and excluded studies.

Comparison 1: RT/CRT plus anti-EGFR mAbs
vs. RT/CRT alone

Pooled HR for OS showed evidence of a benefit
of adding anti-EGFR mAbs to standard therapy (HR,
0.51; 95% CI, 0.39-0.66). Pooled analysis for DFS
showed a benefit favoring addition of anti-EGFR
mAbs (HR, 0.68; 95% Cl, 0.54-0.86). Pooled analysis
for LRFS also indicated a benefit favoring addition of
anti-EGFR mAbs (HR, 0.66; 95% CI, 0.45-0.96). With
regards to DMFS, a marginally significant effect was
observed (HR, 0.64; 95% CI, 0.38-1.07). No significant
heterogeneity was detected, except in the analysis of
DMEFS (2= 53%, P = 0.06; Figure 2).

Ten types of adverse event were evaluated
(Table 3). Grade 3 and above skin rashes and
mucositis were more frequently observed in
participants treated with RT/CRT plus anti-EGFR
mAbs. The pooled RR (95% CI) for skin rashes and
mucositis were 4.08 (1.59-10.47) and 1.84 (1.10-3.10)
respectively; both had significant heterogeneity.

In the cetuximab subgroup, OS and DFS remain-
ed significantly improved by adding cetuximab to
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standard therapy compared to standard therapy
alone; pooled RR (95% Cl) for skin rashes and
mucositis were 7.28 (2.17-24.43) and 2.31 (1.04-5.15). In
the nimotuzumab subgroup, OS was significantly
improved by adding nimotuzumab, though the
improvement in DFS was marginally significant (HR,
0.65; 95% ClI, 0.41-1.03; P = 0.06); pooled RR (95% CI)
for skin rashes and mucositis were 1.19 (0.51-2.78) and
1.25 (0.81-1.94; Supplementary Table S3).

Comparison 2: RT plus concurrent anti-EGFR
mAbs vs. CCRT

Pooled analysis showed the survival differences
between the two modalities were not significant (OS:
HR, 1.17; 95% CI, 0.81-1.70; DFS: HR, 1.16; 95% ClI,

0.86-1.57; LRFS: HR, 0.83; 95% CI, 0.44-1.58; DMFS:
HR, 117; 95% CI, 0.73-1.85) and no significant
heterogeneity was detected (Figure 3).

Ten types of adverse events were evaluated
(Table 3). Compared to CCRT, RT plus concurrent
anti-EGFR mAbs was less likely to induce grade 3 and
above leucopenia (RR, 0.23; 95% CI, 0.10-0.53),
thrombocytopenia (RR, 0.27; 95% CI, 0.11-0.62),
anemia (RR, 0.09; 95% CI, 0.03-0.33), nausea/ vomiting
(RR, 0.10; 95% CI, 0.05-0.18) and renal function
abnormality (RR, 0.20; 95% CI, 0.05-0.79), but more
likely to cause grade 3 and above skin rashes (RR,
4.09; 95% CI, 1.21-13.87).

A Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% ClI IV, Fixed. 95% CI
Wu 2007 079 116 1.3%  0.45[0.05, 4.41]
Tang 2012 -1.78 0.82 26% 0.17 [0.03,0.84]
Lou 2016 123 0.6 4.9% 0.29[0.09, 0.95]
Shao 2014 021 05 7.4% 0.81[0.30,2.16] ——
Yin 2014 -0.41 045 8.7% 0.66[0.27, 1.60] —
Wang 2016 -1.02 042 100% 0.36[0.16,0.82] T
Wang 2018 076 04 11.1% 0.47[0.21,1.02) — e
You 2017 -0.92 0.38 12.3% 0.40[0.19, 0.84] —
Wu 2018 -0.13 038 12.3% 0.88[0.42, 1.85] ="
Zeng 2016 -0.74 0.35 14.4%  0.48 [0.24, 0.95) e
Li 2015 -0.52 0.34 15.3% 0.59[0.31, 1.16] ——
Total (95% CI) 100.0% 0.5 [0.39, 0.66] <>
Heterogeneity: Chi? = 7.33, df = 10 (P = 0.69); I = 0% :u,nz 0?1 : 1’0 50’
Testor.overall effect:2 = 5.041{Pi=0.00001) Favours RT/CRT+anti-EGFR Favours RT/CRT alone
B Hazard Ratio Hazard Ratio
_Study or Subgroup __log[Hazard Ratio] SE Weight IV, Fixed. 95% Cl IV, Fixed, 95% Cl
Wu 2007 051 1.16  1.0% 1.67[0.17,16.18]
Tang 2012 149 064 34% 0.23[0.06,0.79]
Shao 2014 0.14 043 7.6% 0.87[0.37,2.02] S
Wang 2016 07 036 108% 0.50[0.25, 1.01] ]
Wang 2018 041 033 129% 0.66[0.35,1.27] e
You 2017 0.06 033 129% 0.94[0.49, 1.80] e I
Yin 2014 056 025 224% 0.57[0.35,0.93] — W
Wu 2018 023 022 29.0% 0.79[0.52,1.22] —&-
Total (95% Cl) 100.0% 0.68 [0.54, 0.86] L 2
Heterogeneity: Chi? = 6.63, df = 7 (P = 0.47); I? = 0% ‘0_02 0?1 : 1:0 50’
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Figure 2. Forest plots of the overall analyses for comparison 1, comparing RT/CRT plus anti-EGFR mAbs and RT/CRT alone. (A) Overall survival; (B) disease-free
survival; (C) locoregional recurrence-free survival; (D) distant metastasis-free survival. RT = radiotherapy; CRT = chemoradiotherapy; anti-EGFR mAbs =
anti-epidermal growth factor receptor monoclonal antibodies.
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Figure 3. Forest plots of the overall analyses for comparison 2, comparing RT plus concurrent anti-EGFR mAbs and CCRT. (A) Overall survival; (B) disease-free
survival; (C) locoregional recurrence-free survival; (D) distant metastasis-free survival. RT = radiotherapy; CCRT = concurrent chemoradiotherapy; anti-EGFR mAbs

= anti-epidermal growth factor receptor monoclonal antibodies.

In the cetuximab subgroup, OS and DFS
remained non-significantly different between RT plus
concurrent cetuximab and CCRT; pooled RR (95% CI)
for skin rashes and mucositis were 11.13 (6.16-20.10)
and 1.62 (1.33-1.98). In the nimotuzumab subgroup,
pooled HR (95% CI) for OS and DFS were 2.49
(1.18-5.24) and 2.11 (1.13-3.94), indicating concurrent
nimotuzumab has inferior efficacy compared to
CCRT; pooled RR (95% CI) for skin rashes and
mucositis were 1.32 (0.22-8.06) and 0.92 (0.72-1.18;
Supplementary Table 54).

In both comparisons 1 and 2, the results of the
sensitivity analyses for primary outcomes (OS and
DFS) were in accordance with the overall analyses,
suggesting the results were robust (Supplementary
Tables S5 and S6). Additionally, no significant
publication bias was detected in the overall analyses
for OS and DFS (Figure 4).

Discussion

Comparison 1: anti-EGFR mAbs can enhance
the efficacy when combined to standard
therapy in the treatment of locoregionally
advanced NPC

According to the results of our meta-analyses,
addition of anti-EGFR mAbs to standard therapy for
NPC improved efficacy in terms of OS, DFS and LRFS
compared to standard therapy alone, and sensitivity
analyses confirmed the robustness of these results.
This result can be explained by the synergetic
anti-neoplastic effects of anti-EGFR mAbs combined
with chemotherapy and radiotherapy, which renders
NPC cells more sensitive to cytotoxic drugs and
ionizing radiation [43, 44]. However, the improve-
ment in DMFS was insignificant, which may be due to
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the between-study heterogeneity of the four studies
included. When interpreting improvements in
efficacy, caution is necessary due to the following
constraints of the included studies: (1) most
participants had advanced stage NPC (stage Il and IV
accounted for 90.7%); (2) the median follow-up time
for the included studies ranged from 19.5 to 56
months, and only five studies [31, 32, 35-37] had a
median follow-up time > 36 months; (3) most studies
were conducted using CRT as standard therapy, and
only two studies [26, 29] employed RT. At present,
there is still a lack of evidence to prove the superiority
of combining anti-EGFR mAbs with RT over RT alone
in stage III and IV disease. Indeed, CRT is
recommended as the standard therapy for stage III
and IV NPC and RT alone is sub-optimal, and only
advisable if chemotherapy cannot be administered
due to contraindications. For patients with stage II
NPC, disagreements still exist regarding the optimal
treatment modality (RT or CRT) due to the intrinsic
heterogeneity of this group of patients [45]. Therefore,
whether it is suitable to add anti-EGFR mAbs to
RT/CRT in stage II NPC or not is a question that
needs to be addressed in the future. On the other
hand, RT plus anti-EGFR mAbs could be an

A

o4

alternative to RT or CRT for stage II NPC (see below).
When interpreting the results of subgroup analyses
for survival outcomes, we should bear in mind that
some studies investigating both cetuximab and
nimotuzumab were not included in the subgroup
analyses as detailed data was not provided separately
for each mAb, and this may explain why the
improvement in DFS in the nimotuzumab subgroup
was not as significant as in the overall analyses.

Adding anti-EGFR mAbs to standard therapy
was more likely to cause grade 3 and above skin
rashes and mucositis compared with standard
therapy alone. This can be explained by the fact that
EGFR mAbs can bind to some normal cells, such as
the epidermis and mucosal epithelium [46]. However,
such adverse events resolved after withdrawal of the
mAbs due to the self-repairing ability of epithelial
tissue [47]. To some extent, subgroup analyses
revealed nimotuzumab was less likely to cause such
mADb-related adverse events, which can be explained
by the lower EGFR-binding affinity of nimotuzumab
compared to cetuximab [48], though this needs to be
confirmed by direct or indirect comparisons between
nimotuzumab and cetuximab.
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Figure 4. Funnel plots with pseudo 95% confidence limits of overall analyses for comparison 1 (A: overall survival; B: disease-free survival) and comparison 2 (C:

overall survival; D: disease-free survival). P-values were calculated by Begg's test.
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Table 3. Meta-analyses of grade 3 and above adverse events for comparisons 1 and 2
Adverse events N of studies N of pts in mAb N of pts in control RR (95% CI) P-valuea Heterogeneity

group group & P-valuea
Comparison 1: RT/CRT + anti-EGFR mAbs versus RT/CRT alone
Leukopenia 7 565 1147 0.99 (0.83-1.19) 0.95 11% 0.34
Thrombocytopenia 5 438 1013 1.01 (0.53-1.95) 0.97 13% 0.33
Anemia 5 477 1049 1.21 (0.68-2.15) 0.52 9% 0.35
Nausea/vomiting 7 565 1147 0.95 (0.58-1.56) 0.84 46% 0.09
Liver dysfunction 3 294 869 1.18 (0.55-2.54) 0.68 0% 0.66
Renal impairment 1 189 689 0.87 (0.33-2.27) 0.77 NA NA
Radiodermatitis 5 163 304 1.04 (0.81-1.35) 0.74 0% 0.68
Skin rash 4 358 943 4.08 (1.59-10.47) 0.003 70% 0.02
Mucositis 7 565 1152 1.84 (1.10-3.10) 0.02 89% <0.001
Weight loss 2 264 839 1.51 (0.95- 2.39) 0.08 0% 0.62
Comparison 2: RT + Concurrent Anti-EGFR mAbs Versus CCRT
Leukopenia 3 251 680 0.23 (0.10-0.53) <0.001 51% 0.13
Thrombocytopenia 4 279 712 0.27 (0.11-0.62) 0.002 0% 0.59
Anemia 3 227 660 0.09 (0.03-0.33) <0.001 0% 0.92
Nausea/vomiting 4 279 712 0.10 (0.05-0.18) <0.001 10% 0.34
Liver dysfunction 3 227 660 1.41(0.10-20.76) 0.80 60% 0.08
Renal impairment 3 227 660 0.20 (0.05-0.79) 0.02 48% 0.15
Radiodermatitis 1 52 52 2.00 (0.19-21.38) 0.57 NA NA
Skin rash 5 300 735 4.09 (1.21-13.87) 0.02 63% 0.03
Mucositis 5 300 735 1.28 (0.97-1.68) 0.08 61% 0.04
Weight loss 3 251 680 0.96 (0.64- 1.45) 0.84 12% 0.32

Abbreviations: N = number; pts = patients; anti-EGFR mAb = anti-epidermal growth factor receptor monoclonal antibody; RT = radiotherapy; CRT = chemoradiotherapy;
CCRT = concurrent chemoradiotherapy; RR = risk ratio; CI = confidence interval; NA = not applicable. 2 Statistically significant results are shown in bold.

The relative efficacy of cetuximab and
nimotuzumab in the treatment of NPC is still
undetermined. Although several studies have
demonstrated cetuximab and nimotuzumab are
efficacious in NPC [16, 17, 19, 20], further
comparisons between the two mAbs are needed.
Considering the current evidence, cetuximab and
nimotuzumab both represent good choices for
combination with standard therapy in stage IIl and IV
NPC with respect to efficacy, but nimotuzumab
would be a better choice due to its more favorable
toxicity profile.

Comparison 2: anti-EGFR mAbs failed to be a
recommended choice to replace conventional
cytotoxic regimes concurrently with RT in the
treatment of locoregionally advanced NPC

When anti-EGFR mAbs were prescribed to
replace conventional cytotoxic regimes concurrently
with RT, we did not observe significant differences in
OS, DFS, LRFS or DMFS. Of the 368 participants in the
mAb group, 241 patients received induction
chemotherapy (IC) before RT. IC has been proven to
improve DFS, mainly by benefiting DMFS in patients
with advanced NPC [49, 50]. So, we cannot exclude
the possibility that benefits from IC may conceal
differences between the two modalities. Subgroup
analyses revealed nimotuzumab was significantly
inferior to conventional cytotoxic regimes concurrent
with RT in OS and DFS, while no significant
differences were observed in the cetuximab subgroup.
This may be due to the intrinsic pharmacological and

immunological differences between the two mAbs in
this clinical scenario (i.e. concurrent with RT alone)
[51, 52]. More evidence is needed to support this
suggestion, considering that only two studies with a
small sample size were included in each subgroup
analysis. =~ With respect to adverse events,
hematological, gastrointestinal and renal toxicities,
such platinum-related toxicities were less likely in the
RT plus mAb group, though mAb-related toxicities
such as skin rashes were frequent in this group.

In the light of the current evidence, we do not
recommend the replacement of platinum-based
chemotherapy with anti-EGFR mAbs during RT in
patients with locoregionally advanced NPC. We could
not confirm the non-inferiority of RT plus anti-EGFR
mAbs compared to CCRT, especially when we took
the results of NCT01614938, the closed ahead-of-
schedule phase Il trial [38], and the subgroup analyses
into consideration. However, for patients with stage 11
NPC, for whom the choice of RT or CRT is still
uncertain, treatment with RT plus anti-EGFR mAbs
may provide satisfactory efficacy with tolerable
toxicities [40]. Additionally, replacement of
chemotherapy with anti-EGFR mAbs could be
considered for elderly patients or patients with
comorbidities who cannot tolerate the toxicities of
platinum-based chemotherapy [40]. The ongoing
phase 1III clinical trial NCT02012062 should provide
solid evidence in this respect.

Prospects

Previous studies demonstrated that inhibition of
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EGFR signaling could modulate cellular sensitivity to
radiation and enhance tumor cell response to
radiation and established a foundation for the clinical
investigation of the combination of radiation and
anti-EGFR mAbs [53]. We also noticed that most of
current studies incorporated the anti-EGFR mAbs
concurrently with RT in the curative setting for
non-metastatic NPC. However, what are the effects of
anti-EGFR mAbs when incorporated into the
induction or adjuvant phase? Peng et al. [54]
conducted a retrospective analysis suggesting that
anti-EGFR mAbs in combination with IC may be a
more effective and promising strategy for patients
with  locoregionally advanced NPC. Further
investigations are required to explore the application
of anti-EGFR mAbs in NPC. The phase III RTOG 0522
trial [55] evaluated the potential benefit of adding
cetuximab to CCRT in head and neck squamous cell
cancer and demonstrated no improvement in PFS or
OS. However, a post hoc analysis of RTOG 0522 study
[56] found that patients with the KRAS-variant may
significantly benefit from the addition of cetuximab to
CCRT. In the future, identifying reliable biomarkers
that could predict the effects of anti-EGFR mAbs in
NPC and optimizing the use of anti-EGFR mAbs will
be a promising direction.

Limitations

Several limitations of these meta-analyses need
to be taken into account. Firstly, thirteen of the
seventeen studies included were observational, which
may introduce confounding factors into the final
results. Secondly, we extracted all information from
published data other than individual patient data,
which may have resulted in publication and reporting
bias. Thirdly, the studies adopted different criteria for
evaluation of adverse events, which may cause bias to
some extent.

Conclusion

Our meta-analyses showed that adding anti-
EGFR mAbs to standard therapy can enhance OS, DFS
and LRFS in NPC compared to standard therapy
alone with tolerable toxicities. However, replacement
of conventional platinum-based chemotherapy with
anti-EGFR mAbs concurrently with RT is not
supported by our analyses. In view of the limitations
of our meta-analyses, further phase III RCTs are
necessary to provide more solid evidences.
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