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Abstract

Background: Multiple therapies including immune-checkpoint inhibitors are emerging as
effective treatment for patients with recurrent or metastatic head and neck squamous cell
carcinoma (R/M HNSSC). However, the optimal first-line and second-Lline treatments remains
controversial.

Methods: We systematically searched databases and conducted a systematic review of phase
[I/lll randomized controlled trials (RCTs] that compared two or more treatments for R/M
HNSSC. Progression-free survival (PFS], overall survival (0S) and adverse events (AEs) =3
with hazard ratios (HRs) were extracted and synthesized based on a frequentist network
meta-analysis.

Results: Twenty-six trials involving 8908 patients were included. Of first-line treatments,
pembrolizumab plus cisplatin plus 5-fluorouracil is associated with significantly improved

0S (P-score=0.91) and TPEx ranked first for prolonging PFS (0.91). EXTREME plus

docetaxel (0.18) ranked lowest for AEs =3. Of second-line treatments, nivolumab was the
highest-ranked treatment for prolonging 0S (0.95], while buparlisib plus paclitaxel was the
highest-ranked treatment for PFS (0.94). Subgroup analyses suggested that nivolumab was
significantly associated with improvement of OS in patients with high PD-L1 expression (HR
0.55, 0.43-0.70), whereas its 0S benefit is similar with conventional chemotherapy for those Correspondence to:
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Background

Head and Neck Squamous Cell Carcinoma
(HNSCC) is one of the seven most common
malignancies.! Despite aggressive multi-modality
therapies, a significant proportion of patients
develop recurrence and metastasis with a poor
prognosis.? For patients with recurrent or meta-
static HNSCC (R/M HNSSC), the EXTREME
regimen has been established as standard of care
in the first-line treatment for more than 10years.>
This regimen is a platinum-based chemotherapy
with introduction of cetuximab, followed by
maintenance cetuximab, and it confers improved
survival benefits and quality of life, with overall
response rates between 36% and 44%, median
survival over 10 months, and significant reduction
in pain. However, the overall survival (OS) in
R/M HNSSC patients hardly exceeds 1year.*

Recently, several trials reported promising antitu-
mor activities and safety profiles of immune-check-
point inhibitors (ICIs) in R/M HNSSC, such as
pembrolizumab and nivolumab.5-7 As a result, the
latest National Comprehensive Cancer Network
(NCCN) guidelines included ICI therapy as first-
and second-line recommended treatment for R‘'M
HNSSC patients.® However, no consensus has
been reached on the optimal therapies in either
first- or second-line treatments, and EXTREME
regimen is currently juxtaposed with ICI therapies
as preferred first-line regimens according to the
NCCN guidelines.® In addition, there are many
emerging chemotherapies that have shown prom-
ising antitumor activity in randomized controlled
trials (RCTs). For instance, encouraging survival
results of the taxane-based TPEx regimen was
observed in the TPExtreme randomized trial.®
Another recent trial, the BERIL-1 study, demon-
strated a manageable safety profile and improved
clinical efficacy of buparlisib plus paclitaxel in plat-
inum-pretreated R/M HNSSC.10

The diversity of options in the guidelines and
many emerging promising therapies have over-
burdened clinical decision-making. Therefore,
we performed a network meta-analysis (NMA) to
compare the relative efficacy and safety of differ-
ent treatment options for advance.!1-13

Methods

The reporting of this study follows the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) extension statement for
NMAs (supplemental material Table S1),!4 and

our protocol was registered in Prospective Register
of Systematic Reviews (CRD42020155865).

Search strategy

We performed searches on PubMed, EMBASE,
and Cochrane Central Register of Controlled
Trials (CENTRAL), using a combination of the
following terms: “Squamous Cell Carcinoma of
Head and Neck,” “Recurrent” or “Metastatic”
with the filter of “Randomized Controlled Trial”
to find relevant studies from inception to 1
December 2019, with no restriction on language
or status. In addition, for including complete and
updated outcomes, unpublished research results
from Clinicaltrials.gov, abstracts and presenta-
tions of ongoing RCT's were inspected, and refer-
ence lists of the relevant articles were examined.
The detailed search strategy is presented in the
supplemental Table S2.

We included published and unpublished phase II/
III RCTs assessing first- or second-line treatments
in patients with R/M HNSSC. The detailed eligi-
bility criteria and exclusion criteria are as described
in the supplemental Methods. If a multi-arm trial
compared more than two drugs or two different
doses of one drug with another, we treated them as
separate pairwise comparisons. Two investigators
(Z] and BZ) independently screened the articles
and abstracts according to the eligibility criteria.
Disagreements were resolved by consensus.

Data extraction

Details of the study (e.g. study ID, publication
year, author, number of patients), patient charac-
teristics (e.g. age, sex, lines of treatment, HPV
infection status, PD-L1 expression level), treat-
ments, and outcomes [hazard ratios (HRs) and
their 95% credible intervals (CI) for OS and pro-
gression-free survival (PFS), and the number of
patients experiencing adverse events (AEs)
grade =3] were extracted into an Excel sheet. For
studies with unclear or unreported data, we
assessed the corresponding data reported in
ClinicalTrials.gov or contacted the authors.
Survival data extracted were double-checked by a
third reviewer (ILZ) to avoid potential assessment
bias by investigators. Two independent reviewers
(Z] and LZ) assessed the risk of bias for all
included RCTs using  the Cochrane
Collaboration’s tool.!> Any disagreements were
resolved through consultation by a research team
(BZ, LZ, WhH, and SxZ).
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Statistical analysis

We conducted NMAs based on a frequentist
approach to calculate the pooled effect estimates
and uncertainty for all interventions compared
with the reference treatment. Comparative effi-
cacy and safety are reported as HR for PFS and
OS and odds ratio (OR) for AEs = grade 3 along
with 95% CI. Fixed-effect models were fitted if
quantification of heterogeneity was not possible;
otherwise, random-effects models were used.!®
Statistical significance was set at a p-value of
0.05. Heterogeneity and inconsistency were
assessed by the between-study variance 12 value,
Cochran Q with a p-value, and I%. Overall ranks
of treatments were estimated by P-scores which
were based solely on the point estimates and
standard errors of the network estimates.!”
Treatments with highest and lowest P-scores are
considered to be the best and worst treatments,
respectively. Additionally, subgroup analyses
were based on the patient’s primary tumor sites,
HPV infection status, PD-L.1 expression level,
and Eastern Cooperative Oncology Group per-
formance status (ECOG PS). The network meta-
analysis was completed using the netmeta
package (version 1.2-1, Rucker er al., 202018)
within the R Environment (version 4.0.3, R Core
Team, 2020).

Results

Study selection

In total, 431 studies were identified through data-
base search and 186 additional studies were iden-
tified through trial registers, international
conferences, references of reviews, and other
sources. Twenty RCTs57:10:19-3¢4 with full texts
and six with abstracts only®35-3% met the eligibility
for assessment (Figure 1). The amount of evi-
dence included is illustrated using a network dia-
gram (Figure 2A, 3A). Of the 20 trials with full
text, seven were double blinded. Fourteen and 12
trials involved first-line and second-line treat-
ments, respectively.

Study characteristics

A total of 8908 patients with 25 different treat-
ments including chemotherapies [cisplatin, metho-
trexate, taxanes, and platinum-based chemotherapy
(PBC)], EGFR inhibitors (cetuximab, gefitinib,
and afatinib), PD-1/L1 inhibitors (nivolumab,
pembrolizumab, durvalumab), and 18 combina-
tions of these therapies were analyzed. Nearly all

trials comprised male-dominated populations
with a median age of 60years. The characteristics
of trials are described in the supplemental Table
S3. EXTREME regimen (platinum plus cetuxi-
mab plus 5-fluorouracil) has been considered as
the first-line standard treatment for R/M HNSSC
for the past decade, while the second-line stand-
ard of care (SOC) includes a monotherapy of any
of the following drugs: cisplatin, methotrexate,
taxanes, and cetuximab. Therefore, they were
used as the reference in our NMAs of first-line
and second-line treatments, respectively. Risk of
bias assessments of each individual study are
summarized in the supplemental Figure S1.

Network meta-analysis of first-line treatments

A total of 14 trials were included for NMA of
first-line treatments, with 15 and 14 treatments
included for PFS and OS analysis, respectively
(Figure 2A). Pooled estimates for each outcome
are presented in supplemental Figure S2.

In terms of PFS benefit (Figure 2C), TPEx (HR
0.65, 95% CI 0.48-0.89), platinum plus cetuxi-
mab (0.66, 0.42-1.03), and patritumab plus
cetuximab plus platinum (0.65, 0.32-1.32)
yielded similar efficacy, but the latter two did not
achieve statistically significant difference with the
EXTREME regimen. Pembrolizumab plus cispl-
atin plus 5-fluorouracil, EXTREME plus doc-
etaxel, CetuGEX plus cisplatin plus 5-fluorouracil,
EXTREME regimen, EXTREME plus motoli-
mod, and EXTREME plus CIL1W shared simi-
lar efficacy, as the HRs of their comparisons were
equal or close to 1. The efficacy of the remaining
treatments were weaker than that of EXTREME
regimen, because their HRs exceeded 1.

In terms of OS benefit (Figure 2D), pembroli-
zumab plus cisplatin plus 5-fluorouracil was the
best (HR 0.77, 95% CI 0.66—0.89). TPEx regi-
men gained the second-best OS benefit (0.84,
0.72-0.98), followed by pembrolizumab (0.85,
0.72-1.00), which was the only monotherapy of
the first-line treatments included. However, the
remaining treatments showed no superiority over
EXTREME regimen in prolonging OS, especially
PBC.

Regarding AEs=grade 3 (supplemental Figure
S2), TPEx showed the least toxicity among the
comparable treatments (OR 0.64, 95% CI 0.48—
0.85), followed by pembrolizumab (0.66, 0.51—
0.85). PBC, EXTREME plus CIL1W, patritumab
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431 studies identified
through database
searching

186 additional studies identified through
trial registers, international conferences, references
of reviews and other sources

—P[ 86 duplicates were excluded

531 studies' titles and abstracts reviewed

375 studies were excluded
246 wrong study design or population
82 not original investigations
47 other publication from the same trial

143 studies' full-text assessed for eligibility;
10 studies with abstract only included

127 studies were excluded

12 non-randomized controlled trials;

33 protocols only;
» 47 single-arm studies;
5 studies with outdated preliminary results;
18 not recurrent or metastatic populations;
12 other clinical outcomes

\J

20 with full text;
6 with abstract only

26 RCT studies included in the network meta-analysis:

Figure 1. PRISMA flowchart.

plus cetuximab plus platinum, EXTREME plus
motolimod, EXTREME regimen, panitumumab
plus cisplatin plus 5-FU, EXTREME plus
CIL2W, and pembrolizumab plus cisplatin plus
5-fluorouracil were associated with similar risk of
AEs=grade 3. EXTREME plus docetaxel was
associated with the highest risk of AEs=grade 3
(1.45, 0.71-2.99).

Network meta-analysis of second-line

treatments

Twelve trials including a total of 10 and 12 sec-
ond-line treatments were included for PFS and
for OS analysis, respectively (Figure 3A). Pooled
estimates for each outcome are presented in the
supplemental Figure S3.

In terms of PFS (Figure 3C), buparlisib plus
paclitaxel (HR 0.65, 95% CI 0.51-0.83) and

afatinib (0.71, 0.63—-0.80) yielded significant dif-
ferences against SOC. However, beyond these
two treatments, there were no statistically sig-
nificant differences with SOC observed among
platinum plus cetuximab, PBC, nivolumab, pem-
brolizumab, durvalumab, EMDI1201081 plus
cetuximab, and durvalumab plus tremelimumab.

In terms of OS (Figure 3D), nivolumab (HR
0.68, 95% CI 0.58-0.80) not only yielded the
best benefit in all monotherapies [versus pem-
brolizumab (0.85, 0.68-1.07), durvalumab (0.77,
0.61-0.98), afatinib (0.73, 0.59-0.90), gefitinib
(500mg) (0.61, 0.44-0.84), and gefitinib
(250mg) (0.56, 0.39-0.79)], but also showed a
beneficial trend over other combination treat-
ments [buparlisib plus paclitaxel (0.94, 0.69—
1.30), PBC (0.78, 0.63-0.96), gefitinib plus
docetaxel (0.73, 0.55-0.98), and durvalumab
plus tremelimumab (0.65, 0.50-0.85)].
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Figure 2. Network and treatment efficacy of first-line treatments.

[A) Comparisons of progression-free survival (PFS) (blue line), overall survival (0S) (orange line), and unacceptable adverse events (green line) among first-line
treatments. The node size is proportional to the total number of patients who received treatment. Each line represents a type of head-to-head comparison.
The width of lines is proportional to the number of trials comparing the connected treatments. (B) The abscissa value corresponding to a point on the two-
dimensional map is the Pooled hazard ratios (95% Cl) for OS of a particular treatment, and the ordinate value is the odds ratios (95% Cl) for AEs=grade 3. The
more to the left and lower the point is, the longer the 0S is and fewer AEs = grade 3 are associated with the corresponding therapy. (C) Forest plots depicting PFS
results of first-line comparisons. (D) Forest plots depicting OS results of first-line comparisons.

AEs, grade =3 adverse events; Beva+P+D, bevacizumab plus cisplatin plus docetaxel; Cl, confidence interval; E+CILTW, EXTREME plus CIL1W; E+CIL2W,
EXTREME plus CIL2W; E+D, EXTREME plus docetaxel; E+Moto, EXTREME plus motolimod; GEX+P+F, CetuGEX plus 5-fluorouracil plus cisplatin; HR, hazard
ratio; Nivo, nivolumab; P+C, platinum plus cetuximab; Pani+P+D, panitumumab plus cisplatin plus docetaxel; Pani+P+F, panitumumab plus cisplatin plus
5-fluorouracil; Patr+P+C, patritumab plus cetuximab plus platinum; PBC, platinum-based chemotherapy; Pemb, pembrolizumab; Pemb-+P+F, pembrolizumab
plus cisplatin plus 5-fluorouracil; PFS, progression-free survival; TPEX, cisplatin plus cetuximab plus taxane.
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(A) Network of second-line treatments (B) Two-dimensional graph of second-line treatments
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Figure 3. Network and treatment efficacy of second-line treatments.
(A) Comparisons of progression-free survival (PFS) (blue line), overall survival (OS] (orange line), and unacceptable adverse events (green line) among
second-Lline treatments. The node size is proportional to the total number of patients who received treatment. Each line represents a type of head-to-
head comparison. The width of lines is proportional to the number of trials comparing the connected treatments. (B) The abscissa value corresponding
to a point on the two-dimensional map is the Pooled hazard ratios (95% Cl) for OS of a particular treatment, and the ordinate value is the odds ratios
(95%Cl) for AEs =grade 3. The more to the left and lower the point is, the longer the 0S is and fewer AEs = grade 3 are associated with the corresponding
therapy. (C) Forest plots depicting PFS results of second-line comparisons. (D) Forest plots depicting 0S results of second-line comparisons.

AEs, grade =3 adverse events; Afat, afatinib; Bupa+Pacl, buparlisib plus paclitaxel; Cl, confidence interval; Durv, durvalumab; Durv+Trem, durvalumab
plus tremelimumab; EMD+C, EMD1201081 plus cetuximab; G+D, gefitinib (250 mg) plus docetaxel; G250, gefitinib (250 mg); G500, gefitinib (500 mg);
HR, hazard ratio; Nivo, nivolumab; P+C, platinum plus cetuximab; PBC, platinum-based chemotherapy; Pemb, pembrolizumab; PFS, progression-free

survival; SOC, standard of care.
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Regarding AEs=grade 3 (supplemental Figure
S3), except for gefitinib (250 mg) that showed the
least AEs=grade 3 (OR 0.29, 95% CI 0.16—
0.52), ICIs showed less toxicity among the treat-
ments compared, in particular for pembrolizumab
(0.37, 0.24-0.57) and nivolumab (0.39, 0.23—
0.65) ranking second-least and third-least,
respectively. Combination treatments were asso-
ciated with an increase of AEs=grade 3 risks in
reference to buparlisib plus paclitaxel (1.14,
0.70-1.84), and platinum plus cetuximab (1.24,
0.72-2.14). Furthermore, PBC was likely to pro-
duce the most AEs = grade 3 (1.38, 1.06-1.79).

Subgroup analyses of second-line treatments

Due to data limitation, only OS subgroup analy-
ses of second-line treatments were conducted.
The subgroups stratified by HPV infection status,
PD-L1 expression level, and ECOG PS each
included four treatments, and the subgroup strat-
ified by primary tumor sites included five treat-
ments (supplemental Figures S4-S6).

Nivolumab was the most effective drug in pro-
longing OS for HPV-positive patients (HR 0.56,
95% CI 0.40-0.78), while buparlisib plus pacli-
taxel was preferred in HPV-negative patients
(0.61, 0.47-0.79) followed by nivolumab.
Different standards were adopted to define the
expression of PD-L1 in separate trials. Therefore
the patients were divided into high- and low-
expression subgroups, correlated with the crite-
ria of the original trial.57 Performances of
nivolumab and pembrolizumab were consist-
ently different between two groups, showing a
promising effect on patients with high expres-
sion of PD-L1, [(0.55, 0.43-0.70) and (0.74,
0.62—0.88), respectively], but no statistically sig-
nificant impact on those with low expression.
Nivolumab showed consistent optimal efficacy
in both ECOG PS=0 (0.60, 0.38-0.96) and
ECOG PS=1 groups (0. 71, 0.57-0.88).
Notably, OS benefits of pembrolizumab was no
different from SOC in patients with ECOG
PS=0 (0. 87, 0.60-1.27). For patients whose
primary tumor site is oral cavity, buparlisib plus
paclitaxel showed the most optimal efficacy
(0.55, 0.36-0.84). PBC delivers the most signifi-
cant benefits to patients whose primary tumor
site is oral pharynx (0.57, 0.46—0.70). And there
was no significant difference in efficacy between
the five treatments for those with larynx as their
primary tumor site.

Ranking

Ranking profiles of comparable treatments on
efficacy and safety are depicted as hot-spot maps
according to P-scores which were based solely on
the point estimates and standard errors of the net-
work estimates (supplemental Figure S7). Larger
P-score indicates the treatment is better than
many others. Two-dimensional graphs (Figures
2B and 3B) were drawn to compare the OS ben-
efits and safety of treatments simultaneously. Of
first-line treatments, pembrolizumab plus cispl-
atin plus 5-fluorouracil was most likely to be
ranked first in terms of OS (P-score=0.91).
TPEx was the preferred option with respect to
PFS (P-score=0.91) with the least risk of
AEs=grade 3 (P-score=0.90). EXTREME plus
docetaxel was most likely to show the most
AEs=grade 3 (P-score=0.18). Of second-line
treatments, nivolumab was most likely to be
ranked first in terms of OS (P-score=0.95).
Buparlisib plus paclitaxel was the preferred option
concerning PFS (P-score=0.94). PBC was most
likely to be ranked last in terms of AEs = grade 3
(P-score=0.09). Gefitinib (250 mg) had the low-
est risk of AEs=grade 3 (P-score=0.94), fol-
lowed by pembrolizumab (P-score=0.86) and
nivolumab (P-score=0.84).

Discussion

Principal findings and implications

This is the first NMA that assessed the compara-
tive efficacy and safety of first-line and second-
line treatments in R/M HNSSC. Our findings
should assist clinicians in selecting the most
appropriate treatments for R/M HNSSC.

Of first-line treatments, pembrolizumab plus cis-
platin plus 5-fluorouracil is likely to be considered
as the best choice due to its best OS benefit,
which is often used as the primary outcome to
measure the efficacy of antineoplastic agents. We
observed that regarding PFS benefit of the first-
line therapy, the performances of pembrolizumab
and PBC were weaker than those of the
EXTREME. However, the PFS of pembroli-
zumab plus cisplatin plus 5-fluorouracil group
was significantly better than that of the
EXTREME group. It is suggested that the com-
bination of immunotherapy and chemotherapy
may have a synergistic effect on patients with
HNSSC. Meanwhile, such PFS benefits were
also transformed into OS benefits. OS of the
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pembrolizumab plus cisplatin plus 5-fluorouracil
group was significantly better than that of the
EXTREME group, with similar risk of
AEs=grade 3. Moreover, it is apparent that the
benefits were greater for OS than for PFS in both
nivolumab and pembrolizumab, either as first-
line or second-line treatment. A meta-analysis of
ICIs in the treatment of nasopharyngeal carci-
noma showed consistent results with those of the
present study.*® Several hypotheses may explain
this phenomenon: (1) the response patterns of
patients treated with ICIs is atypical. Since the
RECIST criteria used in these trials had not been
modified for this particular situation, it may lead
to misjudgment of PFS;#1:42 (2) some studies sug-
gested that the residual efficacy of ICIs could lead
to a continuous effect on OS after the treatment
discontinuation;*3** (3) a hypothesis called pseu-
doprogression suggests that increased T-cell traf-
ficking might result in initial tumor growth before
shrinkage.¥> Given the above consideration,
investigators must reconsider the response of pro-
gressive disease under RECIST criteria while
ICIs are being used, and the actual PFS prolon-
gation efficacy of pembrolizumab plus cisplatin
plus 5-fluorouracil may not be as bad as the sta-
tistical results seem to suggest.

Another common phenomenon associated with
the use of ICIs is that they are more effective in
patients with high level of PD-L1 expression,
which is determined by their mechanism of
action.%%47 Previous data showed that higher
PD-L1 expression was associated with better sur-
vival in patients with R/M HNSSC. In the
KEYNOTE-48 study,®> the ability of pembroli-
zumab monotherapy to improve OS in the group
with PD-L1 high expression (HR 0.61, 95% CI
0.45-0.83) was significantly more robust than
that in the group with PD-L1 low expression
(0.78, 0.64-0.96). Nivolumab included in our
subgroup analysis of the second-line therapy
showed similar differences between the two
groups of patients. Notably, however, there are
multiple measures of PD-L1 expression level as
previously mentioned. Therefore, future studies
are urgently needed to determine a suitable defi-
nition criterion of PD-L1 expression level for
R/M HNSSC patients, as well as reliable bio-
markers to customize ICIs therapy.

In addition to ICIs therapy, the EXTREME regi-
men and its derivatives are also worthy of consid-
eration. Since the EXTREME regimen has been
widely used, many studies have been conducted to

improve it by strengthening or optimizing chemo-
therapy backbone of EXTREME. The results of
our study show that adding adjuvant drugs to the
EXTREME regimen (such as motolimod, cilen-
gitide, or docetaxel) did not achieve significant OS
benefits but increases the risk of more AEs. In
contrast, optimizing the backbone of chemother-
apy with the EXTREME regimen may be feasible.
The TPEx study,?! in which 5-fluorouracil was
replaced with taxane, resulted in a significantly
improved PFS, OS and safety benefits among the
comparable treatments. Some plausible explana-
tions for this superiority are: (1) previous studies
have suggested a synergistic effect when combin-
ing taxanes with cetuximab;*® (2) 5-fluorouracil is
not recommended in patients with cardiovascular
disease and is considered to be related to mucosi-
tis and diarrhea.? In addition to the above, studies
have shown that TPEx regimen was more cost-
effective than immunotherapy.%® In general, with
comprehensive consideration about PFS, OS,
safety and cost-effective benefits, TPEx is more
likely to be considered as the optimal first-line
treatment (Figure 2B).

In our analysis of second-line treatments,
nivolumab may be the treatment of choice for
overall R’M HNSSC patients due to its most
remarkable OS benefit (HR 0.68, 95% CI 0.58—
0.80) and lower AEs = grade 3 (OR 0.37, 95% CI
0.11-1.22). However, based on the results of our
subgroup analysis, we have to be more careful not
to overrate this conclusion: although the efficacy
of nivolumab on OS prolongation did not differ
significantly between patients with different
ECOG PS, there was no significant difference
between the efficacy of nivolumab and SOC in
the HPV-negative subgroup. In subgroup analy-
ses grouped by primary tumor sites, patients in
the oral cavity and larynx groups were able to
achieve greatest OS benefit from buparlisib plus
paclitaxel therapy, and patients in the oropharynx
group were able to derive longer OS from PBC
treatment, whereas nivolumab achieved the sec-
ond-best efficacy in all three of these groups.
From the overall perspective, the results of our
subgroup analysis indicated two facts: (1)
nivolumab may not be the most appropriate
option for each patients. This does not imply that
the results of subgroup analysis contradict the
overall findings, and one possible explanation is
that the best OS prolongation efficacy of
nivolumab in the overall population most likely
stems from its better efficacy in each of the sub-
groups. (2) R‘/M HNSCC is a complex group of
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diseases, and it is crucial to select the most appro-
priate treatment according to the patient’s pri-
mary tumor site, molecular phenotype, and other
characteristics. However, the principal difficulty
lies in that only a few RCTs have reported sur-
vival data based on primary tumor site, molecular
phenotype etc,%7:10:19:30 while the vast majority of
RCTs continue the traditional thinking of treating
these patients as a whole, which has far-reaching
implications for evidence-based clinical decision-
making. Now that our findings confirm the need
for precision therapy of R‘M HNSCQC, it is hoped
that ongoing and upcoming RCTs will result in
more rational and meticulous grouping of patients
and detailed reporting of data.

Finally, studies have suggested that the HPV
infection status is strongly associated with oral
cancer prognosis.’%51 In our subgroup analysis,
patients in the oral cavity group derived a more
significant OS benefit from buparlisib plus pacli-
taxel therapy, which also showed optimal OS
benefit in HPV-negative patients, but its effect
was not significantly different from SOC in HPV-
positive patients. We found a larger proportion of
HPV-negative patients (67%) included in the rel-
evant RCTs, which may be related to the greater
OS benefit of buparlisib plus paclitaxel therapy in
the oral cavity group. Therefore we recommend
that this finding be taken with caution and that
clinicians pay particular attention to the HPV
infection status of patients before adopting bupar-
lisib plus paclitaxel.

Strengths and limitations

Different from other reported NMAs comparing
second-line treatments for R‘/M HNSSC, our
present NMA has the following main strengths:
(1) it is the first study to establish comparisons
among all monotherapies, including the two
innovative regimens of pembrolizumab and
nivolumab, and combination therapies for R/M
HNSCC; (2) we included the previously unpub-
lished or recently updated results to comprehen-
sively assess the efficacy and safety of treatments;
and (3) in particular, we separately established
four subgroup comparisons to investigate the rel-
ative effectiveness of second-line treatments.

There are some limitations to this study. First,
although only RCTs were included, and NMA
has been used and validated to compare outcomes
for most trials indirectly, confounding factors
could hardly be eliminated. Second, a selection

bias depending on the RCT's was inevitable. Strict
inclusion criteria were used to obtain a homoge-
neous sample; however, underlying changes in
patient characteristics among different studies
may affect the transitivity of the network.
Moreover, despite of a total of 8908 patients
included, the included phase II RCTs offer less
precise estimates due to small sample sizes, as
reflected that only 44 patients who received patri-
tumab plus cetuximab plus platinum,?* and 53
patients who received EMD1201081 plus cetuxi-
mab were evaluated.?” However, the inclusion of
these RCTs provides a comprehensive overview
of all possible treatments currently available.
Third, the included RCTs are likely to have
screened the status of patients by performance
status and sufficient organ functions in the enroll-
ing stage. Therefore, efficacy and safety of these
treatments in patients who were not covered
remain unknown. Fourth, due to limitations in
data availability across trials, our subgroup analy-
sis relies on limited published results rather than
on individual patients’ data. Therefore, the results
from subgroup analysis remain merely suggestive.
An individual patient data meta-analysis will be
important in the future.

Conclusion

Based on our NMAs, pembrolizumab plus cispl-
atin plus 5-fluorouracil is likely to be considered
as the best first-line treatment when OS is a prior-
ity. However, with comprehensive consideration,
TPEx should be the optimal first-line option due
to its superior PFS prolongation efficacy, best
safety profile, and OS benefit fairly close to that of
pembrolizumab plus cisplatin plus 5-fluorouracil.
Nivolumab appears to be the best second-line
option due to its best OS prolongation efficacy
and outstanding safety profile in the overall popu-
lation. In addition, the optimal treatment for pro-
longing OS varies in some subgroups of patients:
PBC for patients with oropharynx as primary
tumor site; buparlisib plus paclitaxel for patients
with HPV-negative, and with oral cavity or larynx
as primary tumor sites. Future RCT's with metic-
ulous grouping of patients and detailed reporting
are urgently needed for individualized treatment
of R/M HNSCC.
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