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Abstract

the two groups were compared.

without increasing the toxicity events.

Background: This study aimed to explore the efficacy and safety of sintilimab combined with induction
chemotherapy (IC) in locally advanced head and neck squamous cell carcinoma (HNSCC) patients.

Methods: A total of 163 patients were prospectively enrolled; 98 patients received IC only, and 65 patients received
IC with sintilimab. Following neoadjuvant therapy, patients either underwent surgery (31.9%) or chemoradiotherapy
(68.1%). Objective response rate (ORR), progression free survival (PFS), overall survival (OS), and toxicities between

Results: The ORR in the IC group was significantly lower than that in the IC with sintilimab group (68.4% vs 84.6%,
P=0.019). Grade 3 or higher acute toxicity occurred in 15 (15.3%) and 12 (18.5%) patients in the IC and IC with
sintilimab groups, respectively. However, this difference was not significant (P =0.596). After follow-up with a
median time of 28.0 months, the IC group had a 2-year PFS rate of 27% (95%Cl: 18-36%), whereas the IC with
sintilimab group had a 2-year PFS rate of 44% (95%Cl: 32-56%), and this difference was significant (P=0.041). The
2-year OS rates in the IC and IC with sintilimab groups were 61% (95%Cl: 52-70%) and 70% (95%Cl: 60-80%),
respectively, the difference was not significant (P=0.681).

Conclusions: Addition of sintilimab to IC could provide longer PFS time than traditional chemotherapy regimen,
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Background

Head and neck cancer is the sixth most common form
of cancer, with 630,000 new cases and 350,000 deaths
occuring annually worldwide [1]. Head and neck squa-
mous cell carcinomas (HNSCC) are the most common
head and neck cancer type. More than half of the pa-
tients with HNSCC present with locally advanced dis-
ease (cT1-2N1-3 or ¢T3-4N0-3) at initial diagnosis.
An optimal treatment consists of multiple procedures,
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which includes surgery, radiotherapy, and chemotherapy
[2—4]. Considering the key role of anatomical structures
of the head and neck on function, induction chemother-
apy (IC) is sometimes recommended in some patients
based on the organ preservation concepts [5]. Although
the benefit of IC remains controversial, evidence exists
that overall survival (OS) can be improved if IC is ad-
ministered for N2 patients [6]. Another work by Bossi
et al. [7] demonstrated that if IC is used, the surgeries
are less extensive and fewer patients need adjuvant post-
operative radiotherapy. Additionally, the risk of distant
metastasis could decrease if IC is performed [5].
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Immunotherapy agents such as programmed cell death
1 (PD-1) or programmed cell death 1 ligand 1 (PD-L1) in-
hibitors show high efficacy and acceptable safety in HNSC
C [8, 9]. Recently, the Food & Drug Administration (FDA,
USA) has approved the PD-1 inhibitor pembrolizumab
with or without cisplatin-based chemotherapy as the first-
line therapy for recurrent or metastatic HNSCC [10].
Based on these promising results, it is worth exploring
whether IC combined with an immunotherapy agent
could have a better outcome and improve the prognosis.

Therefore, the goal of this study was to explore the
safety and effectiveness of IC combined with sintilimab,
a promising immunotherapy agent, in treating locally ad-
vanced HNSCC.

Methods

Ethics consideration

The study was approved by The First Affiliated Hospital
of Zhengzhou University Institutional Research Commit-
tee (No0.201356HN). The participants were asked to sign
an informed consent form. All methods were performed
in accordance with the relevant guidelines and regula-
tions and adhered to the ethical standards of the institu-
tional and national research committee as well as with
the 1964 Helsinki Declaration (along with its later
amendments or similar ethical standards).

Patient selection
Between January 2014 and December 2020, 587 patients
with untreated locally advanced HNSCC (cT1-2N1-3 or
¢T3-4N0-3 based on the 8th AJCC classification)
approached our department for medical intervention. At
initial assessment, 403 patients who could undergo sur-
gery were excluded. The potential benefits and risk of
immunotherapy were explained, in detail, to 184 patients
who could not undergo surgical treatment. A total of
163 patients were then recruited for the present study.
Among them, 98 patients agreed to have IC only and 65
patients agreed to have IC and immunotherapy (sintili-
mab) simultaneously. Twenty-one patients were ex-
cluded from the study as they refused any form of
treatment.

Information related to demography, ECOG status,
pathologic data, and follow-up of the 163 patients were
collected and analyzed.

Treatment principle

At our cancer center, systemic ultrasound, CT, MR],
and/or PET-CT examinations were routinely performed
for every patient. Based on our official guideline [11],
wherever possible, complete resection was usually the
preferred method for all HNSCC patients. If the patient
was not suitable for surgery at initial assessment due to
reasons such as poor physical condition, unwillingness,
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or heavy tumor burden, IC plus definite chemoradio-
therapy or surgery was suggested as an alternative solu-
tion. Postoperative adjuvant treatment was suggested in
case of stage T3/4, cervical nodal metastasis, perineural
invasion, lymphovascular invasion, extranodal extension,
or positive margins. After the completion of definite
treatment, patients were followed up every 3 months.
Definite chemoradiotherapy referred to a combination of
radiotherapy with a dose of approximately 60—66 Gy and
4—6 cycles of chemotherapy using docetaxel, platinum,
and fluorouracil based on our national guideline [11].

Induction chemotherapy and immunotherapy

The IC regimen included docetaxel (75 mg/mz), platinum
(75 mg/m?), and fluorouracil (750 mg/m?/day for 5 days)
(TPF) based on previous publications [12, 13]. Sintilimab
(Innovent Biologics, Suzhou, China) was intravenously
administered at a dose of 200 mg on day 1 of each cycle,
once every 3 weeks.

Participants in the IC only group received two cycles
of TPF, and participants in the IC with immunotherapy
group received two cycles of TPF and sintilimab
concurrently.

Immunohistochemical (IHC) analysis

From July 2013, IHC analysis of p16 was performed for
every HNSCC patient. The positivity of p16 overexpres-
sion was defined according to previous studies [14, 15]:
>70% of tumor staining.

PD-L1 expression was assessed using the 22C3
pharmDx assay and calculated using the combined
positive score (CPS). It was defined as the number of
PD-L1-positive cells divided by the total number of
tumor cells x 100; the presence of a minimum of 100
viable tumor cells in the specimen was considered to be
evaluable [16].

Study endpoints

The primary endpoint of the study was to record the ob-
jective response rate (ORR); the secondary endpoints in-
cluded progression free survival (PES), overall survival
(OS), and assessing toxicities. Responses were formu-
lated as complete response (CR), partial response (PR),
stable disease (SD), and progressive disease (PD) accord-
ing to the Response Evaluation Criteria in Solid
Tumours (RECIST, version 1.0) [17]. These were
assessed during the IC +/-immunotherapy process using
imaging and endoscopy, and the overall treatment
response was defined as the best response recorded from
the initial treatment to the curative method. The ORR
referred to the proportion of patients achieving CR or
PR. Among patients receiving subsequent definite
chemoradiotherapy, PFS was defined as the period from
the starting date of IC to disease progression or
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recurrence or death from any cause. For patients receiv-
ing subsequent radical surgery, PFS was defined as the
period from the starting date of IC to disease recurrence
or death from any cause. OS was calculated from the
starting date of IC to death from any cause. The toxicity
was evaluated based on graded according to the National
Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.0) during IC.

Statistical analysis

The chi-square test was used to compare clinical-
pathologic variables, ORR, and toxicity between the two
groups; the Kaplan—Meier method was used to compare
the PFS and OS between the two groups. The Cox
model was subsequently used to assess the independence
of immunotherapy in affecting the PFS and OS. All
statistical analyses were performed using SPSS 20.0
(Chicago, USA), and P<0.05 was considered to be
significant.

Results

Baseline characteristics

Among the 163 patients selected, 113 (69.3%) were male
and 50 (30.7%) were female with a mean age of 55.6
years. The primary sites affected were oral cavity in 38
(23.3%) patients, oropharynx in 56 (34.4%) patients, lar-
ynx in 37 (22.7%) patients, and hypopharynx in 32
(19.6%) patients. Clinically, the tumor stages were classi-
fied as T2 in 46 (28.2%) patients, T3 in 63 (38.7%) pa-
tients, and T4 in 54 (33.1%) patients. The cervical node
stages were classified as NO in 16 (9.8%) patients, N1 in
48 (29.4%) patients, N2 in 79 (48.5%) patients, and N3 in
20 (12.3%) patients. Thirteen (8.0%) patients had stage
III disease, while 150 (92.0%) patients had stage IV dis-
ease. Sixteen (28.6%) of the 56 patients with oropharynx
cancer showed positive for pl6. In 65 patients with im-
munotherapy, 50 (76.9%) patients had a CPS =1 and 26
(40.0%) patients had a CPS >20. The two groups had
similar distribution with respect to age, gender, ECOG,
disease stage, primary site, and p16 expression (Table 1,
all P > 0.05).

Treatment response and definite treatment

In the IC only group, CR, PR, SD, and PD occurred in
10 (10.2%), 57 (58.2%), 25 (25.5%), and 6 (6.1%) patients,
respectively. The ORR was 68.4% (Table 2). Among the
25 (25.5%) patients that underwent radical surgery, posi-
tive margin occurred in five patients. Although all
patients received adjuvant radiotherapy, five patients also
received adjuvant chemotherapy. Seventy-three (74.5%)
patients received definite chemoradiotherapy, and
residual viable tumor was observed in 30 patients. Ten
patients received additional palliative chemotherapy.
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In the IC combined with immunotherapy group, CR,
PR, SD, and PD occurred in 15 (23.1%), 40 (61.5%), 7
(10.8%), and 3 (4.6%) patients, respectively. The ORR
was 84.6%, which was significantly higher than that in
the IC only group (P = 0.019) (Table 2). Positive margin
occurred in seven of the 27 (41.5%) patients who
received radical surgery. Although all patients received
adjuvant radiotherapy, seven patients also received ad-
juvant chemotherapy. Thirty-eight (58.5%) patients re-
ceived definite chemoradiotherapy, and residual viable
tumor was observed in 18 patients. The number of
patients receiving additional palliative chemotherapy
was five.

Toxicity assessment

In the IC only group, the most and least common
adverse events were anorexia and cough, respectively.
There were 243 cases of grade 1-2 events occurring in
all 98 (100%) patients and 23 cases of grade 3—4 events
in 15 (15.3%) patients. In the IC with immunotherapy
group, the most and least common adverse events were
anorexia and dizziness, respectively. There were 185
cases of grade 1-2 events occurring in all 65 (100%)
patients and 14 cases of grade 3—4 events occurring in
12 (18.5%) patients. The two groups had similar grade
3—4 event distribution (P =0.596, Table 3). There were
no treatment-related deaths in both groups.

PFS and OS

In the IC only group, the median PFS time was 17.4
months, with a 2-year rate of 27% (95% CI: 18-36%). In
the IC with immunotherapy group, the median PFS time
was 21.1 months, with a 2-year rate of 44% (95% CI: 32—
56%), which was significantly higher than that in the IC
only group (P=0.041, Fig. 1). Further, the Cox model
confirmed the independence of immunotherapy in im-
proving the PES (Table 4).

The median OS time in the IC only group was 36.0
months, with a 2-year rate of 61% (95% CIL: 52-70%),
whereas in the IC with immunotherapy group, the 2-
year rate was 70% (95% CI: 60—80%). The OS time was
thus similar in the two group (P = 0.681, Fig. 2, Table 5).

Discussion

The most significant finding in the current study was
that IC combined with sintilimab was associated with
better ORR than IC alone, without increasing the ad-
verse event risk in selected locally advanced HNSCC pa-
tients. The combination of IC and sintilimab provided
additional survival benefits in PFS.

Major surgery is often the preferred treatment for lo-
cally advanced HNSCC [18], but many patients are not
suitable for operation owing to heavy tumor burden,
poor health condition, or other similar reasons at initial
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Table 1 Baseline characteristics of the included 163 patients
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Variables Total IC* (n=98) IC + immunotherapy (n = 65) p
Age

<40 15 (9.2%) 10 (10.2%) 5 (7.8%)

240 148 (90.8%) 88 (89.8%) 60 (92.2%) 0.587
Sex

Male 113 (69.3%) 68 (69.4%) 45 (69.2%)

Female 50 (30.7%) 30 (30.6%) 20 (30.8%) 0.983
ECOG*

0 75 (46.0%) 3 (43.9%) 2 (49.2%)

1 88 (54.0%) 55 (56.1%) 3 (50.8%) 0.502
Smoker 100 (61.3%) 5 (66.3%) 5 (53.8%) 0.109
Drinker 73 (44.8%) 6 (46.9%) 7 (41.5%) 0.497
Primary site

Oral cavity 8 (23.3%) 3 (23.5%) 5(23.1%)

Oropharynx 6 (34.4%) 5 (35.7%) 1 (32.3%)

Larynx 7 (22.7%) 22 (22.4%) 15 (23.1%)

Hypopharynx 2 (19.6%) 8 (18.4%) 14 (21.5%) 0.952
Tumor stage

T2 46 (28.2%) 26 (26.5%) 20 (30.8%)

T3 63 (38.7%) 40 (40.8%) 23 (35.4%)

T4 54 (33.1%) 32 (32.7%) 22 (33.8%) 0.754
Neck stage

NO 6 (9.8%) 0 (10.2%) 6 (9.2%)

N1 8 (29.4%) 9 (29.6%) 19 (29.2%)

N2 9 (48.5%) 3 (43.9%) 36 (55.4%)

N3 0 (12.3%) 6 (16.3%) 4 (6.2%) 0.223
Disease stage

M1l 13 (8.0%) 8 (8.2%) 5(7.7%)

% 150 (92.0%) 90 (91.8%) 60 (92.3%) 0913
p16 positivityA 16 (28.6%) 1 (31.4%) 5 (23.8%) 0.541
Reason for not surgery

Refuse 41 (25.2%) 28 (28.6%) 13 (20.0%)

Heavy tumor burden 88 (54.0%) 54 (55.1%) 34 (52.3%)

Low physical status 34 (20.9%) 16 (16.3%) 18 (27.2%) 0.164

* IC induction chemotherapy
# ECOG Eastern Cooperative Oncology Group
A Only patients with oropharynx squamous cell carcinoma were calculated

assessment [19]. However, IC offers another curative
possibility for such patients [5, 6]. Current evidence
suggests the safety and efficacy of TPF as IC in treating
locally advanced HNSCC [20-22]. However, there can
be further advances.

Recently, immunotherapy has attracted attention
because of its promising results. Burtness et al. [8] noted
that in recurrent/metastatic HNSCCs, a CPS of 20 or
more in patients administered pembrolizumab alone im-
proved OS versus cetuximab with chemotherapy (14.9

months vs. 10.7 months); a CPS of 1 or more in patients
administered pembrolizumab  with  chemotherapy
achieved a longer OS time than did the other schemes.
In a similar paper by Ferris et al. [23], the two groups
had comparable PFS times, but patients in the nivolu-
mab group showed significantly longer OS time. Add-
itionally, patients in the nivolumab group had better
quality of life and physical role, and their social func-
tioning was stable, in comparison to patients in the
standard-therapy group wherein it was meaningfully



Li et al. BMC Cancer (2021) 21:622

Table 2 Objective response rate in the two groups

Responses IC* IC + immunotherapy p
Effective”

CR 10 (10.2%) 15 (23.1%)

PR 57 (58.2%) 40 (61.5%)
Invalid

SD 25 (25.5%) 7 (10.8%)

PD 6 (6.1%) 3 (4.6%) 0019"

* IC induction chemotherapy

# CR complete response, PR partial response, SD stable disease, PD
progressive disease

A the p value indicated the difference of the objective response rates between
the two groups

worse. A later study followed a similar study design by
recruiting Asian patients [24]. The authors found that
nivolumab increased the OS time by nearly 3.3 months
and decreased the death rate by 24.5% compared to the
investigator’s choice of therapy. All these findings sug-
gest the reliability of PD-1 inhibitors in treating recur-
rent or metastatic HNSCC. However, the effect of this
inhibitor in primary HNSCC is largely unknown.

The potential benefits of neoadjuvant immunotherapy,
including reduction of distant metastatis by early intro-
duction of systemic therapy, have been recently reported
[25]. The reduction of surgical resection extent and the
intensity of adjuvant therapy by tumor downstaging and
the conversion of unresectable to resectable disease are
the early biomarkers for evaluation of tumor response.
Carthon et al. [26] were the first to report the role of
neoadjuvant immunotherapy in patients with localized

Table 3 Adverse events in the two groups
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urothelial carcinoma of the bladder. All 12 cases showed
persistent clinical benefit for at least 3 months. Although
a similar phenomenon was also observed in patients
with breast cancer [27] and non-small cell lung cancer
[28], literature that describes the association between
neoadjuvant immunotherapy and HNSCC does not exist.
Preliminary results of a few ongoing clinical trials were
reported during the ASCO meeting. Ferris et al. [29]
found that 11 patients (out of 23 patients enrolled ini-
tially) had nivolumab-induced preoperative tumor re-
duction based on computed tomography; three of them
had a tumor reduction >40% (largest reduction being
75%). Similarly, Wise-Draper et al. [30] noted that ap-
proximately half of the initially enrolled 28 patients
showed a pathologic response >10, 32% a major re-
sponse >70%, and one had pathologic complete re-
sponse after one dose of pembrolizumab. As per another
report, 47% of the 21 evaluable patients had a pathologic
treatment response > 10, and 40% of the patients had
clinical-to-pathologic downstaging [31]. To our know-
ledge, the present study is the first to systemically
analyze the possibility of immunotherapy as a neoadju-
vant method in HNSCC patients.

As per preclinical data, sintilimab is one of the numer-
ous PD-1 inhibitors with a binding affinity to human
PD-1 that is greater than that of nivolumab and pembro-
lizumab, without significant pharmacokinetic behavior
difference [32]. In clinical practice, sintilimab could
probably prolong the PES time by at least 2.9 months
compared to traditional chemotherapy in non-small cell
lung cancer [33]. In a phase 2 trial of 82 patients with

Event IC* (n=98) IC + immunotherapy (n = 65) p
Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4

Anorexia 57 (58.2%) 0 40 (61.5%) 0

Nausea 40 (40.8%) 0 24 (36.9%) 0

Fatigue 0 (30.6%) 0 23 (354%) 0

Constipation 5 (25.5%) 0 18 (27.7%) 0

Stomatitis 7 (17.3%) 0 17 (26.2%) 0

Diarrhea 5 (153%) 0 13 (20.0%) 0

Neutropenia 2 (12.2%) 10 (10.2%) 10 (15.4%) 4 (6.2%)

Thrombocytopenia 11 (11.2%) 6 (6.1%) 10 (15.4%) 4 (6.2%)

Vomiting 8 (8.2%) 0 6 (9.2%) 0

Peripheral neuropathy 7 (7.1%) 0 6 (9.2%) 0

Liver dysfunction 7 (7.1%) 0 6 (9.2%) 0

Hypothyroidism 7 (7.1%) 0 6 (9.2%) 0

Venous thrombosis 2 (2.0%) 2 (2.0%) 2 (3.1%) 2 (3.1%)

Dizziness 2 (2.0%) 0 2 (3.1%) 0

Cough 1 (1.0%) 0 0 0 0.596

* IC induction chemotherapy

#: the p value indicated the difference of the events of grade 3-4 between the two groups
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classical Hodgkin lymphoma [34], 80.4% of the patients
showed good treatment response. Our study confirms
the efficacy of sintilimab as neoadjuvant treatment as
longer PES and higher ORR rate were observed in the
TPF combined with sintilimab group. Three possible as-
pects based on the study by Leduc et al. [13] can prob-
ably serve as explanation for this. First, 24% of the
samples showed positivity of PD-L1 (associated with bet-
ter immunotherapy response) at baseline, which, after IC
with TPF, increased to 71%. Second, the median density

of CD8+ lymphocytes (which directly target cancer cells
when activated) increased to 512 cell/mm? from the ini-
tial count of 237 cells/mm? Third, more patients with
transformation from unresectable disease to resectable
disease received radical surgery after immunotherapy.
HNSCC, which has always been considered to be an im-
munodeficiency disease, has a natural indication for im-
munotherapy [10]. However, as we did not note an OS
benefit with immunotherapy, some underlying mechan-
ism needs to be explored with further in-depth studies.

Table 4 Univariate and multivariate analysis of prognostic factors for progression free survival

Variables Univariate Cox model
Log-rank p HR[95%ClI]

Age (<40 vs 240) 0.132 0.324 2.065 [0.786-4.337]
Sex (Male vs female) 0436

ECOG* (1vs 0) 0765

Smoker <0.001 0.005 1.778 [1.221-3.998]
Drinker 0437

Primary site (Hypopharynx vs others) <0.001 <0.001 2.876 [1.675-8448]
Tumor stage (T4 vs T2 +T3) <0.001 <0.001 2.765 [1.476-7.942]
Neck stage (N+ vs NO) <0.001 <0.001 2.654 [1.664-6.831]
Disease stage (IV vs II) <0.001 <0.001 3.075 [1.448-9.934]
Immunotherapy 0.041 0014 0.781 [0.667-0.906]
Curative method (CRT vs surgery) 0.023 <0.001 2.006 [1.478-4.643]

# ECOG Eastern Cooperative Oncology Group
* CRT Chemoradiotherapy
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Another aspect analyzed was the safety of sintilimab.
In a study that enrolled 397 patients with non-small cell
lung cancer, 266 patients received sintilimab combined
with chemotherapy [33]. Of them, 43.2% of the patients
had adverse events, with grade 3 or higher cases occur-
ring in 5.6%; 131 patients received chemotherapy only;
and 36.6% of the patients had adverse events, with grade
3 or higher cases occurring in 6.1%. The most common
adverse event in the two groups was anemia and de-
creased neutrophil count, respectively. In another report

by Shi et al. [34], wherein sintilimab was used for 96
classical Hodgkin lymphoma patients, treatment-related
adverse event occurred in 93% of the cases, but most
events were graded as 1 or 2. In the current study, we
also noted that the two groups had similar overall ad-
verse event incidences (grade 3 to 4), but there were no
deaths. Overall, our findings suggest that sintilimab is
safe to use in clinical applications.

Certain limitations of the current study must be ac-
knowledged. First, it lacked randomization, and hence its

Table 5 Univariate and multivariate analysis of prognostic factors for overall survival

Variables Univariate Cox model

Log-rank p HR[95%Cl]
Age (<40 vs 240) 0.324
Sex (Male vs female) 0.178
ECOG* (1vs 0) 0.023 0.007 1.889 [1.436-2.876]
Smoker <0.001 <0.001 1.996 [1.432-3443]
Drinker 0435
Primary site (Hypopharynx vs others) <0.001 <0.001 3.023 [1.764-6.443]
Tumor stage (T4 vs T2 +T3) <0.001 <0.001 3453 [2.000-7.546]
Neck stage (N+ vs NO) <0.001 <0.001 2,653 [1.546-6.443]
Disease stage (IV vs Il) <0.001 <0.001 4.532 [2.335-13.345]
Immunotherapy 0.681 0.232 2.764 [0.887-5.437]
Curative method (surgery vs CRT) <0.001 <0.001 2213 [1.233-5432]

# ECOG Eastern Cooperative Oncology Group
* CRT Chemoradiotherapy
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statistical power is restricted. Second, as the follow-up
time was limited, any difference regarding OS between
the two groups could not be gauged as continuous regu-
lar visits were required for recording OS in patients. Fi-
nally, our sample size was relatively small. Hence, more
detailed quality studies are needed to clarify the
questions.

Conclusions

In summary, the addition of sintilimab to the IC of TPF
in treating patients with locally advanced HNSCC could
provide a longer PFS time without elevation of adverse
events. This combination regimen could provide a new
treatment option for this patient population.
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