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Abstract

Background: We here investigated the value of imaging examination 
in evaluating tumor remission-based surgery in patients with head and 
neck squamous cell carcinoma (HNSCC), who had undergone neoad-
juvant immunotherapy combined with chemotherapy (NICC).

Methods: HNSCC patients who underwent NICC and surgery from 
May 2021 to September 2023 were retrospectively analyzed. All 
patients had to undergo imaging examination evaluation, including 
enhanced computed tomography (CT) and enhanced magnetic reso-
nance (MR) imaging before and after NICC. Data related to clinical 
parameters, complete response of the primary site (PrCR), complete 
response of the primary site and the lymph node (PLCR), complete 
response of the lymph node (LCR), and tumor response (TR), were 
gathered. The paired Chi-square test and t-test were conducted to 
analyze the differences in responses between imaging examination 
and pathology. Binary logistic regression was applied to analyze the 
relevant clinical factors of differences in responses.

Results: In total, data of 41 patients were included in this study. Sig-
nificant discordant responses were observed between enhanced CT, 
magnetic resonance imaging (MRI), and pathology in PrCR (4.9%, 
7.3% vs. 41.5%), LCR (12.2%, 7.3% vs. 53.7%), PLCR (0%, 0% vs. 
31.7%), and TR (severe 29.3%,17.1% vs. 25.61%) (P < 0.05). Patients 
with hypopharyngeal cancer (odds ratio (OR): 7.04), oral cancer (OR: 
3.64), higher neutrophil to lymphocyte ratio (NLR) (OR: 2.05), and 
earlier T stage (OR: 0.71) exhibited a larger response difference be-
tween enhanced CT and pathology. Patients with younger age (OR: 

0.79) hypopharyngeal cancer (OR: 22.81), oral cancer (OR: 2.65), 
higher NLR (OR: 19.47), and earlier T stage (OR: 0.29) exhibited a 
larger response difference between enhanced MR and pathology.

Conclusions: Discordant responses were noted between the imag-
ing examination and surgical pathology of HNSCC after NICC. Hy-
popharyngeal cancer, higher NLR, and earlier T stage may predict a 
higher response difference.

Keywords: Pathological complete response; Neoadjuvant immuno-
therapy; Head neck squamous carcinoma; Pathological remission; 
Immune checkpoint inhibitors; Pathological tumor response; Imaging 
examination

Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts 
for 90% of all head and neck malignancies [1, 2]. Most pa-
tients are diagnosed with locally advanced HNSCC (LAHN-
SCC) at presentation; while LAHNSCC is potentially curable, 
the 5-year survival rate for high-risk patients is < 50% [3]. 
Immunotherapy with immune checkpoint inhibitors (ICIs), 
such as programmed cell death protein-1 (PD-1) inhibitors 
(i.e., pembrolizumab, nabumab), has become the new thera-
peutic standard for patients with recurrent/metastatic HNSCC. 
In the KEYMAT-048 clinical trial, pembrolizumab alone or in 
combination with chemotherapy significantly improved over-
all survival (OS) and was approved as the first-line treatment 
in patients with recurrent/metastatic HNSCC [4, 5]. Neoadju-
vant therapy offers numerous potential therapeutic advantages 
for LAHNSCC patients [6]. When implemented, neoadjuvant 
therapy may lead to a reduction in tumor staging, thereby pro-
moting the degradation of adjuvant therapy. In addition, neo-
adjuvant therapy allows early control or prevention of micro-
metastasis for systemic therapy. Moreover, a series of basic 
experiments have confirmed that ICIs can adjust immune cells 
and states and exert good immunotherapeutic effects [7-10]. 
Therefore, neoadjuvant immunotherapy seems to exert a bet-
ter immunotherapeutic effect [11]. Numerous clinical trials 
have recently investigated neoadjuvant immunotherapy for 
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HNSCC, and many trials have exhibited favorable effects 
against tumors, especially with high pathological remission 
rates [12-14]. Moreover, for neoadjuvant ICIs, combining a 
single agent with chemotherapy is more effective than mono-
therapy [15]. Additionally, some researchers have proposed 
that, instead of OS, the degree of pathological remission 
should be used as an outcome evaluation index of neoadju-
vant immunotherapy [16, 17]. Therefore, accurate assessment 
of response to neoadjuvant therapy is crucial for making ap-
propriate treatment decisions [18]. Historically, response as-
sessment has been based on changes in tumor load, both in 
clinical practice and radiology [7, 19, 20]. Imaging evaluation 
criteria have currently been established for the solid tumor 
response (TR), including response evaluation criteria in solid 
tumors (RECIST), immune RECIST (iRECIST), and modi-
fied RECIST. However, the predictive value of these systems 
is unclear because of tumor inflammation and changes in in-
terstitial or fibrotic components following immunotherapy. 
Few studies have investigated the effect of imaging examina-
tion in evaluating neoadjuvant immunotherapy for HNSCC 
patients. The present study, based on data from our center, ex-
plored the value of imaging examination in evaluating tumor 
remission in HNSCC patients who had received neoadjuvant 
immunotherapy combined with chemotherapy (NICC), aim-
ing to better guide clinical work.

Materials and Methods

Characteristics of the cohort

A cohort of 41 patients with LAHNSCC who received NICC, 
followed by surgery, in the Head and Neck Surgery Depart-
ment, National Cancer Center/National Clinical Research 
Center for Cancer/Cancer Hospital, Chinese Academy of Med-
ical Sciences and Peking Union Medical College, from May 
2021 to September 2023, were retrospectively analyzed. Pa-
tient data on gender, age, tumor type, differentiation, multiple 
cancers, T staging, N staging, immunotherapy cycle, neutro-
phil to lymphocyte ratio (NLR), and TR were collected.TR in-
cluded mild, moderate, and severe TR and complete response 
(CR). CR encompassed complete response of the primary site 
(PrCR), complete response of the primary site and the lymph 
node (PLCR), and complete response of the lymph node 
(LCR). TR was evaluated through imaging examination and 
pathological examination. T and N staging were performed on 
the basis of the eighth edition of staging of the American Joint 
Committee on Cancer (AJCC). The clinical information of all 
patients was well documented

Inclusion and exclusion criteria

Inclusion criteria were all patients who: 1) had locally ad-
vanced head and neck squamous cell carcinoma that could be 
either resectable or not and underwent surgery after NICC; 2) 
were evaluated through imaging examinations including la-
ryngoscopy, enhanced CT, and enhanced MR conducted be-

fore and after NICC to determine the clinical stage; and 3) had 
complete medical records.

Exclusion criteria were patients who: 1) had distant meta-
static HNSCC; 2) could not tolerate surgery; 3) had incomplete 
imaging evaluation; and 4) had incomplete medical records.

CT and MR examination

All patients underwent 64-slice spiral CT scan (light speed; 
VCT or Discovery HD750; GE Healthcare, USA). After plain 
CT scan, patients received contrast media (1.2 mL/kg; Om-
nipaque 350 mg I/mL; GE Healthcare, USA), at a flow rate 
of 3.5 mL/s, then 40 mL saline solution was injected into the 
elbow vein using a power syringe (Medrad Stellant, Indianola, 
PA) at a flow rate of 3.0 mL/s. The arterial phase occurred 15 
s after the injection of the contrast agent, and the venous phase 
occurred 45 s after the injection. To get the image, a magnetic 
resonance imaging (MRI) scan was performed using a 3.0T 
scanner (GE Discovery MR 750, GE Medical Systems) with 
an eight-channel head and neck phased alignment ring. Axial 
rapid destruction gradient echo (FSPGR) contrast-enhanced 
T1WI was used with a power syringe, 60 s after an intravenous 
dose of gadopentetate dimeglutamine (Magnevist, Bayer, Lev-
erkusen, Germany) (0.2 mL/kg body weight, 1.5 mL/s).

Pathological evaluation

A biopsy of the primary sites was collected in all patients be-
fore NICC, and their cancer was pathologically confirmed as 
squamous cell carcinoma with or without the biopsy of the 
lymph node. After surgery, all imaging reports are were re-
viewed by two experienced radiologists. Pathologically, the 
TR was quantified based on the proportion of tumor necrosis, 
keratin fragments, and giant cells/histiocytes in the surgically 
removed tissue as mild TR (0-20%), moderate TR (20-80%), 
and severe TR (80-100%). Radiologically, TR was evaluated 
on the basis of tumor remission as mild TR (0-20%), moderate 
TR (20-80%), and severe TR (80-100%). By imaging exami-
nation, remission was evaluated on the basis of RECIST. CR 
was defined as no tumor noted during imaging examination or 
pathological examination. NLR were recorded before NICC 
from blood routine test. For blood analysis, a fully automated 
blood analysis device (Beckman Coulter International Trad-
ing Company, Model: LH750) is used to perform routine 
blood tests, along with a companion reagent, a vacuum an-
ticoagulant tube (BD Corporation, USA, model: EDTA-K2). 
After fasting for 8 h, 2 mL cubitus venous blood was drawn 
the following day. Three clinically experienced operators par-
ticipated in the testing to ensure that the testing process is 
error-free.

Treatment method

All the patients were subjected to standard clinical treatment. 
All patients received NICC, followed by surgery. NICC in-
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cluded the use of programmed death protein-1 (PD-1) inhibi-
tors (200 mg), such as pabolizumab, triprilimab, tirellizumab, 
or sindillimab, in combination with cisplatin (75 mg/ m2) and 
paclitaxel (175 mg/ m2), administered every 21 days on the 
first day of the cycle. Surgery involved the removal of primary 
sites and neck dissection, without or with repair and recon-
struction.

Statistical method

The pairwise paired Chi-square test and t-test was conducted 
to analyze differences in responses between imaging examina-
tion and pathology. The correlation between the enhanced MR 
remission of PrCR was analyzed through the receiver operat-
ing characteristic (ROC) curve and Chi-square test. Binary lo-
gistic regression was performed to analyze the relevant clinical 
factors of response differences by odds ratio (OR). All statisti-
cal analyses were performed using SPSS.27.

Ethics approval

The research program was approved by the Ethics Committee 
of Cancer Hospital, Chinese Academy of Medical Sciences. 
All participants and patients agreed to participate in this re-
search program. The study was conducted in compliance with 
ethical guidelines for human research.

Results

Patient characteristics

A total of 41 patients with HNSCC were included in this 
study (Table 1, Fig. 1). The patients were assigned to two 
groups according to their gender and then divided into four 
groups according to tumor types, namely oropharyngeal can-
cer (11, 26.8%), hypopharyngeal cancer (25, 61.0%), oral 
cancer (4, 9.8%), and laryngeal cancer (1, 2.4%). The number 
of patients with multiple cancers in this cohort was 4 (9.8%). 
These cohorts were divided into high (5, 12.2%), middle 
(23, 56.1%), and low differentiation (13, 31.7%) based on 
pathological differentiation. The patients were assigned to 
three groups on the basis of immunotherapy cycles, namely 
1 (2, 4.9%), 2 (31, 75.6%), and 3 (7, 17.1%). They were also 
categorized into four groups by ICIs, namely pabolizumab 
(n = 27, 65.9%), tirellizumab (n = 10, 24.4%), triplimab (n = 
3, 7.3%), and sindilizumab (n = 1, 2.4%). The mean age and 
NLR of the patients were 59.61 and 1.68 years, respectively.

The response difference between pathological and imag-
ing examinations on TR

Significant discordant responses were noted between enhanced 
CT and pathology in PrCR (4.9% vs. 41.5%), LCR (12.2% 
vs. 53.7%), PLCR (0% vs. 31.7%), and TR (severe 29.3% vs. 

Table 1.  Characteristics of the Cohort

Clinical characters Number (%)
Gender
    Female 2 (4.9)
    Male 39 (95.1)
Age (years), mean (min - max) 59.61 (34 - 75)
Tumor types
    Oropharyngeal cancer 11 (26.8)
    Hypopharyngeal cancer 25 (61.0)
    Oral cancer 4 (9.8)
    Laryngeal cancer 1 (2.4)
Multiple cancer
    No 37 (90.2)
    Yes 4 (9.8)
Differentiation
    High 5 (12.2)
    Mid 23 (56.1)
    Poor 13 (31.7)
T state
    T1 5 (12.2)
    T2 15 (36.6)
    T3 8 (19.5)
    T4a 13 (31.7)
N sate
    N0 3 (7.3)
    N1 1 (2.4)
    N2a 1 (2.4)
    N2b 24 (58.5)
    N2c 6 (14.6)
    N3a 0 (0)
    N3b 6 (14.6)
ICIs types
    Pabolizumab 27 (65.9)
    Tirellizumab 10 (24.4)
    Triplimab 3 (7.3)
    Sindilizumab 1 (2.4)
Immunotherapy cycle
    1 3 (7.3)
    2 31 (75.6)
    3 7 (17.1)
Blood routine parameters, mean (min - max)
    NEU (× 109/L) 4.83 (2.15 - 12.24)
    LYM (× 109/L) 1.68 (0.61 - 2.91)
    NLR 1.68 (1.28 - 7.18)
    Total 41 (100)

ICIs: immune checkpoint inhibitors; NLR: the ratio of neutrophils to lym-
phocytes; NEU: neutrophil; LYM: lymphocyte.
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Figure 1. Flow chart.
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25.61%) (P < 0.05) (Table 2, Fig. 2). The maximum diameter 
of the primary lesion noted during pathological examination 
was significantly larger than that observed on enhanced CT 
(1.47 cm vs. 0.940 cm) (P = 0.022). However, the maximum 
diameter of the lymph node exhibited no significant differences 
between pathological examination and enhanced CT. Signifi-
cant discordant responses were observed between enhanced 
MR and pathology in PrCR (7.3% vs. 41.5%), LCR (7.3% 

vs. 53.7%), PLCR (0% vs. 31.7%), and TR (severe 17.1% vs. 
25.61%) (P < 0.05) (Table 3, Fig. 2). The maximum diameter 
of the primary lesion observed during pathological examina-
tion was significantly larger than that observed on enhanced 
MR (1.82 cm vs. 0.940 cm) (P = 0.022). However, the maxi-
mum diameter of the lymph node did not differ significantly 
between pathological examination and enhanced MR. Figure 3 
shows the discordant responses between imaging examination 

Table 2.  The Characters and the Difference Between Enhanced CT and Pathology

Clinical characters Pathology (%) Enhanced CT (%) P value
TR 0.094
    Mild 9 (22.0) 7 (17.1)
    Moderate 7 (17.1) 22 (53.7)
    Severe 25 (61.0) 12 (29.3)
PrCR < 0.001
    Yes 17 (41.5) 2 (4.9)
    No 24 (58.5) 39 (95.1)
LCR < 0.001
    Yes 22 (53.7) 5 (12.2)
    No 19 (46.3) 36 (87.8)
PLCR < 0.001
    Yes 13 (31.7) 0 (0)
    No 28 (68.3) 41 (100)
The maximum diameter of the primary lesion (cm), mean (min - max) 0.940 (0 - 3.50) 1.47 (0 - 4.3) 0.022
The maximum diameter of the lymph node (cm), mean (min - max) 1.20 (0 - 5) 1.13(0 - 7.1) 0.805

PrCR: complete response of the primary site; PLCR: complete response of the primary site and the lymph node; LCR: complete response of the 
lymph node; TR: tumor response; CT: computed tomography.

Figure 2. The characters and the difference between enhanced CT, MR and pathology. PrCR: complete response of the primary 
site; PLCR: complete response of the primary site and the lymph node; LCR: complete response of the lymph node; TR: tumor 
response; CT: computed tomography; MR: magnetic resonance.
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Table 3.  The Characters and the Difference Between Enhanced MR and Pathology

Clinical characters Pathology (%) Enhanced MR (%) P value
TR 0.006
    Mild 9 (22.0) 7 (17.1)
    Moderate 7 (17.1) 27 (65.8)
    Severe 25 (61.0) 7 (17.1)
PrCR < 0.001
    Yes 17 (41.5) 3 (7.3)
    No 24 (58.5) 38 (92.7)
LCR < 0.001
    Yes 22 (53.7) 3 (7.3)
    No 19 (46.3) 38 (92.7)
PLCR < 0.001
    Yes 13 (31.7) 0 (0)
    No 28 (68.3) 41 (100)
The maximum diameter of the primary lesion (cm), mean (min - max) 0.940 (0 - 3.50) 1.82 (0 - 5.8) < 0.001
The maximum diameter of the lymph node (cm), mean (min - max) 1.20 (0 - 5) 1.13(0 - 5.10) 0.779

PrCR: complete response of the primary site; PLCR: complete response of the primary site and the lymph node; LCR: complete response of the 
lymph node; TR: tumor response; MR: magnetic resonance.

Figure 3. A case of tongue squamous cell carcinoma with cervical lymph node metastasis treated by surgery after two cycles of 
NICC. (a) Before NICC, enhanced MRI suggested that an abnormal signal mass is seen on the left side of the tongue, with irregu-
lar shape and maximum cross-sectional area of approximately 5.5 × 3.8 cm (arrow). (b) Multiple enlarged lymph nodes are seen 
on the left side of the neck, with the largest one having a short axis of approximately 1.7 cm (arrow). (c) Before NICC, enhanced 
CT showed a lesion on the left side of the tongue with an irregular shape and a maximum cross-sectional area of approximately 
5.3 × 3.0 cm (arrow). (d) There are multiple lymph nodes in the neck, with the largest having a short diameter of about 1.7 cm 
(arrow). After NICC, enhanced MRI suggested that abnormal signal shadow is seen on the left side of the tongue, with irregular 
shape, smaller range and uneven signal. (f) The maximum cross-section was about 4.3 × 2.1 cm (arrow), which was considered 
to be better after NICC than before. (g) Most of the lymphatic nodes of the left neck were smaller than before, and the short diam-
eter of the larger ones was about 1.4 cm (arrow). (h) After NICC, enhanced CT revealed a left-sided mass in the tongue, smaller 
than before, with unclear boundaries, and the current range was about 4.5 × 3.2 cm (arrow). (i) Multiple lymph nodes in the left 
neck were smaller than before, and the short diameter of the larger ones was about 1.3cm (arrow). The postoperative pathology 
report indicated PrCR (e) and LCR (j), while imagine examination still indicated the presence of tumor (f-i). NICC: neoadjuvant 
immunotherapy combined with chemotherapy; CT: computed tomography; MRI: magnetic resonance imaging; PrCR: complete 
response of the primary site; LCR: complete response of the lymph node.
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and surgical pathology of HNSCC after NICC.

The related factor analysis to response differences

We analyze the relevant clinical factors of response differenc-
es by conducting binary logistic regression of data including 
gender, age, tumor types, multiple cancers, differentiation, T 
stage, immunotherapy cycles, ICI types, and NLR. The pa-
tients with hypopharyngeal cancer (OR: 7.04), oral cancer 
(OR: 3.64), higher NLR (OR: 2.05), and earlier T stage (OR: 
0.71) exhibited a larger response difference between enhanced 
CT and pathology (Table 4). The patients with younger age 
(OR: 0.79), hypopharyngeal cancer (OR: 22.81), oral cancer 
(OR: 2.65), higher NLR (OR: 19.47), and earlier T stage (OR: 
0.29) exhibited a larger response difference between enhanced 
MR and pathology (P < 0.05) (Table 5).

Discussion

The RECIST 1.0 standard was released in 2000 and was updat-
ed to version 1.1 in 2009. Although these standards simplify 
the measurement steps and improve the accuracy of measure-
ments on the basis of the World Health Organization (WHO) 
standards, the efficacy is continued to be judged according to 
changes in tumor size, which is measured using traditional 
imaging techniques (CT, MR). In fact, many tumors, such as 
lymphoma, sarcoma, and liver cancer, exhibit no significant 
change in volume after treatment. Therefore, the RECIST cri-
teria does not reflect the true efficacy. In 2017, the RECIST 
Working Group and its Immunotherapy Subcommittee pub-
lished the criteria for evaluation of iRECIST. These criteria 
clarified how to evaluate remission and progress in immuno-
therapy trials [21]. However, with the advent of the immuno-

Table 4.  The Multivariate Analysis of the Difference Between Enhanced CT and Pathology on TR

Clinical characters Enhanced CT, OR (97.5%) P value
Gender, male 1.03 (0.013 - 84.7) 0.999
Age (years) -0.94 (0.78 - 1.15) 0.998
Tumor type < 0.001
    Hypopharyngeal cancer 7.04 (0.35 - 141)
    Oral cancer 3.64 (0.04 - 316)
    Laryngeal cancer -0.18 (0.0000103 - 3,294)
Multiple cancer 1.000
    Yes 1.09 (0.023 - 51.4)
Differentiation -0.907 (0.19 - 4.37) 0.999
    High
    Mid
    Poor
T stage -0.71 (0.17 - 3.01) < 0.001
    T1
    T2
    T3
    T4a
Immunotherapy cycle 1.05 (0.14 - 7.79) 1.000
    1
    2
    3
ICIs types 1.09 (0.14 - 7.76) 1.000
    Pabolizumab
    Triplimab
    Tirellizumab
    Sindilizumab
Blood routine parameters
    NLR 2.05 (0.07 - 60.22) < 0.001

ICIs: immune checkpoint inhibitors; CT: computed tomography; NLR: the ratio of neutrophils to lymphocytes; TR: tumor response; OR: odd ratio.
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therapy era, many problems that did not appear during tumor 
evaluation before, such as false progression and new lesions, 
have now emerged. These new problems are a result of im-
munotherapy itself, and the essence of immunotherapy is an 
attack response of immune cells activated by the body to the 
tumor, which is a sign indicative of the effectiveness of tumor 
treatment. However, if judged according to iRECIST criteria, 
this will be considered tumor progression, which will have a 
certain impact on the patient’s next clinical treatment.

The response difference between pathology and imaging 
examination on TR

At present, the effect of immunotherapy cannot be accurately 
evaluated through imaging examination of solid tumors. Us-
ing the RECIST or iRECIST criteria, we here obtained TR 

rates of enhanced CT and MR, according to the maximum 
tumor diameter at baseline before and after NICC. The evalu-
ation efficacy of imaging examination for HNSCC after NICC 
was compared with that of postoperative pathology, which 
was used as the gold standard. Significant discordant respons-
es were observed between enhanced CT and MR, and pathol-
ogy in PrCR (4.9%, 7.3% vs. 41.5%), LCR (12.2%, 7.3% vs. 
53.7%), PLCR (0%, 0% vs. 31.7%), and TR (severe 29.3%, 
17.1% vs. 25.61%) (P < 0.05). Figure 3 shows a case of tongue 
squamous cell carcinoma with cervical lymph node metastasis 
that was treated by surgery after two cycles of NICC. The 
postoperative pathology report indicated PrCR (Fig. 3e) and 
LCR (Fig. 3j), while imagine examination still indicated the 
presence of tumor (Fig. 3f-i). All results of the response com-
parison between imaging and pathological examinations were 
obtained through the one-to-one matching test. The results of 
imaging examination did not match those of pathology, which 

Table 5.  The Multivariate Analysis of the Difference Between Enhanced MR and Pathology on TR

Clinical characters Enhanced MR, OR (97.5%) P value
Gender, male 1.25 (0.01 - 135.43) 0.999
Age (year) -0.79 (0.61 - 1.02) < 0.001
Tumor type < 0.001
    Hypopharyngeal cancer 22.81 (0.53 - 984.45)
    Oral cancer 2.65 (0.02 - 314.12)
    Laryngeal cancer -0.0001 (5.0 - 26.09)
Multiple cancer 1.000
    Yes -0.72 (0.010 - 53.99)
Differentiation 1.52 (0.28 - 8.33) 0.999
    High
    Mid
    Poor
T stage -0.29 (0.05 - 1.73) < 0.001
    T1
    T2
    T3
    T4a
Immunotherapy cycle 1.80 (0.19 - 16.99) 0.999
    1
    2
    3
ICIs types 1.07 (0.18 - 15.94) 0.999
    Pabolizumab
    Triplimab
    Tirellizumab
    Sindilizumab
Blood routine parameters
    NLR 19.47 (0.41 - 928.86) < 0.001

ICIs: immune checkpoint inhibitors; TR: tumor response; NLR: the ratio of neutrophils to lymphocytes; OR: odd ratio; MR: magnetic resonance.
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may have been because of interference by inflammatory tu-
mor necrosis caused by immunotherapy. This conclusion was 
supported by our findings, which show the low rate of CR, as 
assessed by imaging examination, due to the presence of in-
flammatory substances after immunotherapy. The maximum 
diameter of the primary lesion observed through pathology 
was significantly larger than that observed on enhanced CT 
(1.47 cm vs. 0.940 cm) (P = 0.022). The maximum diameter 
of the primary lesion observed through pathology was signifi-
cantly larger than that noted on enhanced MR (1.82 cm vs. 
0.940 cm) (P = 0.022). This phenomenon is very interesting, 
but the specific mechanism remains unclear. This may have 
occurred due to data bias. However, the maximum diameter of 
the lymph node exhibited no significant differences between 
pathology and enhanced CT and enhanced MR (P > 0.05). 
This may be due to the fact that primary and lymph nodes 
respond differently to immunotherapy. Merlino et al observed 
inconsistent therapeutic effects of nivolumab between the pri-
mary tumor site and metastatic lymph nodes in patients [22]. 
Certainly, data bias may also play a role. Although their data 
support the use of early radiographic response to assess the 
immunotherapy treatment effect in HNSCC, their research 
was based on radiographic volumetric response, not RECIST 
criteria. We have verified this with our own data by the classi-
cal RECIST criteria and found that discordant responses were 
noted between the imaging examination and surgical pathol-
ogy of HNSCC after NICC.

The related factor analysis to response differences

The results of radiographic examination and pathological 
evaluation of TR were confirmed to be inconsistent. Differ-
entiating clinical factors are being sought to better guide clini-
cal work. The relevant clinical factors of response differences 
were analyzed by conducting binary logistic regression, with 
data including gender, age, tumor types, multiple cancers, dif-
ferentiation, T stage, immunotherapy cycles, ICI types, and 
NLR. The patients with hypopharyngeal cancer (OR: 7.04), 
oral cancer (OR: 3.64), higher NLR (OR: 2.05), and earlier 
T stage (OR: 0.71), exhibited a larger response difference be-
tween enhanced CT and pathology (Table 4). The patients with 
younger age (OR: 0.79), hypopharyngeal cancer (OR: 22.81), 
oral cancer (OR: 2.65), higher NLR (OR: 19.47), and earlier 
T stage (OR: 0.29), exhibited a larger response difference be-
tween enhanced MR and pathology (P < 0.05). Anatomic com-
plexity may affect the TR assessment by enhanced CT and MR. 
In the case of hypopharyngeal cancer, the complex anatomy of 
the hypopharynx, along with the inflammatory interference of 
immunotherapy, may increase the difficulty of TR assessment 
by enhanced CT and MR (OR: 7.04) (Table 5). The immune 
response was possibly stronger in early tumors. A higher NLR 
suggests a higher inflammatory response, thereby increasing 
differentiation. It has also been reported by other study that 
the predictive value of RECIST may be low due to changes 
in the inflammatory and interstitial or fibrotic components 
of tumors that may affect imaging findings [23, 24]. Thus, in 
clinical practice, we must pay attention to the large differences 

between patients with imaging and pathological examinations, 
especially when patients with younger age, hypopharyngeal 
cancer, oral cancer, higher NLR, and earlier T stage.

Conventional imaging tools, such as enhanced CT and 
MR, have some limits to evaluate the pathology after NICC. 
To guide clinical practice about NICC, radiomics may be an 
approach to compensate for the difference in the pathologi-
cal response of tumors observed on imaging examination. Im-
munotherapy can induce an early treatment response in some 
HNSCC patients. These reactions cannot be diagnosed using 
conventional imaging parameters. According to a study [23], 
MR diffusion-weighted imaging (DWI) may be able to di-
agnose these reactions. On analyzing imaging data from 24 
patients with advanced squamous cell carcinoma before and 
after immunotherapy, those authors found that round tumors 
with a smaller diameter before treatment were more likely to 
respond. Lower tumor skewness and overall skewness after 
treatment were associated with a better treatment response 
than that before treatment. While additional studies with larger 
data sets are warranted to definitively link DWI parameters to 
immunotherapy outcomes, the present study may offer guid-
ance on research directions. In fact, the emergence of radiomic 
signatures for predicting immunotherapy responses has caused 
an upsurge of research in the field. However, the lack of stand-
ardized protocols and validation poses a major challenge to 
its application in clinical practice. Although many radiomics 
studies have predicted responses across tumor types, there are 
still inconsistencies in data selection, model construction, and 
outcome definition. These radiomic-based analyses still need 
to be validated in larger clinical studies before they can be im-
plemented in clinical practice.

Many studies have adopted other imaging tools, but the re-
sults are unsatisfactory. An assessment of metabolic responses 
based on 18F-fluorodeoxyglucose (FDG)-positron emission 
tomography (PET) revealed that pathological responses can be 
detected in HNSCC patients receiving neoadjuvant immuno-
therapy by using a calculated δ-value of total glycoenzymoly-
sis of the lesion. Although the technique had an accuracy of 
94% at the primary tumor site, it was limited by the relatively 
large tumor volume required to assess the variability of the 
total lesion glycolysis (TLG) and FDG influx in immune cells 
during immunotherapy treatment, which could produce false-
positive results [24, 25]. The metabolic approach (i.e., PET/
CT) offers complementary information on two-dimensional 
tumor shrinkage, thereby clarifying that the reduction in 18F-
FDG uptake is directly related to the density of live tumor 
cells. Additionally, while focal and asymmetrical 18F-FDG 
uptake in primary tumor areas or lymph nodes may indicate 
residual lesions, no clear standardized uptake value (SUV) 
boundary exists between benign and malignant lesions. In pa-
tients treated with ICIs, resulting immune infiltration may fur-
ther complicate PET/CT interpretations. The study of Shah et 
al revealed that no correlation exists between changes in FDG 
uptake and pathological TR after neoadjuvant PD-1 axis sup-
pression [26]. Vos et al [24] recently suggested that changes 
in the metabolic tumor volume and TLG have some merit in 
detecting pathological responses at the primary site. However, 
numerous false-positive results were reported when the re-
sponse of cervical lymph nodes was assessed using metabolic 
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methods [24]. Therefore, new imaging tools or imaging agents 
need to be invented or identified. The complexity of monitor-
ing tumor response in patients treated with ICIs has prompted 
the development of novel radiotracers, particularly PET/CT 
PD-L1 tracers currently used in clinical practice, which have 
a strong correlation with PD-L1 status through immunohis-
tochemical measurements [27]. In addition, these tracers are 
able to show heterogeneity of PD-L1 expression between dif-
ferent patients and within tumor lesions in the same patient on 
PET/CT, even more accurately than immunohistochemically 
stained biopsy samples [28]. However, to our knowledge, only 
a handful of imaging probes are currently in the clinical re-
search stage and have not yet been approved by the Food and 
Drug Administration for clinical use [29]. So, more research is 
needed in the future.

However, our study also had some limitations. The overall 
cohort was small. Moreover, the study had a predominance of 
patients with oropharyngeal and hypopharyngeal cancers, and 
those with oral and laryngeal cancers were limited, which may 
have introduced a potential bias. The study findings must be 
validated in large sample sizes or multi-center studies. Further, 
the heterogeneity of different immunological agents used may 
have introduced variability in the results. More studies, espe-
cially prospective studies, are needed in the future to remedy 
these shortcomings.

Conclusions

Discordant responses exist between imaging examination and 
pathology of HNSCC after NICC. Hypopharyngeal cancer, 
higher NLR, and earlier T stage may help predict a higher re-
sponse difference. Other imaging examination tools or radiom-
ics methods should be explored in future studies.
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