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Background and Purpose: Nasopharyngeal carcinoma (NPC) is a malignancy with distinct geographical distribution and is rare in
non-endemic regions. Despite significant improvements in NPC survival through chemoradiotherapy, recurrence and metastasis remain
major clinical challenges, particularly in non-endemic areas where data on neoadjuvant immunochemotherapy are scarce. This study
aimed to address this gap by evaluating the antitumor activity and safety of neoadjuvant gemcitabine—cisplatin plus camrelizumab in
patients with locally advanced NPC in non-endemic regions.

Materials and Methods: In this single-center, single-arm, phase 2 trial, patients with stage III-IVA NPC received chemotherapy
(gemcitabine 1000 mg/m* on days 1 and 8, plus cisplatin 80 mg/m? on day 1) and camrelizumab 200 mg on day 1 for three cycles,
followed by radiotherapy. Primary endpoints were objective response rate (ORR). Secondary endpoints included disease-free survival
(DFS), overall survival (OS), and biomarker correlations in addition to the primary ORR.

Results: Thirty-eight patients were enrolled and thirty-three completed three cycles of the neoadjuvant therapy, resulting in an ORR of
89.4% (34/38). The median follow-up duration was 18.5 months, and the 12-month disease-free survival rate was 94.7% (34/36). Six
patients encountered grade 3 adverse effects: Two with nausea/vomiting, two with thrombocytopenia, one with leukopenia, and one
with immune-related hepatitis. No grade 4 treatment-related events or deaths occurred.

Conclusion: Neoadjuvant camrelizumab combined with chemotherapy demonstrated promising antitumor activity and acceptable
safety in locally advanced NPC patients from non-endemic regions. However, further randomized studies are needed to confirm these
findings and assess long-term survival benefits.
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Introduction

Concurrent chemoradiotherapy, supplemented by either adjuvant or induction chemotherapy, serves as the cornerstone
treatment paradigm for locally advanced nasopharyngeal carcinoma (NPC).! This regimen has enabled substantial
improvements in patient survival. However, despite improved survival, 20%-30% of patients still experience recurrence
or distant metastasis, and many suffer from significant treatment-related toxicities such as mucositis, hearing loss, and
hematologic toxicity. Therefore, it is imperative to investigate more efficacious therapeutic approaches to improve
patient prognosis.

NPC is primarily characterized by non-keratinizing carcinoma, closely associated with Epstein-Barr Virus (EBV),
which plays a crucial role in its pathogenesis by promoting oncogenic transformation and immune evasion.>* This
association leads to an upregulation of PD-L1 expression, with a positivity rate frequently exceeding 70%.” This
overexpression enables tumor cells to evade immune surveillance by inhibiting cytotoxic T-cell function through binding
to the PD-1 receptor on T cells, making PD-1/PD-L1 blockade a rational immunotherapeutic strategy. According to
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global cancer statistics from 2022, over 75% of NPC cases are diagnosed in Southeast Asia and Southern China.® As an
intensely immunoinflammatory neoplasm, nasopharyngeal carcinoma’s tumor microenvironment is densely infiltrated by
immune cells,”* providing a robust theoretical foundation for the use of immunotherapeutic strategies.

Recent years have seen substantial advancements in immunotherapy for nasopharyngeal carcinoma. Currently,
a therapeutic regimen combining PD-1 inhibitors with gemcitabine and cisplatin chemotherapy has been approved for
the first-line treatment of recurrent or metastatic nasopharyngeal carcinoma.”'® This approval has increased interest in
their use in neoadjuvant therapy, prompting numerous prospective clinical trials. Current research on immunotherapy for
NPC predominantly involves patients from high-incidence regions, such as South China. There is still a lack of sufficient
data on the efficacy and safety of immunotherapy combined with chemotherapy as neoadjuvant treatment for NPC in
regions with low incidence of the disease. Emerging evidence indicates that NPC from non-endemic regions shows
a more heterogeneous etiologic and immune profile, with a substantially higher proportion of keratinizing/EBV-negative
tumors than endemic populations, where EBV-driven non-keratinizing disease predominates.'' Because EBV-associated
NPC typically displays a highly immune-inflamed microenvironment with frequent PD-L1 expression and dense
lymphocytic infiltration, regional differences in EBV linkage and tumor immune contexture may alter responsiveness
to PD-1 blockade and limit extrapolation from endemic trials.'> Consequently, the compelling efficacy data generated
from high-incidence regions cannot be directly extrapolated.

Here, we present the findings from a phase 2 clinical study evaluating the efficacy of camrelizumab combined with
chemotherapy for the treatment of patients with locally advanced NPC in non-endemic regions. The aim of this study was
to evaluate the efficacy and safety of neoadjuvant camrelizumab combined with gemcitabine and cisplatin in patients
with locally advanced nasopharyngeal carcinoma from non-endemic regions.

Materials and Methods
Study Design and Participants

This trial was an open-label, single-arm, Phase II clinical study conducted at Anhui Provincial Cancer Hospital, Hefei,
China from January 2022 to January 2024. The trial was registered under the identifier ChiCTR2200057745 on
ClinicalTrials.gov.

This single-center study was conducted in a non-endemic region for nasopharyngeal carcinoma. All enrolled patients
reported Anhui Province as their hometown. Patients with histologically confirmed NPC, staged as T4, N2 or N3 by the
AJCC 8th edition were eligible. Patients with distant metastasis (stage IVB, M1) were excluded. Inclusion criteria included:
Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 1, measurable lesions according to RECIST 1.1,
and normal organ function. Exclusion criteria included patients with active autoimmune diseases, immunodeficiency, or
uncontrolled comorbidities such as active infections, chronic hepatitis, or pregnancy. Informed consent was obtained by the
principal investigator. All participants were provided with a written consent form and had the opportunity to ask questions
and withdraw from the study at any point.The consent process adhered to the ethical standards set by the Ethics Committee
of Anhui Provincial Cancer Hospital (Approval No.2021-98; Date: December 30, 2021).

Procedures

Each patient underwent a comprehensive pre-treatment assessment including physical examination, contrast-enhanced
magnetic resonance imaging (MRI) of the head and neck, medical, biochemical, and hematological profiling, nasophar-
yngoscopy, bone scan, computed tomography (CT) imaging of the chest, sonography or CT imaging of the abdomen, and
baseline plasma EBV-DNA load determination.

Biomarker Testing

Plasma EBV-DNA levels were quantified using a real-time quantitative PCR assay targeting the BamHI-W fragment of
the EBV genome (Sansure EBV DNA Kit, Sansure Biotech, China). The assay has a lower limit of detection of 500 U/
mL. All samples were processed in a centralized laboratory following internal quality-control procedures. Each sample
was run in duplicate, and discordant results were repeated according to laboratory policy.
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Immunohistochemical staining of PD-L1 was performed using the PD-L1 ITHC 22C3 pharmDx assay (DAKO,
Denmark), with appropriate positive and negative controls employed. The combined positive score (CPS) was calculated
as the number of PD-L1—positive cells divided by the total number of viable tumor cells, multiplied by 100.

Treatment
Following the initial assessment, participants received three cycles of neoadjuvant chemotherapy with gemecitabine
1000 mg/m” on days 1 and 8, cisplatin 80 mg/m? on day 1, plus camrelizumab 200 mg on day 1.

Subsequently, all patients underwent intensity-modulated radiotherapy (IMRT) after a 3-week interval. Target
delineation followed consensus guidelines, with a recommended dose of 70 Gy at 2.12 Gy per fraction (once daily, 5
fractions per week).

MRI imaging assessments were conducted at three time points: after neoadjuvant therapy, after 20 sessions of
radiotherapy, and one month after the completion of radiotherapy. Tumor response was evaluated by investigators
using RECIST version 1.1 criteria.

Sample Size Rationale

The sample size for this single-arm, phase II trial was not determined by a formal power calculation. Instead, an
enrollment target of approximately 40 patients was set based on clinical feasibility and patient accrual capacity at our
center over the defined study period. This sample size is consistent with those of other published single-arm phase 11
trials in oncology and was deemed sufficient to provide preliminary evidence of the activity and safety of the regimen in
this understudied, non-endemic population.

Statistical Analysis

A total of 38 patients were enrolled. Side effects and adverse events were meticulously monitored and recorded
throughout the observation period for descriptive statistical analysis. Statistical methods included non-parametric tests.
In univariate analyses across different populations, data meeting assumptions of normality and variance homogeneity
were assessed using independent sample t-tests; otherwise, non-parametric tests were employed. All p-values were two-
sided, with a significance level set at 0.05. Statistical analyses were performed using SPSS and R software packages.

Data Handling and Management

All clinical and laboratory data were prospectively recorded using an electronic data capture system. Missing data were
handled using complete-case analysis, and no outcome variables required imputation. Data were independently reviewed
by two investigators to ensure accuracy before statistical analysis.

Follow-Up

Patients were followed every 3 months for the first 2 years and every 6 months thereafter. Follow-up assessments
included nasopharyngoscopy, MRI of the nasopharynx and neck, chest CT, abdominal ultrasound, and plasma EBV DNA
testing. Progression-free survival (PFS) and overall survival (OS) were calculated from the date of enrollment to the date
of progression, death, or last follow-up.

Outcomes

The primary outcome was the objective response rate (ORR), with secondary endpoints including adverse events (AEs)
occurring during the trial and disease-free survival (DFS). ORR was defined as the proportion of patients showing
complete or partial response after three cycles of neoadjuvant therapy. DFS was defined as the time from the start of
neoadjuvant therapy to the first occurrence of recurrence or metastasis. DFS was evaluated by serial imaging (CT and
MRI) every 3 months following treatment completion, in accordance with RECIST version 1.1. Adverse events (AEs)
and serious adverse events (SAEs) were monitored using the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) version 5.0. All AEs were reported by grade and type.

Cancer Management and Research 2026:18 heeps: 3



4> Zhou etal

Results

Patients

Thirty-eight patients were enrolled between January 2022 and January 2024 from the oncology outpatient clinic of Anhui
Provincial Cancer Hospital (Figure 1). Detailed demographics and clinical characteristics are summarized in Table 1. No stage
IVB (M1) cases were included. The median age was 51.9 years (range 26—69), and 76.3% were male. Most had non-
keratinising undifferentiated histology. At baseline, 27 patients (71.1%) were EBV-DNA positive, and 78.9% (30/38) had PD-
L1 CPS >20. The most common comorbidities were hypertension (26%) and chronic hepatitis B infection (10.5%).

Safety and Feasibility
Of the 38 patients, 33 (86.8%) completed three cycles of neoadjuvant treatment and proceeded to definitive radiotherapy
within the following three weeks. The remaining five patients (13.2%) did not complete the full course of treatment as planned.
Four patients discontinued after two cycles of neoadjuvant treatment due to toxicities, and one withdrew for personal reasons.
Nonetheless, all 38 patients eventually received radical radiotherapy and completed the entire radiotherapy course.
Treatment-related adverse events (TRAEs) were assessed throughout all three cycles of neoadjuvant therapy and
documented per NCI-CTCAE v5.0 criteria. The summary of TRAEs can be found in Table 2. The most common TRAEs
were decreased appetite (37; 97.4%), nausea/vomiting (36; 94.7%), and anemia (17; 44.7%). The incidence rates of TRAEs
from grades 1 to 4 were 67.8%, 27.3%, 4.9%, and 0%, respectively. Six patients experienced grade 3 adverse reactions: 2 had
nausea/vomiting, 2 had thrombocytopenia, 1 had leukopenia, and 1 had immune-related hepatitis. No patients experienced
grade 4 adverse reactions or death. AE monitoring was performed at each infusion visit and included blood counts, hepatic and
renal panels, and symptom questionnaires. The 3-week interval between the final cycle and radiotherapy allowed for

42 patients assessed
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‘ 4 did not meet ’
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‘ 38 patients enrolled ’

|
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chemoradiotherapy
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l 5 discontinued after two courses
Radiographic response ® 4 adverse events
evaluation (n=33) after ® 1 personal reason
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Radiographic response evaluation
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Figure | Clinical trial flow diagram.
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Table | Patient Characteristics

Characteristic No. (%) of patients (N = 38)
Gender

Male 29 (76.3)

Female 9 (23.7)
Age (years)

Range 2669

Average 51.9+10.1
Smoking 15 (39.5)
Alcohol Drink 6 (15.8)
ECOG performance status

[ 5(13.2)

0 33 (86.8)
Tumor category

2 11 (28.9)

3 17 (44.7)

4 10 (26.3)
Lymph node levels

[ 4 (10.5)

2 22 (57.9)

3 12 (31.6)
CPS220 30 (78.9)
Baseline plasma EBV DNA level

Positive 26 (68.4)

Negative 12 (31.6)

Notes: Tumor category refer to the T stage according to the TNM staging
system (American Joint Committee on Cancer, 8th edition), CPS Combined
positive score.

Table 2 Treatment-related Adverse Events (TRAEs) Identified by

Investigators
Adverse Reaction Grading | Grade | | Grade Il | Grade Il
n % n % n %
Decreased appetite 24 |1 194 | 11 | 220 | 2 | 222
Nausea and vomiting 19 | 153 | 12| 240 | 2 | 222
Anemia 15 ] 12.1 | 2.0 | .1
Fatigue 1311055 [100] 0 0.0
Elevated AST/ALT 10 | 8.1 2 | 40 [ .1
RCCEP 10 | 8.1 | 20 | O 0.0
Thrombocytopenia 9 7.3 | 20 | 2 | 222
Hair loss 8 6.5 | 20| 0 0.0
Leukopenia 5 40 | 13| 260 | | 1.1
Rash 3| 24 | 20 | O 0.0
Hyperthyroidism 3 24 | 0 | 00 | O 0.0
Fever 3 24 0 00 | O 0.0
Diarrhea | 0.8 | 20 | O 0.0
Hypothyroidism | 08 | 0 [ 00 | O 0.0
Elevated cardiac enzymes 0 0.0 | 20 | O 0.0
Pneumonia 0 0.0 0 00 | O 0.0

Abbreviations: RCCEP, reactive cutaneous capillary endothelial proliferation; AST/
ALT, Aspartate Aminotransferase/ Alanine Aminotransferase.
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hematologic recovery and radiotherapy planning. Compliance was high: 86.8% completed all cycles on schedule. Among the
four patients who withdrew from the study, two discontinued treatments due to grade 3 hematologic toxicity during the second
course of neoadjuvant therapy. One patient developed grade 3 immune-related hepatitis, and another developed symptoms
consistent with immune-mediated myocarditis (grade 2). After consulting with internists, it was determined that these patients
were not suitable for further immunotherapy, leading to their withdrawal from the study. No late severe toxicities were
observed within the available follow-up period; ongoing monitoring is planned through 36 months.

Efficacy Outcomes

The majority of patients (33 out of 38, 86.8%) completed three cycles of neoadjuvant therapy. Radiological assessments
were performed according to RECIST 1.1 criteria. Results are shown in Figure 2. Among these 38 patients, 7 (18.4%,
95% CI, 7.9%-31.6%) achieved a complete response (CR), 27 (71%,95% CI 55.3%-86.8%) achieved a partial response
(PR), and 4 (10.6%,95% CI 2.6%—21.1%) had stable disease (SD). The overall response rate (ORR) was 89.4% (95% CI
78.9%-97.4%). No disease progression was observed during neoadjuvant therapy. All patients underwent mid-treatment
radiological assessments after 20 sessions of radiotherapy. Among these 38 patients, 19 patient (50%,95% CI 34.2%-
65.8%) achieved CR, 19 patients (50%,95% CI 34.2%-65.8%) achieved PR with an ORR of 100.0%. All patients
underwent imaging evaluations to assess one month after completing radiotherapy. Among the 38 patients, 32 patient
(84.2%,95% CI 71.1%-94.7%) achieved CR, 6 patients (15.8%,95% CI 5.3%-28.9%) achieved PR. The 12-month DFS
rate was 94.7% (34/36); two patients were censored due to early recurrence or death.

Biomarker Analysis

To explore potential biomarkers that can predict the efficacy of neoadjuvant chemoimmunotherapy, PD-L1 expression in
nasopharyngeal tumor tissues of 35 patients was analyzed. PD-L1 CPS ranged from 0 to 100. CPS >20 was observed in
78.9% of patients. No statistically significant correlation was found between CPS and response rate (p = 0.19).

All patients had their peripheral blood plasma EBV-DNA copy numbers measured before treatment, with 27 (71.05%)
testing positive for EBV-DNA at baseline. The EBV-DNA values were retested before subsequent treatment cycles. In
patients with positive plasma EBV DNA at baseline, 16 patients EBV DNA became negative after the first course of
neoadjuvant therapy, 6 patients after the second course, and 4 patients after the third course. Additionally, one patient
consistently had positive EBV-DNA levels. Results are shown in Figure 3. Rapid EBV-DNA clearance (within one cycle)
was significantly associated with CR at post-radiotherapy evaluation (p = 0.017).

100%

80%

19

60%

32

40%

PATIENTS (%)

20%

4

After ICT During RT After RT

0%
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Figure 2 Best overall response assessed by RECIST |.I at three timepoints.
Abbreviations: CR, complete response; PR, partial response; SD, stable disease.
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Figure 3 EBV-DNA Clearance in Patients with Different Treatment Response.
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Follow Up

As of March 2025, one patient developed liver metastasis 5 months post-radiotherapy, one patient developed lung
metastasis 9 months post-radiotherapy, while another experienced recurrence of the primary lesion 6 months post-
radiotherapy and subsequently died from complications of malnutrition and infection during chemotherapy. The
remaining 35 patients showed no significant disease progression, with a median follow-up time of 25 months (range,
13-37 months) since the start of treatment (Figure 4). The 3-year overall survival (OS) rates will require further follow-

up for comprehensive assessment.

Discussion

This study demonstrates the feasibility, safety, and promising antitumor activity of neoadjuvant chemoimmunotherapy
using camrelizumab combined with gemcitabine and cisplatin in patients with locally advanced NPC (AJCC 8th stage
HI-IVA, MO0) from non-endemic regions.
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Treatment feasibility was confirmed by high adherence to the protocol: 86.8% of patients completed all three cycles
of neoadjuvant therapy and transitioned to definitive radiotherapy within the scheduled 3-week window. This interval
ensured hematologic recovery and allowed time for individualized radiotherapy planning. Only a small fraction required
dose delays or modifications, suggesting that the regimen is manageable in real-world clinical practice. In this context,
feasibility reflects the combination of protocol compliance, low toxicity-induced dropout, and preservation of down-
stream radiotherapy timelines.

The ORR of 89.4% after neoadjuvant therapy and 100% mid-radiotherapy ORR compares favorably with previous
data from endemic regions. For example, the CAPTAIN-1st trial reported an ORR of 88% in recurrent/metastatic NPC
patients treated with camrelizumab plus GP chemotherapy in China.’ Our study extends these findings to the neoadjuvant
setting and to non-endemic populations, suggesting that this regimen maintains its efficacy regardless of geographical
EBV prevalence. However, the absence of a control arm in our trial limits direct comparison with GP chemotherapy
alone or other immunotherapy regimens.

The treatment was well tolerated overall. The most common AEs were gastrointestinal and hematologic, consistent with
expected toxicities of GP chemotherapy. Grade 3 AEs occurred in 15.8% of patients, and no grade 4 AEs or treatment-related
deaths were observed. A notable camrelizumab-specific toxicity is reactive cutaneous capillary endothelial proliferation
(RCCEP), which was observed in 29% of patients, all grade 1, and managed conservatively. This is lower than historical rates
of 60—~70% reported in hepatocellular and lung cancers treated with camrelizumab,”'*'* possibly due to the anti-angiogenic
properties of gemcitabine. The anti-angiogenic effect of gemcitabine can be achieved through multiple signaling pathways,
including the VEGF/VEGFR, PI3K/Akt, MAPK/ERK, and HIF-1a signaling pathways, suggesting that the reduced incidence
of RCCEP might be due to the inhibition of these signaling pathways."’

Our study highlights the prognostic utility of plasma EBV DNA kinetics. Among patients with baseline EBV-DNA
positivity, early clearance (after the first or second cycle) was significantly associated with improved response (p =
0.017). This finding is consistent with prior studies such as the CAPTAIN-1st trial” and the POLARIS-02 study,'® both of
which demonstrated that early EBV-DNA clearance predicted better objective response and progression-free survival.In
contrast, PD-L1 expression measured by CPS was not significantly associated with treatment response (p = 0.19),
although 78.9% of tumors expressed CPS >20. This may reflect limitations of PD-L1 as a standalone biomarker, as
previously suggested by Qian et al in their meta-analysis of immunotherapy predictors in NPC.'” Tumor heterogeneity,
assay variability, and the complex immune microenvironment of NPC may all contribute to the inconsistent predictive
value of PD-L1. Nonetheless, the high prevalence of PD-L1 positivity in our cohort supports the biological rationale for
immune checkpoint blockade in this population. A key insight from our study is the potential for combining EBV-DNA
kinetics and PD-L1 expression to improve patient stratification. Patients with early EBV-DNA clearance and high PD-L1
expression may represent an ‘“immune-reactive” subgroup most likely to benefit from neoadjuvant immunotherapy.
Conversely, the lack of response in a minority of patients despite high CPS suggests the need for additional biomarkers
such as tumor mutational burden, IFN-y gene signatures, or T-cell receptor clonality.'®'?

Our findings, while derived from a single-arm phase II study in a non-endemic setting, align with a growing body of
evidence supporting the role of sustained immune modulation in nasopharyngeal carcinoma. Notably, the Phase III
CONTINUUM trial in locoregionally advanced NPC demonstrated that the addition of sintilimab to induction che-
motherapy and concurrent chemoradiotherapy significantly improved event-free survival (HR = 0.59; 3-year EFS, 86.1%
vs 76.0%; P = 0.019), with manageable toxicities.”® These results highlight the therapeutic benefit of continuous PD-1
blockade across multiple treatment phases, extending beyond induction to concurrent and adjuvant settings. Although our
trial did not incorporate an adjuvant immunotherapy phase, the promising outcomes observed after neoadjuvant
camrelizumab suggest that extending immunotherapy beyond induction may further enhance long-term control.
Moreover, comprehensive immune profiling from the CONTINUUM biomarker analysis revealed that baseline and
dynamic changes in proliferating Ki67" regulatory T cells (Tregs) were predictive of relapse and overall response.”!
These findings support the rationale for integrating immune-based biomarkers into treatment stratification and for
exploring prolonged checkpoint inhibition strategies in future studies.

This trial has several limitations. The single-arm design precludes definitive efficacy comparisons. The modest
sample size and relatively short follow-up period limit conclusions regarding long-term outcomes such as overall
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survival and late toxicities. Additionally, our biomarker analyses were exploratory and limited by sample availability and
statistical power. Future randomized controlled trials are necessary to confirm these findings and to explore biomarker-
driven strategies. Longitudinal immune profiling, including T-cell activity and cytokine responses, may provide further
insight into mechanisms of resistance and response.

Conclusion

Neoadjuvant camrelizumab combined with gemcitabine and cisplatin demonstrated promising efficacy and manageable
toxicity in patients with locally advanced NPC from non-endemic regions. Early EBV-DNA clearance may serve as
a useful biomarker for treatment response. These findings warrant validation in larger, randomized studies.

Data Sharing Statement

The authors confirm that individual deidentified participant data (including demographic information, baseline character-
istics, and clinical outcome variables) will be made available upon reasonable request. The study documents available for
sharing include the study protocol, statistical analysis plan, and informed consent form.Data will be accessible by
contacting the corresponding author at gjfl2011@126.com. Data will be available beginning 6 months after publication
and will remain available for a period of 5 years. Access will be granted for research purposes following review and
approval of a reasonable data request.
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