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Abstract: Objective: To evaluate the prognostic value of combining PD-1 inhibitors (toripalimab or karelizumab) 
with chemotherapy for treating recurrent or metastatic nasopharyngeal carcinoma (R/M NPC). Methods: This study 
retrospectively analyzed 142 patients with R/M NPC diagnosed from January 2018 to January 2022. Patients 
were divided into PD-1 inhibitor combined with chemotherapy group (53 patients) and chemotherapy alone group 
(89 patients) according to the treatment regimen. Objective remission rate (ORR), progression-free survival (PFS), 
and treatment-related toxicity were evaluated in both groups. Results: The overall response rate (P=0.006) and 
objective remission rate (ORR) (P=0.002) were significantly higher in the combination chemotherapy group than 
in the chemotherapy-alone group. The incidences of hypothyroidism (P<0.001) and reactive capillary hyperplasia 
(P<0.001) were significantly higher in the combination chemotherapy group than in the chemotherapy-alone group. 
Cox regression analysis showed that treatment regimen (P<0.001), age (P<0.001), treatment duration (P=0.002), 
and number of treatment lines (P=0.034) were independent prognostic factors affecting patients’ PFS. The predic-
tion model constructed based on these prognostic factors had high accuracy in predicting 1-year and 2-year PFS 
(AUC 0.746 and 0.760, respectively). Conclusion: PD-1 inhibitors in combination with chemotherapy significantly im-
proved the ORR and median PFS of patients with R/M NPC, while maintaining a favorable safety profile. Treatment 
regimen, age, number of lines and cycle of therapy were important independent prognostic factors for improving 
PFS in patients.
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Introduction

Nasopharyngeal carcinoma (NPC), a malignant 
tumor originating from the nasopharyngeal epi-
thelium, exhibits significant geographic varia-
tions in incidence. It is relatively common in 
regions such as North Africa, Southeast Asia, 
and Southern China, but rare in western coun-
tries, including Europe and the America [1, 2]. 
Worldwide, NPC accounts for 0.7% of all new 
cancer cases and 0.8% of all cancer deaths [3]. 
Despite its high sensitivity to radiotherapy and 
chemotherapy, leading to an optimistic progno-
sis for most patients, approximately 15-30% 

are at risk of local recurrence or distant me- 
tastasis after radical treatment. For these 
patients, the median overall survival is approxi-
mately 20 months, underscoring the challenges 
of treating recurrent or metastatic NPC (R/M 
NPC) [4].

Platinum-based doublet chemotherapy regi-
mens have traditionally been the cornerstone 
of treatment for patients with R/M NPC as  
standard of care [5]. However, the advent of 
immunotherapy, particularly immune check-
point inhibitors (ICIs), has changed the thera-
peutic landscape for R/M NPC by explicitly tar-
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geting the PD-1 and PD-L1 pathways [6]. PD-1, 
a critical immunosuppressive molecule, is pri-
marily found on T, B, and natural killer cells [7]. 
Its ligand, PD-L1, expressed on various cell 
types, including epithelial and immune cells, 
interacts with PD-1 to inhibit T-cell function  
and induce apoptosis, allowing tumor cells to 
escape immune surveillance and clearance. 
PD-1 inhibitors, known for their unique me- 
chanism of action and significant efficacy in 
multiple malignancies, have received consider-
able attention in tumor immunotherapy [8]. 
Toripalimab and karelizumab, both PD-1 inhibi-
tors, have shown promise in activating the 
immune system to target and block the PD-1 
pathway, thereby enhancing the anticancer 
capabilities of T cells [9, 10]. Toripalimab, a fully 
humanized anti-PD-1 monoclonal antibody, pri-
marily treats non-small cell lung cancer, hepa-
tocellular carcinoma, and esophageal cancer 
by preventing the PD-1/PD-L1 interaction [11]. 
Similarly, toripalimab works through a similar 
mechanism and has been shown to be effec-
tive against NPC, hepatocellular carcinoma and 
non-small cell lung cancer by reviving T-cell 
functionality to fight cancer cells [12].

Despite the significant efficacy of PD-1 inhibi-
tors when used as monotherapy, their integ- 
ration with conventional chemotherapy proto-
cols, particularly platinum-based doublet che-
motherapy, remains underexplored in both 
research and clinical practice in China. This 
emerging combination therapy holds promise 
for improving therapeutic outcome, particularly 
in prolonging progression-free survival (PFS) 
and overall survival (OS). Therefore, this study 
thoroughly investigates the efficacy and prog-
nosis of combining PD-1 inhibitors (toripalimab 
or karelizumab) with chemotherapy in the treat-
ment of R/M NPC. Our goal is to fill the current 
research gaps and provide a detailed and accu-
rate treatment strategy for clinical application.

Methods and data

Case enrollment

The clinical data of patients with R/M NPC  
diagnosed between January 2018 and January 
2022 were retrospectively analyzed following 
approval from the Medical Ethics Committee  
of the Second Affiliated Hospital of Shaanxi 
University of Chinese Medicine.

Inclusion criteria: 1) Diagnosis of non-keratiniz-
ing undifferentiated or differentiated type of 
cancer by CT, MRI, bone scan or pathology [13], 
with stage IV. 2) Age between 18 and 75 years 
with an Eastern Cooperative Oncology Group 
(ECOG) performance status score of 0-1, indi-
cating an excellent ability to perform daily activ-
ities [14]. 3) At least one measurable lesion 
according to Response Evaluation Criteria in 
Solid Tumors (RECIST) version 1.1 [15]. 4) 
Complete clinical data available. Exclusion cri-
teria: 1) Organ failure or acute infection. 2) 
Pretreatment abnormalities in hematologic, 
hepatic, renal, and cardiorespiratory function. 
3) History of other malignancies or concurrent 
diagnosis of two or more neoplasms. 4) Treat- 
ment discontinuation for any reason.

According to the inclusion and exclusion crite-
ria, a total of 142 eligible cases, including 53 
patients who received PD-1 inhibitors in combi-
nation with chemotherapy (combination che-
motherapy group), and 89 patients who re- 
ceived chemotherapy alone (chemotherapy 
alone group), were included in this study.

Treatment schedule

In the chemotherapy alone cohort, two primary 
regimens were used: the TP regimen, which 
combines paclitaxel (either paclitaxel liposome 
or albumin-bound paclitaxel) with a platinum-
based agent (cisplatin or nedaplatin), and the 
GP regimen, which combines gemcitabine  
with a platinum agent (cisplatin or nedaplatin). 
Conversely, the combination chemotherapy 
group received a regimen containing a PD-1 
inhibitor (either karelizumab or toripalimab) in 
addition to one of the above chemotherapy pro-
tocols, specifically pairing either karelizumab  
or toripalimab with the TP or GP regimen. 
Dosing was tailored to the patient’s body sur-
face area with the following regimens: paclitax-
el liposomal (135-175 mg/m2), albumin-bound 
paclitaxel (260 mg/m2), gemcitabine (1 g/m2), 
cisplatin (80 mg/m2), nedaplatin (80 mg/m2), 
combined with a fixed dose of karelizumab 
(200 mg) or toripalimab (240 mg). All treat-
ments were administered intravenously on the 
first day of the treatment cycle. Each cycle last-
ed three weeks, with patients receiving at least 
two cycles until either disease progression or 
intolerable side effects occurred. Chest and 
abdominal CT scans and nasopharyngeal MRI 
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were performed after every two treatment 
cycles to monitor treatment efficacy and side 
effects. In addition, routine assessments, in- 
cluding blood tests, blood chemistry, electro-
cardiograms, coagulation profiles and thyroid 
function tests, were performed prior to treat-
ment initiation. Supportive care measures such 
as premedication, allergy prevention, acid sup-
pression, gastric protection, and antiemetic 
treatments were also implemented as part of 
the therapeutic protocol [16, 17].

Clinical data collection

Patient information was collected from the 
patient’s electronic medical record, outpatient 
review record, and follow-up system. The main 
information included age, sex, distal metasta-
sis, metastatic organs, number of metastases, 
pathology type, local recurrence, treatment 
duration, number of treatment lines, chemo-
therapy regimen, clinical efficacy, and toxicity 
statistics. In addition, patients were followed 
up primarily through medical record review  
and telephone callbacks. During the first 1-2 
years following completion of treatment, imag-
ing examinations were performed every 2-4 
months; the frequency of imaging examinations 
was adjusted to every 3-6 months starting in 
the 3rd-4th year.

Assessment of efficacy

Efficacy was assessed using RECIST version 
1.1 criteria, with the first assessment sched-
uled for the second cycle after treatment initia-
tion [16]. Efficacy metrics included: complete 
remission (CR), defined as the disappearance 
of all target lesions for at least four weeks; par-
tial remission (PR), defined as a 30% reduction 
in the sum of the longest diameters of all target 
lesions or more, and sustained for at least four 
weeks; stable disease (SD), defined as the de- 
gree of lesion shrinkage in the range between 
PR and PD; and progressive disease (PD), 
defined as an 20% increase in the sum of  
the smaller diameters of the target lesions or 
more, or the appearance of new lesions. The 
objective response rate (ORR), another efficacy 
measure, was calculated as the proportion of 
patients with 30% or greater lesion shrinkage. 
Long-term efficacy was assessed by focusing 
on PFS, which was calculated as the time from 
treatment initiation to disease progression, 
death or last follow-up. All adverse events were 

evaluated for toxicity during treatment accord-
ing to the NCI CTCAE version 5.0 criteria [18], 
which includes hematologic toxicity, gastroin-
testinal reactions, liver function abnormalities, 
and thyroid function abnormalities to ensure 
patient safety and tolerability.

Outcome measures

Primary observational indexes: 1. Clinical effi-
cacy was compared between the two patient 
groups in terms of ORR and overall clinical  
efficacy; 2. Independent prognostic factors 
affecting patient PFS were analyzed using Cox 
regression.

Secondary outcome measures: 1. The inci-
dence of toxic side effects was compared 
between the two groups of patients; 2. The pre-
dictive value of Cox risk on patient PFS at 1-, 2- 
and 3-year was analyzed using time-dependent 
subject characteristics receiver operating char-
acteristic (ROC).

The study process is illustrated in Figure 1.

Statistical analysis

Statistical analysis of all data was performed 
using SPSS 26.0 software. For quantitative 
data, a t-test or rank-sum test was chosen for 
comparative analysis according to the distribu-
tional characteristics of the data. Chi-square 
test was used to compare categorical data. For 
survival analysis, survival curves were plotted 
using the Kaplan-Meier method, and differenc-
es in survival between groups were assessed 
using the log-rank test. Univariate and multi-
variate survival analyses were performed using 
Cox regression models. Time-dependent ROC 
analysis was performed using the pROC pack-
age, and ggplot2 was used for image plotting. 
Differences were considered statistically sig-
nificant ifat P<0.05.

Results

Comparison of baseline data

Comparison of baseline data between the two 
groups revealed no statistical difference in age, 
gender, distal metastasis, metastatic organs, 
number of metastases, pathologic type, local 
recurrence, duration of treatment, number of 
lines of treatment, or chemotherapy regimen 
between the two groups (all P>0.05, Table 1).
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Clinical efficacy

A comparative analysis of clinical efficacy 
between the two groups revealed that the treat-
ment effect was significantly better in the com-
bination chemotherapy group than that in the 
chemotherapy-alone group (P=0.006). In addi-
tion, the ORR of patients in the combination 
chemotherapy group was also significantly 
higher than that of the chemotherapy-alone 
group (P=0.002, Table 2).

Comparison of toxic adverse events (AEs)

Comparison of AEs between the two groups 
showed that there were no significant differ-
ences in vomiting, leukopenia, thrombocytope-
nia, neutropenia, hemoglobinopenia, amino-
transferase elevation, and rash between pa- 
tients of the two groups (P>0.05, Table 3). 
However, the incidences of hypothyroidism 

We then analyzed the relationship between the 
four independent prognostic factors and PFS 
using K-M survival curves. We found that the 
PFS of patients aged ≥50 years (P<0.001), on 
chemotherapy alone (P<0.001), receiving sec-
ond-line therapy (P=0.018), and having a treat-
ment period <4 weeks (P<0.001) were signifi-
cantly lower than in their counterpart groups 
(Figure 3).

Cox regression modeling for predicting 1-, 2-, 
and 3-year PFS in patients

At the end of the study, we constructed a pre-
dictive model to predict patients’ PFS at 1, 2, 
and 3 years based on the beta coefficients of 
the Cox regression model (Cox risk = treatment 
regimen * 0.806 + age * 0.772 + duration of 
treatment * -0.600 + number of treatment 
lines * -0.405). As a result, we found that the 
Cox regression model had an AUC of 0.746 for 

Figure 1. Study flowchart.

(P<0.001) and reactive ca- 
pillary hyperplasia (P<0.001) 
were significantly higher in  
the combination chemothe- 
rapy group than those of  
the chemotherapy-alone gr- 
oup (Table 3).

Cox regression analysis of 
factors influencing PFS in 
patients

The follow-up period ended  
in March 2024, and the medi-
an follow-up of patients was 
15 months. Univariate Cox 
regression with multivariate 
Cox regression analysis show- 
ed that treatment regimen 
(P<0.001, OR: 2.24, 95% CI 
1.505-3.334), age (P<0.001, 
OR: 2.164, 95% CI 1.425-3. 
287), treatment duration (P= 
0.002, OR: 0.549, and 95% CI 
0.373-0.808), and number of 
treatment lines (P=0.034, OR: 
0.667, 95% CI 0.459-0.97) 
were independent prognos- 
tic factors affecting patients’ 
PFS (Figure 2).

Survival curve of indepen-
dent prognostic factors for 
PFS
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predicting patients’ PFS at 1 year, 0.760 at 2 
years, and 0.677 at 3 years (Figure 4; Table 4).

Discussion

Nasopharyngeal carcinoma (NPC) exhibits a 
high incidence in Southern China [19]. Due  
to the hidden location of the nasopharynx, 
approximately 70% to 80% of patients are diag-
nosed at a locally advanced stage, when radio-
therapy alone is inadequate [20]. For patients 
with locally advanced NPC, treatment typically 
involves a combination of induction chemother-

apy followed by concurrent radiotherapy. The 
main challenges following radical treatment are 
local recurrence and distant metastasis. Given 
the sensitivity of NPC to platinum-based che-
motherapy, platinum-containing doublet che-
motherapy has been established as the stan-
dard of care for R/M NPC [21].

This study evaluated the efficacy of dou- 
blet platinum-based chemotherapy in patients 
treated with PD-1 inhibitors compared to those 
who received chemotherapy alone. The results 
showed that the overall efficacy and ORR in  

Table 1. Comparison of baseline data between patients with different chemotherapy regimens
Chemotherapy 

alone group 
(n=89)

Combination 
chemotherapy 
group (n=53)

χ2-value P-value

Age
    ≥50 years 58 37 0.323 0.57
    <50 years 31 16
Gender
    Male 67 38 0.221 0.638
    Female 22 15
Distal transfer
    Yes 71 38 1.215 0.27
    No 18 15
Organ of diversion
    Pulmonary 48 27 0.528 0.768
    Bones 22 16
    Others 19 10
Number of transfers
    ≥2 40 25 0.066 0.797
    <2 49 28
Pathological type
    Non-keratinizing differentiated carcinoma 33 15 1.144 0.285
    Non-keratinizing undifferentiated carcinoma 56 38
Localized relapse
    Yes 27 20 0.821 0.365
    No 62 33
Treatment cycle
    ≥4 cycles 59 31 0.871 0.351
    <4 cycles 30 22
Number of treatment lines
    Front-line 52 33 0.204 0.652
    Second-line 37 20
Chemotherapy protocol
    TP 51 26 0.91 0.34
    GP 38 27
Note: TP, Paclitaxel and Cisplatin; GP, Gemcitabine and Cisplatin.
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the chemotherapy-alone gr- 
oup were significantly lower 
than those of the combina- 
tion chemotherapy group. Pre- 
vious research by Jin et al. 
[22] showed that the effica- 
cy of combination chemother-
apy with PD-1 inhibitors was 
significantly better than that 
of immunotherapy alone in 
R/M NPC patients who failed 
first-line chemotherapy. Simi- 
larly, interim analyses from 
the CAPTAIN 1ST trial [23]  
and the JUPITER-02 trial [24] 
confirmed the superior effica-
cy of PD-1 inhibitors in combi-
nation with GP regimens com-
pared to placebo in combina-
tion with GP regimens for the 
treatment of R/M NPC.

The improved therapeutic effi-
cacy of combining PD-1 inhi- 
bitors with chemotherapy in 
R/M NPC patients is primari- 
ly attributed to the ability of 
PD-1 inhibitors to alleviate im- 
mune suppression by tumor 

Table 2. Clinical efficacy assessment
Group CR PR SD PD ORR
Chemotherapy alone group (n=89) 6 32 41 10 38 (42.69%)
Combination chemotherapy group (n=53) 2 35 14 2 37 (69.81%)
χ2/Z value 2.747 9.800
P-value 0.006 0.002
Note: CR, Complete Response; PR, Partial Response; SD, Stable Disease; PD, Progressive Disease.

Table 3. Comparison of the occurrence of toxic side effects
Chemotherapy alone 

group (n=89)
Combination chemotherapy 

group (n=53) χ2-value P-value

Vomiting 42 23 0.193 0.661
Leucopenia 65 36 0.422 0.516
Thrombocytopenia 42 27 0.187 0.665
Centropenia 47 23 1.177 0.278
Decreased hemoglobin 85 50 0.096 0.756
Aminotransferase (TT) increase 40 22 0.159 0.690
Hypothyroidism 0 10 18.065 <0.001
Erythra 3 4 1.236 0.266
Reactive capillary hyperplasia 0 8 14.236 <0.001

Figure 2. Analysis of prognostic factors affecting patients’ PFS. A. One-way 
Cox regression analysis of prognostic factors affecting patients’ PFS. B. Mul-
tifactorial Cox regression analysis of prognostic factors affecting patients’ 
PFS. Note: PFS, progression-free survival.
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cells. By blocking the binding of PD-1 to PD-L1, 
these inhibitors restore T-cell activity, thereby 
improving tumor cell recognition and elimina-
tion [25]. In addition, PD-1 inhibitors have a 
synergistic effect when used with chemothe- 
rapeutic agents. Chemotherapy directly elimi-
nates tumor cells and modifies the tumor mic- 
roenvironment, promoting immune response 
and reducing tumor resistance to chemothera-
py, providing a novel therapeutic mechanism 
[26].

However, this study also noted a higher inci-
dence of hypothyroidism and reactive capillary 

hyperplasia as toxic side effects in the combi-
nation chemotherapy group, which may be due 
to the immunomodulatory mechanism of PD-1 
inhibitors and their interactions with chemo-
therapy. These effects, individual patient differ-
ences, and the intensity of the treatment regi-
men can contribute to an increase in immune-
related side effects [27]. Despite the benefits 
of combination chemotherapy in improving out-
come, this highlights the importance of careful 
patient evaluation when using PD-1 inhibitors 
with chemotherapy for R/M NPC to balance 
maximal tumor suppression with maintaining 
quality of life.

Figure 3. K-M survival curves of independent prognostic factors for PFS. A. Comparison of PFS in patients of dif-
ferent ages. B. Comparison of PFS in patients with different treatment regimens. C. Comparison of PFS in patients 
with different numbers of treatment lines. D. Comparison of PFS in patients with different treatment duration. Note: 
PFS, progression-free survival.
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Disease progression in patients with R/M NPC 
leads to exacerbating symptoms, fewer treat-
ment options and a worsening prognosis, cul-
minating in a significant decrease in quality of 
life [28]. Therefore, it is imperative to investi-
gate the factors that influence the PFS of 
patients. In this study, Cox regression analysis 
identified treatment regimen, age, treatment 
duration, and number of treatment lines as 
independent prognostic factors for PFS. Com- 
pared to multimodal combination therapies, 
the efficacy of chemotherapy alone, especially 
in resistant or advanced tumors, may be limit- 
ed due to its inability to target different tumor 
growth pathways and susceptibility to drug 
resistance, resulting in shorter PFS. Yang et al. 
[29] highlighted the benefits of adding tocili-
zumab to the GP regimen as a first-line treat-
ment for R/M NPC, noting a significant improve-
ment in median PFS with combination therapy 
over chemotherapy alone and a significant 
reduction in the risk of death or disease pro-
gression, underscoring the critical role of PD-1 
inhibitors in combination regimens.

Age-related biological changes, such as altered 
gene expression, reduced immune function, 
and decreased cell proliferation, may compli-
cate treatment and lead to reduced PFS [30].  
In addition, multiple chronic diseases in elderly 
patients may limit treatment options and toler-
ability [31]. The choice of second-line therapy 

indicates either initial treatment failure or dis-
ease recurrence, increasing drug resistance 
and disease burden, thereby compromising 
treatment efficacy [32]. Short treatment cy- 
cles, possibly due to inadequate treatment 
duration or premature discontinuation due to 
side effects or disease worsening, may affect 
treatment outcome [33].

The study achieved a significant milestone by 
developing a model to predict 1-, 2-, and 3-year 
PFS based on these four prognostic factors. 
This follows the work of Zhang et al. [34], who 
developed a model using 3 microRNAs to pre-
dict survival of nasopharyngeal cancer patients 
with mean AUC values above 0.7 for predicting 
OS, DFS, and DMFS. Our time-dependent ROC 
curve analysis showed high predictive accuracy 
for 1-year and 2-year PFS, with AUC values of 
0.746 and 0.760, respectively. This indicates a 
robust predictive performance of the model 
and its ability to accurately classify patients 
into different prognostic groups. Although the 
AUC value for predicting 3-year PFS decreas- 
ed to 0.677, it still suggests some predictive 
utility. Furthermore, sensitivity and specificity 
analyses showed that specificity increased over 
time, especially for 2-year and 3-year PFS pre-
diction, highlighting the ability of the model to 
effectively identify high-risk patients.

Although the current study was fruitful in explor-
ing treatment outcomes in patients with R/M 
NPC, it was influenced by several limitations. 
Firstly, the retrospective design, limited sample 
size, and lack of diversity, coupled with the sin-
gle-center study scope, constrained the broad 
applicability and accuracy of the results. These 
limitations highlight future research directions, 
including the adoption of a prospective study 
design, increasing the sample size, and con-
ducting multicenter studies to improve the 
external validity and reliability of the findings. 
Additionally, we were unable to systematically 
collect BMI data for all patients at the begin-
ning of the study, which prevented its inclusion 
in the final data analysis. BMI is an important 
factor in assessing the overall health status  
of patients and could influence treatment to- 
lerance, efficacy, and overall prognosis. The 
absence of BMI data may affect the interpreta-
tion of our study results, as variations in BMI 
may impact the outcome. We acknowledge this 
limitation and recommend that future studies 
systematically collect and analyze BMI data to 

Figure 4. Time-dependent ROC curves of Cox regres-
sion model in predicting patients’ PFS at 1, 2, and 3 
years. Note: ROC, receiver operating characteristic; 
PFS, progression-free survival.
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better understand its impact on treatment out-
come. By addressing these limitations, we aim 
to enhance the robustness and comprehen-
siveness of future research in this area.

In conclusion, PD-1 inhibitors in combination 
with chemotherapy provides significant efficacy 
improvement for patients with R/M NPC, espe-
cially in ORR and median PFS, while maintain-
ing a favorable safety profile. Treatment regi-
men, age, number of treatment lines, and treat-
ment duration are independent prognostic fac-
tors affecting PFS in patients.
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