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To assess the efficacy and safety of the combination of immune checkpoint inhibitors (ICls) and

target therapy (anti-angiogenesis or EGFR inhibitors) as a second-line or subsequent treatment for
recurrent or metastatic nasopharyngeal carcinoma (R/M NPC), we conducted a retrospective study.

In this study, previously treated R/M NPC patients were administered one of the following treatment:
ICIs combined with target therapy and chemotherapy (ITC), ICls combined with target therapy alone
(IT), ICIs combined with chemotherapy (IC), or chemotherapy alone (C). The primary endpoint under
consideration was progression-free survival (PFS), while secondary endpoints included overall survival
(OS), objective response rate (ORR), disease control rate (DCR), and safety measures. A total of 226
patients participated in this study, with 70 receiving the ITC regimen, 48 receiving IT, 48 treated with
IC, and 60 undergoing C alone. The median PFS for the four cohorts was 20.67, 13.63, 12.47, and

7.93 months respectively. Notably, ITC regimen yielded the most favorable PFS among these cohorts.
The ITC cohort exhibited a comparable tumor response and safety profile to the IT and IC cohorts
(p>0.05), but superior tumor response compared to the C cohort (p<0.05). The ITC regimen also
conferred a significant improvement in OS when comparing to C alone (HR 0.336, 95%Cl 0.123-0.915,
p=0.033). The IT and IC regimens achieved a nearly identical PFS (HR 0.955, 95%Cl 0.515-1.77,
p=0.884), although the IT regimen was associated with a lower occurrence of SAEs in contrast to the
IC regimen (p<0.05). In addition, the IT regimen demonstrated superior PFS (HR 0.583, 95%Cl 0.345-
0.985, p=0.044) and fewer SAEs when compared to C alone (p <0.05). These findings collectively
support the notion that the combination of ICls, target and chemotherapy exhibits robust antitumor
activity in previously treated R/M NPC patients, without a significant increase in adverse events.

Nasopharyngeal carcinoma (NPC) stands apart due to its unique etiological and geographical distribution when
compared to other head and neck squamous cell carcinomas (HNSCC). It exhibits a pronounced geographic
concentration, with a high prevalence in South China and Southeast Asia. Among its various pathological sub-
types, nonkeratinizing NPC, closely linked to Epstein-Barr virus (EBV) infection, is the most prevalent one! .
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Approximately 6-15% of newly diagnosed NPC patients present with distant metastasis, and relapse or metas-
tasis occurs in about 20-40% of NPC patients initially diagnosed without metastasis, who subsequently receive
systemic therapy*. For patients with recurrent or metastatic NPC (R/M NPC), platinum-based chemotherapy is
the established first-line treatment, yet their median overall survival (OS) remains under 20 months®. Unfortu-
nately, there is no universally recognized treatment option for those who failed to first-line chemotherapy, and
their prognosis is dismal, with a median OS of approximately 12 months>®.

Recent advancements in imaging and radiotherapy technology, along with the emergence of immunotherapy,
have improved the survival prospects of R/M NPC patients. Notably, EBV-induced NPC, characterized by over-
expression of programmed cell death-ligand 1 (PD-L1) and significant lymphocyte infiltration, shows promise as
a candidate for immunotherapy’. Multiple studies involving R/M NPC patients treated with anti-PD-1 immune
checkpoint inhibitors (ICIs) have demonstrated robust activity with an objective response rate (ORR) ranging
from 20 to 34%°5-'2. However, only a subset of R/M NPC patients benefit from ICIs after failing first-line therapy
and their prognosis remains bleak. Therefore, it is of significant importance to identify more effective treatments
for this patient group.

A growing body of research has indicated that anti-angiogenic agents can not only normalize tumor blood
vessels, but also obstruct immunosuppressive signals in tumors. In parallel, ICIs can reinstate an immune sup-
portive microenvironment and promote vascular normalization. These findings provide a compelling rationale
for the application of anti-angiogenesis in conjunction with ICIs'*!*. Besides, anti-epidermal growth factor
receptor (EGFR) therapy can enhance immune cell interactions by triggering antibody-dependent cellular cyto-
toxicity, leading to an augmented antitumor effect'>""’. Given that ICIs can facilitate immune rejection and tumor
regression by augmenting cytotoxic lymphocytes, the combination of anti-EGFR therapy with ICIs may yield a
synergistic antitumor effect. An array of studies has illuminated the promising potential of ICIs when combined
with other target agents in conditions such as non-small cell lung cancer, ovarian cancer, and HNSCC'®?'. None-
theless, currently there is no study focusing on the combination of ICIs with target therapy (anti-angiogenesis
or EGFR inhibitors) in the treatment of R/M NPC.

Therefore, we have designed this retrospective study involving previously treated R/M NPC patients to inves-
tigate the potential treatment efficacy of combining ICIs and target therapy, with or without traditional chemo-
therapy. We aimed to compare these combined regimens to chemotherapy, with or without ICIs, in a real-world
clinical context.

Results

Patient characteristics

A total of 226 R/M NPC patients who had previously experienced treatment failure with at least first line salvage
therapy, were enrolled in this study, distributed across 4 distinct treatment regimens. The median follow-up
period encompassed13.1 months (range 1.4-47.4) for all participants. Disease progression occurred in 136
patients, and 47 patients died up to the latest follow-up. The cohort exhibited a median age of 46 years, spanning
from 18 to 70 years, with a male-to-female ratio of 3.4: 1. Notably, no statistically significant differences were
observed in patient characteristics among the various treatment groups. A comprehensive summary of patient
characteristics is available in Table 1 and Table S1.

Among the participants, 70 patients received the ITC regimen, 48 patients received the IT regimen, 48 patients
were treated with IC, and the remaining 60 patients treated with chemotherapy alone (Fig. 1). In the ITC, IC,
and C treatment groups, 45, 20, and 3 patients received single-agent chemotherapy, respectively. Moreover, 17,
18, and 39 patents in these respective groups received double-agent chemotherapy, while 17, 9, and 18 patients
underwent triple-agent chemotherapy, respectively.

ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) with or without
chemotherapy (ITC/IT) versus chemotherapy with or without ICls (1C/C)

The median progression-free survival (PFS) was 19.1 months for the ITC/IT group and 9.8 months for the IC/C
group (Fig. 2a). Patients receiving IC/C treatment exhibited a notably poorer PES (HR 2.01, 95% CI 1.411-2.865,
p<0.001, Fig. 2a, Table S2), when compared to the ITC/IT group. An enhancement in PFS was observed in the
ITC/IT treatment group across almost all subgroups, with no discernible significant interaction effect between
treatment subgroups (all p>0.05, Fig. 3). As shown in Fig. 3, patients with positive EBV DNA level significantly
benefit from ITC/IT treatment compared to IC/C treatment, while the others did not. Likewise, the advantages
of the ITC/IT regimen are more pronounced in R/M NPC patients who are younger, male, or with metastatic,
compared to the corresponding patients (all p <0.05, Fig. 3). The median OS results for the ITC/IT group could
not be reliably determined, as they were still evolving, with a median OS of 32.567 months observed for the
IC/C group.

Table 2 displays the distribution of patients achieving complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). In aggregate, the ORR in the ITC/IT group was significantly higher
(43.22%) than that in the IC/C group (29.63%, p=0.034). The disease control rate (DCR) was 88.98% in the ITC/
IT group and 82.41% in the IC/C group (p=0.157).

Importantly, there were no occurrences of treatment-related mortality during the course of the treatments
administered. Anemia and leukopenia emerged as the most common treatment-related adverse events (AEs)
for both groups, as indicated in Table 3). Although there were no significant differences in the incidence of AEs
of any grade (p=0.284), patients in the IC/C group experienced a higher frequency of severe adverse events
(SAEs) (p=0.009).
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IC+C(n=108) | ITC+IT (n=118) | p value

Age 0.535
<50 72 74

=50 36 44
Sex 0.841
Male 83 92

Female 25 26
NPC family history 0.604
Yes 8 11

No 100 107
KPS score 0.918
70-80 25 28

90-100 83 90
BMI 0.818
<18.5 21 20

18.5-25 73 80

>25 14 18
Disease status 0.519
Recurrent 27 34

Metastatic 81 84
Treatment line 0.268
2 70 68

>3 38 50
Number of metastatic sites 0.774
0 27 34

1-2 13 15

>3 68 69
EBV DNA level 0.213
Positive 83 82

Negative 25 36
Metastatic site

Liver 41 36 0.238
Lung 32 31 0.574
Bone 45 51 0.813
Other 19 25 0.496

Table 1. Characteristics of the 226 patients. ITC ICIs with anti-angiogenesis or EGFR inhibitor therapy
and chemotherapy, IT ICIs with anti-angiogenesis or EGFR inhibitor therapy, IC ICIs with chemotherapy, C
chemotherapy, NPC nasopharyngeal carcinoma, KPS Karnofsky performance status, BMI body mass index,
EBV Epstein-Barrvirus.

ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) and chemo-
therapy (ITC) versus ICls in combination with target therapy (IT) and chemotherapy with or
without ICls (IC/C)
The median PFS periods were as follows: 20.7 months in the ITC cohort, 13.6 months in the IT cohort,
12.5 months in the IC cohort, and 7.9 months in the C cohort (Fig. 2b). Notably, the ITC cohort demonstrated
superior PFS compared to the other three cohorts (ITC vs. I'T, HR 0.465, 95%CI 0.252-0.855, p=0.014; ITC vs.
IC, HR 0.561, 95%CI 0.323-0.972, p=0.039; ITC vs. C, HR 0.288, 95%CI 0.178-0.464, p <0.01). There was no
substantial interaction effect observed between the cohorts and subgroup characteristics (Figure S1). For median
OS, a value of 30.6 months was noted for the C cohort, while the results for the ITC, IT, and IC cohorts were not
yet mature. Importantly, the ITC cohort exhibited a significantly improved OS compared to the C cohort (HR
0.336, 95%CI 0.123-0.915, p=0.033, Table S2).

There was no statistically significant difference in ORR, DCR, and treatment-related AEs between the ITC and
IT or IC cohorts (all p>0.05, Table S3-4). However, when compared to the C cohort, the ITC cohort displayed
a significantly enhanced ORR (48.57% vs. 25%, p=0.006) and DCR (82.86% vs. 80%, p=0.03).

ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) (IT) versus
chemotherapy with or without ICIs (IC/C)

The IT cohort did not exhibit a significantly improved PFS compared to the IC cohort (HR 0.955 95%CI
0.515-1.77, p=0.884), but it did fare better than the C cohort (HR 0.583 95%CI 0.345-0.985, p=0.044). Impor-
tantly, there was no observable significant interaction effect between the cohorts and the characteristics of the
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Figure 1. Treatment regimen of R/M NPC patients who failed to at least first line salvage therapy. R/M

NPC: recurrent or metastatic nasopharyngeal carcinoma; ICIs: immune checkpoint inhibitors; EGFR: anti-
epidermal growth factor receptor; ORR: objective response rate; DCR: disease control rate; ITC: ICIs with anti-
angiogenesis or EGFR inhibitor therapy and chemotherapy; IT: ICIs with anti-angiogenesis or EGFR inhibitor
therapy; IC: ICIs with chemotherapy; C: chemotherapy.
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Figure 2. Kaplan-Meier PFS curves of R/M NPC patients who failed at least first line salvage therapy.

subgroups (Figure S1). Moreover, there were no statistically significant differences in terms of ORR, DCR, or
the incidence of treatment-related AEs of any grade between the IT and IC cohorts and the C cohorts (Tables
S3-4). However, the IT cohort was associated with a significantly lower occurrence of SAEs in comparison to
both the IC and C cohorts (p=0.018 and p =0.006 respectively).

Discussion

For patients with R/M NPC who failed first-line chemotherapy, treatment and options are limited. Depending
on the disease stage and patient condition, salvage strategies encompass surgery, chemotherapy, radiotherapy,
ICIs, chemotherapy combined with EGFR inhibitors, and chemotherapy combined with ICIs. Though the usage
of immune or target therapy improved patients’ outcomes recent years, these patients generally have a poor prog-
nosis. Single-agent chemotherapy, considered a standard subsequent-line treatment, exhibited a median PFS of
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Subgroup
Age
<50
250
Sex
Male
Female
KPS score
70-80
90-100
Disease status
Recurrent
Metastatic
Treatment line
2
23
EBV D level
Positive
Negative
Metastatic sites
0

v N

3

Liver metastatic
No
Yes

Lung metastatic
No
Yes

Bone metastatic
No
Yes

HR (95%Cl)

2.104(1.366-3.242)
1.715(0.941-3.127)

2.182(1.457-3.266)
1.341(0.661-2.722)
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Figure 3. Forest plot for key subgroup analyses of PFS, comparing IC/C treatment regimen to ITC/IT

treatment regimen. HR: hazard ratio; CI: confidence interval; KPS: Karnofsky performance status; EBV: Epstein-

Barr virus.

Best overall response, n (%)

IC+C

ITC+IT

p value

ORR

32 (29.63%)

51 (43.22%)

0.034

CR

5

7

PR

27

44

SD

57

54

PD

19

13

DCR

89 (82.41%)

105 (88.98%)

0.157

Table 2. Summary of tumor response for the current study. ORR objective response rate, CR complete

response, PR partial response, SD stable disease, PD progressive disease, DCR disease control rate. Significant

values are in bold.
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Any grade Grade>3
IC+C ITC+IT pvalue |IC+C ITC+IT p value
Leukopenia 64 57 24 6
Neutropenia 59 33 14 7
Anemia 87 72 13 6
Thrombocytopenia 38 26 9 6
CRE 24 21 0 0
TBIL 2 18 0 2
ALT 24 22 1 1
AST 23 24 2 4
ALP 7 20 2 0
Rash 12 5 0 2
Nausea 49 38 0 0
Vomit 18 13 0 0
Hand-foot syndrome 13 15 1 0
Capillary hyperplasia 2 8 0 1
Myocarditis 2 1 0 1
Pneumonia 0 2 0 1
Hypothyroidism 11 27 0 0
Musculoskeletal pain 5 8 0 1
Nasopharyngeal necrosis | 4 7 0 0
Epistaxia 0 9 0 1
Mucositis oral 1 9 0 1
Headache 2 8 0 1
Total 102 (94.44%) | 107 (90.7%) |0.284 40 (37.03%) | 25(20.34%) | 0.009

Table 3. Treatment-related adverse events of all patients. CRE creatinine, TBIL total bilirubin, ALT alanine
transaminase, AST aspartate aminotransferase, ALP alkaline phosphatase. Significant values are in bold.

5.5 months and ORR of 23.3%?!, while immune checkpoint inhibitors exhibited similar antitumor efficacy, with
amedian PFS of 1.9-6.5 months and ORR of 20.5-34%%'2. Given the persistently bleak prognosis, the quest for
novel treatment regimens to potentially prolong survival remains an urgent need.

An open-label, multicenter, phase 2 trial evaluated the antitumor activity of a combination of ICIs and EGFR
inhibitor for R/M HNSCC and the results showed promising clinical activity with ORR of 45%%2. Recently, several
studies have reported the antitumor efficacy of ICIs in combination with anti-angiogenesis in R/M NPC patients
who failed at least first line therapy, with a median PFS of 4.5-10.4 months and an ORR of 33.3-65.5%2*~%. Our
recent study demonstrated that R/M NPC patients who had progressed from prior anti-PD1 therapy could ben-
efit from the anti-PD1 rechallenge in combination with anti-angiogenesis or anti-EGFR agents with or without
chemotherapy?’. These findings collectively underscore the rationale and promising potential of combining
immunotherapy with target therapy for R/M NPC patients who failed to at least first line therapy, even those
who failed to prior immune therapy. However, this approach warrants validation through further phase 3 trials.

In our present study, the combination of ICIs with anti-angiogenesis or EGFR inhibitor and chemotherapy
(ITC) treatment achieved the most favorable PFS among the four treatment regimens (Fig. 2b, Table S2). The ICIs
in combination with anti-angiogenesis or EGFR inhibitor (IT) cohort achieved a PFS similar to that seen in the
cohort of chemotherapy with ICIs (IC), but significantly longer than chemotherapy (C) cohort. Chemotherapy
alone showed the worst outcome for these patient population taking survival, tumor response and safety all
into consideration (Fig. 2b, Table S2-4). It is worth noting that only EBV DNA level positive patients exhibited
significant better PFS in ITC/IT group compared to IC/C group (Fig. 3), which was similar to the result from
CAPTAIN-1st study that R/M patients with positive EBV DNA level could benefit from immune-combined
therapy significantly while the others did not®. This hints us that the combination of immunotherapy with target
therapy with or without chemotherapy may be superior to the chemotherapy with or without immunotherapy
only in EBV DNA level positive population. Anti-angiogenesis and anti-EGFR inhibitors possess disparate
mechanisms of anti-tumor action. Given that target therapy enrolled in this study was mainly anti-angiogenesis
inhibitors (ITC cohort, n=52; IT cohort, n=43), we further excluded the anti-EGFR patients (ITC cohort,
n=18; IT cohort, n=5), and K-M curves of PFS are shown in Figure S2. The ITC/IT cohort still had a signifi-
cant PFS compared to the IC/C cohort, and the ITC cohort still had the longest median PFS among the four
specific groups. The ITC and IT cohorts achieved ORRs of 48.57% and 35.42%, and DCR of 82.86% and 83.33%,
respectively (Table S3). The promising anti-tumor activity of the combination treatment may be the result of
the synergistic effect between ICIs and targeted drugs, although the precise underlying mechanism necessitates
further exploration.

With regard to treatment-related AEs, no significant differences in the incidence of AEs of any grade were
observed among the four cohorts. Notably, the IT cohort appeared to be safer, with significantly fewer SAEs
compared to the IC and C cohorts, a likely consequence of the absence of chemotherapy. It is worth noting that
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any grade AEs or SAEs in ITC cohort did not increase significantly than other cohorts, which can be attributed
to the cut down usage of chemotherapy. As shown in Fig. 1, according to the combination of ICIs and target
therapy, more than half of patients received single-agent chemotherapy while almost all patients in C group got
two or more agent chemotherapy. Additionally, the heightened attention to patients as treatment was intensi-
fied in the ITC cohort may contribute to this phenomenon. Although it looks like that ITC regimen bring more
immune-related SAEs, such as myocarditis and pneumonia (Table S4), it was manageable, of which was similar
to the results of a recent study®. Therefore, it may be wise to combine immunotherapy and targeted therapy by
reducing the number of chemotherapy drugs to achieve the purpose of improving efficacy and decreasing toxicity.

Several limitations need to be acknowledged in this study. Firstly, it was a retrospective study with all enrolled
patients coming from a single-center and endemic region characterized by a predominance of undifferentiated
non-keratinizing carcinoma. The efficacy of ITC or IT treatment regimens in other regions, where keratinizing
carcinoma is more prevalent, remains to be confirmed. Secondly, the primary endpoint was not OS due to the
immaturity of the data and additional time is required to assess its impact on OS. Furthermore, the median
follow-up period was relatively short, and a longer duration is necessary to corroborate the findings presented
in this paper. Thirdly, this was a real-world study, and there was inevitably some heterogeneity as neither the
ICIs agents nor the targeted agents or chemotherapy agents were uniform. Nevertheless, the objective of this
study was to explore a more promising combination regimen compared to conventional chemotherapy for
previously treated recurrent or metastatic nasopharyngeal carcinoma in the real world, as aspect which had
not been investigated previously. We believe that the results of this study have certain guiding significance for
the future clinical research direction. Finally, the description of AEs, especially for immune-related AEs, was
not comprehensive, reflecting the limitation inherent to retrospective studies. Currently, we are conducting a
prospective study investigating the clinical effects of the combination of triplimab and nimotuzumab for the
treatment of high risk locally advanced NPC (ChiECRCT20220133), and another prospective study evaluating
the feasibility of combining camrelizumab and apatinib in the treatment of high risk locally advanced NPC
(ChiCTR2000032317). The results of these studies may further substantiate the efficacy and safety of the com-
bination of ICIs and target therapy in NPC patients.

Conclusion

The combination therapy involving ICIs and targeted therapy (anti- angiogenesis or EGFR inhibitors) as a second
line or subsequent treatment for R/M NPC has exhibited the ability to extend PFS without a significant increase
in AEs. Notably, among the regimens studied, ITC demonstrated the most favorable results, with IT surpass-
ing IC due to its lower incidence of SAEs, and outperforming C in terms of both PFS and SAEs. In summary,
our findings underscore the potential of the combination of ICIs and target therapy as a novel and improved
therapeutic option for previously treated R/M NPC, leading to a notable extension of their PFS. Subsequent
evaluation of this combination therapy in prospective, multicenter, meticulously designed studies with larger
sample sizes is imperative.

Materials and methods

Ethics statement

This study was approved by the Ethics Committee of Sun Yat-Sen University Cancer Center (SYSUCC), with
Institution Review Board (IRB) Number of B2023-245-01 on May 25th, 2023. Informed consent was dispensed
with, owing to the retrospective nature of this study and the anonymization of patient data, a decision that
received the approval of the IRB at Sun Yat-Sen University Cancer Center (SYSUCC). The entirety of the study’s
methods and procedures was executed in strict adherence to the guidelines established by the Institutional
Review Boards of SYSUCC.

Patient selection

Previously treated R/M NPC patients at Sun Yat-sen University Cancer Center (SYSUCC) between January 1,
2019 and December 30, 2021 were included in this real-world clinical practice study. Eligibility criteria included:
pathologically confirmed or radiologically diagnosed R/M NPC; failed at least first line treatment; age between
18 and 80 years; Karnofsky performance status (KPS) > 70; adequate organ function; undergone treatment regi-
mens involving ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) and chemo-
therapy (ITC), or ICIs in combination with target therapy (IT), or ICIs in combination with chemotherapy (IC),
or chemotherapy (C) alone as following treatment; and with regular imaging evaluations. Exclusion criteria
included: known other malignancies; active autoimmune disease; received surgery; did not received systemic
therapy after progression; had incomplete information.

Treatment

Based on the afore mentioned treatments, the enrolled patients were divided into four distinct groups, denoted
as the ITC group, IT group, IC group, and C group. Among these groups, the most commonly chemotherapy
regimens involved gemcitabine/cisplatin (GP), docetaxel/cisplatin/capecitabine (TPC), docetaxel/cisplatin/5-
fluorouracil (TPF), and cisplatin/5-fluorouracil (PF). ICIs included terriprizumab, camrelizumab, pembroli-
zumab, nivolumab, cindillizumab, and tislelizumab. Anti-angiogenesis agents included bevacizumab, anlotinib,
apatinib, and endostar. Additionally, EGFR inhibitors included cetuximab and nimotuzumab. All regimens were
administered every 3 weeks until disease progression, intolerable toxicity, consents withdrawal or physician’s
decision. All enrolled patients received at least two cycles of their respective treatment.
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Outcome assessment

Radiological evaluations were conducted every two to three treatment cycles, and laboratory tests were admin-
istered prior to the initiation of each treatment cycle. Tumor response was appraised utilizing RECIST V1.1 and
the immune-related RECIST criteria. Adverse events were recorded using National Cancer Institute Common
Terminology Criteria (CTCAE) version 4.0. The primary endpoint was PFS, defined as time from administration
of treatment to disease progression or death, whichever occurred first. The second endpoints encompassed OS,
ORR, DCR, and safety assessments.

Statistical analysis

Differences in clinical characteristics, tumor response, and AEs among the groups were examined through the
application of the Chi-square test. The analysis of PFS and OS was executed using Kaplan-Meier method, with the
assessment of survival distinctions being conducted through the log-rank test. Interaction analyses between the
groups and clinical variables were performed, and a stratified Cox proportional hazards model was employed to
compare the groups for PFS. Multivariable analyses of characteristics were performed using the Cox proportional
hazards model. Statistical Package for Social Sciences (version 21.0; IBM Corp.) and R (http://www.R-project.
org) software were used for all analyses, and p <0.05 was considered statistically significant.

Data availability
All original data are presented in the article and supplementary material. Further inquiries can be obtained from
the corresponding author.

Received: 17 May 2023; Accepted: 17 January 2024
Published online: 20 January 2024

References
1. Chen, Y. P. et al. Nasopharyngeal carcinoma. Lancet 394, 64-80 (2019).
2. Feng, R. M. et al. Current cancer situation in China: Good or bad news from the 2018 Global Cancer Statistics?. Cancer Commun.
(Lond.) 39, 22 (2019).
3. Ngan, H. L. et al. Genomic landscapes of EBV-associated nasopharyngeal carcinoma vs. HPV-associated head and neck cancer.
Cancers (Basel) 10, 210 (2018).
4. Zhang, L. et al. Gemcitabine plus cisplatin versus fluorouracil plus cisplatin in recurrent or metastatic nasopharyngeal carcinoma:
A multicentre, randomised, open-label, phase 3 trial. Lancet 388, 1883-1892 (2016).
5. Prawira, A. et al. Systemic therapies for recurrent or metastatic nasopharyngeal carcinoma: A systematic review. Br. J. Cancer 117,
1743-1752 (2017).
6. Lee, A. W. et al. Management of nasopharyngeal carcinoma: Current practice and future perspective. J. Clin. Oncol. 33, 3356-3364
(2015).
7. Larbcharoensub, N. et al. Characterization of PD-L1 and PD-1 expression and CD8+ tumor-infiltrating lymphocyte in epstein-barr
virus-associated nasopharyngeal carcinoma. Am. J. Clin. Oncol. 41, 1204-1210 (2018).
8. Fang, W. et al. Camrelizumab (SHR-1210) alone or in combination with gemcitabine plus cisplatin for nasopharyngeal carcinoma:
Results from two single-arm, phase 1 trials. Lancet Oncol. 19, 1338-1350 (2018).
9. Hsu, C. et al. Safety and antitumor activity of pembrolizumab in patients with programmed death-ligand 1-positive nasopharyngeal
carcinoma: Results of the KEYNOTE-028 study. J. Clin. Oncol. 35, 4050-4056 (2017).
10. Ma, B. B. Y. et al. Antitumor activity of nivolumab in recurrent and metastatic nasopharyngeal carcinoma: An international,
multicenter study of the mayo clinic phase 2 consortium (NCI-9742). J. Clin. Oncol. 36, 1412-1418 (2018).
11. Yang, Y. et al. Efficacy, safety, and biomarker analysis of Camrelizumab in Previously Treated Recurrent or Metastatic Nasopharyn-
geal Carcinoma (CAPTAIN study). J. Immunother. Cancer 9, €0037902021 (2021).
12. Wang, E H. et al. Efficacy, safety, and correlative biomarkers of toripalimab in previously treated recurrent or metastatic naso-
pharyngeal carcinoma: A phase II clinical trial (POLARIS-02). J. Clin. Oncol. 39, 704-712 (2021).
13. Moore, K. N. et al. Atezolizumab, bevacizumab, and chemotherapy for newly diagnosed stage III or IV ovarian cancer: Placebo-
controlled randomized phase III trial (IMagyn050/GOG 3015/ENGOT-OV39). J. Clin. Oncol. 39, 1842-1855 (2021).
14. Fukumura, D. et al. Enhancing cancer immunotherapy using antiangiogenics: Opportunities and challenges. Nat. Rev. Clin. Oncol.
15, 325-340 (2018).
15. Taylor, R. . et al. Ex vivo antibody-dependent cellular cytotoxicity inducibility predicts efficacy of cetuximab. Cancer Immunol.
Res. 3, 567-574 (2015).
16. Lee, S. C. et al. Natural killer (NK): Dendritic cell (DC) cross talk induced by therapeutic monoclonal antibody triggers tumor
antigen-specific T cell immunity. Immunol. Res. 50, 248-254 (2011).
17. Yang, X. et al. Cetuximab-mediated tumor regression depends on innate and adaptive immune responses. Mol. Ther. 21, 91-100
(2013).
18. Reck, M. et al. Safety and patient-reported outcomes of atezolizumab plus chemotherapy with or without bevacizumab versus
bevacizumab plus chemotherapy in non-small-cell lung cancer. J. Clin. Oncol. 38, 2530-2542 (2020).
19. Zsiros, E. et al. Efficacy and safety of pembrolizumab in combination with bevacizumab and oral metronomic cyclophosphamide
in the treatment of recurrent ovarian cancer: A phase 2 nonrandomized clinical trial. JAMA Oncol. 7, 78-85 (2021).
20. Zhang, X. et al. Anlotinib combined with PD-1 blockade for the treatment of lung cancer: A real-world retrospective study in
China. Cancer Immunol. Immunother. 70, 2517-2528 (2021).
21. Chan, A. T. C. et al. Pembrolizumab monotherapy versus chemotherapy in platinum-pretreated, recurrent or metastatic naso-
pharyngeal cancer (KEYNOTE-122): An open-label, randomized, phase III trial. Ann. Oncol. 34, 251-261 (2023).
22. Sacco, A. G. et al. Pembrolizumab plus cetuximab in patients with recurrent or metastatic head and neck squamous cell carcinoma:
An open-label, multi-arm, non-randomised, multicentre, phase 2 trial. Lancet Oncol. 22, 883-892 (2021).
23. Ding, X. et al. Camrelizumab plus famitinib in patients with recurrent or metastatic nasopharyngeal carcinoma treated with PD-1
blockade: Data from a multicohort phase 2 study. EClinicalMedicine 61, 102043 (2023).
24. Ding, X. et al. Camrelizumab plus apatinib in patients with recurrent or metastatic nasopharyngeal carcinoma: An open-label,
single-arm, phase II study. J. Clin. Oncol. 41, 2571-2582 (2023).
25. Lu, N. et al. Efficacy and safety of sintilimab plus bevacizumab in metastatic nasopharyngeal carcinoma after failure of platinum-
based chemotherapy: An open-label phase 2 study. EClinicalMedicine 62, 102136 (2023).
26. Li, Y. et al. Camrelizumab combined with apatinib in patients with first-line platinum-resistant or PD-1 inhibitor resistant recur-
rent/metastatic nasopharyngeal carcinoma: A single-arm, phase 2 trial. Nat. Commun. 14, 4893 (2023).

Scientific Reports |

(2024) 14:1768 | https://doi.org/10.1038/s41598-024-52326-7 nature portfolio


http://www.R-project.org
http://www.R-project.org

www.nature.com/scientificreports/

27. Jiang, Y. F. et al. Anti-PD1 rechallenge in combination with anti-angiogenesis or anti-EGFR treatment beyond progression in
recurrent/metastatic nasopharyngeal carcinoma patients. Crit. Rev. Oncol. Hematol. 190, 104113 (2023).

28. Yang, Y. P. et al. Camrelizumab versus placebo in combination with gemcitabine and cisplatin as first-line treatment for recurrent
or metastatic nasopharyngeal carcinoma (CAPTAIN-1st): A multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol.
22,1162-1174 (2021).

29. You, R. et al. Gemcitabine combined with apatinib and toripalimab in recurrent or metastatic nasopharyngeal carcinoma. Med 3,
664-681 (2022).

Acknowledgements

This study was supported by the National Natural Science Foundation of China (Nos. 62220106006, 82002855,
and 82203755), the Guangdong Basic and Applied Basic Research Foundation (No. 2021B1515120013), and
Guangzhou Basic and Applied Basic Research Project (Grant No. 2023A04]2142).

Author contributions

Y.X. H.L. and W.X were corresponding authors. Y.J., C.C., T.F. and N.L. contributed to selection of proper par-
ticipants, and acquisition of data. W.B. and S.D. collected data. W.L., W.X. and H.L. performed statistics. Y.J. and
Y.X. drafted the manuscript. Y.J., G.L., H.L., and Y.X. designed and revised this paper and respond to reviewers’
comments. All authors approved the submitted version.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-024-52326-7.

Correspondence and requests for materials should be addressed to W.X., H.L. or Y.X.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:1768 | https://doi.org/10.1038/s41598-024-52326-7 nature portfolio


https://doi.org/10.1038/s41598-024-52326-7
https://doi.org/10.1038/s41598-024-52326-7
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Combination strategy exploration for prior treated recurrent or metastatic nasopharyngeal carcinoma in the era of immunotherapy
	Results
	Patient characteristics
	ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) with or without chemotherapy (ITCIT) versus chemotherapy with or without ICIs (ICC)
	ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) and chemotherapy (ITC) versus ICIs in combination with target therapy (IT) and chemotherapy with or without ICIs (ICC)
	ICIs in combination with target therapy (anti-angiogenesis or EGFR inhibitors) (IT) versus chemotherapy with or without ICIs (ICC)

	Discussion
	Conclusion
	Materials and methods
	Ethics statement
	Patient selection
	Treatment
	Outcome assessment
	Statistical analysis

	References
	Acknowledgements


