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Abstract

Objectives: EGFR-tyrosine kinase inhibitor (TKI) is used to treat recurrent and meta-

static nasopharyngeal carcinoma (rmNPC). This meta-analysis aims to study the effi-

cacy and safety of EGFR-TKI in treating patients with rmNPC.

Methods: We conducted a systematic search of PubMed, Embase, and Web of Sci-

ence up to November 2023, and included literature that met the criteria. We

extracted objective response rate (ORR), disease control rate (DCR), median

progression-free survival (mPFS), median overall survival (mOS), and adverse

reaction-related events and performed meta-analysis using Stata 14.0.

Results: A total of nine articles were included. The summary results showed that the

ORR for patients treated with EGFR-TKI for rmNPC was 38% (95% CI = 27%–49%),

the DCR was 71% (95% CI = 61%–80%), the mPFS was 6.29 months (95% CI = 5.22–

7.35), and the mOS was 15.94 months (95% CI = 14.68–17.20). The most common

grade 3–4 adverse reaction events in these patients were mucositis, nasopharyngeal

necrosis, and oral ulceration. We found an incidence rate of 49% (95% CI = 38%–

61%) for grade 3–4 adverse events (AEs). The anti-PD1 combined with TKI treatment

method is more effective than the EGFR-TKI alone for treating rmNPC.

Conclusion: The study shows that EGFR-TKI has good efficacy in treating rmNPC

but does not translate into survival benefits and owns a high incidence of grade 3–4

AEs. More RCT trials are needed in the future to verify the efficacy of anti-PD1 com-

bined with TKI treatment method.
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1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a malignant tumor that is widely

distributed in East and Southeast Asia. The main treatment method is

radiotherapy, which is effective, but 30% of patients still experience

local recurrence or metastasis, which is the main reason for the poor

prognosis of NPC.1 Currently, the standard first-line treatments for

recurrent or metastatic nasopharyngeal carcinoma (rmNPC) include

platinum-based chemotherapy and concurrent chemoradiotherapy,2,3

with a median progression-free survival (mPFS) time of approximately
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15 months and significant survival benefits. However, in cases where

first-line treatment is ineffective, there is no standard second-line

treatment option available, and patients who experience chemother-

apy or PD-1 inhibitor treatment or a combination of the two often

have limited treatment options. Although the FDA has approved pem-

brolizumab/nivolumab for second-line and later treatment, subse-

quent randomized trials have not found a significant difference in

survival benefits compared to chemotherapy alone, with an objective

response rate (ORR) of only about 20.5%. This has also led to a gener-

ally poor prognosis for patients with rmNPC. In addition, patients’
physical condition often worsens after intensive chemotherapy, mak-

ing it difficult for most patients to tolerate another round of conven-

tional chemotherapy. Therefore, better treatment options are needed

in clinical practice.

Currently, the main immunotherapy methods for NPC include

immune checkpoint inhibitors and anti-EGFR therapy.4,5 EGFR belongs

to the receptor tyrosine kinase family and plays an important role in

regulating the proliferation and survival of tumor cells. Upon ligand

binding, EGFR is activated and forms homodimers or heterodimers,

leading to the phosphorylation and activation of various downstream

signaling pathways, such as cell differentiation, proliferation, and carci-

nogenesis.6 The overexpression of EGFR in tumors has been shown to

be significantly associated with angiogenesis and local metastasis. In

most NPC patients, overexpression of EGFR has been observed, which

is significantly associated with poor prognosis after radiotherapy.7 Cur-

rently, angiogenesis is a mature target for the treatment of advanced

NPC, and clinical trials have demonstrated that anti-angiogenic therapy

can enhance the efficacy of immunotherapy. This approach has been

approved by the FDA for the treatment of some advanced solid tumors,

especially gastric cancer. EGFR-tyrosine kinase inhibitors (TKIs) are

orally available inhibitors of epidermal growth factor receptor tyrosine

kinase that act on VEGF. They selectively target the ATP binding site

within the cells and have high affinity. Their effectiveness has been

confirmed in various solid tumors,8 and in recent years, their efficacy

has also been reported in many head and neck tumors.9 In fact, in

recent years, trials of EGFR-TKIs (e.g., erlotinib, afatinib) in the treat-

ment of rmNPC patients have shown promising results with a lower

rate of grade 3–4 adverse reactions. Compared to the past, these new

TKIs have more suitable pharmacological mechanisms, selectively tar-

geting a single receptor kinase pathway and enhancing affinity for

receptor binding, thus requiring lower concentrations to achieve inhibi-

tory effects and resulting in fewer drug toxicities.

To evaluate the efficacy and safety of EGFR-TKI treatment in

patients with rmNPC, we conducted this meta-analysis to evaluate its

effectiveness compared to other current methods and provide more

evidence for clinical treatment strategies and applications.

2 | MATERIALS AND METHODS

2.1 | Literature search strategy

This protocol was registered in PROSPERO (CRD42023449269) and

was done on the basis of the PRISMA guidelines. By November 2023,

we screened PubMed, Web of Science, and Embase for articles per-

taining to the efficacy of EGFR-TKIs in the treatment of nasopharyn-

geal cancer. Specific search keywords and MeSH terms used were

Nasopharyngeal Carcinoma, Carcinomas, Nasopharyngeal, Epidermal

Growth Factor Receptor Tyrosine Kinase inhibitor, EGFR-TKI, Epider-

mal Growth Factor Receptor Tyrosine Kinase inhibitor, Apatinib, and

Gefitinib. The whole search strategy is included above (Table S1 in

Data S1). For all records, two authors independently screened title

and abstracts to review the eligibility for selection, with contention

being balanced through consensus by discussing or consulting a third

researcher.

2.2 | Eligibility criteria

The inclusion criteria were: (1) the study participants were diagnosed

with rmNPC in histological confirmation; (2) the use of EGFR-TKI

alone or plus another therapy were included into treatment regimen;

(3) the literature was published up to November 2023, covering the

past decade to exclude the influence of previous drugs on the analysis

results. The exclusion criteria were: (1) laboratory studies or animal

studies; (2) studies enrolled too few patients (less than 15 patients);

(3) comments, letters, meta-analysis, meeting abstracts, unavailable

articles, books, and reviews.

2.3 | Data extraction

The extracted data included the author’ s name, country, publica-

tion year, regimen, number of included cases, study type, ORR, dis-

ease control rate (DCR), mPFS, median overall survival (mOS), and

adverse events (AEs; grade 3–5 AEs). Objective response com-

prised complete and partial responses, whereas disease control

encompassed complete response, partial response, and stable

disease. The basic information of the studies was extracted individ-

ually by two investigators (Z.A. and L.H.). Arguments between the

researchers were settled through discourse or after consulting a

third researcher.

2.4 | Quality and publication bias assessment

Two investigators assessed risk of bias (RoB) independently by using

the ROBINS-I tool for non-randomized studies.10 Disagreements

between the investigators were resolved through discussion or after

consulting a third researcher. In ROBINS-I, low, moderate, serious, or

critical RoB in seven domains including confounding, selection of par-

ticipants, classification of interventions, deviations from intended

interventions, missing data, measurement of outcomes, and selection

of reported result were the evaluation of each study.10 The RoB was

then comprehensively evaluated in accordance with the scores

assigned to these domains. As the included studies were all non-

randomized controlled trials, we utilize Egger’ s test to assess publica-

tion bias in the reported results.11
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2.5 | Statistical analysis

We used Stata 14.0 software for statistical analysis, combining effect

sizes and 95% confidence intervals (CIs) for ORR, DCR, mPFS, and

mOS and the incidence of grade 3–4 AEs. Considering the presence

of substantial heterogeneity in non-randomized controlled trials, a

random-effects model was employed for meta-analysis, otherwise the

fixed effects model was used. Subgroup and sensitivity analyses were

carried out to probe the sources of heterogeneity, when the results

showed high heterogeneity (I2 > 50% or p < .1).

3 | RESULTS

We used PubMed, Web of Science, and Embase to search for eligible

studies, and a total of 1450 articles were obtained through retrieval.

There was a total of 838 studies, after removing duplicates and

records marked as ineligible by automation tools; 809 studies were

then excluded by examining the titles and abstracts of the articles

based on eligibility criteria. We retrospected the whole texts of the

residual 29 articles, and then eliminated 19 studies because there are

13 unavailable full texts and seven studies with an unmatched design.

Finally, nine articles were included in the analysis eligibly

(Figure 1).12–20 Besides, the included nine articles were all assessed as

low or moderate risk by ROBINS-I tool (Table S2 in Data S1).

3.1 | Characteristics of literature

There is a summary of baseline patient characteristics in Table 1. Two

cohorts (patients with first-line platinum-resistant or PD-1 inhibitor

resistant) each with different quantity of participants were incorpo-

rated into one of the picked articles. We deemed these cohorts to be

representative of two independent studies, so 10 studies from 9 arti-

cles involved 416 participants ultimately in this protocol. All of them

were non-randomized studies. Among the 416 patients included, four

F IGURE 1 PRISMA flow
diagram of the study selection
process.
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studies administrated EGFR-TKI monotherapy, with two using apati-

nib and the other two using axitinib and anlotinib. Among them, four

studies involve treating patients with recurrent or metastatic nasopha-

ryngeal carcinoma using a combination of TKI and anti-PD1 therapy,

whereas two studies used a combination of TKI drugs and chemother-

apy including apatinib plus capecitabine and apatinib combined

with S-1.

3.2 | Efficacy

Based on results from 10 studies using the random-effects model, the

ORR is 38% (95% CI = 27%–49%, I2 = 80.6%) (Figure 2). The pooled

DCR is 71% (95% CI = 61%–80%, I2 = 80.3%) (Figure 3). Ten studies

reported mPFS. The use of EGFR-TKI in rmNPC patients resulted in a

mPFS of 6.29 months (95% CI = 5.22–7.35, I2 = 79.1%) (Figure 4).

F IGURE 2 Forest plots of
objective response rate (ORR) for
the meta-analysis.

F IGURE 3 Forest plots of
disease control rate (DCR) for the
meta-analysis.
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Seven studies reported mOS and the pooled mOS was 15.94 months

(95% CI = 14.68–17.20, I2 = 36.0%) (Figure 5).

3.3 | Safety

All patients participating in clinical trials have experienced at least one

drug-related adverse reaction, with the most common AEs being

hand-foot syndrome, hypertension, and proteinuria. We conducted a

meta-analysis of four studies that reported grade 3–4 adverse reac-

tions and found a total incidence rate of 49% (95% CI = 38%–61%)

(Figure 6). All grade 3–4 adverse reactions are summarized in Table S3

in Data S1. The most common grade 3–4 AEs are mucositis, nasopha-

ryngeal necrosis, and oral ulcers, which is also the reason why the

dose of TKI is reduced due to adverse reactions. Only one case of

grade 5 adverse reaction was reported among the 416 patients, and

F IGURE 4 Forest plots of
median progression-free survival
(mPFS) for the meta-analysis.

F IGURE 5 Forest plots of
median overall survival (mOS) for
the meta-analysis.
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one patient died of grade 5 adverse reaction cerebral infarction in

Ruan's study.

3.4 | Subgroup analysis

To gain a deeper understanding and address the problem of high het-

erogeneity in the results, we divided the included studies into several

subgroups according to the study protocol and performed statistical

analysis to aggregate ORR, DCR, and mPFS for each subgroup

(Table 2) (Figures S1–S3 in Data S1). In the grouping based on the

study protocol, the treatment efficacy results summarized using anti-

PD1 plus TKI group were ORR: 51% (95% CI = 34%–68%), DCR: 81%

(95% CI = 74%–88%), and mPFS: 7.72 months (95% CI = 3.63–

11.81). The treatment efficacy results summarized using chemother-

apy plus TKI group were ORR: 37% (95% CI = 27%–47%), DCR: 84%

(95% CI = 77%–92%), and mPFS: 8.16 months (95% CI = 6.08–

10.25). The efficacy of these two treatment regimens was higher than

F IGURE 6 Forest plots of the incidence of grade 3–4 events.

TABLE 2 Subgroup analysis.

ORR DCR mPFS

Subgroup
Included
studies ES (95% CI) I2 p ES (95% CI) I2 p

ES (month,
95% CI) I2 p

Study protocol

EGFR-TKI

monotherapy

3 0.26 (0.18–0.34) 22.1% 0.278 0.55 (0.43–0.67) 60.3% 0.056 5.41 (4.58–6.25) 37.4% 0.188

Anti-PD1 + TKI 4 0.51 (0.34–0.68) 76.6% 0.005 0.81 (0.74–0.88) 6.7% 0.360 7.72 (3.63–11.81) 79.6% 0.002

TKI + chemotherapy 3 0.37 (0.27–0.47) 0.0% 0.619 0.84 (0.77–0.92) 0.0% 0.5 8.16 (6.08–10.25) 0.0% 0.343

Abbreviations: DCR, disease control rate; ES, effect sizes; mPFS, median progression-free survival; ORR, objective response rate; TKI, tyrosine kinase

inhibitor.
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that of TKI alone, and of course, the efficacy results of these two

treatment groups were also higher than the overall summary results,

indicating better treatment effects. Our subgroup analysis also found

that there was no significant difference in the efficacy of anti-PD1

plus TKI treatment for rmNPC compared to TKI plus chemotherapy

group on the basis of the current integrated results of included

studies.

3.5 | Publication bias and sensitivity analysis

In this protocol, Egger’ s test indicated that the p value was .96 for

ORR. As a result, no publication bias was detected in the studies

incorporated into our analysis. Owing to the high heterogeneity, we

conducted a sensitivity analysis (Figure S4 in Data S1), which indi-

cated that the pooled ORR, DCR, and mPFS were relatively stable and

not significantly influenced by the exclusion of any individual study.

However, we found that the combined results of grade 3–4 AEs were

greatly affected by the exclusion of Li’ s study, suggesting that this

study was a major source of heterogeneity in the grade 3–4 adverse

reaction outcomes.

4 | DISCUSSION

There is currently no clear standard for patients who have failed in

first-line treatment of NPC. For these patients, the most common

treatments are chemotherapy or immunotherapy and the EGFR-TKI

drug is currently among the most utilized immunotherapy drugs fol-

lowing failure of first-line treatment. In our systematic review and

meta-analysis of 10 studies, the ORR, DCR, mPFS, and mOS for TKIs

as the treatment of the rmNPC were found to be 38% (95%

CI = 27%–49%), 71% (95% CI = 61%–80%), 6.29 months

(95% CI = 5.22–7.35), and 15.94 months (95% CI = 14.68–17.20),

respectively. It is significantly better than the outcome of using che-

motherapy alone (ORR: 21%, mPFS: 6.1 months). However, the

results of our meta-analysis indicate that TKI treatment is correlated

with a greater incidence of grade 3 and 4 adverse drug events. The

current research scheme and clinical experience suggest that TKI dose

reduction is recommended to mitigate the impact of adverse reactions

on patients. Nasopharyngeal necrotic hemorrhage is the most com-

mon reason for dose reduction or even drug discontinuation in the

trial. This may be attributed to the heightened angiogenesis of NPC

itself and complications arising from first-line radiotherapy.21 Even if

the dosage needs to be reduced due to adverse reactions, our meta-

analysis results for TKIs as the treatment of the rmNPC indicate that

the efficacy of TKI is comparable to PD1, another mainstream drug

currently available. In some cases, TKI's efficacy is even superior. In

addition, almost all drug-related AEs could be controlled through dose

reduction.22

The study design we included in our research involved a much

lower dosage of TKI than what is typically used in other cancer treat-

ments. For instance, the initial dose of apatinib for gastric cancer is

850 mg,23 whereas most of the studies we included used a dosage of

around 500 mg. In trial design, it is important to consider the different

drug absorption rates for each type of cancer and whether combina-

tion therapy will increase the probability of adverse drug events. Fur-

thermore, it is not necessarily true that the larger the dosage used in a

trial, the better the efficacy. Zhou's research suggests that a low dose

of TKI combined with chemotherapy also has a certain therapeutic

effect. Compared to other similar treatment regimens, the effect is

not significantly different, and the adverse reactions are greatly

reduced. There is no negative impact on the therapeutic effect of che-

motherapy combined with TKI treatment. Similar evidence has also

appeared in lung cancer. Corral's RCT study confirmed that patients

who continued to use dacomitinib with dose adjustments guided by

tolerability did not show a significant difference in mPFS and mOS

compared to the original control group.24

A higher level of effectiveness is achieved through the utilization

of a combination therapy consisting of chemotherapy and TKI. This

combination therapy has an ORR of 37%, a DCR of 84%, and a mPFS

of 8.16 months, all surpassing the outcomes observed with monother-

apy alone. According to other studies on NSCLC tumors, this phenom-

enon may be attributed to the fact that both drug resistance

mechanisms are mutually affected.25 EGFR-TKIs inhibit EGFR and

HER2, preventing the activation of downstream signaling pathways,

and arresting the cell cycle at the G2/M phase.26 This leads to an

increased rate of apoptosis and inhibits DNA damage repair,27 thereby

enhancing the sensitivity of tumor cells to radiotherapy and chemo-

therapy. The development of resistance during drug treatment is

mainly related to the high heterogeneity of NPC itself, and patients

may simultaneously have multiple resistance mechanisms.28 This may

be due to mutations in the nuclear localization signal (NLS) of EGFR

(mNLS), which prevent the translocation of EGFR to the nucleus,

releasing EGFR-induced resistance to chemotherapy, especially resis-

tance to cisplatin. Therefore, real-time genetic testing for tailored and

more personalized treatment may be a new direction in the future.

Following progression, additional therapeutic medications may be

required, or existing drugs may need to be changed based on new cel-

lular gene sequencing results. However, the current progress in

molecularly targeted therapy for NPC lags behind, posing a challenge

to patient treatment and the development of new drugs to combat

drug resistance.29

In comparison, the academic community has proposed a promis-

ing approach involving the simultaneous use of antiPD1 and TKI

inhibitor therapy, which has indeed yielded better results. This

approach has shown an aggregated ORR of 51%, a DCR of 81%, and a

mPFS of 7.72 months. The satisfactory efficacy combined with an

increased response rate translates well into an improvement in

progression-free survival. This may be because a significant body of

evidence demonstrates that low-dose EGFR-TKI can effectively mod-

ulate the immunosuppressive microenvironment within tumors, lead-

ing to a more homogeneous distribution of tumor vessels.30,31 This

modulation facilitates the polarization of macrophages from an immu-

nosuppressive M2-like phenotype to an immunostimulatory M1-like

phenotype, and enhances infiltration by CD4+ and CD8+ T-cells.32,33
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These mechanisms contribute to combating resistance to PD1 therapy

and improving the immune environment to support immune check-

point inhibitor therapy.22 Currently, a clinical trial is underway that

combines chemotherapy, TKI, and anti-PD1 simultaneously, and it has

also demonstrated satisfactory efficacy. These three therapies can

mutually mitigate the inhibitory effect of drug resistance mechanisms.

This could also be a new approach to clinical trials in the future. The

ongoing phase 2 clinical trial by Ma (NCT05807880) is investigating

the combined treatment of anlotinib, camrelizumab, and capecitabine

for rmNPC. The new trial results from this study are highly antici-

pated. The ORRs of the two experiments conducted by Ding's team

were 65.5% and 33.0%, respectively, whereas the DCRs exhibited a

generally similar trend. The findings also indicate that, for patients

with rmNPC, apatinib has a more positive drug response, such as

reducing the size of tumors more and providing greater relief from

clinical symptoms. This suggests that apatinib may be a promising

therapeutic option for rmNPC patients. Meanwhile, Li's cohort 2 trial,

conducted in PD1-resistant patients, revealed similar findings to those

observed with TKI monotherapy. The combination of anti-PD1 and

TKI in such patients yields limited efficacy and an unfavorable progno-

sis, thus necessitating further elucidation into the underlying causes

and potential solutions. Although all four studies use anti-PD1 com-

bined with TKI for the treatment of rmNPC, the differences in patient

characteristics (e.g., significant variations in prior treatments received

by the patient population) and drug dosages have resulted in signifi-

cant differences in mPFS and mOS in the clinical trial results, contrib-

uting to the high heterogeneity of this subgroup. Despite the current

findings that the treatment efficacy of using anti-PD1 and TKI regi-

mens is not significantly different from TKI combined with chemo-

therapy, with more clinical trials underway, the heterogeneity of this

approach is expected to decrease, leading to a clearer understanding

of treatment efficacy. We look forward to comprehensive and precise

clinical trial results from ongoing trials, such as Cai's open-label phase

II study (NCT04996758) using toripalimab and anlotinib in combina-

tion for patients with rmNPC who have failed first-line platinum-

based chemotherapy.

The novelty of this article is that, to our knowledge, it is the first

systematic review study to analyze and demonstrate the efficacy of

anti-PD1 and TKI combination therapy for rmNPC, and to update the

latest data on TKI efficacy evaluation from the past 3 years. This

meta-analysis of drug efficacy provides more valuable references for

clinical doctors to assess patients and customize treatment plans.

Our study also has some limitations. The literature we included

were all non-randomized controlled trials and some studies had small

sample sizes with limited statistical power, so we could not discuss

more factors that affect the outcome. The studies we included were

all non-randomized controlled trials, which resulted in high heteroge-

neity of the results.

5 | CONCLUSION

The study shows that EGFR-TKI has good efficacy in treating rmNPC

but does not translate into survival benefits and owns a high incidence

of grade 3–4 AEs. More RCT trials are needed in the future to verify

the efficacy of anti-PD1 combined with TKI treatment method and

assess the minimum effective dose for combination therapy, with bet-

ter clinical benefits associated with less likelihood of grade 3–4 AEs.
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