
R E V I EW

Survival after induction chemotherapy in locoregional
advanced nasopharyngeal carcinoma: An updated
systematic review and meta-analysis

Yiyu Meng MD | Chao Huang MD | Wu Huang MD

Department of Otorhinolaryngology, Lishui

People's Hospital, Lishui, China

Correspondence

Wu Huang, Department of

Otorhinolaryngology, Lishui People's Hospital,

Lishui 323000, China.

Email: hw18957092697@sina.com

Funding information

LiShui People's Hospital, Grant/Award

Number: 2022GYX29

Abstract

Background: Induction chemotherapy (ICT) augmentation is a common strategy for

standard concurrent chemoradiotherapy (CCRT) of locoregionally advanced nasopha-

ryngeal carcinoma (NPC). The survival condition is a crucial issue for patients with

locoregionally advanced NPC. The survival of ICT patients with CCRT treatment ver-

sus standard CCRT alone should be elucidated via a systemic review and meta-

analysis of randomized clinical trials.

Methods: We compared ICT with CCRT and CCRT alone treatment to determine

if ICT with CCRT can be associated with a significant benefit of survival condi-

tions versus CCRT. Different survival indicators were analyzed for the ICT with

CCRT. Twelve studies with a total of 3711 patients with locoregionally advanced

NPC were enrolled. The focused outcome was the overall survival, progression-

free survival, distant metastasis-free survival, and locoregional recurrence-free

survival.

Results: Our results showed that ICT with CCRT is associated with a significant bene-

fit for the overall survival status versus CCRT treatment. Similar significant benefits

in the survival condition were seen in progression-free survival, distant metastasis-

free survival, and locoregional recurrence-free survival.

Conclusions: The updated meta-analysis results suggest that the ICT with CCRT

might be associated with significant benefits of survival in overall, progression-

free, distant metastasis-free, as well as locoregional recurrence-free dimensions

versus CCRT treatment. However, the bias of different kinds, doses, and regimens

of chemotherapy agents and radiotherapy should not be ignored.
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1 | INTRODUCTION

Nasopharyngeal cancer (NPC) is relatively rare with a distribution

pattern different than other kinds of cancers. It is very common in

South China, North Africa, Southeast Asia, etc.1–3 It is usually difficult

to detect due to the anatomical origin of this cancer. NPC is also asso-

ciated with a decrease of 13–15 age-standardized years of lifespan.4–6

70% of NPC cases are locoregionally advanced,7 and this type of NPC

might be easier to be controlled locally. However, the undifferen-

tiated carcinoma characteristics of this type of NPC is associated

with a greater possibility of metastasis.8 Treatment of NPC might

include surgery, chemotherapy, radiotherapy, etc. The effect of

surgery is limited, and the NPC is relatively sensitive to chemo-

therapy and radiotherapy. However, even with the modern radio-

therapy, the failure of distant control is still a concern for NPC.9

Therefore, concurrent chemoradiotherapy (CCRT) is important in

the treatment of NPC. However, the CCRT still has limitations in

terms of treatment effects. Therefore, another kind of treatment

combination is evolved under the need for higher treatment

effects and better survival profiles.

According to the National Comprehensive Cancer Network

(NCCN) guidelines of 2018 (https://www.nccn.org/professionals/

physician_gls/default.aspx), CCRT alone or followed by adjuvant

chemotherapy or induction chemotherapy (ICT) followed by CCRT are

treatment options for locoregionally advanced NPC (T1, N1–3; T2–4,

any N). ICT can improve quality of life and decrease the need for mor-

bid surgery. In an individual patient data network meta-analysis, the

results suggest that ICT with CCRT might be related to better

progression-free survival (PFS), locoregional control, and distant con-

trol than CCRT treatment alone.10 A meta-analysis of nine randomized

trials suggest that ICT with CCRT might improve the overall survival

(OS) and PFS versus CCRT treatment alone. The results also altered

the pattern of standard care of locoregionally advanced NPC.11 Other

than OS and PFS, recent randomized trials of ICT with CCRT demon-

strated the ability to improve distant metastasis-free survival (DMFS)

and locoregional recurrence-free survival (LRRFS).12–19 Therefore, ICT

with CCRT is an important treatment option for locoregionally

advanced NPC.

This meta-analysis evaluates the survival profiles of randomized

clinical trials of ICT with CCRT versus CCRT alone in terms of treat-

ment of locoregionally advanced NPC patients. The literature led to

our hypothesis that ICT with CCRT might reveal a superior effect on

survival profiles such as OS, PFS, DMFS, and LRRFS. ICT with CCRT

might improve the survival profiles of locoregionally advanced NPC

patients versus CCRT treatment alone.

2 | METHODS

2.1 | Literature selection criteria

We applied a set of keywords to search and collect the related pro-

spective RCT articles in the PubMed, ScienceDirect, EmBase, Web of

Science. and the Cochrane Central Register of Controlled Trials

(CENTRAL). The keywords included “induction chemotherapy,”
“neoadjuvant chemotherapy,” “nasopharyngeal carcinoma,” “locally,”
“local,” “locoregional,” “locoregionally,” “advanced,” “trials,”
“randomized,” “clinical,” “controlled,” “treatment,” “therapy,” “sur-
vival” or “outcome,” “comparison,” “versus,” “concurrent,” and

“chemoradiotherapy.” We only recruited articles published or

e-published online before August 2022.

The inclusion criteria for the articles were as follows: (1) Random-

ized clinical trials. (2) Comparisons between ICT with CCRT and CCRT

alone for the treatment of locoregionally advanced NPC patients.

(3) Outcome profiles at baseline and post-treatment status for the sur-

vival including OS, PFS, DMFS, and LRRFS. (4) Containing detailed

outcome from the perspective of survival such as the 95% confidence

interval (CI) and hazard ratio (HR). (5) Published in journals in the sci-

ence citation index database and in the English language.

2.2 | Data quality evaluation and collection

We applied the Cochrane Handbook for Systematic Reviews and

Interventions to perform the systematic review and meta-analysis

study. We also followed the preferred reporting items for systematic

reviews and meta-analyses (PRISMA) guidelines20 to report the

results. Five factors were used to evaluate the risk of bias for each

study. The factors included the bias arising from the randomization

process, bias due to deviations from intended interventions, bias

due to missing outcome data, bias in measurement of the outcome,

and bias in selection of the reported result. The following data

were collected from the enrolled articles. First, the HR, 95% CI,

and patient number for the OS after ICT with CCRT and CCRT

alone for treatment of locoregionally advanced NPC. Second, the

HR, 95% CI, and patient number for the PFS after ICT with CCRT

and CCRT alone for treatment of locoregionally advanced NPC.

Third, the HR, 95% CI, and patient number for the DMFS after ICT

with CCRT and CCRT alone for treatment of locoregionally

advanced NPC. Fourth, the HR, 95% CI, and patient number for

the LRRFS after ICT with CCRT and CCRT alone for treatment of

locoregionally advanced NPC.

2.3 | Critical appraisal of data

The abstracts were reviewed by two reviewers to screen out the

articles. An independent assessment of the full text version of the

selected citations was performed by each reviewer. Extraction of

clinical outcome data from text, tables, and figures of the enrolled

articles were performed by the two reviewers independently. The

enrolled articles had data of OS, PFS, DMFS, or LRRFS in the full

text content. A collaborative review was performed by all

reviewers to resolve any discrepancies leading to strong agree-

ment (kappa = 0.9). The final results were then reviewed by all

authors.
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2.4 | Meta-analysis and statistical analysis

For the OS, PFS, DMFS, and LRRFS, pooled estimates of HR were

generated with the associated 95% CI. We searched the summary sta-

tistics for each trial by extracting the reported HRs and 95% CIs due

to the lack of patient-level data. The Cochrane Collaboration Review

Manager Software Package (Rev Man Version 5.4) was used to per-

form the meta-analyses. The log-HRs was obtained by transforming

the HR, and the start of the 95% CIs in the Rev Man calculation

function. The inverse variance weighted averages of log HRs were

combined to evaluate the risk estimates of individual studies in the

fixed-effects model.

ICT with CCRT and CCRT treatment alone were compared to

determine if ICT with CCRT could improve the OS, PFS, DMFS, and

LRRFS. Heterogeneity between the enrolled studies was assessed by

the Chi-square tests. We used the derived I2 statistic to evaluate the

statistical heterogeneity of enrolled studies in the meta-analysis. We

applied the cut-off value for the Higgins I2 index according to the

Cochrane Handbook for Systematic Reviews of Interventions (2nd

edition).21 The derived p-values were two-sided. A funnel plot was

used to assess the publication bias to see if there was a symmetric dis-

tribution of pooled studies.

3 | RESULTS

3.1 | Description of studies

The selection process was presented according to the PRISMA flow

chart (Figure 1). Qualitative analysis of the residual 12 articles was

performed and the residual 12 studies were included in the quantita-

tive analysis.12–19,22–25 The PRISMA flow diagram of the meta-

analysis is presented as Figure 1. The characteristics and related study

design of the 12 enrolled studies are summarized in Table 1. The risk

of bias assessment showed that two studies have overall high bias

and three studies have some concerns for the overall bias assessment

(Figure 2). A symmetric distribution is shown in the funnel plot of

enrolled studies.

3.2 | Log HR of OS of the ICT with CCRT versus
CCRT treatment for locoregionally advanced NPC

The I2 was 44%, which indicated moderate heterogeneity. The test for

overall effect was Z = 4.67 (p < .00001), and the meta-analysis results

showed significant difference of log HR of OS events between ICT

F IGURE 1 PRISMA flow
chart for the selection of enrolled
randomized trials. The
identification of the potentially
relevant literature and the
screening of the identified
literature using abstract and title
selection were adherent to the
PRISMA guideline. The
assessment of the full text of
screened literature was to find
the eligible studies. Then the
suitable studies were enrolled for
the final meta-analysis.
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with CCRT and CCRT treatment, which suggested a significant benefit

of OS for the ICT with CCRT treatment (Figure 3).

3.3 | Log HR of PFS of the ICT with CCRT versus
CCRT treatment for locoregionally advanced NPC

The I2 was 20%, which indicated low heterogeneity. The test for over-

all effect was Z = 5.47 (p < .00001), and the meta-analysis results

showed significant difference of log HR of PFS events between ICT

with CCRT and CCRT treatment, which suggested a significant benefit

of PFS for ICT with CCRT treatment (Figure 4).

3.4 | Log HR of PFS of the DMFS with CCRT
versus CCRT treatment for locoregionally
advanced NPC

The I2 was 0% suggesting extremely low heterogeneity. The test for

overall effect was Z = 4.17 (p < .0001), and the meta-analysis results

showed significant difference of log HR of DMFS events between ICT

with CCRT and CCRT treatment, which suggested a significant benefit

of DMFS for the ICT with CCRT treatment (Figure 5).

3.5 | Log HR of PFS of the LRRFS with CCRT
versus CCRT treatment for locoregionally
advanced NPC

The I2 was 14% suggesting low heterogeneity. The test for overall

effect was Z = 3.60 (p = .0003), and the meta-analysis results

showed a significant difference of log HR of LRRFS events between

ICT with CCRT and CCRT treatment suggesting a significant benefit

of LRRFS for the ICT with CCRT treatment (Figure 6).

4 | DISCUSSION

This meta-analysis focused on the survival of ICT with CCRT combina-

tion treatment for locoregionally advanced NPC patients. The results

showed significant benefits for OS, PFS, DMFS, and LRRFS. The

results suggested superior effects of ICT for improving the OS, PFS,

DMFS, and LRRFS on patients with locoregionally advanced NPC.

Our meta-analysis enrolled the latest studies evaluating ICT with

CCRT for patients with locoregionally advanced NPC.18,19,24 The

results might be more updated than previous meta-analyses.26–31 We

also analyzed more survival indicators than the previous meta-

analyses.27–29 In addition, our meta-analysis purely focused on ran-

domized controlled trials, which minimizes bias from retrospective

studies or cohort studies as found in other meta-analyses.32–34 The

consistent and significant benefits of the OS, PFS, DMFS, and LRRFS

seen here underscore the advantages of applying ICT for locor-

egionally advanced NPC patients. However, different regiments ofT
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ICT in these studies should be considered when interpreting the

meta-analysis results. We pooled all kinds of ICT regimens of enrolled

randomized trials in the meta-analysis. The bias from the different reg-

imens of ICT in each trial should not be ignored. In addition, the cur-

rent meta-analysis just focused on the survival conditions of

locoregionally advanced NPC patients. Therefore, the treatment side

effects and other related profiles are not revealed in the results. How-

ever, the current meta-analytic results reconfirmed the significant

benefits for survival of patients with locoregionally advanced NPC

seen in previous meta-analyses.26–35 Therefore, the benefits of ICT

for the survival condition of locoregionally advanced NPC might be

consistent and persuasive.

F IGURE 2 Risk of bias
assessment. The risk of bias
assessment updated version (ROB
v2) was used to assess the risk of
bias for the enrolled articles.

F IGURE 3 The forest plot of log HR for the meta-analysis results of OS [ICT + CCRT vs. CCRT]. The ICT + CCRT treatment showed a
significantly benefit of improved OS when compared to the CCRT (statistically significant).
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Despite the high sensitivity of NPC to radiotherapy, NPC patients

often have advanced disease at the time of diagnosis. The invasive-

ness of the tumor and the risk of metastasis might be harmful to the

hematologic and lymphatic systems. CCRT might inhibit the primary

tumor and control distant metastasis of the tumor, which can thus

improve treatment efficacy. The benefits of the OS, PFS, DMFS, and

LRRFS might be related to role of ICT in eliminating micro-metastases

at the initial treatment. they can enhance the local control of locore-

gionally advanced NPC through a combination of CCRT.31 In addition,

ICT might inhibit the implantation of tumor cells and kill the tumor

F IGURE 4 The forest plot of log HR for the meta-analysis results of PFS [ICT + CCRT vs. CCRT]. The ICT + CCRT treatment showed a
significantly benefit of improved PFS when compared to the CCRT (statistically significant).

F IGURE 5 The forest plot of log HR for the meta-analysis results of DMFS [ICT + CCRT vs. CCRT]. The ICT + CCRT treatment showed a
significantly benefit of improved DMFS when compared to the CCRT (statistically significant).

F IGURE 6 The forest plot of log HR for the meta-analysis results of LRRFS [ICT + CCRT vs. CCRT]. The ICT + CCRT treatment showed a
significantly benefit of improved LRRFS when compared to the CCRT (statistically significant).
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cells in systemic circulation. ICT might reduce subclinical metastases

and strengthen the sensitivity of subsequent radiotherapy while

reducing the toxicity caused by radiotherapy such as fibrosis of cervi-

cal and mandibular joints.33 Different kinds of regimens and chemo-

therapeutic agents might also influence the meta-analysis results.

The previous meta-analysis mentioned that gemcitabine-based ICT

might be different from taxane-based ICT from the perspective of

improving the OS.32 Another meta-analysis suggested that the cisplatin

might be related to more toxicities than other platinum com-

pounds. The authors recommended substituting cisplatin with

other platinum compounds.35 Our meta-analysis found that cis-

platin was still popularly used in the ICT or CCRT. Therefore, toxic-

ities and treatment side effects should be considered when we

looked at such consistent benefits on the OS, PFS, DMFS, and

LRRFS. Therefore, future randomized trials might use treatment

with other platinum compounds to optimize therapy safety. Ideal

regimens of ICT are still not clear. More randomized studies com-

paring different regimens of ICT are needed to determine which

kind of ICT regimen would be the most appropriate under the bal-

ance of clinical outcomes and treatment toxicities.36

There were several limitations in the current meta-analysis.

First, most patients recruited in the enrolled randomized trials were

in stage III-IV. Therefore, it is difficult to understand if the positive

effects can be replicated in stage II patients. A previous meta-

analysis suggested that the ICT might be beneficial for the distant

control of NPC.31 However, the efficacy of the ICT regimen in

patients with stage II NPC is still unclear. Second, the age and gen-

der variances of enrolled studies might influence the interpreta-

tions of our study results. More consistent age and gender

distribution patterns might be needed in future randomized clinical

trials to decrease the bias from the different age and gender distri-

butions. Third, variations of ICT regimens might also bias our

meta-analysis results. The more consistent ICT regiments might be

helpful for improving the accuracy of the meta-analytic results.

More enrollment of less-toxic ICT regimen compounds might be

needed for patient-centered treatment. Fourth, the different

techniques, doses, regimens, and durations of radiotherapy

might also influence the interpretations of our results. 2D- and

3D-radiotherapy as well as intensity modulation radiotherapy were

used in the enrolled trials. Better consistency of radiotherapy tech-

niques, doses, regimens, and durations can help clinicians and scientists

determine the real impacts on the survival conditions of ICT. Fifth, the

different regimens, doses, and durations of CCRT might be another con-

cern in this meta-analysis. However, group comparisons of the same

CCRT regimen in the same individual enrolled study might reduce the

bias impact from the different regiments, doses, and durations of CCRT.

Sixth, the lack of meta-analysis on the treatment adverse events, toxic-

ities, and compliance seen here might prevent detailed conclusions.

However, our current meta-analysis focused on the survival condition

of the most recent randomized clinical trials. Seventh, most enrolled

studies were from Asia (China, Singapore, and Taiwan). The demo-

graphic or ethnicity issue should be kept in mind when we interpreted

the meta-analysis results.

5 | CONCLUSION

This updated systematic review and meta-analysis of the latest ran-

domized trials showed that ICT with CCRT treatment might improve

OS, PFS, DMFS, and LRRFS versus CCRT treatment. More consistent

ICT, radiotherapy, and CCRT regimens might be warranted in future

studies.
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