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Nasopharyngeal carcinoma (NPC) is one of the most common malignant tumors of the
head and neck, and it originates from the mucous epithelium of the nasopharynx.
Because it is “hidden”, the symptoms of NPC can easily be missed, and more than
70% of patients present with locally advanced disease at diagnosis. Concurrent radiation
therapy with chemotherapy can significantly improve regional control of NPC. At present,
distant metastasis is the main cause of treatment failure. At the end of the 20th century,
clinical trial No. 1G0099 in the United States confirmed the effectiveness of adjuvant
chemotherapy (AC) for the first time. However, in the past 20 years, various clinical trials
and meta-analyses conducted globally have yielded contradictory results regarding the
effect of AC on locally advanced NPC. AC has changed from category 1 to the current
category 2A in the National Comprehensive Cancer Network (NCCN) guidelines, and it
remains controversial whether AC can significantly improve the survival of NPC patients.
Here, we comprehensively analyzed the role of AC in locally advanced NPC by comparing
some treatment methods. We conclude the role of AC in treating locally advanced NPC,
based on the studies presented, remains undefined but is associated with
increased toxicity.

Keywords: locally advanced nasopharyngeal carcinoma, adjuvant chemotherapy, radiotherapy, survival, toxicity

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is one of the most commonly diagnosed malignant tumors of
the head and neck, and it originates from the mucous epithelium of the nasopharynx. NPC accounts
for approximately 60% of all head and neck tumors (1). According to the International Cancer
Research Agency, there were 129,079 new cases of NPC worldwide in 2018, and the age-standardized
incidence rate of the population was approximately 1.5/100,000, accounting for 0.7% of the total
number of new cancers globally (2, 3). The incidence of NPC has obvious regional, ethnic, and
familial epidemiological characteristics. The incidence of NPC varies widely from region to region
and is prevalent in East Asia, Southeast Asia, East Africa, and North Africa. China accounts for
approximately 47.7% of all new cases of NPC globally (4). Nonetheless, China presents significant
regional differences in the incidence of NPC, with the highest prevalence being found in South China,
including Hunan, Guangdong, Guangxi, and Fujian (5). The main treatment for NPC is radiotherapy
(RT) because of its hidden anatomic location, proximity to important blood vessels and nerves,
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and high sensitivity to this treatment. Clinically, radical RT is
commonly administered for early NPC as it provides the best
results. Due to the special location and occult nature of NPC,
more than 70% of patients present with locally advanced stage at
diagnosis (6). At present, the local control (LC) rate for locally
advanced NPC is more than 90%. The efficacy of concurrent
chemoradiotherapy (CCRT) is widely recognized; however,
distant metastasis is the main cause of treatment failure (7-10).
The first edition of the National Comprehensive Cancer Network
(NCCN) guidelines in 2020 classified CCRT plus adjuvant
chemotherapy (AC) as category 2A, and CCRT alone as
category 2B. However, the efficacy of AC is still controversial.
Here, we review the literature and the research progress regarding
the use of AC for the treatment of locally advanced NPC in order
to provide a point of reference for more accurate treatment of
this disease.

CONCURRENT CHEMORADIOTHERAPY
PLUS ADJUVANT CHEMOTHERAPY
VERSUS RADIOTHERAPY ALONE

RT remains the most important treatment for NPC; however,
RT alone is not enough to treat locally advanced NPC (Table 1).

At the end of the 20th century, a phase III, randomized, controlled
clinical trial (No. IG0099) in the United States showed for the first
time that, compared with RT alone, CCRT+AC could significantly
benefit patients with locally advanced NPC. The 3-year overall
survival (OS) rate increased by 31%. This trial included 193
patients with NPC who were diagnosed as stage III and IV.
Among them, 147 cases could be evaluated. All the patients
received conventional RT. Among them, 78 received a three-week
regimen of 100 mg/m® of concurrent cisplatin chemotherapy;
after CCRT, the patients received three cycles of AC (80 mg/m®
cisplatin and 1000 mg/m” fluorouracil every four weeks). The
results showed that the three-year OS rate of patients in the
CCRT+AC group and RT group was 78% and 47% (P<0.005),
while the three-year progression-free survival (PFS) rate was
69% and 24% (P<0.001), respectively, indicating that the patients
who received CCRT+AC had greater treatment benefits (11).
Furthermore, in a secondary analysis, Al-Sarraf et al. included
patients who lacked preregistration documentation and
previously analyzed patients. In this larger data set, 93 in the
combined group and 92 in the RT group. The five-year OS rate of
the two groups was 67% and 37% (P<0.01), while the five-year PFS
rate of the two groups was 58% and 29%, respectively (P<0.01)
(12). As a consequence, the “three cycles of CCRT (cisplatin) plus
three cycles of AC (PF regimen)” treatment regimen became the

TABLE 1 | Concurrent chemoradiotherapy plus adjuvant chemotherapy versus radiotherapy alone.

References Inclusion Comparison Number of
period patients
Al-Sarraf et al. 1989-1995 CCRT+AC/RT alone 78/69
(1)
Al-Sarraf et al. 1989-1995 CCRT+AC/RT alone 93/92
(12)
Wee et al. (13) 1997-2003 CCRT+AC/RT alone 111/110
Lee et al. (14) 1999-2004 CCRT+AC/RT alone 172/176
Lee et al. (15) 1999-2004 CCRT+AC/RT alone 172/176
Ng et al. (16) 1999-2004 CCRT+AC/RT alone 223/218
Chen et al. (17) 2002-2005 CCRT+AC/RT alone 158/158
Chen et al. (18) 2002-2005 CCRT+AC/RT alone 158/158
Linetal. (19) 1993-1999 CCRT/RT alone 141/143
Chan et al. (20) 1994-1999 CCRT/RT alone 174/176

Stage Concurrent Survival With No AC P
chemotherapy endpoints AC
-1V (M), AJCC cisplatin 3-year OS 78.00% 47.00% 0.005
3-year  69.00% 24.00% <0.001
PFS
-1V (M), AJCC cisplatin 5-year OS  67% 37%  <0.01
5-year 58% 29% <0.01
PFS
T3.4NxMg or TyNo- cisplatin 3-year OS 80.00% 65.00% 0.0061
3Mp,AJCC/UICC 3-year 72.00% 53.00% 0.0093
(1997) DFS
T1.4N5_3Mg, 5th cisplatin 3-year OS 78.00% 78.00% 0.97
AJCC/UICC 3-year FFS 72.00% 62.00% 0.027
T41.4N23Mg, 5th cisplatin 10-year 62% 49% 0.047
AJCC/UICC (O8]
10-year 62% 50% 0.010
FFS
lI-IVB, 5th AJCC/ cisplatin 10-year 60% 50%  0.044
uicC oS
10-year 62% 52% 0.016
FFS
lI-IVB, 5th AJCC/ cisplatin 2-year OS 89.9% 79.7% 0.003

uicC 2-year FFS 84.6% 72.5%  0.001
lI-1VB,5th AJCC/ cisplatin 5-year OS  72% 62%  0.043
uICC 5-year FFS  72% 62% 0.020
-1V (M), AUJCC cisplatin, 5-year OS 72.3% 54.2% 0.0022
(1992) fluorouracil 5-year 716% 53.0% 0.0012
PFS
-1V (Mg), AJCC cisplatin 5-year OS 70.3% 58.6% 0.065
(1997) 5-year  60.20% 52.10% 0.16

PFS

AC, adjuvant chemotherapy; RT, radiotherapy; CCRT+AC, concurrent chemoradiotherapy plus adjuvant chemotherapy; OS, overall survival; PFS, progression-free survival; FFS, failure-
free survival; DFS, disease-free survival; T, tumor; N, node; M, metastasis; CCRT, concurrent chemoradiotherapy; AJCC/UICC, American Joint Committee on Cancer and Union for

International Cancer Control.
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standard regimen for the treatment of locally advanced NPC in
North America. Since then, NCCN guidelines have recommended
CCRT+AC as a category 1 treatment for locally advanced NPC.
Nonetheless, this trial still had some limitations. First, the incidence
of NPC is not high in North America. Second, the main
pathological types of NPC in the study were poorly differentiated
and undifferentiated carcinoma, but 55% of the patients presented
with well-differentiated squamous cell carcinoma. Finally, only
63% and 55% of the patients completed three cycles of concurrent
chemotherapy (CCT) and three cycles of AC, respectively.

East and Southeast Asia have a high incidence of NPC, and 90%
of the pathological types are poorly differentiated and
undifferentiated carcinoma. Consequently, several trials have
explored the efficacy and adverse reactions of this regimen in
areas with a high incidence of NPC. In Singapore, Wee et al.
conducted a prospective randomized controlled clinical trial of
this regimen. They enrolled 221 patients (T5_4N,M, or TN, 3M,
American Joint Committee on Cancer and Union for International
Cancer Control [AJCC/UICC] fifth edition staging) with WHO type
II or IIT histology. A total of 110 patients were assigned to the RT
treatment group and 111 to the CCRT+AC treatment group. Of
these, 71% completed three cycles of CCT, and 57% completed 3
cycles of AC. Statistical analysis showed that after a median follow-
up of 3.2 years, distant metastasis occurred in 38 cases in the RT
group and 18 cases in the CCRT+AC group. The two-year
cumulative incidence rate was 17% (95% CI=14-20; P=0.0029).
The hazard ratio (HR) for disease-free survival (DFS) was 0.57 (95%
CI=0.38-0.87; P=0.0093). The two-year OS rate of the RT group and
the CCRT+AC group was 78% and 85%, while the three-year OS
rate was 65% and 80%, respectively; the HR of the OS rate was 0.51
(95% CI=0.31-0.81; P=0.0061). The results of this study showed that
CCRT+AC could significantly improve DFS, distant metastasis-free
survival (DMFS), and OS compared with RT alone (13).

Lee et al. also conducted a prospective, randomized, controlled
clinical trial of this regimen in Hong Kong. This trial enrolled 348
patients (T;_4N, 3M,, AJCC/UICC fifth edition staging, with
nonkeratinizing carcinoma histological features). Of these, 176
were assigned to the RT treatment group and 172 to the CCRT
+AC treatment group. In total, 65% of the patients completed all six
cycles of chemotherapy and 79% completed more than five cycles.
Statistical analysis of the results showed that, after a median follow-
up of 2.3 years, the three-year DFS rate of the patients in the CCRT
+AC group was significantly better than that of the RT treatment
group (72% vs. 62%, P=0.027), mainly due to an improved local-
regional control rate (92% vs. 82%, P=0.005). However, the three-
year DMES rate did not show a significant improvement (76% vs.
73%, P=0.47), and the three-year OS rate was similar between the
two groups (78% vs. 78%, P=0.97). In addition, the acute toxicity
associated with the CCRT+AC treatment was significantly higher
than that associated with RT treatment (84% vs. 53%, P=0.001), and
the late toxicity related to this treatment was also higher (three years
later, 28% vs. 13%, P=0.024) (14). Significant improvements in
tumor control were maintained after 10.7 years follow-up; 10-year
survival analysis showed that patients in the CCRT+AC group
displayed a better LC rate (87% vs. 74%; P=0.003), failure-free
survival rate (FFR) (62% vs. 50%; P=0.01), and PFS rate (56% vs.

42%; P=0.006) compared with patients treated with RT alone.
Surprisingly, the 10-year OS rate of the CCRT+AC group showed
a statistically significant improvement (62% vs. 49%; P=0.047).
However, the effect on the DMFS rate was still not significant (68%
vs. 65%; P=0.24). With longer follow-up time, the differences in
toxicity and side effects between the two groups gradually decreased.
The late toxicity at 10 years was 52% vs. 47% (P=0.20), respectively,
and 4.1% and 2.8% of the patients, respectively, died due to
treatment-related toxic reactions; the incidental/unexplained
mortality rate was 15.1% and 13.1%, respectively (15).

In the latest combined analysis of two randomized studies
(NPC-9901 and NPC-9902 trials), a total of 441 patients (III-
IVB, AJCC/UICC fifth edition staging, nonkeratinizing carcinoma
pathological type) were assigned to a RT treatment group (n=218)
and a CCRT+AC treatment group (n=223). Ten-year survival
analysis showed that patients in the CCRT+AC group had
significantly better FFR (62% vs. 52%, P=0.016), PFS rate (56% vs.
44%, P=0.008), and OS rate (60% vs. 50%, P=0.044). Exploratory
studies had shown that two or three cycles of CCT could not
improve the disease control (DC) rate. Only patients who continued
to receive two or more cycles of AC (cisplatin—fluorouracil)
achieved significant improvements in the DMFS rate (73% vs.
65%, P=0.037) and achieved the greatest survival benefits (16).

Similarly, 316 patients (III-IVB, AJCC/UICC fifth edition
staging, nonkeratinizing carcinoma pathological type) from the
Cancer Prevention and Treatment Center of Sun Yat-sen University
in China were included in a prospective phase III clinical study. Of
the 316 patients, 158 were assigned to the CCRT+AC group and 158
to the RT treatment group. Slightly different from the 1G0099
clinical trial, a weekly CCT regimen was adopted in this trial
(cisplatin 40 mg/m?, d1, once a week, seven times in a row). Both
groups were treated with radical conventional fractionation RT. In
the CCRT+AC group, 91.1% of the patients completed more than
five cycles of CCT, 84.2% completed more than six cycles of CCT,
68.4% completed seven cycles of CCT, and 61.4% completed three
cycles of AC. The proportion of acute side effects of grade 3 or higher
in the CCRT+AC group and the RT group was 62.6% and 32.3%,
respectively (P=0.000). The two-year local recurrence-free survival
(LRES) rate, DMFS rate, DFS rate, and OS rate of these two groups
was 98.0% vs. 91.9%, 86.5% vs. 78.7%, 84.6% vs. 72.5%, and 89.8% vs.
79.7%, respectively (17). Long-term observation showed that, aftera
median follow-up of 70 months, the five-year OS rate was 72% in the
CCRT+AC group and 62% in the RT group (HR=0.69; 95%
CI=0.48-0.99; P=0.043). The FFR of the CCRT+AC group was
significantly higher than that of the RT group (P<0.05). Most of the
late toxicities were similar (33% vs. 26%, respectively; P=0.089). The
incidence of cranial neuropathy, peripheral neuropathy, and ear
injury in the CCRT+AC group was significantly higher than that in
the RT group (P<0.05) (18).

In summary, even in NPC endemic areas, the “three cycles of
CCRT plus three cycles of AC” treatment regimen can
significantly improve the DES rate, DMES rate, and OS rate of
NPC patients without increasing long-term side effects.
However, whether the survival benefit for patients comes from
the combined effect of concurrent and AC, or only from CCT or
AC, remains to be determined.
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A phase III, randomized clinical trial, also from an NPC
endemic area, included 284 patients (III to IV, M,, AJCC 1992
staging system). A total of 141 patients were included in the
CCRT treatment group (trial group) and 143 in the RT treatment
(control) group. CCT was administered as a mixture of 20 mg/
m?/d cisplatin and 400 mg/m?*/d fluorouracil for 96 h in weeks 1
and 5. The results showed that, after a median follow-up of 65
months, the tumor recurrence rate of the CCRT and RT groups
was 26.2% (37/141) and 46.2% (66/143); the five-year OS rate
was 72.3% and 54.2% (P=0.0022); and the five-year PFS rate was
71.6% and 53% (P=0.0012), respectively (19). This confirmed
that, compared with RT treatment, CCRT can significantly
improve the survival benefits for NPC patients. A phase III,
randomized clinical trial conducted by Chan et al. included 350
patients (stage N;_; with at least 4-cm lymph node size in the
UICC 1997 staging system), including 141 that received CCRT
(trial group) and 143 that received RT (control group). CCT was
performed with 40 mg/m?/week cisplatin. Analysis of the results
showed that the five-year OS rate of patients in the control group
was 58.6% (95% CI=50.9-66.2), while that of patients in the test
group was 70.3% (95% CI=63.4-77.3). Cox regression analysis
showed that the difference in the OS rate was statistically
significant after adjusting for T stage, age, and overall stage,
and the OS rate of the CCRT group was more significant than
that of the RT group (P=0.049, HR=0.71 [95% CI=0.5-1.0]).
Subgroup analysis showed that there was no difference in the OS
rate for T1/T2 stage patients (P=0.74, HR=0.93 [95% CI=0.59-
1.4]), whereas a difference was identified in the OS rate for T3/T4
stage patients (P=0.013, HR=0.51 [95% CI=0.3-0.88]) (20). The
authors concluded that weekly CCT is a promising standard
treatment strategy for patients with locally advanced NPC. The
results of several meta-analyses have also shown that CCRT can
significantly improve the survival benefits for patients with NPC
(21-23).

The efficacy of CCRT is widely recognized. Whether AC can
also bring survival benefits to patients is a further issue that we
need to discuss.

RADIOTHERAPY PLUS ADJUVANT
CHEMOTHERAPY VERSUS
RADIOTHERAPY ALONE

To date, three randomized controlled trials (RCTs) have
compared the efficacy of RT combined with AC and RT alone
in the treatment of locally advanced NPC (Table 2). A trial
conducted by Rossi et al. included 229 patients with locally
advanced NPC. These patients achieved complete remission
(CR) after the completion of RT. Subsequently, the patients
were divided into two groups, one receiving RT treatment alone
(n=116) and the other RT treatment combined with AC (n=113).
The chemotherapy regimen was six cycles of combined vincristine,
cyclophosphamide, and adriamycin (VCA). No significant
difference was seen in the four-year relapse-free survival (RFS)
rate (55.8% vs. 57.7%, respectively; P=0.45) and four-year OS rate
(67.3% vs. 58.5%, respectively; P=0.13) between the two groups,
and the mode of recurrence was also similar. Approximately
50% of the patients had treatment failure due to distant
metastasis. The authors concluded that this study did not
identify any additional benefit for the application of VCA
chemotherapy after effective RT because the incidence of local
and distant failure after RT was still high. Systemic chemotherapy
should be further explored (24).

Another trial conducted in Taiwan enrolled a total of 144
NPC patients, 77 of which received RT alone, and 77 of which
received nine cycles of AC (stage IV, My, AJCC/UICC 1992). The
AC regimen was 20 mg/m” cisplatin; 2,200 mg/m” 5-fluorouracil;

TABLE 2 | Radiotherapy plus adjuvant chemotherapy VS radiotherapy alone.

References Inclusion Comparison Number of Stage Concurrent AC regimen Survival With NoAC P
period patients chemotherapy endpoints AC
Rossi et al. 1979- RT+AC/RT 113/116 A modified TNM system \ vincristine, 4-year OS 58.50% 67.30% 0.13
(24) 1983 alone derived from the cyclophosphamide, 4-year 57.70% 55.80% 0.45
classifications of Ho’ 3 and adriamycin RFS
the UICC
Chi et al. 1994— RT+AC/RT s Stage IV (AJCC/UICC 1992) \ cisplatin, 5-year OS 54.50% 60.50% 0.5
(25) 1999 alone disease (including T4No_1Mg fluorouracil, 5-year 54.40% 49.50% 0.38
and TNo_gMp) leucovorin RFS
Kwong et al. 1995—- CCRT+AC/ 57/53/54/55 Ho’s stage Ts or No/Ng or uracil, tegafur cisplatin, 3-year OS 80.4% 83.1% 0.69
(26) 2001 CCRT/RT 4cm neck node, Mg fluorouracil, 3-year 62.5% 65% 0.83
+AC/RT vincristine, FFS
alone bleomycin,
methotrexate
Kwong et al. 1995-  CCRT+AC/ 57/53/54/55 Ho’s stage T5 or No/Ng or uracil, tegafur cisplatin, 5-year 751% 79.8% 0.26
27) 2001 CCRT/RT 4cm neck node, Mg fluorouracil, DMFS
+AC/RT vincristine, 5-year 60.8% 61.3% 0.99
alone bleomycin, FFS
methotrexate

AC, adjuvant chemotherapy; RT+AC, radiotherapy plus adjuvant chemotherapy; RT, radiotherapy; OS, overall survival; RFS, relapse-free survival; FFS, failure-free survival; DMFS, distant
metastasis-free survival; T, tumor; N, node; M, metastasis; CCRT, concurrent chemoradiotherapy; CCRT+AC, concurrent chemoradiotherapy plus adjuvant chemotherapy; AJCC/UICC,

American Joint Committee on Cancer and Union for International Cancer Control.
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and 120 mg/m” leucine. The five-year OS and RES of these two
groups was 60.5% vs. 54.5% (P=0.50) and 49.5% vs. 54.4%
(P=0.38), respectively. Cox regression analysis showed that the
risk ratio of combination AC therapy to RT alone was 0.673
(P=0.232;95% CI=0.352-1.288). The authors concluded that AC
after RT does not improve OS or RFS compared with RT alone
for patients with locally advanced NPC (25).

In 2004, Kwong et al. conducted a study with a total of 219
patients that received either CCRT or RT. Additionally, 101
patients received AC while 108 did not. The results showed that
the three-year OS rate of the patients in the CCRT/RT+AC group
and CCRT/RT group was 80.4% and 83.1% (P=0.69), while the
FFS rate was 62.5% and 65% (P=0.83), respectively. There was no
significant difference in the DMFS and LRFS rates between the
two groups (P=0.34 and 0.15, respectively). However,
multivariate regression analysis showed that CCRT was a good
prognostic index (HR=0.42; P=0.009) for OS (26). After a
median follow-up of 4.9 years, the five-year FFR of these two
groups was 60.8% and 61.3%, respectively (P=0.99) (27).

The results of these three trials suggested that AC may not be
necessary after radical RT as AC did not elicit a survival benefit.

CONCURRENT CHEMORADIOTHERAPY
PLUS ADJUVANT CHEMOTHERAPY
VERSUS CONCURRENT
CHEMORADIOTHERAPY

The current NCCN guidelines suggest the use of CCRT followed
or not by AC as the standard treatment for locally advanced NPC
(category 2 evidence). Several RCTs have been carried out to
evaluate this (Table 3), the largest of which was trial number
NCT00677118, registered on ClinicalTrials.gov. A total of 251
patients (stage IIT or IVA, except T3 4Ny, sixth edition AJCC/
UICC NPC staging criteria) treated with CCRT+AC were
enrolled in the trial group, and 257 patients treated with
CCRT alone were enrolled in the control group. Both groups
received cisplatin CCT (40 mg/ m?, once a week, for seven weeks).

The AC was a four-week regimen of cisplatin (80 mg/m?)
combined with 5-fluorouracil (800 mg/m?/d, maintained for
120 h), with a total of three cycles. The results showed that the
two-year FFR of the trial group and control group was 86% and
84%, respectively (HR=0.74; 95% CI=0.49-1.10; P=0.13). AC
combination treatment did not show any effect (28). After a
median follow-up of 68.4 months, the long-term results of the
trial showed that the five-year FFS rate of the trial group and
control group was 75% and 71%, respectively (HR=0.88; 95%
CI=0.64-1.12; P=0.45) (29). Combination treatment with AC
still failed to improve the survival rate. As a result of this trial, the
NCCN guidelines revised the recommendation of CCRT plus AC
from category 1 to category 2A.

A multicenter pairing study by Dong et al. included 488
patients (stage III and IVA-B, according to the 2009 TNM
classification). A total of 244 patients were enrolled in both the
CCRT group and the CCRT+AC group. The CCRT regimen was
PF (cisplatin+5-fluorouracil) or TP (paclitaxel+cisplatin). The
PF regimen comprised the AC. The four-year OS rate, PES rate,
DMES rate, and LRFS rate in these two groups was, respectively,
72% vs. 74% (HR=0.89; 95% CI=0.64-1.23; P=0.474), 61% vs.
62% (HR=0.91, 95% CI=0.68-1.20, P=0.489), 71% vs. 73%
(HR=0.84, 95% CI=0.59-1.18, P=0.316), and 81% vs. 84%
(HR=0.84, 95% CI=0.52-1.24, P=0.323). Overall, the incidence
of grade 3-4 toxicity was higher in the CCRT+AC group. The
authors concluded that the addition of AC after CCRT increases
toxicity and cannot improve the survival of patients with locally
advanced NPC (30). Several retrospective studies have also
shown that the addition of AC based on CCRT did not
significantly improve clinical efficacy or elicit survival benefits
(31, 32).

Liang et al. (33) published a meta-analysis that included 793
patients with locally advanced NPC in five RCTs. The risk ratios
for three-year OS, five-year FES, five-year LRFS, and five-year
DMES were 1.02 (95% CI=0.89-1.15), 0.93 (95% CI=0.72-1.21),
1.07 (95% CI=0.87-1.32), and 0.95 (95% CI=0.80-1.13),
respectively. There was no treatment-related death in any of
the five studies. The most significant hematological and
gastrointestinal toxicities were observed during the AC.

TABLE 3 | Concurrent chemoradiotherapy plus adjuvant chemotherapy versus concurrent chemoradiotherapy.

References Inclusion Comparison Number of Stage Concurrent AC regimen Survival With No AC P
period patients chemotherapy endpoints AC
Chen et al. 2006-2010 CCRT+AC/ 251/257 -1V (Mo) (except Ts. cisplatin cisplatin, 2-year OS 94% 92% 0.32
(28) CCRT alone 4No), 6th AJCC fluorouracil 2-year FFS 86% 84% 0.13
Chen et al. 2006-2010 CCRT+AC/ 251/257 -V (Mo) (except Ta. cisplatin cisplatin, 5-year OS 83% 80% 0.35
(29) CCRT alone 4No), 6th AJCC fluorouracil 5-year FFS 75% 71% 0.45
Dong etal.  2008-2010 CCRT+AC/ 244/244 ll'and VA g, 2009 TNM cisplatin, cisplatin, 4-year OS 74% 72%  0.474
(30) CCRT alone fluorouracil fluorouracil 4-year PFS 62% 61%  0.489
Yang et al. 2006-2011 CCRT+AC/ 76/79 -1V, 7th AJCC cisplatin cisplatin or 3-year OS 73.7% 71.6% 0.44
(81) CCRT alone nedaplatin, 3-year FFS 66.9% 57.5% 0.19
fluorouracil

Zhang et al.  2003-2007 CCRT+AC/ 93/96 [-IVg, AJCC cisplatin cisplatin, 5-year OS  97.83% 97.92% 0.643
(32 CCRT alone fluorouracil 5-year PFS  71.4% 66.7% 0.96

AC, adjuvant chemotherapy; CCRT+AC, concurrent chemoradiotherapy plus adjuvant chemotherapy; OS, overall survival; PFS, progression-free survival; FFS, failure-free survival; T,
tumor; N, node; M, metastasis; CCRT, concurrent chemoradiotherapy; AJCC, American Joint Committee on Cancer.
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Consequently, the authors concluded that, compared with CCRT
alone, CCRT plus AC could not improve patient prognosis, and
more toxic reactions were found during AC (33).

In 2013, OuYang et al. performed a meta-analysis of 5 RCTs
that included a total of 1,187 patients with NPC. They found that
patients who received additional AC treatment had a lower local
recurrence rate (P=0.03; HR=0.71, 95% CI=0.53-0.96). However,
AC had no benefit for the DMFS rate or OS rate (34).

A meta-analysis of 8 studies (a total of 2,144 patients) in 2014
showed that CCRT+AC and CCRT were significantly better than
RT alone for all the parameters analyzed, but there was no
significant difference between them. Although CCRT+AC was
superior to CCRT alone for OS, LRFS, and DMFS, the differences
were not significant (OS: HR=0.86, 95% CI=0.60-1.16; LRFS:
HR=0.72, 95% CI=0.43-1.15; DMFS: HR=0.86, 95% CI=0.62-
1.16). The authors could not definitely conclude that AC
increases toxicity in patients with locally advanced NPC. In
addition, some patients in certain states may benefit from AC,
which also merits further investigation (35).

In 2015, a meta-analysis conducted by Blanchard et al.
included 19 trials and collected information for a total of 4,806
NPC patients with a median follow-up period of 7.7 years. The
analysis indicated that patients receiving the CCRT+AC regimen
achieved the greatest benefit. The survival rates were not
significantly different between the CCRT and the CCRT+AC
groups; however, differences were found in baseline data between
CCRT- and CCRT+AC-related clinical trials, which prevented
an unbiased comparison between the two treatments (23).

Although numerous clinical trials, retrospective studies, and
meta-analysis have shown that patients with NPC cannot gain
significant survival benefits by continuing to receive AC after
CCRT, several studies have also demonstrated that AC can
provide survival benefits for patients.

A meta-analysis of 20 studies (a total of 5,144 patients)
published by Ribassin-Majed et al. (2016) showed that, under
the three treatment modes of CCRT+AC, CCRT, and IC+CCRT,
the highest OS rate was CCRT+AC. The HRs were 0.65 (0.56-
0.75), 0.77 (0.64-0.92), and 0.81 (0.63-1.04), respectively.
Compared with CCRT treatment, the HRs for OS, PFS, LC,
and DC in the CCRT+AC group were 0.85 (0.68-1.05), 081
(0.66-0.98), 0.70 (0.48-1.02), and 0.87 (0.61-1.25), respectively.
For patient survival benefits, IC+CCRT ranked second in PFS
and first in DC, while CCRT never ranked first. Compared with
IC+CCRT treatment, the HRs for OS, PES, LC, and DC in the
CCRT treatment group were 0.95 (0.72-1.25), 1.13 (0.88-1.46),
1.05 (0.70-1.59), and 1.55 (0.94-2.56), respectively. The greater
the number of cycles of chemotherapy, the greater the risk of
acute toxicity. Therefore, the authors concluded that, compared
with all the other RT/chemotherapy combinations, CCRT+AC
produced the highest survival benefit. IC combined with CCRT
had the greatest effect on the control of distant metastasis (36).

Although most studies have shown that AC for NPC elicits no
significant survival benefit, a few studies have nonetheless
concluded that AC is effective at treating NPC. Whether this is
because AC can only have a significant effect on patients at
certain stages or in certain states remains unknown.

INDUCTION CHEMOTHERAPY PLUS
CONCURRENT CHEMORADIOTHERAPY
VERSUS CONCURRENT
CHEMORADIOTHERAPY PLUS ADJUVANT
CHEMOTHERAPY

In 2015, Anne W.M. Lee et al. published preliminary results of trial
NPC-0501, which randomly assigned 706 patients to six treatment
groups. The median duration of follow-up was 3.3 years. The results
showed that there was no significant difference in the 3-year survival
rate between the IC (PF regimen) + CCRT group and CCRT + AC
(PF regimen) group when the analyses were adjusted for other
significant factors and fractionation. Compared with the CCRT +
AC (PF regimen) group, the IC (cisplatin and capecitabine [PX
regimen]) + CCRT group had achieved a significant reduction in
the hazards of progression (HR, 0.54; 95% CI, 0.36-0.80; P=0.002)
and death (HR, 0.42; 95% CI, 0.25-0.70; P=0.001). When the PF
and PX induction regimens were combined for evaluation of the
IC + CCRT group versus the CCRT + AC group, unadjusted
comparisons did not reach statistical significance, but adjusted
comparisons indicated a reduction in the hazards of disease
progression (HR, 0.67; 95% CI, 0.48-0.93; P=0.016) and death
(HR, 0.57; 95% CI, 0.39-0.86; P=0.006) (37).

In 2020, Anne W.M. Lee et al. updated the results of trial NPC-
0501.The median duration of follow-up was 8.4 years. In the
conventional-fractionation group, the 5-year PFS of the IC +
CCRT group and CCRT + AC group were (78% vs 62%; P=0.015),
respectively. Comparison of the IC (PX regimen) + CCRT group
versus CCRT + AC (PF regimen) group demonstrated better PFS
(78% vs 62%; P=0.027) without an increase in overall late toxicity.
The NPC-0501 trial is the only randomized trial to date to evaluate
the survival rates of IC + CCRT versus CCRT + AC. Current study
data tend to suggest that IC+CCRT is more beneficial to patients
because it can significantly improve PES and slightly improve OS
without affecting advanced toxicity (38).

An individual patient data network meta-analysis by C. Petit
et al. in 2019 included 20 trials (5,144 patients). The results
showed that both IC and AC had the highest OS benefit. The aim
of this study was to compare two treatment effects measures, HR
and restricted mean survival time difference (rmstD), and not to
identify the best treatment as previously published with HR.
Therefore, there was no comparison between IC+CCRT and
CCRT+AC in this article (39).

In 2020, a propensity score-matched analysis by Si-Qi Tang
et al. selected 550 patients. It indicated that the IC + CCRT group
achieved higher 5-year OS (89.3% vs 85.3%, P=0.119), FES
(80.2% vs 79.0%, P=0.722) and DMEFS (87.4% vs84.4%,
P=0.322) compared with CCRT + AC, although this was
statistically non-significant. Subgroup analysis revealed that
CCRT + AC was associated with significantly improved LRRFS
(HR=0.18, 95% CI 0.04-0.79, P=0.010) in the T4 subgroup (40).

So far, there have been few studies comparing IC+CCRT and
CCRT+AC. According to the few studies currently available, the
role of CCRT+AC is uncertain, and AC may still play a role in
patients with high risk factors.
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STRATIFIED ANALYSIS OF VARIOUS
FACTORS

The OS rate and other survival endpoints of NPC are closely
related to the clinical stage, especially the number of affected
lymph nodes. Overall, the higher the N staging, the greater the
possibility of distant metastasis. Additionally, the higher the
staging, the shorter the survival time.

Chen et al. carried out a retrospective analysis of patients with
NPC that included only stage II NPC patients (AJCC/UICC,
seventh edition staging). Of the 162 patients analyzed, 80
received CCRT, 40 received CCRT+AC, and 42 received RT.
All of the patients were treated with IMRT. After a median
follow-up of 56 months, the three groups showed similar five-
year OS rates (respectively 93.9%, 95.0%, and 95.2%; P=0.937),
five-year LRFS rates (respectively 96.8%, 94.9%, and 93.0%;
P=0.756), five-year DMFS rates (91.1%, 97.5%, and 100%,
respectively; P=0.185), and five-year FFS rates (84.9%,
92.5%, and 93.0%, respectively; P=0.597). Univariate and
multivariate analysis showed that the older the patient, the
lower the LRES and FFR rates. There were more acute toxic
reactions among patients in the CCRT and CCRT+AC groups,
especially myelosuppression, liver dysfunction, gastrointestinal
reactions (nausea/vomiting), and weight loss. CCRT with or
without AC could not improve the survival of patients with stage
IINPC, and the treatment-related acute toxicity was significantly
higher than that for IMRT treatment alone (41).

IMRT has good dosimetric advantages and conformability. It
can not only protect the surrounding normal tissues and organs
but also further improve the LC and OS rates of patients with
NPC. Therefore, for early-stage NPC, radical IMRT may be
sufficient to achieve the greatest therapeutic benefits.

A retrospective study by Zhong et al. in 2017 showed that
there were no significant differences in the one-, two-, and three-
year OS, LRFS, and DMES rates between CCRT+AC and CCRT-
only treatments. The authors subsequently performed a stratified
analysis according to different T, N, and clinical stages. The
results showed that in stages III, IV, and T, (seventh edition
AJCC/UICC NPC staging criteria), the OS, LRFS, and DMFS
rates were also not significantly different. However, this study
had some limitations. First, the follow-up time was very short,
and only a three-year survival analysis was undertaken. Second,
the sample size was small for the stratified analysis. Additionally,
the number of CCT and AC cycles differed (42).

In 2014, Liang et al. reported a retrospective analysis of 260
patients with NPC (seventh edition AJCC/UICC NPC staging
criteria). There were 130 patients in both the CCRT+AC group
and the CCRT group. The patients were matched according to
age, gender, WHO histology, T stage, N stage, and RT technique
used. After a follow-up of 42.1 months, the RR for OS, LRFS,
DMES, and FFS between these two groups were 0.77 (95%
CI=0.37-1.57), 1.00 (95% CI=0.37-2.71), 1.15 (95% CI=0.56—
2.37), and 1.26 (95% CI=0.6-2.28), respectively. There was no
significant difference in the survival rate between the two groups.
A stratified analysis of tumor clinical stage indicated that the
curative effect of CCRT+AC on patients with N,_; disease was

marginally significant (HR=0.35, 95% CI=0.11-1.06, P=0.052).
In this study, no significant benefit in survival rate was shown
after CCRT+AC treatment. However, Liang et al. observed a
borderline significant difference in OS favoring CCRT+AC
treatment in patients with N2-3 disease. Therefore, the authors
believe that after CCRT treatment, stage N2-3 NPC might also
need further treatment with AC (43).

Xu et al. undertook a retrospective study in 2011, comparing
the results of different combinations of RT and chemotherapy in
N; stage NPC patients. All patients with NPC were staged
according to the AJCC 2002 criteria. Two-dimensional RT was
used. There were 15 cases in the CCRT+AC treatment group and
37 in the CCRT group. The five-year OS for the two groups was
80% and 54.2% (P<0.05), while the five-year DMFS was 71.1%
and 51.4% (P<0.001), respectively. The analysis indicated that
the CCRT+AC regimen was more effective at treating N5 stage
NPC. However, this was not a RCT, and the sample size was very
small (44).

In 2018, Zhang and colleagues analyzed the efficacy and safety
of CCRT plus S-1 AC in the treatment of stage N3 NPC. A total of
44 patients were enrolled and completed at least two cycles of
CCT and four of AC. The total effective rate was 100.0%. The
three-year OS rate was 86.4%, the DMFS rate was 84.1%, the LC
rate was 97.7%, and the PFS rate was 81.8%. Although the
analysis indicated that CCRT+S-1 AC provided a good survival
benefit for stage N3 NPC patients, no group comparison was
performed in this study; therefore, the conclusion that S-1 AC has
survival benefits remains to be further confirmed (45). Another
study also suggested that AC may provide benefits for stage N,
NPC patients (46).

Numerous studies have shown that AC is effective at treating
late-stage NPC; however, they all have shortcomings in
experimental design, and large, multicenter, prospective RCT's
are still needed to evaluate whether CCRT combined with AC is
superior to CCRT alone in the treatment of locally
advanced NPC.

Epstein-Barr virus (EBV) is a human herpesvirus with a
linear, double-stranded DNA genome. More than 90% of adults
have been infected with EBV, and EBV will continue to lurk in
human B lymphocytes. This implies that EBV DNA in the
plasma of NPC patients may originate from both NPC cells
and B lymphocytes. However, increasing evidence has shown
that EBV DNA in the plasma of patients with NPC comes
primarily from free, short DNA fragments in NPC cells.
Because of the specificity and high sensitivity of plasma EBV
DNA detection, EBV DNA in tissue or plasma can also be used to
judge the primary disease of cervical lymph node metastasis (47).
In the clinical staging of NPC (AJCC eighth edition), if the
patient has cervical lymph node metastasis and is EBV DNA-
positive, even if no tumor is found in the nasopharynx, the
disease can be defined as stage TO NPC. Additionally, EBV has
been suggested to be an independent risk factor affecting the
prognosis of patients with NPC.

Twu et al. carried out a retrospective study that included 85
patients. One week after radical RT plus IC or CCT, EBV DNA
could still be continuously detected in the plasma. Among the 85
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patients, 33 received AC (two capsules of tegafur—uracil, twice a
day) for one year. The other 52 patients did not receive any AC.
There was no significant difference in age, gender, pathological
type, manifestation, T type, N type, or overall stage between the
two groups. After a median follow-up of 70 months, the
recurrence rates of tumors in patients receiving or not
receiving AC were 45.5% and 71.2%, respectively (P=0.0323).
There was a significant difference in the rate of distant metastasis
between the two groups (P=0.034), but no difference in local
recurrence rates. The five-year OS rate of the two groups was
71.6% and 28.7%, respectively. AC significantly improved the OS
rate (HR=0.27, 95% CI=0.17-0.55, P<0.0001). The limitation of
this study was that it was not a randomized controlled clinical
trial. Moreover, the sample size was too small, and the treatment
plan was not uniform (48).

In July 2018, Chan et al. published the results of the Hong
Kong Nasopharyngeal Cancer Research Group Trial No. 0502. In
this prospective, randomized, controlled clinical trial, 789
patients with NPC (stage IIB-IVB) who had completed radical
RT or RT combined with chemotherapy (staged according to the
sixth edition of AJCC/UICC) were screened, 104 of which were
positive for plasma EBV DNA after RT. They were randomly
assigned to an AC group and a clinical observation group. The
AC regimen was gemcitabine 1000 mg/m” on d1 and 8, plus
cisplatin 40 mg/m?, for a total of 6 cycles. After a median follow-
up of 6.6 years, there was no statistical difference in survival rates
between the AC group and the clinical observation group. The
five-year OS rate was 64.0% vs. 67.8%, P=0.79); the DFS rate was
49.3% vs. 54.7%, P=0.75; the DMFS rate was 58.9% vs. 63.8%,
P=0.84; and the LRFS rate was 54.6% vs. 59.1%, P=0.68,
respectively (43). The results of this study suggested that
increasing the AC dosage does not benefit the survival of such
high-risk patients. The authors concluded that the resistance of
potential subclinical lesions to platinum may be one of the
reasons for the negative results after concurrent cisplatin
chemotherapy. This RCT was the first of its kind to be
published and was an important step toward individualized
NPC treatment. Although the results were negative, it
nevertheless has important scientific significance (49).

The current trend for tumor treatment involves individualized
therapy. Consequently, risk stratification of patients with NPC
according to specific survival and prognostic factors is one of the
areas of research focus.

In 2015, Liu et al. performed a retrospective analysis of a cohort
of 400 patients with high-risk NPC. The definition of high-risk NPC
included (1) cervical lymph node >6 cm; (2) supraclavicular lymph
node metastasis; (3) skull base destruction/intracranial invasion +
multiple lymph node metastasis; or (4) multiple cervical lymph
node metastasis, with the largest lymph node measuring >4 cm. All
the patients completed a full course of CCRT or IC+RT. Of the 400
patients, 154 received AC after RT (two capsules of tegafur—uracil,
twice a day) for one year, while the other 249 received only RT.
After a median follow-up of 72 months, the tumor recurrence rate
in the AC+RT group and that in the RT-only group was 31.8% (49/
154) and 42.2% (105/249), respectively; the five-year DMFS rate was
82.1% and 68.5% (P=0.0018) and the LRFS rate was 84.3% and

82.6% (P=0.7848), respectively. The OS rate of patients who
received AC was significantly higher than that of patients who
received only RT (80.5% vs. 66.3%, respectively; P=0.0001) (50).

In 2017, Liang et al. reviewed the clinical data of 511 patients
with NPC who had received or not AC after CCRT. In total, 177
patients received CCRT and 334 received CCRT+AC. Survival
analysis showed that >45 years old, serum albumin levels <42 g/L,
T;_, stage, and N,_; stage were important independent prognostic
factors for OS. Using these four risk factors, the authors
established a prognostic model for OS, with patients presenting
with 0-1 risk factor being considered low-risk and those with 2-4
risk factors being considered high-risk. The results showed that the
five-year OS of patients in the high-risk group was significantly
improved (HR=0.61, 95% CI=0.30~0.96, P=0.03) after the
addition of AC to the CCRT, whereas there was no survival
benefit for patients in the low-risk group (51).

Because of the large sample size, unified chemotherapy
regimen, RT technique used, and long follow-up time, the
results of the two above-mentioned retrospective studies
strongly suggest that AC can improve the survival of high-risk
NPC patients.

In clinical trials, the proportion of patients receiving enough
cycles of AC is generally low owing to the economic status of
patients, compliance, as well as other reasons, all of which may
affect the reported efficacy of AC. Whether the effect of AC is
related to the number of cycles also merits further discussion.

In a retrospective analysis, Li et al. (2007) analyzed 253
patients with NPC (according to Fuzhou [1992] stage, T 4Nj_
3M, stages III and IV). The patients were divided into 4 groups
according to the different modes of treatment: a RT-only group
(group 0, n=69); a two-cycle CCRT group (group 2, n=67); a
two-cycle CCRT + one-cycle AC group (group 2 + 1, n=47); and
a two-cycle CCRT + two-cycle AC group (group 2 + 2, n=70).
Survival analysis showed that the five-year OS rate (P=0.988),
DFS rate (P=0.724), LRFS rate (P=0.257), and DMFS rate
(P=0.315) were similar among groups 2, 2 + 1, and 2 + 2 (52).

In 2013, Lin et al. reviewed the data for 181 patients with
locally advanced NPC who were treated with CCRT and AC.
After a median follow-up of 40 months, the five-year OS rate for
patients treated with and without AC was 83.6% and 66.7%,
respectively (P=0.027). The prognosis of patients who received
2-3 cycles of AC was better than that of patients who did not
receive AC or those who received one cycle of AC (53).

CONCLUSIONS

In summary, compared with RT alone, AC after CCRT is
significantly beneficial for the survival of patients with locally
advanced NPC, but no matter in the comparison between RT
+AC and RT alone, or the comparison between CCRT+AC and
CCRT. AC has not been shown to be effective in most clinical
studies, whereas several clinical trials have confirmed the
effectiveness of CCRT. This suggests that the survival benefit
associated with the “CCRT plus AC” treatment mode is likely to
be derived from CCT rather than AC. NCCN guidelines
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recommend CCRT+AC as category 2A. At present, relatively few
studies have analyzed the significance of AC, especially in multi-
factor stratified analysis. AC remains important for the treatment
of high-risk NPC. For patients with locally advanced NPC who
cannot tolerate sufficient doses of CCT after receiving IC, a
prospective phase II clinical study showed that the combination
of IC and AC elicited five-year OS, LC, and DC rates of 82.1%,
92.2%, and 89.0%, respectively. This combination provides a
good treatment choice for patients with locally advanced NPC
who cannot tolerate CCRT (54). The role of AC in treating
locally advanced NPC, based on the studies presented, remains
undefined but is associated with increased toxicity. For accurate
medical treatment, it is necessary to unify the high-risk factors
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the appropriate number of AC cycles, explore new
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