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Treatment approaches to nasopharyngeal

carcinoma: a review

Francesco Caponigro, Francesco Longo, Franco lonna and Francesco Perri

Early-stage nasopharyngeal carcinoma (T1-2a;NO;M0)
represents a small proportion of nasopharyngeal tumors.
Radiotherapy alone is the current treatment approach for
this tumor and the emerging role of new radiotherapy
techniques will hopefully further improve the treatment
outcome for these patients. The vast majority of patients
with nasopharyngeal carcinoma is diagnosed with locally
advanced disease. Concomitant chemoradiotherapy is now
acknowledged as being a standard treatment option, even
though it induces a considerable incidence of acute mucosal
and hematologic toxicity. The issue of adding adjuvant
chemotherapy is somewhat more controversial. Similarly,
the role of neoadjuvant chemotherapy before concomitant
chemoradiotherapy is a matter of interest. In patients
with recurrent/metastatic nasopharyngeal carcinoma

the prognosis is generally grim, as platinum-based
chemotherapy results in a 50-70% response rate and in
a median survival time of 11 months. Several trials have
been performed on this subset of patients with both
cytotoxic and biologic agents, but the results have not been

Introduction

Nasopharyngeal carcinoma (NPC) is a tumor arising from
the epithelial cells that cover the surface of the naso-
pharynx. Its incidence is relatively high in Southeast Asia,
North Africa, and part of the Mediterranean basin where
about 80 cases per 100000 of population are reported.
The World Health Organization recognizes three differ-
ent histologic subtypes, namely squamous cell carcinoma,
nonkeratinizing carcinoma, and undifferentiated carci-
noma [1]. The last two types are nearly always associated
with Epstein—Barr virus (EBV) infection [2]. NPC differs
from other head and neck cancer (HNC) in terms of
epidemiology, natural behavior, and chemoradiosensitivity
[3]. The current review aims to cover the treatment
approach and future perspectives for patients with early-
stage, locally advanced, recurrent/metastatic disease. Finally,
the increasingly important role of immunotherapy will
be discussed.

Early-stage disease

Radiotherapy (RT) alone was the standard treatment
for almost all stages of NPC until 1990 [4]. Patients
presenting with early-stage disease (T1-2a;N0;MO0) are
a minority and may be effectively treated with RT
alone to the nasopharynx and elective neck irradiation,
as the addition of chemotherapy to RT has not yielded
increased survival in clinical trials [5] and a 5-year local
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particularly encouraging thus far. Epstein—-Barr virus is
associated with the vast majority of nasopharyngeal
carcinoma. Concentrations of plasma Epstein-Barr

virus DNA have been associated with treatment

outcome in the clinic. Immunotherapy is generally well
tolerated and can sometimes elicit significant immune
response, which possibly induces clinical benefit in some
patients. Anti-Cancer Drugs 21:471-477 © 2010 Wolters
Kluwer Health | Lippincott Williams & Wilkins.
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control ranging from 80 to 95% may be achieved in these
good prognosis patients.

Patients with T2b disease (parapharyngeal infiltration)
and N1, initially believed to be treatable with RT alone,
have a worse survival and should therefore be treated
with concomitant chemoradiotherapy (CCRT) [6-11].
Recently, many investigators have highlighted the role of
brachytherapy given after external beam RT in early-
stage disease and have suggested that this approach may
be able to significantly improve survival when compared
with external beam RT alone [12-15]. Intracavitary
brachytherapy may be used even in patients with residual
mass after exclusive upfront RT; especially when they had
a T2b disease at initial diagnosis [16]. Furthermore,
clinical evidence has shown that in patients with T2b
disease interstitial brachytherapy may be a valid alter-
native to the endocavitary technique with a probably
better therapeutic index [17]. Early-stage NPC can also
benefit from intensity-modulated radiation therapy,
which in clinical trials resulted in a lower toxicity rate
when compared with conventional external beam RT
[18-21].

Although efficacy of both the intensity modulated
radiation therapy and brachytherapy in early-stage NPC
is well known, their use is currently recommended only in
highly dedicated and selected institutions.
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Locally advanced disease

The vast majority of patients with NPC presents with
locally advanced disease. Until recently, RT has been the
cornerstone of treatment. However, despite progress in
treatment techniques, the outcome with RT alone is
disappointing, since 5-year survival rates are 34-52%.
Therefore, significant efforts have been made over the
last few years with the aim of improving these results.
Given the chemosensitivity of NPC, the most logical
way has been considered the concurrent administration
of chemoradiotherapy followed or not by adjuvant
chemotherapy.

Clear and well-accepted superiority has been observed
for concurrent chemoradiotherapy when compared with
RT alone in several phase III clinical studies [22-24],
even though it was at the expense of a higher incidence of
acute mucosal and hematologic toxicities [25]. Zhang
et al. [26] have recently presented the data of a meta-
analysis of CCRT versus RT, which included only studies
carried out in endemic regions. The results confirmed
that CCRT was more beneficial compared with RT alone,
although concerns about the costs of CCRT-related side
effects were raised. Taken as a whole, the above studies
lead to the assumption that concurrent chemoradiation
should be adopted as standard therapy in patients with
locally advanced NPC.

The issue of adding adjuvant chemotherapy is some-
what more controversial. He ¢z @/ [27] ran a phase Il
study of paclitaxel and cisplatin administered concomi-
tantly with RT and subsequently as adjuvant in patients
with locally advanced NPC. The 3-year survival rate was
83.9% in that study. The Intergroup-0099 [28] was the
first randomized study comparing concurrent chemoradio-
therapy with RT alone. In this study, RT was admin-
istered according to standard fractionation and concurrent
chemotherapy consisted of cisplatin (100 mg/m? every
21 days) for three cycles, followed by adjuvant cisplatin

(80 mg/m2 on day 1) and 5-fluorouracil (5-FU) (1000 mg/m2
on days 1-4 every 4 weeks) for three cycles. This study
showed the clear advantage of CCRT in terms of overall
survival (OS), disease-free survival, locoregional failure,
and appearance of distant metastases. In particular, 3-year
OS was 76% in the CCRT arm and 46% in the RT arm
(P < 0.001); 5-year survival was 67% versus 37% (P = 0.001).
Despite these impressive data, Asian oncologists did
not immediately accept the implications coming from this
study, mainly because of the histologic subtype in the
0099 study, which included 25% keratinizing tumors;
furthermore, compliance with adjuvant chemotherapy
was suboptimal, with only 55% of patients completing
treatment as planned. Finally, concerns were raised about
the poor results of the RT-alone control arm. In the study
by Wee ez al. [29] the findings of the earlier trial were
confirmed in Asian patients. In fact, disease-free survival,
2 and 3-year OS rates were significantly superior in the
experimental arm. Conflicting results have been produ-
ced by other studies that compared CCRT followed by
adjuvant CT versus RT alone. Completed and ongoing
clinical trials of chemoradiotherapy in locally advanced
disease are shown in Tables 1 and 2.

The role of neoadjuvant chemotherapy before RT or
CCRT is a matter of outstanding interest. Initially, RT
alone was considered as the control arm in randomized
trials. Ma ez /. [30] showed the lack of significant survival
benefit with the addition of neoadjuvant chemotherapy
(cisplatin, bleomycin, and 5-FU) to standard radiation
therapy in patients with locoregionally advanced NPC.
Al-Amro et al. [31] tested induction chemotherapy
(cisplatin and epirubicin) followed by a radical course of
RT with three cycles of concurrent cisplatin in the
same patient population. This study, carried out in 110
patients, showed encouraging results in terms of safety
and effectiveness. The same treatment schedule was also
used by Italian investigators in a nonendemic population.

Table 1 Completed clinical trials using chemoradiotherapy

Reference

number Phase Patients Design Endpoints Results Status

[22] 1] 284 CRT (cDDP-5-FU)? vs. RT alone 5-year PFS 71.6% vs. 53% Completed
(significant)

[28] 1] 350 CRT (cDDP)? vs. RT alone 2-year PFS 762 vs. 69% Completed

(not significant)

[24] 1] 316 CRT (cDDP) followed by adjuv CT (cDDP-5-FU)? vs. RT alone 2-year OS 89.8% vs. 79.7% Completed
(significant)

[28] 1l 147 CRT* (cDDP) followed by adjuv CT (cDDP-5-FU) vs. RT alone 3-year OS 78° vs. 47% (significant)  Completed

3-year PFS 697 vs. 24% (significant)

[29] 1] 221 Concurrent CRT® (cDDP) followed by cDDP-5-FU vs. RT alone 3-year OS 80% vs. 65% (significant)  Completed

[30] 11 456 Neoadj CT* (cDDp-Bleo-5-FU) followed bt RT vs. RT alone 5-year OS 63% vs. 56% (significant)  Completed

[27] Il 31 Concurrent RT plus cDDP-taxol followed by adjuv CT (cDDP-taxol) 3-year OS 84% Completed

[31] I 110 neoadj CT (cDDP-DOX) followed by CRT (cDDP) ORR 100% Completed

[32] 1] 65 Neoadj CT (cDDP-DOX) followed by CRT (cDDP)? vs. CRT (cDDP) 3-year OS 94.1% vs. 67.7% Completed

(significant)

Bleo, bleomycin; cDDP, cisplatin; CRT, chemoradiation; DOX, doxorubicin; CT, chemotherapy; 5-FU, 5-fluorouracil; ORR, overall response rate; OS, overall survival; PFS,

progression-free survival; RT, radiation; TXT, docetaxel.
2The experimental arm.
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Table 2 Ongoing clinical trials using chemoradiotherapy
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Reference

number Phase Patients Design Endpoints Results Status
[33] Il 93 Neoadj CT (cDDP-TXT) followed by RT ORR 97.7% Ongoing
[34] 1] 45 Neoadj CT (TXT-cDDP-5-FU) followed by CRT (cDDP) ORR 98% Ongoing
[35] I 19 Neoadj CT (TXT-cDDP-5-FU) followed by CRT (cDDP) ORR 93% Ongoing
[36] 1] 40 Neoadj CT (TPX) (TXT-cDDP-Cap) followed by CRT (cDDP) ORR 88% (after TPX) Ongoing
[387] 1] 34 Neoadj CT (cDDP-5-FU) followed by CRT (cDDP) ORR 85.3% Ongoing

Cap, capecitabine; cDDP, cisplatin; CRT, chemoradiation; DOX, doxorubicin; 5-FU, 5-fluorouracil; ORR, overall response rate; RT, radiation; TPX, taxotere, platinum,

xeloda; TXT, docetaxel.

The activity of the regimen was noteworthy in this study,
since all of the 40 treated patients achieved an objective
response; S-year disease-free survival was 65% and 5-year
OS was 77%. More recently, the results of a phase II
trial of combination docetaxel and cisplatin in patients
with locally advanced NPC have been presented. This
combination was followed by radiation therapy and
turned out to be active with an acceptable safety profile
[33]. Bossi er al. [34] have recently presented the data
of a study of docetaxel, cisplatin, 5-FU as induction
chemotherapy followed by concomitant cisplatin/RT.
After completion of treatment, complete response (CR)
and partial response (PR) were observed in 78 and 20% of
the patients, respectively. The same combination was
studied by Eastern investigators and similar results were
obtained, with a 93% response rate and median time to
progression of 39 months [35]. Induction chemotherapy
with the addition of capecitabine to docetaxel and
cisplatin has also been tested in a phase II study in
40 patients. In this study a 48% CR rate and a 40% PR
rate were observed [36]; data are awaited concerning
responses after concurrent CCRT, which follows the
induction phase. An Italian trial has tested the activity of
induction chemotherapy with cisplatin and 5-FU followed
by RT and concurrent cisplatin. The results of this study
were very encouraging, as response rates were about 80
and 85% after induction chemotherapy and chemoradia-
tion, respectively. At a median follow-up of 29 months,
3-year OS and progression-free survival rates were 80 and
54%, respectively [37]. Hui er @/ [32] have recently
published the results of a randomized phase II trial in
which stage III to IVB NPC untreated earlier were
randomly assigned to receive either neoadjuvant doce-
taxel and cisplatin for two cycles followed by CCRT; or
CCRT alone. The neoadjuvant regimen was well toler-
ated with a manageable toxicity profile that allowed
subsequent delivery of full-dose CRT; more importantly,
a positive impact on survival was observed, since 3-year
OS for neoadjuvant versus control arm was 94.1 versus
67.7% (P =0.012), thus warranting a phase III trial.

Recurrent/metastatic disease

In patients with recurrent/metastatic NPC the prognosis
is generally grim, as platinum-based combination che-
motherapy results in a 50-70% response rate and in a
median survival time of approximately 11 months. The

treatment options for patients who fail the platinum-
based combinations are even fewer and frequently
second-line chemotherapy is recommended only in
selected patients. The combination of cisplatin and
capecitabine has been tested as first-line chemotherapy
in a phase II trial in patients with recurrent/metastatic
NPC [38]. The overall response rate was 54% in this
study, whereas the 1-year survival rate was 73%. Airoldi
et al. [39] reported a small trial with carboplatin and
paclitaxel in patients with progressive disease after
cisplatin and 5-FU. The treatment was well tolerated
and moderately active, as three patients obtained a PR
and median OS time was 9.5 months. Weekly docetaxel
has shown activity against platinum-refractory dissemi-
nated NPC in a phase II study, as a PR was achieved in
37% of patients, whereas median progression-free survival
was 5.3 months and median OS was 12.8 months [40].
Chua ¢z 4. [41] have also published a small phase II study
with oral capecitabine after platinum-based chemother-
apy. Toxicity was moderate in this study, and activity was
encouraging, as the overall response rate was 23.5%,
and the median OS time was 7.6 months. Given the
frequent overexpression of epidermal growth factor receptor
(EGFR) in NPC, clinical trials with EGFR-targeted
compounds have been undertaken. Cetuximab, a mono-
clonal antibody targeting EGFR, has been tested in
combination with carboplatin in patients with recurrent/
metastatic NPC [42]. The toxicity profile was acceptable.
PR rate was 11.7%, stable disease was observed in 48.3%
of patients for a disease control rate (DCR) of 60%;
median OS time was 233 days. Gefitinib, an oral small
molecule, which inhibits EGFR-specific tyrosine kinases,
has shown negative results in a phase Il study in patients
with NPC pretreated with platinum-based chemotherapy.
In fact, no objective responses were recorded in 19
patients; median time to progression was 4 months and
median survival was 16 months [43]. Sorafenib is an oral
inhibitor of the serine/threonine kinases C-raf and B-raf
and of the receptor tyrosine kinases of vascular endothe-
lial growth factor. Sorafenib has undergone a phase II trial
in patients with recurrent/metastatic squamous cell HNC
and NPC [44]. Despite fair tolerance, the study results
were negative, as the response data were lower than the
historical controls. In the seven patients with NPC
treated in the study time to progression was 3.2 months
and OS was 7.7 months. A phase Il randomized study of
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oral seliciclib, a selective inhibitor of cyclin-dependent
kinases 2, 7, and 9 in patients with nasopharyngeal cancer
treated earlier, is currently ongoing and very preliminary
data have been presented [45].

EBV role in nasopharyngeal carcinoma

EBV is associated with several malignancies, among which
is NPC. EBV is present in virtually all undifferentiated
and poorly differentiated nasopharyngeal carcinomas and
the viral antigens expressed by tumor cells are potential
targets for immunotherapy [46]. All EBV-related malig-
nancies involve the virus latent infection; however, three
different types of latency are known and each type is
characterized by a different expression of viral antigens
[47-49], as shown in Table 3.

Concentrations of plasma EBV-DNA have been associated
with treatment outcome in the clinic. Lin ¢z @/ [50] have
shown that patients with relapse had a higher basal
plasma EBV-DNA concentration than those who did not
experience a relapse. Furthermore, plasma EBV-DNA
concentrations were very low or even undetectable in
patients with CR. As a consequence, investigators have
speculated that plasma EBV-DNA concentrations can
be used as a biomarker for screening, monitoring, and
prognostic assessment in NPC. NPC expresses a res-
tricted set of immunogenic viral antigens, namely
Epstein—Barr nuclear antigen 1 and latent membrane
proteins (LMPs) 1 and 2. LMPs 1 and 2 are immunogenic
and detectable in about 50% of NPCs [51-55]. These
antigens are able to elicit an immune cytotoxic I+
lymphocyte (CTL)-mediated response directed against
NPC cells [51].

In fact, it has been asserted that NPC cells, which are
capable of immunologic processing for C'TL recognition
[56], stimulate a boost colony of CTL CDS8 ™, which is
able to attack tumor cells leading to tumor debulking.
These features have prompted the adoption of several
immunotherapy techniques, which are, however, still in a
research stage and whose efficacy cannot be presently
stated. In particular, two distinct approaches are being
developed to treat NPC, namely adoptive immunother-
apy and active immunotherapy. The first one consists in

Table 3 Different latency types and expression of viral genes
in EBV-related malignancies

Latency Viral genes
type expressed Tumor

Type | EBNA-1 Endemic Burkitt's lymphoma

Type Il EBNA-1 Nasopharyngeal carcinoma
LMP-1 Hodgkin's lymphoma
LMP2 Nasal T/K lymphoma

Type NI All EBNAs Lymphoproliferative disorders in

immunocompromised patients

LMP1
LMP2

EBNA, Epstein-Barr nuclear antigen; EBV, Epstein—Barr virus; LMP, latent
membrane protein.

the direct activation of effector cells as CTLs. The use
of allogenic CTLs to treat NPC has not been further
evaluated, as it is associated with the need of human
leukocyte antigen-matched donor, the risk of CTLs
rejection, and the short-term persistence of infused
allogenic CTLs [57]. In contrast, autologous CTL
therapy has produced somewhat more encouraging
results. Comoli ¢ a/. [58] carried out a clinical trial
including 10 patients with stage IV NPC in progression
after conventional RT and chemotherapy. The patients
received autologus EBV-specific CTLs intravenously,
which reactivated and expanded ex vivo from peripheral
blood lymphocytes through stimulation with autologous
EBV-infected antigen-presenting cells. As a result, EBV-
specific CTLs were generated in all patients studied
and were able to specifically kill in-vitro autologous
EBV-infected cells. A 60% DCR was obtained and two
PRs were seen. Another similar study [59] enrolled 10
patients with NPC treated with autologous EBV-specific
CTLs. Four of the 10 patients were in complete
remission after a conventional therapy (chemo or radia-
tion or both), whereas the other six had a recurrent/
metastatic disease. Even in this case, an encouraging
DCR was reached, as all four patients, who were in
complete remission, remained disease free with a follow-
up of about 27 months. Among the six patients with
refractory disease, two had CR and remained disease free
for 11-23 months after treatment, one had partial
remission that persisted for 12 months, one had a stable
disease for more than 14 months, and two patients did
not respond. Interestingly, one of the two patients, who
had no response to CTL infusion, subsequently devel-
oped a PR to palliative chemotherapy to which the
disease had been unresponsive earlier. Toxicity reported
in both the trials was mild; in fact, a weak swelling at the
tumor site was the only side effect, and it might be
suggestive of CTL trafficking at the tumor site. More
recently, Whirt er a/. [60] presented a similar trial
enrolling 10 patients with refractory NPC. Data about
objective clinical response are not yet available but by
analyzing the viral EBV-DNA load before and after
treatment, a substantial tumor cellular lysis has been
probably obtained.

Active immunotherapy consists of delivering selected
tumor-associated antigens to patients with the aim of
inducing an immune response that may result in the
eradication of malignant cells. Two strategies have
been developed: dendritic cell (DCs) vaccination and
viral vector-introduced peptides. DCs are professional
antigen-presenting cells that are able to activate naive
CD4* and CD8™ T cells.

Lin ez al. [61] performed a clinical trial using DCs against
NPC patients. Sixteen patients with advanced NPC were
enrolled in this study; autologous monocyte-derived DCs
were cultured from patients, matured with cytokine,
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Table 4 Completed clinical trials using immunotherapy
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Reference Number of Stage Number of
number Immunotherapy technique patients disease infusions Objectives Results
[48] Autologous CTLs 10 4 Ned 2 PFS 23 months
6 R/M DCR? 70%
Toxicity 1/10 swelling at tumor site
Immune response 10/10
elicited
[58] Autologous CTLs 10 10 R/M 10 PFS 5 months
DCR 60%
Toxicity 2/10 swelling at tumor site
Immune response 5/10
elicited
[62] Vaccination with 16 16 R/M 4 PFS 3 months
autologous DCs LMP2- DCR 13%
specific HLA-restricted Toxicity 4/16 swelling at tumor site
Immune response 9/16
elicited

CTLs, cytotoxic T-lymphocytes; DCR, disease control rate; HLA, human leukocyte antigen; LMP, latent membrane protein; Ned, nonevidence of disease; OR, objective

response; PFS, progression free survival; R/M, recurrent/metastatic.
%n 6/10 patients.

pulsed with human leukocyte antigen-restricted LMP2
epitope peptides, and injected into inguinal lymph nodes.
All of the patients tolerated treatment without serious
side effects. Only two PRs were obtained whereas the
other 14 patients developed disease progression. Never-
theless, a substantial immune response was elicited as
EBV epitope-specific CTLs were generated in the
peripheral blood of almost all patients.

Viral vector loading with EBV peptides is as yet an
experimental approach and, at present, it has been used
only in preclinical models [62]. Completed clinical trials
of immunotherapy are detailed in Table 4.

Conclusion

NPC is unique among the HNC, mainly in terms of radio
and chemosensitivity. The optimal integration of the
different treatment modalities may induce an improve-
ment in survival in patients with locally advanced disease,
who represent the vast majority. In contrast, the search of
new drugs, both cytotoxic and biologic, is the strongest
effort to be pursued in recurrent/metastatic disease. The
role of immunotherapy in the treatment of NPC is the
most appealing issue.

Preliminary clinical data have shown that immunotherapy
is well tolerated and can sometimes induce significant
immune response that is associated with clinical benefit
in some patients. Strategies to improve immunotherapy
are warranted and some ideas have been suggested. For
example, preclinical trials have shown that lytic EBV
infection in NPC cells leads to greater expression of viral
antigens on cell surface sensitizing such cells to specific
CTL killing. In addition, other studies indicate that
chemotherapy and RT are able to induce the expression
of lytic cycle antigens in EBV infected cells [63,64], thus
bearing the potential for a synergistic effect to be possibly
exploited in clinical trials. Despite the lack of significant
clinical data, this probably represents the most exciting
way forward in the clinical research of NPC.
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