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Abstract

Purpose: Nasopharyngeal cancers (NPC) are very aggressive, and the recurrence rate after radical therapy is high.
This study aimed to evaluate the efficacy of brachytherapy (BT) also called interventional radiotherapy (IRT) in prima-
ry NPC in comparison with external beam radiotherapy (EBRT) alone.

Material and methods: A systematic search was performed in Scopus, Cochrane, and PubMed databases. Clinical
query based on PICO framework was as follows: In patients with NPC (P), is EBRT plus IRT (I) superior to EBRT alone
(C) in terms of local control (LC) and toxicity (O)? Full articles evaluating the efficacy of IRT as a boost after EBRT in
patients with NPC were considered.

Results: Eight papers, including 1,320 patients fulfilled the inclusion criteria. The median 5-year LC for IRT group
and no-IRT group was 98% (range, 95.8-100%) and 86% (range, 80.2-91%), respectively; the median 5-year overall sur-
vival (OS) for IRT group and no-IRT group was 93.3% (range, 89.2-97.5%) and 82.9% (range, 74.8-91.1%), respectively;
the median 5-year DFS for IRT group and no-IRT group was 94.2% (range, 92.5-96%) and 83.9% (range, 73.3-94.6%),
respectively; the median 5-year cancer-specific survival (CSS) for IRT group and no-IRT group was 96% (range, 94.5-
97.5%) and 88.2% (range, 83.4-93.1%), respectively. G1-2 and G3-4 toxicities were similar in some articles, or significant-
ly lower in patients treated with IRT in other papers.

Conclusions: Data suggest that IRT may improve results of external beam radiotherapy in primary NPCs, especial-
ly when using new technologies.
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of lymph nodal spread, which is often the first sign of the

Purpose
p tumor.

Nasopharyngeal carcinoma (NPC) is more frequent in
males, and within two age groups of 10-25 and 40-60 years
old [1]. It is uncommon in western countries (1/100,000),
but quite frequent in southern China (25-50/100,000) [2].
NPC incidence is not related to tobacco and alcohol hab-
its, but to carcinogens exposure and Epstein-Barr virus
infection [3]. The histology of most cases is squamous cell
carcinomas or undifferentiated carcinoma, with high-risk

The standard of care for advanced NPC in young pa-
tients with good performance status is EBRT combined
with chemotherapy [4, 5]. Lin et al. reported better 5-year
overall survival (OS) and progression-free survival rates
with radio-chemotherapy (RCT) than with RT alone (72.3
and 71.6% vs. 54.2 and 53%, respectively, p < 0.01) [6].

Nevertheless, despite RCT, local recurrence occurs in
up to 10-50% patients [7, 8]. Increasing radiation dose to
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primary tumor might allow improved local control (LC).
Such a dose escalation can be achieved with the use of
various radiotherapy techniques, such as three-dimen-
sional conformal radiotherapy (3D-RT), intensity-mod-
ulated radiotherapy (IMRT), and IRT. IRT can be used
either in case of local NPC recurrence/ persistence, or as
a boost after EBRT [9, 10]. Whereas the role of IRT in case
of relapse/ persistence has been well-established [11], the
benefit of an IRT-based boost remain a matter of debate.
Therefore, the aim of this systematic review was to ana-
lyze the efficacy of IRT as a boost after EBRT in patients
with NPC in terms of LC, OS, disease-free survival (DFS),
cancer-specific survival (CSS), and toxicity.

Material and methods
Development of clinical questions

Clinical question was formulated according to the
PICO criteria as follow:
- Population (P): Patients with primary early stage NPC;
- Intervention (I): External beam radiotherapy plus inter-
ventional radiotherapy (IRT) or IRT alone;
- Comparison (C): EBRT alone;
- Outcomes (O): LC and toxicity.

Identification of outcomes

Primary outcome was LC of the disease, which was
defined as the absence of disease progression within the
irradiated volume. Secondary outcomes were OS, DFS,
CSS, and adverse event rates. Disease-free survival was
defined as the time interval between the date of IRT and
the date of out-of-field progression or the date of last fol-
low-up. Overall survival was defined as the time inter-
val between the date of IRT and the date of death from
any reason or the date of last follow-up. Cancer-specific
survival was defined as the length of time from the date
of IRT to the date of death from the disease. A summary
table was created, including monocentric/ multicentric
study, sample size, median age, and endpoints. Statistical
analysis was not performed due to scarcity of data.

Search strategy and selection of evidence

A systematic search in PubMed, Scopus, and Co-
chrane Library databases was performed to identify
full-length articles evaluating the efficacy of IRT as boost
after EBRT in patients with NPC. ClinicalTrials.gov was
searched for ongoing or recently completed trials, and
PROSPERO was searched for ongoing or recently com-
pleted systematic reviews.

Inclusion criteria were: 1) Randomized controlled tri-
als (RCTs), prospective, retrospective, and cohort studies;
2) Utilization of IRT; 3) Patients receiving/not receiving
EBRT; 4) Reported quantitative outcome data.

Studies were identified using the following medical
subject headings (MeSH) and keywords: “nasopharyn-
geal cancer”, “rhinopharinx cancer”, “radiotherapy”, and
“intensity-modulated radiotherapy”. The search was re-
stricted to English language. The Medline search strategy
was (“Brachytherapy” [Mesh] OR “Brachytherapy” [All

fields]) AND (“nasopharyngeal Neoplasms” [Mesh] OR
“nasopharyngeal Cancer” [All fields] AND (“rhinophar-
inx Neoplasms” [Mesh] OR “rhinopharinx Cancer” [All
fields]). To avoid missing relevant studies, we chose strat-
egy with high sensitivity but low specificity. We reviewed
only published full-text clinical studies on patients with
NPC carcinoma reporting comparison of two cohorts of
subjects treated with EBRT alone and with EBRT plus
IRT boost. Conference papers, survey, letters, editorials,
book chapters, and reviews were excluded. Time frame
between 2002 and 2022 as years of publications was con-
sidered. Two independent authors (VL, Rome; RM, Cat-
ania) screened citations in titles and abstracts to identify
appropriate papers. Eligible citations were retrieved for
full-text reviews. Uncertainties about inclusion in the re-
view were considered by a multicenter and multidisci-
plinary expert team (LT, RI, VV, Rome; GK, Liibeck; CS,
Catania; FB, Sassari; AGM, Bologna). Finally, a commit-
tee (AP, BF, PC, MM, Rome) performed an independent
check and definitive approval of the review.

Quality of evidence evaluation

Certainty of evidence of all selected outcomes was
performed according to GRADE approach considering
study limitations, imprecision, indirectness, inconsisten-
cy, and publication bias. Certainty level starts at higher
pre-specified level for randomized controlled trials, but
levels of certainty can be downgraded if limitations in
one of the above-mentioned domains are detected. Evi-
dence can be classified as high, moderate, low, and very
low level of certainty.

Benefit/harm balance and clinical
recommendation

Based on the summary of evidence, the expert team
expressed one of the following judgments about the ben-
efit of risk ratio between intervention and comparison:
favorable, uncertain/favorable, uncertain, uncertain/un-
favorable, and unfavorable. The strength of recommenda-
tion can be considered as strong positive, conditional pos-
itive, uncertain, conditional negative, or strong negative.

Results

The literature search resulted in 381 articles after ex-
clusion of conference papers, surveys, letters, editorials,
book chapters, and reviews; 41 papers were assessed via
full-text for eligibility. Of these, 32 articles were excluded
for the following reasons: the abstract was not relevant,
data was not relevant or incomplete, or did not follow the
present review inclusion criteria. At the end of the pro-
cess, 1,320 patients from 8 studies [12-19] were included
in the systematic review. Figure 1 depicts PRISMA flow
chart [20], and Table 1 summarizes the main characteris-
tics of included studies. Six hundred and seventy patients
received IRT and EBRT (IRT group), and 650 were treated
with EBRT alone (no-IRT group). The mean patients” age
was 45 years (range, 9-83 years).

EBRT total dose ranged between 60 and 80 Gy. Irid-
ium-192 IRT boost dose ranged between 6 and 20 Gy
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Fig. 1. PRISMA flow chart

(Table 2). Only one study [19] treated patients with re-
current NPC with iodine-125 IRT alone (total dose of
100-140 Gy). The use of platinum-based chemotherapy
was common but not uniform [12, 14, 15, 17, 18]. Most
of the patients underwent 3D-IRT [12-18], and the appli-
cators were positioned under topical anesthesia with fi-
beroptic endoscopic guidance in two studies [13, 15] and
under CT guidance in one study [19]. LC, DFS, CSS, and
OS were reported in eight [12-19], four [13, 15, 17, 18],
two [13, 15], and four studies [13, 15, 17, 19], respectively.

All studies reported 5-year LC rates; the median 5-year
LC rate was 98% (range, 95.8-100%) and 86% (range,
80.2-91%) in the IRT and the no-IRT group, respective-
ly [12-19]. Six of 8 studies found [12-16, 19] that 5-year
LC was significantly higher in patients who received IRT
compared with those who did not receive IRT [12-16, 19].
In two studies, age <40 years (3-year OS, p = 0.014; 3-year
LC, p = 0.058) [12] and chemotherapy (p = 0.047) [12, 17]
were associated with better local control and OS [12].

Four of 8 studies reported 5-year OS rates. The me-
dian 5-year OS rate was 93.3% (range, 89.2-97.5%) and
82.9% (range, 74.8-91.1%) for the IRT and the no-IRT
group, respectively [13, 15, 17, 18]. In one study, a higher
5-year OS rate was reported in the IRT group than in the
group without IRT [13], while no significant differences
were recorded in the other studies. Four studies report-
ed 5-year DFS rates, and the median value was 94.2%
(range, 92.5-96%) and 83.9% (range, 73.3-94.6%) for the
IRT group and the no-IRT group, respectively [13, 15, 17,
18]. Two of 4 studies reported higher 5-year DFS rates in
the IRT group.

Two studies reported 5-year CSS rates; in one study,
CSS rate was significantly better in the IRT group com-
pared with the no-IRT group (94.5% and 83.4%, respec-
tively; p < 0.01) [13].

Severe late toxicity rates (grade 3-4) were reported in
seven studies [12, 13, 15-19]. The most frequently reported
severe late side effects were mucosal ulcers, major salivary
gland toxicity, neuropathy, and cerebral necrosis (Table 1).

No study reported statistically significant differences in
terms of severe toxicity between the two groups. Finally,
one study reported that quality of life (QoL) in the IRT
group was significantly better than in the no-IRT group
over 12-month follow-up (p < 0.001) [19].

EtD (evidence-to-decision) framework

The results of this systematic review suggested that
IRT following EBRT might improve oncological outcomes
in patients with primary early stage NPC compared with
EBRT alone. However, since seven out of eight includ-
ed studies were retrospective in nature, IRT could not be
proposed as standard treatment for patients with prima-
ry NPC.

Benefit/harm balance and final recommendation

Based on the selected studies, the quality of evidence
evaluation presented low level of certainty. Therefore,
the expert team voted for the benefit/harm benefit as un-
certain. The final recommendation stated by the expert
team was in patients with early stage NPC. IRT as a boost
after EBRT may be preferred after extensive discussion
with the patient and in the presence of an experienced
multidisciplinary team. The strength of the recommenda-
tion was considered conditional positive.

Discussion

This systematic literature review showed that IRT
as boost after EBRT improved outcomes compared with
EBRT alone in studies including patients with T1-2 NPC
[12, 15, 17], without prohibitive toxicity and better results
in terms of QoL. However, the retrospective nature of
most studies that implies heterogeneity in treatment pro-
tocols (IRT total dose, schedule, and isodose prescription)
and selection bias, together with the small sample size of
all studies and short follow-up, hamper the possibility to
definitely determine the role of IRT in this patient pop-
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Table 2. Equivalent dose in 2 Gy fraction (EQD,)

Authors [Ref.] EBRT dose IRT dose EBRT + IRT EQD, (Gy)
Chao [12] 70 (range, 68-72) Gy in 35 fractions 3 Gy x 2 fr. (EQD,: 6.5 Gy) 76.5
Leung [13] 66 Gy in 33 fractions 5 Gy x 2 fr. (EQD,: 12.5 Gy) 78.5

6 Gy x 2 fr. (EQD,: 16.0 Gy) 82
Levendag [14] 70 Gy in 35 fractions 3.6 Gy x 3 fr. (EQD,: 15.1 Gy) 85.1
Ren [15] 60 Gy in 30 fractions 4 Gy x 4 fr. (EQD,: 18.7 Gy) 78.7
Taheri-Kadkhoda [16] 66 Gy in 33 fractions 3 Gy x 2 fr. (EQD,: 6.5 Gy) 72.5
Rosenblatt [17] 70 Gy in 35 fractions 3 Gy x 3 fr. (EQD,: 9.7 Gy) 79.7

Ozyar [18] 66 Gy in 33 fractions

ulation. Despite these limitations, it is worth noting that
most studies (75.0%) reported improvement in LC with
IRT after EBRT compared with EBRT alone [12-16, 19],
and in half of the series, the group of patients who re-
ceived IRT also had better long-term rates of DFS [15, 18],
OS [13], and CSS [13].

These encouraging data in terms of effectiveness
and safety of IRT, corroborates recommendations issued
by the Head and Neck Working Group of GEC-ESTRO
(Groupe Européen de Curiethérapie, European Society
for Therapeutic Radiology and Oncology) in 2009 on the
use of low-dose-rate (LDR), pulsed-dose-rate (PDR), and
high-dose-rate (HDR) IRT in head and neck squamous
cell cancers [21]. According to these recommendations,
patients with nasopharyngeal squamous cell carcinoma
can be treated with a HDR-IRT boost of 18 Gy in 6 frac-
tions (T1) or 12 Gy in 4 fraction (T2-4), after a break of
1-2 weeks from the end of EBRT (60 Gy in 30 fractions)
[21]. In 2016, the GEC-ESTRO-ACROP (Advisory Com-
mittee for Radiation Oncology Practice) group published
an update of recommendations on the use of IRT in squa-
mous cell tumors of the head and neck due to the advent
of image-guided IRT and endoscopic guidance [22]. This
document highlights excellent results of IRT in the form
of intracavitary brachytherapy, particularly in early cas-
es, in which the local tumor extension can be adequately
encompassed within prescription isodose, and encourag-
es to exploit the potentiality of modern IRT in larger tu-
mors by using the new endoscopy-guided intracavitary/
interstitial devices [22].

Despite these positive results, IRT is only occasionally
considered as treatment option in patients with NPC. Two
Italian surveys confirmed that although this procedure is
available, only a few centers routinely consider its use for
NPC treatment [24, 25]. Such under-usage of head and
neck IRT in clinical practice is probably due to both the
general lack of practitioners with adequate expertise and
experience, and the availability of highly conformal EBRT
techniques, such as intensity-modulated radiation thera-
py or volumetric modulated arc therapy, which are easier
to implement than IRT. Consequently, anatomic site-relat-
ed multidisciplinary tumor boards (MDT) are frequently
lacking experts in interventional procedures [26].

The current study has several limitations to consider.
The number of included studies was small, and all studies
were non-randomized. This has implications on the re-
sults since non-randomized studies carry several inherent

4 Gy x 3 fr. (EQD,: 14.0 Gy) 80.0

preferences. Non-randomized trials do not use concealed
randomization; hence, the groups may not be comparable,
leading to selection bias. In addition, the presence of oth-
er confounding factors, such as unadjusted background
variables, detection, and recall bias due to selective re-
porting or the presentation of incomplete outcome data,
may affected the results of the analysis. Due to the small
number of patients, important sub-group analyses could
not be performed, such as clinical-pathologic factors and
Epstein-Barr status, which were missing in all studies.
Furthermore, no research reported the overall treatment
time. As showed by Sharma et al., the local recurrence
of disease increases with increased treatment time, and
it is significant when the overall treatment time is above
100 days where BED lost becomes more than 0.10 Gy
a day [27]. Toxicity data were extrapolated from retro-
spective studies with different outcomes and some with
a short follow-up. However, longer follow-up is unlikely
to lead to the detection of further differences in late toxic
effects between the two groups. The scarcity of studies
on this topic also highlights the importance of increasing
awareness about the potential role of IRT in ameliorating
NPC patients’ prognosis and QoL. Additionally, a valid
option could be to retrospectively analyze collected data
in a standardized manner across different centers [28-30].

Conclusions

This systematic review suggests that IRT may com-
plement the role of EBRT in T1-2 primary NPCs allowing
for long-term disease and survival outcomes that are at
least comparable, if not better, than EBRT alone, while
possibly reducing side effects and ameliorating patients’
QoL. Further improvements of IRT results might derive
from the introduction of the newest 3D-image-guided or
endoscopy-guided techniques. Future studies are war-
ranted to better define the potential role of this promising
but rarely used technique.
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