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Abstract \\
Background: Nasopharyngeal carcinoma (NPC) is a prevalent malignancy in Asia particularly southern China. Comparisons of |
outcomes of conformal radiotherapy (CRT) and intensity-modulated radiotherapy (IMRT) have been still debated. This meta-analysis
was carried out to compare oncologic outcomes of CRT and IMRT in the treatment of NPC.

Methods: A literature search was performed through PubMed, Embase, and the Cochrane library databases from their inceptions
to November 10, 2018. Two authors assessed the included studies and extracted data independently. Relative studies that
compared oncologic outcomes between CRT and IMRT for NPC were included.

Results: A total of 13 eligible studies were included, which contained 1 RCT, 1 prospective study, and 11 retrospective studies. Our
meta-analysis showed that IMRT has increased overall survival (OR=0.51, 95% Cl=0.41-0.65, P < .00001), locoregional control
rate (OR=0.59, 95% Cl=0.52-0.67, P < .00001), disease-free survival (OR=0.77, 95% Cl=0.65-0.91, P=.002), and metastasis-
free survival (OR=0.71, 95% CI=0.54-0.94, P=.01) in comparison with CRT.

Conclusion: The results of this meta-analysis indicate IMRT should be a better option for the treatment of NPC because patients
who underwent IMRT may benefit from increased overall survival, locoregional control rate, disease-free survival, and metastasis-free
survival compared with CRT.

Abbreviations: Cl| = confidence interval, CRT = conformal radiotherapy, IMRT = intensity-modulated radiotherapy, NPC =
nasopharyngeal carcinoma, OR = odds ratio.
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1. Introduction

Nasopharyngeal carcinoma (NPC), a tumor originated from the
epithelial cells of the nasopharynx, is a prevalent malignancy in
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Asia particularly Southern China.l"! Because of the anatomic
location of nasopharynx and its high radiosensitivity, radiother-
apy-based treatment for NPC is the standard treatment.
Conformal radiotherapy (CRT) is constantly developing and
proved in the late 1990s as a recommended treatment for cancer
for its better target coverage and decreased toxicity to normal
organs. More recently, the application of intensity-modulated
radiotherapy (IMRT) has reached a breakthrough in treatment
outcomes of NPC. IMRT produces more accurate dose
homogeneity around targets and less toxicity to normal organs
than CRT."*! The advantages of IMRT to spare the parotid gland
have been demonstrated repeatedly, and its use for NPC was
more prevailed than CRT.**! However, results showing that
IMRT in terms of oncologic outcomes had limited success
compared with CRT, and most results were only come from
China or other Asian countries.[*~®! For the time being, there is no
undisputed evidence that IMRT is superior to CRT regarding
overall survival, locoregional control, disease-free survival, and
metastasis-free survival.[**!

Thus, the treatment of CRT and IMRT for NPC is still hard for
doctors and patients to choose. In this paper, the meta-analysis
aims to guide doctors and patients for the treatment of NPC.

2. Methods

2.1. Literature search strategy

All included studies published up to November 10, 2018 were
acquired by searching PubMed, EMBASE, and Cochrane
Library, which were performed by 2 authors (G-JH and
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M-SL) independently, with the following key words: intensity
modulation radiation therapy, IMRT, conformal radiotherapy,
CRT, nasopharyngeal carcinoma, nasopharyngeal cancer, naso-
pharyngeal neoplasm, and NPC.

2.2. Eligibility criteria

The inclusion criteria were: only original studies were included;
comparing CRT and IMRT on oncologic outcomes, which
contain overall survival, locoregional control, disease-free
survival, and metastasis-free survival; written in the English
language.

2.3. Data extraction

The data of oncologic outcomes were extracted from included
studies by 2 authors (M-SL and H-BL) and then checked by
another author (G-JH). The information included study name,
publication year, study design, number of patients, sex, mean
follow-up time.

2.4. Study quality assessment

Because included studies were 1 RCT, 1 prospective study, and
11 retrospective studies, so study quality was all assessed by
the Newcastle-Ottawa quality assessment scale. Studies with
scores of 6 or higher considered high quality are eligible for this

paper.

2.5. Statistical analysis

Review Manager Version 5.3 (Cochrane Collaboration, Oxford,
UK) was used for this meta-analysis. The heterogeneity of included
studies was evaluated by calculating the I statistic. The I* test was
used to assess the extent of inconsistency among the results. A
fixed-effects model was applied when the I? statistic < 50%, and a
random-effects model was applied when the I* statistic>50%.
Outcomes were compared by odds ratio (OR) and 95% Cls.
Dichotomous variables were compared by weighted odds ratio and
95% Cls. The z statistic was involved to test for overall pooled
effect, which significance was set at P <.05.

3. Results

3.1. Eligible studies and characteristics of studies

In the meta-analysis, 13 studies were included, which contains 1
RCT, 1 prospective study, and 11 retrospective studies (Fig. 1).
And a total of 14,745 patients of NPC were included, of whom
10,033 (68.1%) underwent CRT and 4712 (31.9%) underwent
IMRT. Table 1 showed the characteristics of all included studies,
while detailed data were shown in Table 2.6718]

3.2. Quality assessment, heterogeneity analysis, and
publication bias

The study considered as high quality is eligible for this research.
In the studies, 1 study scored 9 points, 1 study scored 8 points,
and others scored 7; it indicated that included studies were
considered high quality (Table 1).

There was no significant heterogeneity in the analysis of
locoregional control and disease-free survival. So a fixed-effects
model was used. Others were performed by a random-effects
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model because of the I? statistic>50%. The publication bias for
the current meta-analysis was estimated by the funnel plot.

3.3. Meta-analysis of oncologic outcomes
3.3.1. Overall survival. Twelve studies provided detailed data on

overall survival with 8818 patients in the CRT group and 4200
patients in the IMRT group. And heterogeneity was evaluated
between the studies (x*=30.04, P=.002, [*=63%), so a random
effect model was performed to calculate the pooled effect. Results
of the pooled effect demonstrated that the difference between the
CRT group and the IMRT group on overall survival was
statistically of significance (The total pooled effect: OR=0.51,
95% CI=0.41-0.65, P<.00001; Fig. 2A), which distinctly
favored IMRT. The funnel plot (Fig. 3A) of the included studies
on overall survival showed an inverted symmetric funnel.

3.3.2. Locoregional control rate. Ten studies provided detailed
data on locoregional control with 9442 patients in the CRT
group and 4457 patients in the IMRT group. And heterogeneity
was evaluated among the included studies (x*=16.10, P=.06,
>=44%), so a fixed effect model was performed to calculate the
pooled effect. Results of the pooled effect demonstrated that the
difference between the CRT group and the IMRT group on
recurrence rate was statistically of significance (The total pooled
effect: OR=0.59,95% CI=0.52-0.67, P <.00001; Fig. 2B). The
funnel plot (Fig. 3B) of the included studies on locoregional
control rate showed an inverted symmetric funnel.

3.3.3. Disease-free survival. Six studies provided detailed data
on disease-free survival with 1490 patients in the CRT group and
974 patients in the IMRT group. And heterogeneity was
evaluated between the studies (x>=8.06, P=.15, ’=38%), so
a fixed effect model was performed to calculate the pooled effect.
Results of the pooled effect demonstrated that the difference
between the CRT group and the IMRT group on disease-free
survival was statistically of significance (The total pooled effect:
OR=0.77, 95% CI=0.65-0.91, P=.002; Fig. 4A).

3.3.4. Metastasis-free survival. Eight studies provided detailed
data on metastasis-free survival with 2530 patients in the CRT
group and 1641 patients in the IMRT group. And heterogeneity
was evaluated among the included studies (x>=15.35, P=.03,
I*=54%), so a random effect model was performed to calculate
the pooled effect. Results of the pooled effect demonstrated that
the difference between the CRT group and the IMRT group on
metastasis-free survival was statistically of significance (The total
pooled effect: OR=0.71, 95% CI=0.54-0.94, P=.01; Fig. 4B).

4. Discussion

Before technology application of IMRT, CRT was successfully
applied to the treatment of NPC as a standardized technique.”**!
After the application of IMRT in the treatment of NPC, results
showed that IMRT can improve oncologic outcomes. Compar-
isons of outcomes of CRT and IMRT have been still debated.
Moon et al®! compared outcomes of CRT and IMRT in patients
with NPC, 390 and 497 patients were treated with CRT and
IMRT respectively. Results displayed that IMRT was associated
with a better local progression-free survival and overall survival
than CRT for the treatment of NPC. IMRT was significantly
superior in terms of overall survival for advanced primary
tumors.™! Fang et al'*”! reported a study to investigate survival
outcomes for patients with NPC treated by CRT and IMRT. Two
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Figure 1. The PRISMA flow chart to show the process of searching and screening citations.

hundred three NPC patients, who were treated by CRT (n=93)
or IMRT (n=110) between March 2002 and July 2004, were
analyzed. Results showed that the 3-year locoregional control,
metastasis-free survival, and overall survival rates were 84.8%,

76.7%, and 81.7% for the CRT group, respectively, compared
with 84.2%, 82.6%, and 85.4% for the IMRT group. Lee et al'**!
also suggested that IMRT treatment showed no further
improvement compared with CRT. The CRT group achieved a

Characteristics and demographics of included studies.

Group Age, y Sex
Study Year Design CRT IMRT CRT IMRT Male Female Stage Mean follow-up time, mo  NOS
Fang et all'® 2008  Prospective 93 110 — — 163 40 -V 46 8
Lai et all'? 2011 Retrospective 764 512 — — 959 317 i 52.8 7
Kuang et al™ 2012  Retrospective 198 182 45 (20-74) 44 (25-73) 274 106 -V 46 7
Peng et al'¥ 2012 RCT 310 306 448+13.6 46.7+125 431 185 -V 42 9
Huang et al'"® 2013 Retrospective 53 30 52.3+13.9 48.2+14.0 69 14 v 66.5 7
Chen et all'® 2014 Retrospective 2293 157 — — 1865 585 -V >60 7
Zou et al'”! 2014  Retrospective 100 218 — — 251 67 (] >60 7
Jiang et a® 2015  Retrospective 29 24 — — 37 16 I/ Va >60 7
Zhang et all'® 2015  Retrospective 4836 2245 — — 5077 2004 -V >60 7
Moon et al®” 2016  Retrospective 390 497 — — 640 247 - 67 7
Ouyang et al”? 2016  Retrospective 882 316 49.67+12.14  4741+1265 894 304 -V >60 7
Biof et all'" 2017  Retrospective 11 13 53 (38-77) 54 (27-79) 18 6 -V 26.8 7
Qiu et al® 2017  Retrospective 74 102 — — 129 47 -V >60 7

CRT=conformal radiotherapy, IMRT =intensity-modulated radiotherapy, NOS =Newcastle-Ottawa quality assessment Scale.
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Detailed date of oncologic outcomes.

Overall survival (%) Locoregional control rate (%) Disease-free survival (%) Metastasis-free survival (%)
Study CRT IMRT CRT IMRT CRT IMRT CRT IMRT
Fang et all'” 81.7% 85.4% 84.8% 84.2% n/a n/a 76.7% 82.6%
Lai et all'? n/a n/a 86.8% 92.7% 71.4% 75.9% 82.6% 84.0%
Kuang et all' 72.1% 83.5% 85.3% 93.6% 65.0% 74.7% 73.6% 79.1%
Peng et all'¥ 67.1% 79.6% 84.0% 91.7% n/a n/a n/a n/a
Huang et all"® 58.2% 88.9% 54.4% 75.2% 47.2% 69.2% n/a n/a
Chen et all'® 72.0% 87.9% 78.7% 91.7% n/a n/a n/a n/a
Zou et all'” 21.1% 39.0% n/a n/a n/a n/a 64.7% 86.9%
Jiang et a® 9.1% 45.5% n/a n/a n/a n/a 30.4% 40.8%
Zhang et all'® 84.5% 87.4% 88.5% 92.5% n/a n/a n/a n/a
Moon et al®® 57.8% 70.7% 85.1% 87.7% 65.1% 67.2% 78.8% 79.5%
Ouyang et al”’ 87.1% 91.3% 90.4% 92.3% n/a n/a 92.1% 92.9%
Biof et all'"! 81.0% 77.0% n/a n/a 70.7% 51.8% n/a n/a
Qiu et al® 76.1% 90.4% 88.3% 97.9% 71.2% 85.7% 80.1% 86.6%

Note: Oncologic outcomes were mainly assessed at 5 years. In addition, papers of Fang et al and Biof et al were assessed at 3 years, paper of Kuang et al was assessed at 4 years, and paper of Peng et al was

assessed at 2 years.
CRT=conformal radiotherapy, IMRT =intensity-modulated radiotherapy, n/a=not available.

CRT IMRT Odds Ratio Odds Ratio
r nts Total T i - % Year ndom,. 95% CI
Fang 2008 76 93 94 110 6.3% 0.76 [0.36, 1.61] 2008
Kuang 2012 143 198 152 182 9.8% 0.51[0.31,0.85] 2012 |
Peng 2012 208 310 244 306 12.3% 0.52[0.36, 0.75] 2012 i
Huang 2013 3 53 27 30 27% 0.16 [0.04, 0.58] 2013 -
Zou 2014 21 100 85 218 8.9% 0.42[0.24,0.72] 2014 e
Chen 2014 1326 1842 138 157 9.9% 0.35[0.22, 0.58] 2014 —_—
Zhang 2015 4086 4836 1962 2245 16.3% 0.79[0.68,0.91] 2015 i
Jiang 2015 3 29 1 24 23% 0.14 [0.03, 0.58] 2015 S -
Moon 2016 225 390 351 497 14.0% 0.57 [0.43, 0.75] 2016 -
Ouyang 2016 768 882 289 316 10.8% 0.63[0.41,0.98] 2016 =al]
Qiu 2017 56 74 92 102 54% 0.34 [0.15,0.78] 2017 E——
Bisof 2017 9 11 10 13 1.3% 1.35[0.18, 10.01] 2017
Total (95% CI) 8818 4200 100.0% 0.51 [0.41, 0.65] L
Total events 6952 3455 . . - :
Heterogeneity: Tau? = 0.08; Chi? = 30.04, df = 11 (P = 0.002); I* = 63% p y . .
Test for overall effect: Z = 5.53 (P < 0.00001) an L IMRT1 CRT w W
A
CRT IMRT Odds Ratio Odds Ratio
- ~ - ota o V-H ‘:' Q U ¥ - -_ Q
Fang 2008 79 93 93 110 1.9% 1.03 [0.48, 2.22] 2008 —
Lai 2011 663 764 475 512 11.3% 0.51[0.34, 0.76] 2011 i
Kuang 2012 169 198 170 182 3.9% 0.41[0.20,0.83] 2012 T -
Peng 2012 260 310 281 306 6.9% 0.46 [0.28,0.77] 2012 i
Huang 2013 29 53 23 30 20% 0.37 [0.13, 1.00] 2013
Chen 2014 1450 1842 144 157 8.5% 0.33[0.19, 0.60] 2014 S
Zhang 2015 4280 4836 2077 2245 49.1% 0.62 [0.52, 0.75] 2015 2|
Quyang 2016 797 882 292 316 6.2% 0.77 [0.48, 1.24] 2016 S [
Moon 2016 332 390 436 497 86% 0.80 [0.54, 1.18] 2016 by |
Qiu 2017 65 74 100 102 1.5% 0.14 [0.03, 0.69] 2017
Total (95% CI) 9442 4457 100.0% 0.59 [0.52, 0.67] ¢
Total events 8124 4091 1 2 " .
Heterogeneity: Chi* = 16.10, df = 9 (P = 0.06); I* = 44% ’ . . :
Test for overall effect: Z=8.18 (P < 0.00001) e & IMRT1 CRT - 50

B

Figure 2. Forest plots. A, Overall survival. B, Locoregional control. Cl=confidence interval, CRT=conformal radiotherapy, IMRT =intensity-modulated

radiotherapy, OR=o0dds ratio.
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Figure 3. The funnel plot. A, Overall survival. B, Locoregional control. OR=o0dds ratio, SE=standard Error.

significant improvement in local failure-free rate. Neurological
damage and bone/soft tissue necrosis were reduced significantly.
However, 5-year disease-specific survival rates were 81% in
the CRT group and 85% in the IMRT group, while the
corresponding neurological toxicity rates were 3.5% and 1.8%.
However, Bisof et al'"! conducted a retrospective study to
compare IMRT and CRT in the treatment of NPC with regard to
outcomes and dose distribution to the planning target volumes
and to the organs at risk. Results showed that the mean dose and
dose to 50% parotid glands volume as well as the maximal dose
to the spinal cord were significantly lower in the IMRT group
than in the CRT group. IMRT was also superior in coverage
of the planning target volumes. The 3-year overall survival rates
and disease-free survival rates of patients in the IMRT group and

the CRT group were 77% and 81%, 51.9% and 70.7%,
respectively.

With respect to overall survival, the results of the pooled effect
vividly demonstrated that the difference between the CRT group
and the IMRT group was statistically of significance (The total
pooled effect: OR=0.51, 95% CI=0.41-0.65, P<.00001),
which distinctly favored IMRT. With respect to locoregional
control rate, the result of the pooled effect vividly demonstrated
that the difference between the CRT group and the IMRT group
was statistically of significance (The total pooled effect: OR=
0.59,95% CI=0.52-0.67, P <.00001), which distinctly favored
IMRT. With respect to disease-free survival, the result of the
pooled effect vividly demonstrated that the difference between
the CRT group and the IMRT group was statistically of
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Huang 2013 25 53 21 30 44% 0.38 [0.15, 0.99] 2013 —t
Moon 2016 254 390 334 497 31.8% 0.91[0.69, 1.21] 2016 -
Qiu 2017 53 74 87 102 6.4% 0.44 [0.21, 0.92] 2017 =
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Figure 4. Forest plots. A, Disease-free survival. B, Metastasis-free survival. Cl=confidence interval, CRT =conformal radiotherapy, IMRT =intensity-modulated

radiotherapy, OR=o0dds ratio.

significance (The total pooled effect: OR=0.77, 95% CI=0.65-
0.91, P=.002), which distinctly favored IMRT. With respect to
metastasis-free survival, the result of the pooled effect vividly
demonstrated that the difference between the CRT group and the
IMRT group was statistically of significance (The total pooled
effect: OR=0.71, 95% CI=0.54-0.94, P=.01), which distinctly
favored IMRT.

IMRT has increased overall survival, locoregional control
rate, disease-free survival, and metastasis-free survival
compare with CRT, which indicated the truly fact that
IMRT can deliver irradiation dose more accurate to target
organs and reduce toxicity to normal organs. Moreover, the
use of IMRT technology and doctors’ skills for the treatment
of NPC are becoming increasingly advanced and mature.
Therefore, IMRT should be superior to CRT for the treatment
of NPC.

In a study of Wu et al,'® IMRT had been applied in the
treatment of NPC for nearly 20 years, while it is known about the
10-year survival outcomes. They aimed to evaluate the 10-year
survival outcomes for patients with NPC receiving IMRT. Data
on 614 patients with newly diagnosed NPC treated by IMRT
between 2004 and 2008 were reviewed retrospectively. Survival
outcomes stratified by tumor stage were compared. The 10-year
local relapse-free survival rates for T1, T2, and T3 were 94.2%,
92.5%, and 91.4%, respectively, while significantly higher than
that of T4 (79.3%). Furthermore, the 10-year overall survival
rates were respectively 100%, 87.1%, 75.5%, and 55.6% for
stages I, II, TII, and IV. Late toxicities were assessable for 495
(80.6%) patients, and results showed that most were Grade I/II

damages. Xerostomia and hearing impairment remained the
most troublesome. So, IMRT could achieve satisfactory survival
outcomes for NPC patients with acceptable late toxicities. Tian
et al'® investigated the feasibility of reirradiation with IMRT for
recurrent T1 to T2 NPC by assessing long-term survival rates and
late complication rates. Sixty patients who had been irradiated
were diagnosed with locally recurrent T1 to T2 NPC and
underwent reirradiation with IMRT. Severe radiation toxicities
were assessed. The 5-year local failure-free survival, distant
failure-free survival, and overall survival rates were 85.7%,
96.1%, and 67.2%, respectively. The most common severe
complications were headache, mucosal necrosis, cranial neurop-
athy, and temporal lobe necrosis. Thirty-nine patients developed
at least 1 severe complication and 18 patients died. The
conclusion indicated that excellent disease control could be
achieved by reirradiation with IMRT for recurrent T1 to T2
NPC. However, the main challenge remained severe late
complications. Chan et al''! conducted a study to assess the
efficacy and toxicities of reirradiation by using IMRT in patients
with locally advanced recurrent NPC. Thirty-eight patients with
consecutive recurrent T3 to T4 NPC treated between 2005 and
2013 were analyzed retrospectively. The 3-year overall survival
rate, progression-free survival rate, and local control rate were
47.2%, 17.5%, and 44.3%, respectively. 73.7% of patients
experienced >1 grade 3 late toxicities, and 3 patients died of
massive epistaxis. Temporal lobe necrosis developed sooner with
a higher total biological equivalent dose. Therefore, adequate
tumor dose coverage was important for treating recurrent T3 to
T4 NPC.
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Several limitations of this meta-analysis could be resulted from
various types of biases. First, the meta-analysis was based on 1
RCT, 1 prospective study, and 11 retrospective studies. Second,
the number of patients analyzed was small. Third, the tumor
stage of patients, the length of follow-up time, and radiological
dose were inconsistent. So, results may have been influenced by
these biases.

Our meta-analysis showed that IMRT has increased overall
survival, locoregional control rate, disease-free survival, and
metastasis-free survival in comparison with CRT. Therefore, to
minimize the risk of bias, more large, multicenter, and
randomized-controlled trials should be needed to be performed.

5. Conclusion

IMRT has increased overall survival, locoregional control rate,
disease-free survival, and metastasis-free survival in comparison
with CRT. In conclusion, IMRT should be a better option for the
treatment of NPC because patients who underwent IMRT may
benefit from better oncologic outcomes compared with CRT.
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