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REVIEW ARTICLE

Hyperthermia and radiotherapy with or without chemotherapy in locally
advanced cervical cancer: a systematic review with conventional and network
meta-analyses

Niloy R. Dattaa, Susanne Rogersa, Dirk Klingbielb, Silvia G�omeza, Emsad Purica and Stephan Bodisa,c

aCentre for Radiation Oncology, KSA-KSB, Kantonsspital Aarau, Aarau, Switzerland; bSwiss Group for Clinical Cancer Research (SAKK),
Coordinating Centre, Bern, Switzerland; cDepartment of Radiation Oncology, University Hospital Zurich, Zurich, Switzerland

ABSTRACT
Purpose: A systematic review with conventional and network meta-analyses (NMA) was conducted to
examine the outcomes of loco-regional hyperthermia (HT) with radiotherapy (RT) and/or chemotherapy
(CT) in locally advanced cervix cancer, IIB–IVA (LACC).
Methods and materials: A total of 217 abstracts were screened from five databases and reported as
per PRISMA guidelines. Only randomised trials with HT and RT±CT were considered. The outcomes
evaluated were complete response (CR), long-term loco-regional control (LRC), patients alive, acute and
late grade III/IV toxicities.
Results: Eight articles were finally retained. Six randomised trials with HTRT (n¼ 215) vs. RT (n¼ 212)
were subjected to meta-analysis. The risk difference for achieving CR and LRC was greater by 22%
(p< .001) and 23% (p< .001), respectively, with HTRT compared to RT. A non-significant survival advan-
tage of 8.4% with HTRT was noted with no differences in acute or late toxicities. The only HTCTRT vs.
RT trial documented a CR of 83.3% vs. 46.7% (risk difference: 36.7%, p¼ .001). No other end points
were reported. Bayesian NMA, incorporating 13 studies (n¼ 1000 patients) for CR and 12 studies for
patients alive (n¼ 807 patients), comparing HTCTRT, HTRT, CTRT and RT alone, was conducted. The
pairwise comparison of various groups showed that HTRTCT was the best option for both CR and
patient survival. This was also evident on ranking treatment modalities based on the “surface under
cumulative ranking” values.
Conclusions: In LACC, HTRT demonstrates a therapeutic advantage over RT without significant acute
or late morbidities. On NMA, HTCTRT appears promising, but needs further confirmation through pro-
spective randomised trials.
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Introduction

Cervical cancer is the fourth commonest cancer globally [1].
Of an annual incidence of 528 000 in 2012, 84.2% of cases
arose in less developed regions of the world with a mortality
of around 90% [1,2]. This can be attributed to both limited
treatment facilities and to the advanced stage of disease at
presentation in these countries. Radiation therapy (RT) is the
mainstay of treatment for cervical cancer and several com-
bined approaches have been implemented to improve clin-
ical outcomes. Consequently, the use of chemotherapy (CT)
concurrent with RT has led to a host of chemoradiotherapy
(CTRT) schedules being evaluated in various clinical trials [3].
The recent Cochrane meta-analysis of 23 CTRT trials across all
stages of cervical cancer reported a 6% improvement in
5-year survival with CTRT as compared with RT. A 10% sur-
vival advantage with CTRT at 5 years in stages IB–IIA was
reported. This fell to 7% in stage IIB disease and to a mere
3% in stages III–IVA [3]. In terms of overall population bene-
fit, CTRT was recently estimated to provide an absolute
5-year overall survival benefit of just 3% in cervical cancer [4].

Thus, management of locally advanced cervix cancers (LACC),
especially stages IIB–IVA, still poses a major therapeutic
challenge.

Another option that has been explored in cervical cancers
is the use of thermoradiotherapy (HTRT), that is, hyperther-
mia (HT) with RT. HT at 39–43 �C is a potent radio- and che-
mosensitiser [5,6]. This may be particularly relevant in LACCs,
which are known to harbour a significant population of
radioresistant hypoxic cells [7]. In 2010, a Cochrane meta-
analysis reported a possible therapeutic advantage of HTRT
over RT alone in LACC [8]. More recently a number of studies
adding CT to HTRT have been published. Some of these clin-
ical trials with thermochemoradiotherapy (HTCTRT) have also
compared the outcomes with CTRT alone, which presently
continues to be the preferred therapeutic option for LACC.

We therefore conducted a systematic review and updated
the results of the Cochrane meta-analysis for HTRT vs. RT. In
addition, we also looked at the outcomes of the trials report-
ing the use of CT in addition to HTRT or RT. With the four
therapeutic options, namely, HTCTRT, HTRT, CTRT and RT
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alone in LACC, Bayesian network meta-analysis (NMA) was
performed to synthesise the outcomes of these key
approaches in LACC. Both direct and indirect evidence from
various studies was combined to formulate treatment net-
works and perform NMA. League tables summarising the esti-
mated odds ratios for all comparisons were generated. A
surface under cumulative ranking (SUCRA) value per treat-
ment (0–100%, where values nearer to 100% are preferred)
for each outcome was estimated. These were used to amal-
gamate the trials and rank the outcomes of the four treat-
ment strategies to identify the most promising approach.
This could have possible implications in the future manage-
ment strategies of LACCs.

Material and methods

Search strategy

The systematic review, conventional meta-analysis and NMA
were conducted in accordance with the PRISMA guidelines
[9] and the PRISMA extension statement for incorporating
NMA [10] (Figure 1 and Supplementary Table 1). Six data-
bases, namely, PubMed, EMBASE, SCOPUS, Web of Science,
Google Scholar and the Cochrane library were searched. The
last search was performed on 22 February 2016. The Medical
Subject Headings (MeSH) terms used were “Uterine Cervical
Neoplasms”, “Radiotherapy” and “Hyperthermia, Induced”.
The search was not limited to any date or language.
Additional papers were retrieved through hand-searching.

Study selection

After exclusion of duplicates from 270 abstracts, a total of
139 articles were screened based on their titles and abstracts.
Topics unrelated to cervical cancers, in vitro/thermoradiobio-
logical studies, technical papers on HT, reviews/comments,
case reports, radiotherapy alone, use of brachytherapy/ther-
mobrachytherapy, chemotherapy, single-arm studies, recur-
rent/retreatment and non-English articles were excluded. Two
non-English papers [11,12] were included as English transla-
tions were made available to the authors (courtesy Dr J. van
der Zee and Dr M. M. Liu). Articles that had been updated in
a later publication by the same author(s) were excluded.
Finally, 23 articles were shortlisted for full text review. The
details of the literature search and the study selection proce-
dures adopted are given in Figure 1.

Inclusion criteria and studies included for meta-analysis

Only full text articles pertaining to randomised trials with
HTRT vs. RT and HTCTRT vs. RT in newly diagnosed LACC
were included for the conventional meta-analysis for these
two groups [11,13–17]. For HTRT, all published clinical studies
reporting HTRT vs. RT alone in LACC were screened. Finally,
six studies were included in the conventional meta-analysis
for HTRT vs. RT [11,13–17]. Studies that were updated by the
authors in a later publication were considered. Thus, the ori-
ginal report by van der Zee et al. [18], included in the

Cochrane meta-analysis [8], was replaced by updated reports
from Franckena et al. [13]. Harima et al. [14] included in the
present meta-analysis is published as a “hyperthermia classic
article” and is a reproduction of the earlier article by Harima
et al. [19]. However, the outcome data reported in 2009
remains the same as reported in 2001. Wherever feasible, the
lead authors were contacted for updates and clarifications. In
addition, the toxicity profiles reported separately by Sharma
et al. [20] were taken into consideration during the present
meta-analysis. For HTCTRT vs. RT, only one randomised study
was found [11]. This was a four-arm study with patients rand-
omised to HTCTRT, HTRT, CTRT and RT groups.

For the NMA, two recently published studies were
included [12,21] in addition to the above randomised studies
with HTRTCT vs. RT and HTCTRT vs. RT. One was a rando-
mised study with HTRT vs. CTRT [21]. The other was a com-
pilation of nine trials randomising between HTCTRT vs. CTRT
reported in the meta-analysis [12]. These nine trials com-
prised a total of 693 patients (HTCTRT vs. CTRT) and were
reported in Chinese medical journals. Despite our best
efforts, the full texts were not available. We therefore eval-
uated the end points of complete response (CR) and patient
survival that were tabulated and reported in the forest plots
of the meta-analysis [12]. As the outcomes reported in these
trials were CR and patients alive at the end of the study
period, we restricted our NMA to these two key end points.
The studies included in the NMA for CR and patients alive for
various subgroups are detailed in Supplementary Tables 2
and 3.

Data extraction, quality assessment and critical
appraisal

For conventional meta-analysis (HTRT vs. RT), the primary
outcomes of interest were CR, long-term loco-regional con-
trol (LRC), patients alive at the end of their respective follow-
up periods, grade III/IV acute and late toxicities. These were
assessed from the six randomised trials [11,13–17]. For
HTCTRT vs. RT, only the CR was documented by Chen et al.
[11]. NMA was therefore conducted from 13 studies for CR
[11–15,21] and 12 for patients alive at the end of follow-up
[12–15,17,21].

All articles were extracted by two co-authors and critically
reviewed (NRD and SG). In case of discrepancy, a consensus
was reached in discussion with the third co-author (SR).
Quality assessment of the trials was carried out as per
Cochrane’s collaboration tool [22]. The shortlisted papers
were further reviewed by co-authors (NRD, SR, SG, EP and
SB) to ascertain the correctness of all entries.

Statistical methods

The Comprehensive Meta-analysis Software package version
3.0 (Biostat, Englewood, NJ) was used to perform the meta-
analysis [23]. Effect measures were computed for all dichot-
omous outcomes. For efficacy, an event represented patients
achieving CR, LRC and those alive at the end of their respect-
ive follow-up period. The LRC and survival estimates are
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given as a binary end point and not as time-to-event as the
latter was not available for all studies. For toxicity, all grade
III/IV acute and late toxicities were considered as an event.
The odds ratio (OR), risk ratio (RR) and risk difference (RD) for
each of the desired end points were computed and results
given by the point estimate, the 95% confidence interval (CI),
Z and p value. Heterogeneity was assessed using the I2 statis-
tic, which represents the estimated proportion of unex-
plained inter-study variance prior to pooling of the studies. A
random effects model was adopted for all analyses. The

numbers needed to treat (NNT) were calculated for CR and
LRC [24]. Potential publication bias was evaluated through
funnel plots and rank correlation tests with Kendall’s tau [25].
A value of p< .05 was considered to be statistically signifi-
cant for all tests.

For the NMA, outcomes for CR and “patients alive” were
computed separately using a Bayesian random effects model
using NetMetaXL [26] and WinBUGS version 1.4.3 (MRC
Biostatistics Unit, Institute of Public Health, Cambridge, UK).
This allowed us to combine direct and indirect evidence from

Figure 1. Flow chart indicating study selection procedure for hyperthermia with radiotherapy and/or chemotherapy in cervical cancers for conventional meta-ana-
lysis and network meta-analyses.
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various studies [27]. The direct comparisons would compare
head to head within a randomised trial while the indirect
comparisons would compare the results of randomised trials
with common comparators [28]. Models were run using 10
000 burn-in iterations followed by 10 000 sampling iterations
[29]. The pairwise summary paired odds ratio estimates and
95% credible interval (Cr.I) (or Bayesian confidence interval)
were presented in league tables. Surface under the cumula-
tive ranking curve (SUCRA) values were also estimated per
treatment for each outcome (range 0–100%, with values
nearer 100% considered preferable). Additionally, for each
outcome rankograms for the various treatment options were
plotted to reflect the distribution of rankings and corre-
sponding probabilities for each intervention. Inconsistency
between direct and indirect estimates was assessed when a
closed loop was present by assessment of scatterplots of
residuals from consistency and inconsistency models run, as
well as by comparison of deviance information criteria (DIC)
values between models (differences of 5 or more points were
considered to indicate evidence of difference in fit) [26,30].
For each analysis, posterior residual deviance was compared
to the total number of data points to assess adequacy of
model fit.

Results

Overview of the clinical trials included in the
meta-analysis

The total number of patients included in this meta-analysis
(both conventional and NMA) was 1160. Of these, the con-
ventional meta-analysis between HTRT vs. RT included 215
and 212 patients, respectively, and for HTCTRT vs. RT, there
were 30 in each group. For the NMA, the numbers of
patients in HTCTRT, HTRT, CTRT and RT were 323, 257, 368
and 212, respectively. In the six trials of HTRT vs. RT, 99.3%
of the patients had LACC (stages IIB–IVA). All patients in the
single study of HTCTRT vs. RT were also of stage IIB–IVA
(Table 1). The HTRT vs. CTRT trial reported by Lutgens et al.
[21] included 30.1% patients below stage IIB, but all had
tumours �4 cm. In the meta-analysis reported by Yan et al.
[12], all studies except one (which had patients with stages
IIA–IIIB) had included patients with LACC.

Radiotherapy usually consisted of teletherapy (45–50Gy)
to the pelvis combined with intracavitary brachytherapy (at
various dose rates). Loco-regional HT in HTRT and HTCTRT
studies was usually administered after RT for around 60min
to a temperature of 40–43 �C. Single agent cisplatin was used
in most of the HTCTRT and CTRT studies (Table 1).

Outcomes from trials with HTRT vs. RT (conventional
meta-analysis)

A total of 215 patients were treated with HTRT while 212
received RT alone. Those treated with HTRT had superior out-
comes when compared with RT. The ORs were 2.67 (95% CI:
1.57–4.54, p< .001) for CR, 2.61 (95% CI: 1.55–4.39, p< .001)
for LRC and 1.94 (95% CI: 1.10–3.40, p¼ .021) for patients sur-
viving at the end of follow-up (Supplementary Figures

1(a)–(c)). The acute and late toxicities were comparable for
both HTRT and RT (Supplementary Figures 1(d) and (e)). The
RR also followed the same trend as OR for the above end
points (Supplementary Figures 2(a)–(e)). As evident on the
RD, HTRT achieved a superior CR by þ22.1% (RD: 95% CI: 11.
1–33.2, p< .001) and LRC by þ23.1% (RD: 95% CI: 11.2–35.0,
p< .001) when compared with RT alone (Figures 2(a) and
(b)). A non-significant survival advantage of 8.4% was
observed with HTRT (Figure 2(c)) while the grade III/IV acute
and late morbidities were similar in both groups (Figures 2(d)
and (e)). No significant publication bias was observed (Figure
3). The quality assessment of the trials is detailed in
Supplementary Figure 3.

Outcomes with HTCTRT vs. RT (conventional
meta-analysis)

The outcomes of HTCTRT vs. RT could only be computed
from one randomised trial with 30 patients in each arm.
A total of 83.3% of the patients with HTCTRT achieved a CR
compared with 46.7% with RT alone (OR: 5.71, 95% CI:
1.72–18.94, p¼ .004; RR: 1.78, 95% CI: 1.18–2.70, p¼ .006; RD:
36.7%, 95% CI: 14.4–58.9, p¼ .001). No other parameters
were reported in this study [11].

Network meta-analysis for HTCTRT, HTRT, CTRT and RT
groups

NMA was performed for two end points (a) CR and (b)
patients alive at the end of the study period (Supplementary
Tables 2 and 3). For CR, 13 studies with a total of 1000
patients resulted in six possible direct comparisons: HTCTRT
vs. HTRT, HTCTRT vs. CTRT, HTCTRT vs. RT, HTRT vs. CTRT,
HTRT vs. RT and CTRT vs. RT (Figure 4(a)). A total of 659/1000
patients achieved CR (Table 2). Based on the corresponding
ORs, the league table and forest plots of these groups reveal
a significant advantage of HTCTRT over RT (OR: 4.52, 95% Cr.
I: 1.93–11.78) and over CTRT (OR: 2.91, 95% Cr.I: 1.97–4.31)
for achieving CR (Figure 4(b) and Supplementary Figure 4).
HTRT also demonstrated a significantly higher probability of
a CR over RT alone (OR: 2.85, 95% Cr.I: 1.63–5.08). There were
no significant differences observed for the remaining three
comparisons (Supplementary Figure 4). Inspection of the ran-
kogram and SUCRA values indicate that the best possible
option was HTCTRT (SUCRA¼ 0.952) followed by HTRT
(SUCRA¼ 0.680), CTRT (SUCRA¼ 0.317) and RT (SUCRA¼ 0.
051) (Figure 5). The network inconsistency test did
not indicate any potential inconsistencies (Supplementary
Figure 5).

The NMA for patients remaining alive at the end of the
study follow-up period was performed with data from 12
comparative studies comprising a total of 807 patients, of
whom 596 patients were alive at the end of the study period:
HTRT (118/170), RT (73/125), HTCTRT (202/231) and CTRT
(203/281) (Figure 6(a), Table 2). Three direct comparisons
between HTRT vs. RT (253 patients), HTCTRT vs. CTRT (470
patients) and HTRT vs. CTRT (84 patients) had data available
for analysis. Three indirect comparisons between HTCTRT vs.
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HTRT, HTCTRT vs. RT and CTRT vs. RT were also estimated
from the NMA. As evident from the league table and the for-
est plots, HTCTRT provides a significant advantage over CTRT
(OR: 2.65, 95% Cr.I: 1.51–4.87) or RT (OR: 5.57, 95% Cr.I:
1.22–23.42) (Figure 6(b) and Supplementary Figure 6). There
were no significant differences for the remaining four com-
parisons between therapies. Inspection of the rankogram and
SUCRA values suggests that HTCTRT (SUCRA¼ 0.979) may be
associated with the highest patient survival. On the ranko-
gram, HTCTRT with the best SUCRA values of 0.979 appeared
to be the best option for the end point of patient survival.
CTRT and HTRT were quite close to each other at 0.483 and
0.470, respectively, while RT at 0.067 was ranked as worst
(Figure 7).

Assessing model fit and inconsistency between direct
and indirect estimates for CR and patients alive using
NMA

Inconsistency between direct and indirect estimates was
tested by scatterplots of the residuals from consistency and
inconsistency models. For patients achieving CR, the test for
inconsistency was evaluated for the random effects model by
comparison of the DIC values between models with a differ-
ence of 5 points considered to indicate evidence of differ-
ence in fit (as stated earlier in the statistical section). The DIC
for CR for random effects (vague prior) was 141.4 while the
DIC with the inconsistency model was 142.5. Since the differ-
ence between the DICs was less than 5 points, it indicates
absence of any inconsistency between direct and indirect
estimates of the CR from different strategies evaluated by
NMA. The posterior residual deviance and number of uncon-
strained data points (i.e. number of study arms in the ana-
lysis) were 23.11 and 28, respectively; the similarity of these
values suggests the model fit is adequate.

For the patients alive, as outcomes seen on the network
diagram had no closed loops (Figure 6(a)), the inconsistency
test was not indicated and or performed. However, the
inconsistency plots for patients alive are depicted in
Supplementary Figure 7. Values of posterior residual deviance
and the number of unconstrained data points were 20.77
and 24, respectively. This similarity of values again suggests
adequate model fit.

Discussion

Hyperthermia at 39–43 �C is known to be a potent hypoxic
cell sensitiser and has the ability to inhibit DNA damage
repair, sensitise “S” phase cells and to synergise cisplatin
cytotoxicity. HT has been trialled in several randomised and
single-arm studies for various sites, including cervical cancers
[5]. In LACC, it could plausibly act as a potential radio- and
chemosensitiser and possibly enhance the efficacy of the cur-
rently accepted treatment strategies using CTRT [3].

A Cochrane meta-analysis of randomised trials with HTRT
vs. RT alone published in 2010 indicated that HT in addition
to RT could provide clinically relevant improvements in treat-
ment outcomes, especially in stage IIIB cervix cancer [8].Ta
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Figure 2. Forest plots depicting the risk difference for (a) complete response; (b) long-term loco-regional control; (c) number of patients alive; (d) acute toxicity;
and (e) late toxicity for trials included in thermoradiotherapy (HTRT) vs. radiotherapy (RT). All computations have been performed using random effects model.
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As stage IIB–IVA tumours are now usually grouped under
LACC, it may be appropriate to infer that HTRT could be pre-
ferred over RT in LACC without any additional acute and late
toxicities.

The present systematic review was conducted to update
the outcomes of the Cochrane meta-analysis [8] in light of
the additional published data and to explore outcomes of CT
delivered concurrently with HTRT in LACC. An extensive data-
base and hand search conducted could not identify any add-
itional randomised trial between HTRT vs. RT other than the
six trials that had been included in the earlier Cochrane
meta-analysis. However, the effect measures were updated
and additionally a NMA was performed to synthesise the out-
comes of various randomised trials using HT and RT with or
without CT.

A closer perusal of the effect measures of the HTRT vs. RT
trials indicates that HTRT significantly improves the rates of
CR (þ22.1%) and of LRC (þ23.1%) compared with RT alone.
CR at the completion of treatment has been reported to be a
significant predictor of long-term survival in cancer of the
cervix [31–33]. The 8% survival benefit in LACC without any

additional acute or late treatment-related morbidity was non-
significant but is between 2 and 3 times the reported survival
advantage of CTRT in LACC [3,4]. The NNT with HTRT is 4.5
for CR and 4.3 for LRC (Figures 2(a) and (b)). An improved CR
rate could be expected to translate into better survival out-
comes [31,34,35]. Thus, it is plausible that the better CR rate
with HTRT would be reflected in an 8% improvement with
HTRT with regard to the numbers of patients alive at the end
of the respective study periods (Figure 2(c)).

We have not included the survival figures from Vasanthan
et al. [16] as the published manuscript states that 17 of the
total 110 patients (both groups combined) had died. Since
the detailed distribution of the mortalities in the two groups
was not stated, it was not possible to ascertain the exact
number of patients alive in each group. Furthermore, this
trial was subsequently found to have several deficiencies in
terms of suboptimal radiotherapy and inadequate informa-
tion regarding HT and its quality control [36].

The effect measures for the end points evaluated did not
show any appreciable heterogeneity, except patient survival
which had heterogeneity of 56.7% in RD as indicated by I2

Figure 2. Continued.
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estimates (Figure 2(c)). A closer perusal of the forest plots for
patient survival suggested that this could be attributed to a
relatively higher number of patient deaths reported by
Sharma et al. [17] (HTRT group, 3/23 vs. RT, 1/23) (Figure
2(c)). This was verified by repeating the RD computation
excluding this trial. Thereby the point estimate for RD
improved from 0.08 (95% CI: �0.07 to 0.24, p: ns) to 0.17
(95% CI: 0.04–0.29, p¼ .009) and I2 dropped from 56.7% to
0%. The survival advantage also increased from 8% to a stat-
istically significant 17% with no heterogeneity. Of note, 2 of
the 3 patients who died in the HTRT group of this study had
distant metastasis while the proportion of patients with no
evidence of disease at 18 months follow-up was higher when
treated with HTRT compared with RT (70% vs. 50%).

The relatively smaller number of patients in the HTRT vs.
RT trials could be a reflection of the limited availability of HT
facilities and also of the investigative nature of HTRT
(Table 1). One of the largest series with 378 patients with
stages IB2–IVA disease (89% patients in stages IIB–IVA) has
been reported by Franckena et al. [37]. This followed the
promising results reported in the randomised Dutch Deep
Hyperthermia Trial [18]. A total of 77% of patients achieved
CR, while 5-year local control and disease-specific survival
were 53% and 47%, respectively.

A recently reported randomised study using brachyther-
apy vs. brachytherapy and HT following prior CTRT in
patients of cervical cancer with stages II–III cervical cancer
failed to demonstrate any therapeutic benefit with the add-
ition of HT [38]. The authors attributed this to (a) the rela-
tively few stage III patients in their patient cohort and (b)
heating only a small volume of cervix with interstitial HT. It is
noteworthy that HT was used only during brachytherapy and
not during the 5 weeks of external beam RT sessions and CT.
It could be supposed that HT would be more effective in de
novo bulky tumours harbouring a higher hypoxic fraction
rather than in tumours that have regressed following 5–6
weeks of CTRT. This suggests that external HT should be
used in LACC at the initiation of RT or CTRT to maximise
the therapeutic gain of HT-induced hypoxic cell
radiosensitisation.

A comparison of HTCTRT vs. RT was limited to only one
study and only one end point of CR. In a multicentre, single-
arm multicentre trial with HTCTRT (n¼ 68 patients), 89.7% of
patients achieved a CR; 58.8% had a LRC while 69.1% of
patients were surviving at the end of the study period
(median follow-up: 81 months) [39]. A total of 33% of the
patients experienced grade III/IV acute toxicities in the form
of leucopenia, fatigue, nausea, emesis and diarrhoea but
these did not result in withholding HT treatment [40]. None
of the patients reported any late toxicity with HTCTRT.

Apart from these studies, the meta-analysis of nine rando-
mised trials of HTCTRT vs. CTRT reported significantly
improved 1-year (OR: 3.05, 95% CI: 1.70–6.68, p¼ .005) and 2-
year survival (OR: 2.29, 95% CI: 1.19–4.38, p¼ .01) with no
significant adverse effects [12]. These individual trials are in
non-English-language journals and could not be retrieved. In
addition, a recently reported randomised study between
HTRT and CTRT, which was closed prematurely after enrolling
87 of the 376 planned patients, suggested comparable

Figure 3. Funnel plots corresponding to the risk difference for (a) complete
response; (b) long-term loco-regional control; (c) number of patients alive; (d)
acute toxicity; and (e) late toxicity for trials included in thermoradiotherapy
(HTRT) vs. radiotherapy (RT). Kendall’s s and p values for each plot are also
shown.
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outcomes with HTCTRT and CTRT in terms of event-free sur-
vival (hazard rate: 1.15, 95% CI: 0.56–2.36, p: ns) and pelvic-
recurrence-free survival (hazard rate: 1.04, 95% CI: 0.48–2.44,
p: ns) at 5 years [21].

NMA provided us with an opportunity to synthesise the
various treatment approaches using HT in LACC and simul-
taneously compare their outcomes. In contrast to conven-
tional meta-analysis where only two paired interventions can
be compared at a time, NMA allows both direct and indirect
comparisons of the various treatment approaches. Thus, NMA
was carried out to compare the outcomes of HT and RT with
or without CT in LACC, using data from randomised trials.
NMA is one of the methods used by health technology
assessment organisations to evaluate the efficacy of various
treatment options as it provides direct evidence of treatment
superiority by ranking the treatment modalities using SUCRA
values [26,28]. As evident from NMA, HTCTRT is the best
option in terms of CR and also patient survival in LACC. HTRT
and CTRT are closely competing strategies, with HTRT scoring
well above CTRT for CR, but being similar to CTRT in terms
of patient survival (Figures 5 and 7).

CTRT is the accepted therapeutic approach in cervical can-
cers but the limited survival benefits of 3–4%, especially in
LACC at the cost of increased acute toxicity as reported from
various randomised trials, is a matter of concern [3,4].

Figure 4. Network meta-analysis for complete response with trials using thermoradiotherapy (HTRT), thermochemoradiotherapy (HTCTRT), chemoradiotherapy
(CTRT) and radiotherapy (RT) alone. (a) Network diagram showing the number of trials and patients included in each set of randomised groups; (b) league table
with odds ratios and 95% credible interval (95% Cr.I) with pairwise comparison. Random effects model with vague priors has been used for computation of odds
ratios.

Table 2. Summary of the network meta-analysis characteristics for complete
response and patients alive for various treatment arms: thermoradiotherapy
(HTRT), thermochemoradiotherapy (HTCTRT), chemoradiotherapy (CTRT) and
radiotherapy (RT) alone.

Network meta-analysis
characteristics

Parameters
Complete
response

Patients
alive

Number of interventions 4 4
Number of studies 13 12
Total number of patients in the network 1000 807
Total number of events in the network 659 596
Total possible pairwise comparison 6 6
Total pairwise comparison with direct data 6 3
Number of two-arm studies 12 12
Number of multi-arm studies 1 0
Number of studies with no zero events 13 12
Number of studies with at least one zero event 0 0
Number of studies with all zero events 0 0
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Figure 5. Rankograms for complete response computed using random effects model for subgroups of thermoradiotherapy (HTRT), thermochemoradiotherapy
(HTCTRT), chemoradiotherapy (CTRT) and radiotherapy (RT) alone. The rankings have been based on the surface under the cumulative ranking (SUCRA) values with
the best rank obtained by the modality with the highest SUCRA value.

Figure 6. Network meta-analysis for patients alive with trials using thermoradiotherapy (HTRT), thermochemoradiotherapy (HTCTRT), chemoradiotherapy (CTRT)
and radiotherapy (RT) alone. (a) Network diagram showing the number of trials and patients included in each set of randomised groups; (b) league table with odds
ratios and 95% credible interval (95% Cr.I) with pairwise comparison. Random effects model with vague priors has been used for computation of odds ratios.
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In addition, HPV positive cervix cancer has been shown to be
sensitive to both HT and RT individually [41–43]. As the trials
included in this meta-analysis did not report outcomes by
HPV tumour status, it was not possible to infer any benefit of
HTRT or HTCTRT in relation to HPV positivity. Future trials
with HTRT in LACC should consider HPV as a stratification
factor to define treatment strategies in relation to HPV status.
Thus, the hypoxic cell sensitising abilities of HT and the ther-
moradiobiological sensitisation of HPV positive cervical
tumours should pave the way for a direct comparison of HT
and RT± CT vs. CTRT. Two clinical trials exploring HTCTRT
have been registered with ClinicalTrials.gov, one as a single-
arm feasibility study of HTCTRT [44] and the other as a rand-
omised phase III trial between HTCTRT vs. CTRT [45]. The lat-
ter was closed due to slow accrual of patients.

The outcomes of this meta-analysis should guide the
future treatment strategies for LACC and encourage the
resurgence of multicentre trials in LACC with addition of HT.
The therapeutic efficacy of HTRT over RT has been shown
quite effectively using the conventional meta-analysis for all
the five study end points. Although NMA showed HTRTCT to
be the preferred treatment modality over HTRT and CTRT, no
randomised trial has been reported to date using these three
modalities. Thus, a three-arm randomised trial comparing
HTCTRT vs. HTRT vs. CTRT, with HPV status as a stratification
factor, is called for. The rapid advances in treatment delivery,
thermometry and treatment planning have enabled HT treat-
ment to become a safer and more precise treatment than in
the past [5]. These developments, along with the encourag-
ing results of this NMA, should encourage the possibility of

integrating HT as a valuable addition to the existing modal-
ities of RT and CT in LACC without any appreciable additive
acute or late morbidity.

Conclusions

This systematic review and meta-analysis conducted in
LACC to evaluate the outcomes of HT and RT with or
without CT provide level I evidence of a therapeutic bene-
fit of HTRT over RT alone. NMA further indicates that
HTCTRT could be the most promising approach in LACC.
This should encourage multicentre randomised clinical trials
with HTRT ±CT vs. CTRT in LACC. Pre-treatment HPV status
should be included as a stratification factor in all such
future trial designs.
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