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Purpose: A meta-analysis is presented comparing clinical outcomes and toxicities between high dose rate (HDR)
and pulsed dose rate (PDR) brachytherapy (BT) for anal cancer.

Methods and material: Retrospective or prospective clinical trials were identified on electronical databases. Data
were collected per Preferred Reporting Items for Systematic Reviews and meta-Analyses guidelines. Pooled effect
size for HDR and PDR BT were compared using subgroup analyses.

Results: Nine retrospective studies with a total of 481 patients treated were included of which 219 with HDR and
262 with PDR. Significant differences were observed between the two groups for baseline characteristics and
treatment. The cumulative proportion of stage T3-T4 was lower in the HDR group, 0.15 [95 % confidence in-
terval (CI) 0.07-0.29] vs 0.27 [95 %CI 0.09-0.57] in the LDR group, p < 0.001. Lower BT doses (in equivalent 2-
Gy fraction dose) were given for patients in the HDR group, 11.9 Gy [95 %CI 8.2-15.5] vs 19.5 Gy [95 %CI
15.0-24.0] in the PDR group, p < 0.001. No significant differences were found for clinical outcomes or toxicities.
The pooled effect size of the overall survival at 5 years for HDR and PDR was respectively 0.82 [95 %CI
0.70-0.94] and 0.82 [95 %CI 0.73-0.91], p > 0.99. The 5 years local control was 0.86 [95 % confidence interval
(CI) 0.81-0.91] and 0.83 [95 %CI 0.77-0.89], p = 0.62. Cumulative toxicity-related colostomy proportion was
0.04 [95 %CI 0.02-0.09] and 0.03 [95 %CI 0.02-0.07], p = 0.85.

Conclusion: Both modalities provided a good profile of tolerance and are effective organ conservative strategies
for patients with anal canal cancer. In parallel with ongoing developments to better determine the optimal
fractionation and dose for HDR-BT treatments, especially in large tumors, PDR BT still has a crucial role for dose
escalation strategy in advanced cases.

Introduction BT gives the possibility to focally increase the dose to the tumor

while sparing organs at risk, including non-involved parts of the anal

Definitive radiotherapy and concomitant chemotherapy plays a
major role in the treatment of anal canal cancer and represents the
standard of care of cancer stage II-IIl of anal margin and stage I-III of
anal canal [1]. However, the dose for a boost after 50 Gray (Gy) as well
as the place and the modality of brachytherapy (BT) are still under
debate.
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canal [2]. Historically, BT boost was delivered through continuous low
dose rate (LDR) irradiation, because of radiobiological grounds allows
for optimal normal tissue sparing. High-dose rate (HDR) brachytherapy
and pulsed-dose rate (PDR) BT have progressively replaced LDR BT.
HDR BT shows physical advantages, compared to Iridium 192 wires
(better dose optimization, radiation safety, and short treatment time)
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[3]. Pulsed-dose rate (PDR) BT combines physical advantages of HDR
and radiobiological advantages of LDR brachytherapy. In PDR, instead
of delivering the dose continuously as in LDR, a series of hourly HDR
pulses, continuing few minutes each hour, is delivered. Typically, the
overall dose and treatment time are same as corresponding LDR
schedule. PDR compared to LDR has many distinct advantages such as
isodose optimization, better therapeutic ratio attributed to multiple
fractionation regimens as well as excellent radiation protection [4,5].
From a logistic point of view, the main disadvantage of the PDR
compared to the HDR is the need for a hospital room equipped with a
remote control afterloading system. Therefore it should increases cost
and limits the possible number of BT procedures that can be performed
daily.

Since no large randomized trial exist, it is difficult to compare effi-
cacy and toxicity profile of PDR BT and HDR BT. The aim of this study
was to explore the literature performing a systematic review and meta-
analysis.

Materials and methods
Protocol

We conducted this systematic review and meta-analysis in accor-
dance with the Preferred Reporting Items for Systematic Reviews and

meta-analysis (PRISMA) statement [6].
A systematic search was conducted by two investigators in Cochrane
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Central Register of Controlled Trials, PubMed, and Google Scholar until
July 2021 for studies assessing the treatment outcomes of HDR and PDR
BT boost for patients with anus neoplasm. We have used the following
terms:

((“anus neoplasms” [MeSH Terms]) OR ((“anal” [All Fields] OR
“anus” [All Fields]) AND (“cancer” [All Fields] OR “neoplasm” [All
Fields]))) AND (“brachytherapy” [MeSH Terms] OR “brachytherapy”
[All Fields]).

Study selection

To be included, studies should be prospective or retrospective, with
more than 20 patients by BT modalities (e.g. HDR or PDR) and with at
least 24 months of median follow-up time. In all cases, patients received
BT as a boost. Studies without details on baseline characteristics, sur-
vival and toxicity provided separately for each BT modalities were
excluded. Were also excluded: groups undergoing local excision prior to
RT, intra-luminal BT and association with other experimental treatment.
In the studies with other groups of treatments (i.e. EBRT boost), we
included only the groups that fulfilled the criteria above mentioned.
Flowchart in Fig. 1. Studies included are listed in Table 1.

Outcomes

Primary outcome was the proportion of toxicity-related colostomy.
Secondary outcomes included proportion of toxicity grade 3 or more, 5-
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Fig. 1. PRISMA flow diagram illustrating the systematic process conducted to select data. BT: brachytherapy.
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Table 1
Patient and tumor characteristics.
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Authors, year of publication BT modality ~ Country Mono/multicentric ~ Median FU (years)  Patients’ characteristics Tumor characteristics
Number % male  Age (median) % T3-T4 % N;-N3
Karin Sigrid Kapp, 2001 HDR Austria monocentric 31 39 23.1 59 25.6 20.5
Julius Marek Doniec, 2006 HDR Germany monocentric 34 50 20.0 64 16.0 30.0
Christoph Oehler-Janne, 2007  HDR Switzerland monocentric 60 34 11.8 60.4 29.4 26.5
Emilien Bertin, 2018 HDR France monocentric 61 46 19.6 65 4.3 13.0
Leonel Varela Cagetti, 2019 HDR France monocentric 33 50 16.0 67 6.0 6.0
Antoine Bruna, 2006 PDR Belgium, France multicentric 28.5 71 15.5 61.2 22.5 26.8
Thomas Gryc, 2016 PDR Germany monocentric 60 47 29.8 60 55.3 34.0
Alessandra Arcelli, 2019 PDR Italy monocentric 71 102 29.4 61 38.2 52.0
Remi Bourdais, 2021 PDR France monocentric 60.4 42 16.7 69 4.8 11.9

BT: brachytherapy, FU: follow-up, HDR: high dose rate, PDR: pulsed dose rate.

years colostomy-free survival rate, 5-years local recurrence-free survival
rate, 5-years disease-free survival rate and 5-years overall survival rate.
Survival data were extracted from the Kaplan Meier curve for each study
using WebPlotDigitizer [7].

Clinical & treatment data

The variables that were likely to affect clinical outcomes were
collected such as 1) patient’s characteristics: gender, mean age, mean
follow-up time; 2) tumor’s characteristics: T and N classification ac-
cording to the Union for International Cancer Control (UICC), histology;
3) treatment characteristics: mean BT dose, volume related to the pre-
scription dose, rate of concurrent chemotherapy and EBRT technics. If
not available, mean and standard deviation (SD) were estimated
following the method described by Hozo et al. [8] EQD2 dose was
estimated using the linear quadratic model (LQM); i.e. a/p ratio = 10 Gy
(for tumor), repair halftime (T;,2) = 1.5 h.

Data synthesis and analysis

Proportions were logit-transformed before the meta-analysis and
then pooled using a random effect model. Between-group mean differ-
ences were pooled with an inverse variance method using a random
effect model. Pre-calculated effect sizes of survival data were estimated
for each study and then pooled using a random effect model. To explore
the differences between HDR and PDR groups, a subgroup analysis
method was performed. In all analyses, a p-value<0.05 was considered
statistically significant. The meta-analysis was performed using the
RStudio open software with “meta” and “metafor” R packages [9-11].

Results
Patient and tumor characteristics

Nine retrospective studies with a total of 481 patients were included
of which 219 treated with HDR and 262 treated with PDR [12-20]. The
overall time period for all included studies ranged from 2001 to 2021.
Mean follow-up time was significantly shorter in the HDR group, 51
months [IC95%, 33-68] versus (vs) 71 months [IC95%, 20-122] in the
PDR group, p < 0.001. Mean age was respectively 61 years [IC95%,
59-63] and 60 years [IC95%, 58-62], p = 0.84. Gender ratio (male/
female) was respectively 0.19 [IC95%, 0.13-0.26] and 0.24 [IC95%,
0.18-0.30], p = 0.22.

Proportion of stage T3 and T4 was significantly lower in the HDR
group, 15 % [IC95%, 7-29] vs 27 % [C95%, 9-57] in the PDR group, p
< 0.001. Patient and tumor characteristics are described in Table 1.

Treatment characteristics

Eight studies reported a prescription to the 85 % reference isodose.
One study didn’t report it [15]. No study reported the volumes of the

prescription isodose. Mean BT EQD2 dose was significantly lower in the
HDR group, 11.9 Gy [IC95%, 8.2-15.5] vs 19.5 Gy [IC95%, 15.0-24.1]
in the PDR group, p < <0.001. Alternative EQD2 estimation, with
another o/f ratio and Ty o, is detailed in Table 2. Proportion of IMRT
treatment was significantly higher in the HDR group, 15 % [IC95%,
3-51] vs 4 % [IC95%, 0-61] in the PDR group, p < 0.01. Proportion of
concomitant chemotherapy was significantly lower in the HDR group,
70 % [IC95%, 61-77] vs 81 % [IC95%, 33-97] in the PDR group, p <
0.01. Treatment characteristics are described in Table 3.

Survival outcomes

All but one study reported survival data of local recurrence. Five-
years local recurrence-free survival rates for HDR and PDR groups
were respectively 85.6 % [IC95%, 80.7-90.5] and 83.0 % [IC95%,
77.0-89.1 %], p = 0.52. Corresponding forest plot in Fig. 2. Six studies
reported the colostomy-free survival rate. Five-years colostomy-free
survival rates were respectively 79.6 % [IC95%, 71.4-87.8] and 76.4 %
[IC95%, 53.6-99.2], p = 0.79. Six studies reported the disease-free
survival rate. Five-years disease-free survival rates were respectively
73.5 % [IC95%, 66.1-81.0] and 72.4 % [IC95%, 55.6-89.3], p = 0.90.
Seven studies reported the overall survival rate. Five-years overall sur-
vival rates were respectively 81.9 % [IC95%, 70.3-93.5] and 82.0 %
[IC95%, 72.6-91.4], p < 0.99.

Toxicities

All studies reported the number of toxicity-related colostomies.
Proportion of toxicity-related colostomy in the HDR group was 4 %
[IC95%, 2-9] vs 3 % [IC95%, 2-7] in the PDR group, p = 0.67. Corre-
sponding forest plot in Fig. 3. Seven studies reported the number of
pelvic late toxicity grade 3 or more (including colostomy). Proportion of
pelvic late toxicity grade 3 or more was respectively 7 % [IC95%, 4-12]
vs 10 % [IC95%, 4-26], p = 0.25.

Discussion

PDR and HDR BT are both excellent treatment modalities to boost
residual disease and spare uninvolved parts of the anus in treatment of
anal canal carcinoma. From a radiobiological point of view, the thera-
peutic ratio should theoretically be better for PDR BT and to reach the
same local control probability, HDR should lead to more frequent and/
or severe toxicities than PDR [21]. Clinical data however do not confirm
this hypothesis and there is growing evidence that both PDR and HDR-
BT provided excellent clinical outcome, if properly applied. In a recent
pooled analysis, limited toxicity and excellent local control with HDR BT
in combination with external radiotherapy and chemotherapy was
found [22].

The basic premise to design this meta-analysis was to gather high-
quality studies reporting the treatment outcomes. Guided by this
assumption, we included only studies with more than 20 patients by BT
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Table 2
Alternative EQD2 estimation.
HDR studies o/ (Gy) 3 7 10
Karin Sigrid Kapp 2001 17.6 13.3 12
Julius Marek Doniec 2006 14.2 12.0 11.4
Christoph Oehler-Janne 2007 14 14 14
Emilien Bertin 2018 18.2 16.3 15.8
Leonel Varela Cagetti 2019 21.5 18.1 17.1
PDR studies o/p (Gy) 3 7 10
T1/2 ) 0.5 1.5 4 0.5 1.5 4 0.5 1.5 4
Antoine Bruna 2006 18.0 26.2 43.2 19.6 24.2 33.6 20.1 23.6 30.6
Thomas Gryc 2016 11.1 14.6 21.9 12.9 14.8 18.9 13.4 14.9 18.0
Alessandra Arcelli 2019 16.1 22.2 35.5 18.1 21.5 28.9 18.8 21.3 26.9
Remi Bourdais 2021 14.6 19.0 29.0 17.0 19.4 25.0 17.7 19.6 23.7
HDR: high dose rate, PDR: pulsed dose rate, a/p: alpha/beta ratio, Ty 2: repair halftime.
Table 3
Treatment characteristics.
Authors, year of publication BT EBRT
Dose Mean eqd2 (Gy) with Median EBRT to BT gap Median total/fraction dose % % Concomitant
rate sd (day) (Gy) IMRT chemotherapy
Karin Sigrid Kapp, 2001 HDR 8(1.5) 17 50.4/1.8 0 71.8
Julius Marek Doniec, 2006 HDR 9.3 (1.0) 42 45/1.8 0 -
Christoph Oehler-Jénne, HDR 14 (0.7) 21 45/1.8 0 79.4
2007
Emilien Bertin, 2018 HDR 14 (0.8) 17 45/1.8 54.3 71.7
Leonel Varela Cagetti, 2019 HDR 14 (2.0) 16 45/1.8 74.0 60.0
Antoine Bruna, 2006 PDR 21.1 (2.0) 29 45/1.8 - -
Thomas Gryc, 2016 PDR 15.1 (7.6) 40 53.5/1.8 2.1 89.4
Alessandra Arcelli, 2019 PDR 20.7 (2.3) - 45/1.8 0 94.1
Remi Bourdais, 2021 PDR 20 (5.8) 23 44/2 45.2 38.1

BT: brachytherapy, EBRT: external beam radiation therapy, HDR: high dose rate, PDR: pulsed dose rate, sd: standard deviation, IMRT: Intensity-modulated radiation

therapy.

Source (95% ClI)

Karin Sigrid Kapp 2001
Julius Marek Doniec 2006

0.77 [0.64; 0.90]
0.88 [0.79; 0.97]

Christoph Oehler-Janne 2007 0.90 [0.80; 0.99]

Emilien Bertin 2018
Leonel Varela Cagetti 2019

Antoine Bruna 2006
Alessandra Arcelli 2019

Remi Bourdais 2021 0.891[0.74; 1

Total
Heterogeneity: x5 = 3.46 (P = .75), I* = 0%
test: x2=0.02 (P = .89)

0.81[0.68; 0.94]
0.86 [0.73; 0.99]

0.84 [0.76; 0.92]

0.85[0.81; 0.89]

.03] — &
_
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Fig. 2. Forest plot of five-year local recurrence-free survival rate. HDR: high dose rate, PDR: pulsed dose rate, CI: confidence interval.

modalities (e.g. HDR or PDR) and with at least 24 months of median
follow-up time. Using these criteria, we identified nine uncontrolled
studies reporting on retrospective data. To date, this is the only meta-
analysis evaluating the toxicities and treatment outcomes according to
BT modality in anal canal cancer. In analyzed papers there were no
significant difference between BT modalities regarding the rate of
toxicity-related colostomy or pelvic toxicity grade 3 or more. Also the
results show excellent local control and toxicity data as compared to
external beam radiotherapy series. For T1-T2 tumors, both HDR and

PDR-BT use yield to high local control rate and low morbidity. We
observed that patients treated with PDR had significant more advanced
tumors (T3/T4 and/or cN + tumors) and longer follow-up. Secondly,
patients treated with PDR had more aggressive treatment as they were
more likely to receive higher brachytherapy dose and concurrent
chemotherapy. In this meta-analysis, patients had more advanced tu-
mors in the PDR group, but the survival results did not significantly
differ from those in the HDR group. This observation is in accordance
with tumor control probability models suggesting that lower doses may
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Karin Sigrid Kapp 2001 0.08 [0.02; 0.21]
Julius Marek Doniec 2006 0.04 [0.00; 0.14]
Christoph Oehler-Janne 2007 0.00 [0.00; 0.10]
Emilien Bertin 2018 0.04 [0.01; 0.15]
Leonel Varela Cagetti 2019 0.02 [0.00; 0.11]

Antoine Bruna 2006
Thomas Gryc 2016
Alessandra Arcelli 2019
Remi Bourdais 2021

0.03 [0.00; 0.10]
0.02 [0.00; 0.11]
0.05 [0.02; 0.11]
0.00 [0.00; 0.08]

Total 0.04 [0.02; 0.06]
Heterogeneity: x3 = 4.07 (P = .85), I* = 0%
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Fig. 3. Forest plot of the proportion of colostomy related to toxicity.

be sufficient for small tumors such as T1-T2, while higher doses may be
required for more advanced tumors [23,24]. To date, regarding evi-
dence based medicine the optimal total dose including the boost vary
between physical doses of 50.4 Gy (ACT II trial) and 55-59 Gy for T3-T4
or node-positive (RTOG 98-11 trial) [25,26]. European Society of
Medical Oncology (ESMO) guidelines recommended total doses of at
least 45-50 Gy for T1-2 NO while higher doses may be required for more
advanced or poor responding tumors, using boost doses to the primary
tumor ranging from 15 to 25 Gy EQD2 [1]. In the studies included in the
meta-analysis, all the HDR studies reported a median BT dose lower than
15 Gy EQD2 while in all PDR studies the median BT dose was higher
than 15 Gy EQD2. Thus, while the boost of 15 Gy or higher provided
with PDR appeared safe and effective, additional clinical data are
needed to refine the optimal fractionation and dose for HDR-BT treat-
ments in advanced cases.

This analysis is subject to the inherent selection bias of the retro-
spective studies, but given the rarity of centers performing BT boost,
randomized data will likely never be acquired. There were discrepancies
in the quality, size, and selection processes within the studies included in
the meta-analysis. Most of the studies didn’t provide details on toxic-
ities, however every study reported the number of toxicity-related co-
lostomy. Only seven studies reported the late pelvic toxicity grade 3 or
more. Late toxicities Grade 2 or more were not detailed in most of the
studies. This is why we chose toxicity-related colostomy as the main
criteria. Regarding local control, data extraction from Kaplan Meier
curve was available for all but one study and overall survival for all
studies. There was also the possibility of a selection bias. The most
evident was the tumor stage that was more advanced in the PDR group.
Because HDR BT was applied more recently than PDR-BT, there are
fewer published data, especially for advanced tumors. Moreover, the
study published by Gryc et al. included patients selected for poor tumor
responses after EBRT, but despite this selection bias, survival outcomes
and toxicities in this study were in the range of the other PDR studies.
Another limitation is the low number of studies included in the meta-
analysis, which didn’t allow us to adjust for confounding factors by
performing a meta-regression analysis. As well the minimum sample size
of the selected studies is low therefore the bias caused by sampling error
should be strongly considered. In addition, there is in the literature
heterogeneity in dose reporting among series and in next studies, a
reproducible target and appropriate dose reporting concept will be
mandatory for accurate dose/response and dose finding analysis. There
are scarce data on modern approaches involving the possibility to
include MRI based target concepts in brachytherapy for anal canal
cancer, as well as transrectal ultrasound guided implantations with MRI-

compatible applicators and careful dose optimization based on the
ground rules of the Paris system. To date, dose/effect relationships to
guide treatment planning and optimization are lacking. Beyond the
question of comparing PDR and HDR, further studies are warranted to
better identify dose/response effects and therefore guide total dose and
fractionation choice. The observation that higher levels of EQD2 doses
were used with PDR BT may question the clinical relevance of LQM to
provide reliable comparison tools for the biological effect in all clinical
scenarios. In retrospective series of patients treated for lip cancer with
BT, equieffectiveness was shown with LDR BT at 70 Gy EQD2, and HDR
BT schemes delivering 45 Gy in 9 fractions of 5 Gy (EQD2 = 56.3 Gy
[27]. These observations suggest that choice of fractionation should rely
on published clinical data, not only on EQD2 calculation derived from
LQM. A limitation is the use of 1.5 h half time of repair as a standard
value. In case of lower half time of repair the calculated PDR EQD2
values would be lower, which could explain such observed equi-
effectiveness. Lower EQD2 values explaining tumor control of PDR
would not directly lead to a substantially reduced therapeutic window,
as the half time of repair could be also lower for late reactions in OARs.

In conclusion, it is not possible to draw conclusions on the superi-
ority of one BT modality over another, because of the study design and
limitation highlighted above. Both PDR and HDR BT modalities pro-
vided a high efficacy for boosting anal canal cancer, with good profile of
tolerance, but using significant different dose levels according to the
EQD2 model (mean BT EQD2 dose 11.9 Gy with HDR BT vs 19.5 Gy with
PDR BT, p < <0.001) and with PDR BT more frequently used for
advanced cases (T3/4N + tumors). These higher doses were not asso-
ciated with higher incidence of late side effects in reported retrospective
analyses. For now, PDR BT still has a crucial role to increase the dose in
advanced cases, in parallel with ongoing developments to better deter-
mine the place of HDR for large tumors and with dose escalation
strategies.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Funding: publication fees were supported by a funding from Elekta
(project AMR 2021-0824).



P. Annede et al.

References

[1]

[2]

[3]

[4

=

[5

fad}

[6

)

[7

—

[8

[}

[91

[10]

[11]

[12]

[13]

[14]

[15]

Rao S, Guren MG, Khan K, Brown G, Renehan AG, Steigen SE, et al. Anal cancer:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up+. Ann
Oncol Off J Eur Soc Med Oncol 2021;32(9):1087-100.

Frakulli R, Buwenge M, Cammelli S, Macchia G, Farina E, Arcelli A, et al.
Brachytherapy boost after chemoradiation in anal cancer: a systematic review. jcb
2018;10(3):246-53.

Balgobind BV, Koedooder K, Ordonez Zuniga D, Dévila Fajardo R, Rasch CR,
Pieters BR. A review of the clinical experience in pulsed dose rate brachytherapy.
Br J Radiol. 2015;88(1055):20150310. 10.1259/bjr.20150310. Epub 2015 Aug 20.
PMID: 26290399; PMCID: PMC4743453.

Brenner DJ, Schiff PB, Huang Y, Hall EJ. Pulsed-dose-rate brachytherapy: Design of
convenient (daytime-only) schedules. Int J Radiat Oncol Biol Phys 1997 Nov 1;39
(4):809-15.

Kumar P, Sharma DN, Kumar S, Gandhi AK, Rath GK, Julka PK. Pulsed-dose-rate
vs. high-dose-rate intracavitary radiotherapy for locally advanced carcinoma of
cervix: A prospective randomized study. Brachytherapy 2016 Jun;15(3):327-32.
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, Ioannidis JPA, et al. The
PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elaboration. BMJ. 2009 Jul
21;339:b2700.

Rohatgi A. Webplotdigitizer: Version 4.5 [Internet]. 2021. Available from: https://
automeris.io/WebPlotDigitizer.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol 2005 Apr 20;5(1):
13.

RStudio Team. RStudio: Integrated Development Environment for R [Internet].
Boston, MA: RStudio, PBC.; 2020. Available from: http://www.rstudio.com/.
Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. J Stat
Softw 2010 Aug 5;36(1):1-48.

Balduzzi S, Riicker G, Schwarzer G. How to perform a meta-analysis with R: a
practical tutorial. Evid Based Ment Health 2019 Nov 1;22(4):153-60.

Bertin E, Benezery K, Kee DLC, Francois E, Evesque L, Gautier M, et al. Efficacy and
tolerance of high-dose-rate brachytherapy boost after external radiotherapy in the
treatment of squamous cell carcinoma of the anal canal. J Contemp Brachytherapy
2018;10(6):522-31.

Oehler-Janne C, Seifert B, Liitolf UM, Studer G, Glanzmann C, Ciernik IF. Clinical
outcome after treatment with a brachytherapy boost versus external beam boost for
anal carcinoma. Brachytherapy 2007 Sep;6(3):218-26.

Kapp KS, Geyer E, Gebhart FH, Oechs AC, Berger A, Hebenstreit J, et al. Experience
with split-course external beam irradiation +/- chemotherapy and integrated Ir-
192 high-dose-rate brachytherapy in the treatment of primary carcinomas of the
anal canal. Int J Radiat Oncol Biol Phys 2001 Mar 15;49(4):997-1005.

Doniec JM, Schniewind B, Kovacs G, Kahlke V, Loehnert M, Kremer B. Multimodal
therapy of anal cancer added by new endosonographic-guided brachytherapy. Surg
Endosc 2006 Apr;20(4):673-8.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Clinical and Translational Radiation Oncology 39 (2023) 100589

Varela Cagetti L, Zemmour C, Salem N, Minsat M, Ferre M, Mailleux H, et al. High-
dose-rate vs. low-dose-rate interstitial brachytherapy boost for anal canal cancers.
Brachytherapy 2019;18(6):814-22.

Gryc T, Ott O, Putz F, Knippen S, Raptis D, Fietkau R, et al. Interstitial
brachytherapy as a boost to patients with anal carcinoma and poor response to
chemoradiation: Single-institution long-term results. Brachytherapy 2016;15(6):
865-72.

Bruna A, Gastelblum P, Thomas L, Chapet O, Bollet MA, Ardiet J-M, et al.
Treatment of squamous cell anal canal carcinoma (SCACC) with pulsed dose rate
brachytherapy: a retrospective study. Radiother Oncol J Eur Soc Ther Radiol Oncol
2006;79(1):75-9.

Arcelli A, Buwenge M, Macchia G, Cammelli S, Deodato F, Cilla S, et al. Long-term
results of chemoradiation plus pulsed-dose-rate brachytherapy boost in anal canal
carcinoma: A mono-institutional retrospective analysis. J Contemp Brachytherapy
2019;11(1):21-7.

Bourdais R, Achkar S, Espenel S, Bockel S, Chauffert-Yvart L, Ravet de Mellis F,
et al. Pulse-dose-rate interstitial brachytherapy in anal squamous cell carcinoma:
clinical outcomes and patients’ health quality perception. J Contemp
Brachytherapy 2021;13(3):263-72.

Annede P, Dumas I, Schernberg A, Tailleur A, Fumagalli I, Bockel S, et al.
Radiobiological optimization comparison between pulse-dose-rate and high-dose-
rate brachytherapy in patients with locally advanced cervical cancer.
Brachytherapy 2019;18(3):370-7.

Ali ZS, Solomon E, Mann P, Wong S, Chan KKW, Taggar AS. High dose rate
brachytherapy in the management of anal cancer: A review. Radiother Oncol 2022;
171:43-52. https://doi.org/10.1016/j.radonc.2022.03.019.

Muirhead R, Partridge M, Hawkins MA. A tumor control probability model for anal
squamous cell carcinoma. Radiother Oncol J Eur Soc Ther Radiol Oncol 2015 Aug;
116(2):192-6.

Johnsson A, Leon O, Gunnlaugsson A, Nilsson P, Hoglund P. Determinants for local
tumour control probability after radiotherapy of anal cancer. Radiother Oncol J
Eur Soc Ther Radiol Oncol 2018 Aug;128(2):380-6.

James RD, Glynne-Jones R, Meadows HM, Cunningham D, Myint AS, Saunders MP,
et al. Mitomycin or cisplatin chemoradiation with or without maintenance
chemotherapy for treatment of squamous-cell carcinoma of the anus (ACT II): a
randomised, phase 3, open-label, 2 x 2 factorial trial. Lancet Oncol 2013;14(6):
516-24.

Ajani JA, Winter KA, Gunderson LL, Pedersen J, Benson AB, Thomas CR, et al.
Fluorouracil, mitomycin, and radiotherapy vs fluorouracil, cisplatin, and
radiotherapy for carcinoma of the anal canal: a randomized controlled trial. JAMA
2008 Apr 23;299(16):1914-21.

Guinot J-L, Arribas L, Tortajada MI, Crispin V, Carrascosa M, Santos M, et al. From
low-dose-rate to high-dose-rate brachytherapy in lip carcinoma: Equivalent results
but fewer complications. Brachytherapy 2013;12(6):528-34.


http://refhub.elsevier.com/S2405-6308(23)00014-9/h0005
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0005
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0005
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0010
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0010
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0010
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0020
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0020
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0020
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0025
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0025
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0025
https://automeris.io/WebPlotDigitizer
https://automeris.io/WebPlotDigitizer
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0040
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0040
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0040
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0050
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0050
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0055
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0055
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0060
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0060
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0060
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0060
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0065
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0065
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0065
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0070
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0070
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0070
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0070
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0075
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0075
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0075
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0080
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0080
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0080
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0085
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0085
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0085
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0085
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0090
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0090
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0090
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0090
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0095
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0095
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0095
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0095
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0100
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0100
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0100
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0100
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0105
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0105
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0105
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0105
https://doi.org/10.1016/j.radonc.2022.03.019
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0115
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0115
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0115
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0120
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0120
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0120
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0125
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0125
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0125
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0125
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0125
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0130
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0130
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0130
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0130
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0135
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0135
http://refhub.elsevier.com/S2405-6308(23)00014-9/h0135

	Brachytherapy boost in anal canal cancer – A GEC ESTRO PDR task force meta-analysis
	Introduction
	Materials and methods
	Protocol
	Study selection
	Outcomes
	Clinical & treatment data
	Data synthesis and analysis

	Results
	Patient and tumor characteristics
	Treatment characteristics
	Survival outcomes
	Toxicities

	Discussion
	Declaration of Competing Interest
	References


