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Abstract

Purpose: There is no consensus for parametrial boost technic while both transvaginal and transperineal approaches
are discussed. A prototype was developed consisting of a perineal template, allowing transperineal needle insertion.
This study analyzed acute toxicity of concomitant cervical and transperineal parametrial high-dose-rate brachytherapy
(HDRB) boost for locally advanced cervical cancer.

Material and methods: From 01.2011 to 12.2014, 33 patients (pts) presenting a locally advanced cervical cancer with
parametrial invasion were treated. After the first course of external beam radiation therapy with cisplatinum, HDRB
was performed combining endocavitary and interstitial technique for cervical and parametrial disease. Post-operative
delineation (CTV, bladder, rectum, sigmoid) and planification were based on CT-scan/MRI. HDRB was delivered in
3-5 fractions over 2-3 consecutive days. Acute toxicities occurring within 6 months after HDRB were retrospectively
reviewed.

Results: Median age was 56.4 years (27-79). Clinical stages were: T2b = 23 pts (69.7%), T3a = 1 pt (3%), T3b = 6 pts
(18.2%), and T4a = 3 pts (9.1%). Median HDRB prescribed dose was 21 Gy (21-27). Median CTVy (16 pts) and
HR-CTVyg (17 pts) were 52.6 cc (28.5-74.3), 31.9 cc (17.1-58), respectively. Median EQD2,4, for D90cry and
D90yg.crv were 82.9 Gy (78.2-96.5), 84.8 Gy (80.6-91.4), respectively. Median EQD2,,4; (CT/MRI) for D, bladder, rectum
and sigmoid were 75.5 Gy (66.6-90.9), 64.4 Gy (51.9-77.4), and 60.4 Gy (50.9-81.1), respectively. Median follow-up was
14 months (ranged 6-51). Among the 24 pts with MFU = 24 months, 2-year LRFS rate, RRFS, and OS were 86.8%, 88.8%,
and 94.1%, respectively. The rates of acute genitourinary and gastrointestinal toxicities were 36% (G1 dysuria = 8 pts,
G2 infection = 2 pts, G3 infection = 2 pts), and 27% (G1 diarrhea = 9 pts), respectively. One patient presented vaginal
bleeding at the time of applicator withdrawal (G3-blood transfusion); no bleeding was observed due to the parametrial
implant.

Conclusions: Concomitant cervical and transperineal parametrial HDRB boost for locally advanced cervical cancer
appears feasible and safe with no specific acute toxicity compare to cervical HDRB alone. Longer follow-up and larger
patient cohort will be needed.
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Purpose

Cervical cancer is the fourth most common cancer in
women in the world, with an estimated 528,000 new cases
and 266,000 deaths in 2012 [1]. Surgery is the standard
treatment for early stage cervical cancer (< T1bl). For
locally advanced tumors, gold-standard treatment con-
sists in a weekly platin-based chemotherapy combined
with external beam radiation therapy (EBRT) followed by
brachytherapy (BT) boost [2].

Brachytherapy remains a key component for locally
advanced stage cervical cancer. Indeed, Han et al. publish-

ed the results of a US brachytherapy survey showing that
the use of BT decreased significantly from 83% in 1988 to
58% in 2009 (p < 0.001) [3]. The authors have shown that
during the same period, BT was independently associ-
ated with significantly higher disease-specific survival
(HR 0.64, 95% CI: 0.57-0.71) and overall survival (HR 0.66,
95% CI: 0.60-0.74), and should be implemented in all feasi-
ble cases [3]. However, due to important technological im-
provements available with high-tech EBRT, some authors
proposed to use new EBRT techniques in place of BT. Gill
et al. reported that compared to BT boost using intensity
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modulated radiation therapy or stereotactic body radia-
tion therapy, resulted in significantly lower OS (HR 1.86,
95% CI: 1.35-2.55, p < 0.01), confirming that BT boost was
a critical component of locally advanced cervix carcinoma
treatment [4].

Different applicators, such as ovoid or ring tan-
dems, molds, and vaginal cylinders with intra-uter-
ine tubes are commonly used. In most cases, a typical
pear-shaped isodose results from the intra-vaginal and
intra-uterine sources but in case of larger tumors and
especially with parametrial involvement, dose distri-
bution is often non-optimal. In order to improve para-
metrial coverage, some applicators combining intracav-
itary (IC) and interstitial (IS) approach were proposed
without increasing the dose to the organs at risk (OAR):
Vienna applicator: ring applicator plus 6 to 9 intersti-
tial needles around intrauterine tandem (Nucletron,
an Elekta company, Elekta AB, Stockholm, Sweden)
[5,6], Utrecht applicator: tandem ovoids + 10 needles
(Nucletron, an Elekta company, Elekta AB, Stockholm,
Sweden) [7], and Nice Gynecologic Applicator: NGA -
uterine tandem + vaginal cylinder + 8 needles within
the cervix (Nucletron, an Elekta company, Elekta AB,
Stockholm, Sweden) [8].

Currently, there is no consensus for parametrial
boost technic while both transvaginal and transperineal
approaches are discussed. Recently, for locally advanced
tumors with parametrial involvement, interstitial BT
parametrial boost using trans-vaginal approach was
shown to be dosimetrically superior to EBRT parametrial
boost in terms of target volume coverage and OAR spar-
ing [9]. In order to improve the parametrium coverage,
we developed a prototype consisting of a dedicated per-
ineal template fixed to the NGA allowing a transperineal
needle insertion.

This study aimed to assess feasibility, reproducibility,
and acute toxicity of concomitant cervical and transper-
ineal parametrial high dose rate brachytherapy (HDRB)
boost for locally advanced cervix carcinomas.

Material and methods
Patient features

From January 2011 to December 2014, 33 patients (pts)
presenting a histology proven locally advanced cervix
carcinoma with parametrial invasion were retrospective-
ly analyzed regarding dosimetric data, acute toxicities,
and early clinical outcomes. All patients underwent para-
metrial HDRB boost. A local ethics committee initially
approved this therapeutic approach.

All patients had a clinical exam and follow-up per-
formed by trained physicians. Patients underwent cervi-
cal, vaginal, and rectal examination. Computed tomogra-
phy scan (CT), pelvic magnetic resonance imaging (MRI),
and positron emission tomography/computed tomogra-
phy (PET) were performed. Para-aortic lymph node dis-
section was performed at the discretion of the physician
in order to improve cancer staging and EBRT target vol-
ume definition. Tumors were staged using UICC-TNM
classification [10].

Treatment features

After the first course of EBRT with concomitant pla-
tin-based chemotherapy, a single implantation of HDRB
was performed combining endocavitary and interstitial
technique for cervical disease, and transperineal intersti-
tial approach for parametrial extension.

Concomitant radio-chemotherapy

The first part of the treatment consisted of EBRT with
concurrent chemotherapy. EBRT delivered a total dose
of 45 to 46 Gy (ICRU point) in 25 or 23 fractions, based
on a 3-dimensional conformal technique with or without
modulated intensity using > 10 MV X-photons. Gross
tumor volume (GTV) was determined clinically and ra-
diologically for the primary tumor and any pathological
nodes. The clinical target volume (CTV) included the
GTV and surrounding subclinical disease. CTV involved
the uterus, parametrial tissue, upper vagina (or whole
vagina for T3a disease), and broad and utero-sacral lig-
aments. All pelvic-lymph nodal stations were included
in the CTV with a recommended 7 mm margin around
the blood vessels. Planning target volume (PTV) included
the CTV plus margin to account for internal organ move-
ments, setup, and delivery uncertainties. Concomitant
chemotherapy mainly consisted in weekly platin-based
chemotherapy using the following protocols: weekly cis-
platin 40 mg/m?, weekly carboplatin 100 mg/m?, weekly
cisplatin 40 mg/m? + gemcitabin 125 mg/m? month-
ly cisplatin 50-75 mg/m? for 1 day + 5-fluorouracile
1000 mg/m? from day 2 to day 5, weeks 1 and 5.

Brachytherapy

Brachytherapy was planned after the completion
of radio-chemotherapy (RCT) with a time interval be-
tween the last RCT session and brachytherapy of less
than 21 days. The single brachytherapy implantation
was performed under general anesthesia starting by
a gynecologic examination in order to evaluate the
clinical response obtained after RCT.

Endocavitary and interstitial procedure
for central disease

The endocavitary and interstitial procedure for cen-
tral disease was already described [8]. Briefly, uterine
tandem was introduced in the uterus cavity; it is then
preceded to the placement of a vaginal cylinder includ-
ing eight equidistant channels allowing the placement of
eight plastic needles (240 mm Sharp Needles™; Elekta
company, Elekta AB, Stockholm, Sweden) using flexible
chucks, within the cervical tissue (40 mm depth). Vaginal
cylinder was sutured to the skin through a skin suture
template and a blocking needle template fixed the nee-
dles into the vaginal cylinder (Figure 1A).

Interstitial procedure for parametrial disease

The perineal template punched by a total of 6 holes
was fixed to the vaginal cylinder before its introduction
into the vaginal cavity. Due to the ischium, this perineal
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Fig. 1. Overview of the applicator allowing concomitant endocavitary and interstitial implant for cervical and parametrial dis-
ease. A) Different pieces of the applicator before assembling. B) Assembled applicator showing the oblique orientation (o angle)

of the perineal template allowing the upper-inner parametrial needle to cross the uterus tandem at the distal part of the vaginal
cylinder. C) Overview of the assembled applicator. D) Frontal proximal view of the assembled applicator. E) Post-operative view
of the applicator showing vaginal and parametrial needles. F) Post-operative 3D reconstruction

template has to be placed under the bone structure but
has also to be obliquely oriented allowing the upper-in-
ner parametrial needle to cross the uterus tandem at the
distal part of the vaginal cylinder (Figures 1B, 1C, 1D).
Once the perineal template was fixed on the skin perine-
um, parametrial transperineal 240 mm needles (Sharp
Needles™; Elekta Company, Elekta AB, Stockholm,
Sweden) were placed into the parametrium through the
perineal template, using rigid chucks. Number of needles
(2 to 6) was defined according to the pre-treatment tar-
get volume and clinical examination performed during
HDRB (Figure 1E).

After recovery, post-implant planning CT scan (until
12.2013), then MRI (after 01.2014) was performed for treat-
ment planning purposes. CTV (CT scan planning), high-
risk CTV (HR-CTV), and intermediate-risk (IR-CTV) (MRI
planning) as well as OARs (bladder, rectum, and sigmoid)
were delineated according to the Gyn GEC-ESTRO rec-
ommendations [11] (Figure 1F).

HDRB dose was delivered in respect to the current
Gyn. GEC-ESTRO dose constraint rules recommend-
ing EQD2,4;y for D90y cry > 80 Gy and EQD?2 4, for
chcbladder <90 Gy/ and for 1)"ZCCrec’cum/t;igmoid <75 GY
Brachytherapy dose was delivered in 3 to 5 fractions over
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2 to 3 consecutive days. Total dose and dose per fraction
changed also according to the year of treatment. Between
2011 and 2012, the total delivered dose was 25 Gy in
5 fractions over 3 days, while 1 fraction of 7 Gy was de-
livered the day of implantation and 2 fractions of 4.5 Gy
twice daily (at least 6 hours apart) for two days (EQD2,4
= 32 Gy/EQD24; = 41 Gy). Since May 2013, in order
to make brachytherapy less uncomfortable, the number
of fractions was reduced from 5 to 3 with a total dose of
21 Gy in 3 fractions over 2 days with 1 fraction of 7 Gy
delivered the day of implantation, and 2 fractions of 7 Gy
(at least 6 hours apart) the day after (EQD2,4,, = 30 Gy/
EQD2,4; = 42 Gy). Total dose and dose per fraction could
also vary according to the clinical response observed at
the time of HDRB.

Dose volume adaptation was manually achieved us-
ing graphical optimization (OncentraBrachy, Elekta Com-
pany, Elekta AB, Stockholm, Sweden) by dwell location
and time variation (Figure 2). Patient stayed in supine
position during all the hospitalization in a non-shielded

room receiving specific care such as massages and anti-
thrombotic therapy. The patient was transferred to her
bed to the brachytherapy bunker for each fraction. After
the last brachytherapy session and analgesic pre-medica-
tion, applicator and needles were removed, paying atten-
tion to the risk of vaginal and perineal bleeding. The pa-
tient left the hospital the day after in the absence of early
complications.

Follow-up and evaluation

Patients were followed-up at first and 6 months after
HDRB completion; then every 6 months alternatively by
the radiation oncologist and the gynecologic surgeon. Sur-
veillance consisted of clinical examination while CT, MRI,
and PET were used in case of suspicion of local, regional,
or distant progression. RCT and HDRB were proposed as
definitive treatment, while post-RCT hysterectomy was
proposed only in case of persistent residual disease or lo-
cal recurrence.

Fig. 2. Post-operative MRI-planning dose distribution analysis: A) transversal view, B) frontal view, C) mid-sagittal view,

D) para-sagittal view
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Acute toxicities occurring within the 6 months after
HDRB were graded using the NCI-Common Toxicity Cri-
teria version 4.0 (CTCV4.0) [12] based on the following
items: urinary disorders (hematuria, increase in frequen-
cy, urgency, dysuria, nocturia, incontinence), gastro-in-
testinal disorders (diarrhea, proctitis), infections (urinary
tract, kidney, uterine, and pelvic infections), hemorrhages
(intra and post-operative, vaginal, retroperitoneal).

Statistical analysis

Quantitative data were represented as median, ex-
tremes, and standard deviation. Qualitative data were
represented as percentage and extremes. For a subgroup
of patients who had a median follow-up of 24 months, lo-
cal-relapse free survival (LRFS), regional-relapse free sur-
vival (RRFS), and overall survival (OS) were calculated
(Kaplan-Meier method - 24 and 36 months) with standard
errors. The follow-up was calculated between the date of
the first fraction of RCT, and the date of local recurrence

Table 1. Patient features

Data N/Median  %/[Min-max]
Age (years) 56.4 [27-79]
Tumor stage
T2b 23 69.7
T3a 1 3.0
T3b 6 18.2
T4a 3 9.1
Parametrial involvement
Right 10 303
Left 18 54.5
Bilateral 5 15.2
Tumor size (mm) 45 [13-83]
Lymph node status
N— 18 54.5
N+ 15 455
Metastatic status
M- 32 97.0
M+ 1 3.0
Histological type
Epidermoid carcinoma 29 87.9
Well differentiated 7 123
Moderately differentiated 9 15.8
Poorly differentiated 11 19.3
Undifferentiated 1 1.8
Unknown 1 1.8
Adenocarcinoma 3 5.3
Other 1 1.8

and the date of last follow-up. Patients were censored at
the moment of their death or their last follow-up.

Results
Patients and treatments

Patient and treatment characteristics are reported in
Tables 1 and 2, respectively. Median age was 56.4 years
(27-79). Histological type was squamous cell carcinoma,
adenocarcinoma, and adenoid basal carcinoma for 29 pts
(87.9%), 3 pts (9.1%), and 1 pt (3%), respectively. Accord-
ing to the UICC-TNM classification [10], patients were

Table 2. Treatment features

Data N/Median  %/[Min-max]
EBRT 33 100
Dose per fraction (Gy) 2 [1.8-2.2]
Total dose 46 [45.5-50.6]
Concomitant CT 32 97.0
Weekly cisplatin 27 81.8
Weekly cisplatin-gemcitabine 1 3.0
W1-W5 5FU-cisplatin 1 3.0
Weekly carboplatin 3 9.1
HDRB 33 100
Number of parametrial needles 4 [2-6]
2 6 18.2
3 2 6.1
4 23 69.7
6 2 6.1
Number of fractions 3 [3-5]
5 11 333
3 22 66.7
Total dose 21 [21-27]
27 Gy 1 3.0
25 Gy 9 273
23 Gy 1 3.0
21 Gy 22 66.7
Interval time [EBRT — HDRB] 17 [5-47]
(days)
Overall treatment time (days) 54 [44-72]
Surgery 3 9
Time interval [HDRB — surgery] 59 [49-70]
(days)
Pathologic response
No residual disease 2 6
Macroscopic residual disease 1 3

5FU - 5-fluorouracile, EBRT — external beam radiation therapy, CT — chemother-
apy, HDRB — high-dose-rate brachytherapy
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staged as: T2b (23 pts - 69.7%), T3a (1 pt - 3%), T3b (6 pts
-18.2%), and T4a (3 pts - 9.1%). Fifteen pts (45.5%) pre-
sented pelvic-lymph node involvement diagnosed after
MRI (6 pts) and/ or PET-scan (9 pts). Median initial tumor
size defined on MRI was 45 mm (13-83). Five patients had
bilateral parametrial extension. Thirty-two patients (97 %)
received concomitant chemotherapy: weekly cisplatin

(27 pts), weekly carboplatin (3 pts), weekly cisplatin-gem-
citabine (1 pt), and 5 fluorouracil-cisplatin (W1-W5, 1 pt).
Median EBRT dose was 46 Gy (45.5-50.6). Median HDRB
dose was 21 Gy (21-27) in 3 to 5 fractions with a median
treatment time of 2 days. Median number of parametrial
implanted needles was 4. Median overall treatment time
was 54 days (44-72) and median delay between EBRT

Table 3. Dosimetric data reported for the 16 patients with CT-planification and the 17 patients with MRI-planification

Data CT (n =16) MRI (n = 17)
Median Min-max SD Median Min-max SD
CTv (co) 52.6 28.5-74.3 13.1 = = =
D907y (%) 118.0 108.0-127.6 5 = = =
(Gy) 28.1 22.7-31.9 3 = = =
D90y EQD2,510 (Gy) 82.9 78.2-96.5 5.7 - - -
HR-CTV (co) = = = 31.9 17.1-58.0 11.7
D904z 1y (%) - - - 122.4 107.9-135.9 7.2
(Gy) = = = 25.7 22.7-285 15
EQD24410 D0upcry  (GY) = = - 84.8 80.6-91.4 31
IR-CTV (cc) = = = 83.1 53.8-129 19.6
D90k c7y (%) = = = 88.0 67.8-106.0 10.9
(Gy) = = = 183 12.6-22.3 3
EQD2,40D90p ey (GY) = = = 705 59.9-78.3 5.2
Vioo (%) 99.0 95.3-100 1.2 98.6 92.3-99.3 2.2
Viso (%) 52.2 28.3-69.4 11.2 57.2 48.5-67.1 53
V00 (%) 16.1 11.6-39.6 7.5 23.9 20.5-34.0 3.6
Bladder
DO0.1cc, (%) 100.8 84.8-125.1 10.2 92.8 82.3-103.7 6
Dlcg, (%) 88.6 72.0-106.5 8.8 85.0 76.7-90.5 4.5
D2cc, (%) 83.8 65.0-100.4 9.5 79.6 71.6-85.0 4.5
EQDZw3 D2ccy, (Gy) 76.8 66.6-90.9 § 74.5 70.3-78.0 2.3
Rectum
DO.1cc, (%) 86.5 29.6-104.0 21.1 82.2 52.1-90.7 11
Dlcc, (%) 72.6 21.3-85.3 18.4 68.4 42.3-79.1 10.9
D2cc, (%) 65.1 19.0-77.8 15.1 60.7 38.1-75.1 10.5
EQDZmﬁ3 D2cc, (Gy) 66.4 51.9-77.4 7.6 64.3 55.1-72.0 4.6
Sigmoid
DO.1ccg (%) 78.8 61.1-129.6 23.9 75.2 35.1-93.8 17.9
Dlcc, (%) 70.0 50.2-106.0 17.6 56.5 29.2-81.5 15.6
D2cc, (%) 60.9 46.0-97.8 17.2 52.4 24.5-73.7 14.4
EQD2,q5 D2cc, (Gy) 59.8 53.4-81.1 8.5 60.7 50.9-70.3 5.7

CT - planification based on CT-scan = 16 patients (pts); MRI — planification based on MRI = 17 pts; CTV — clinical target volume; HR-CTV — high-risk CTV; IR-CTV —
intermediate-risk CTV: D90y, — dose delivered to 90% of the CTV: D90,z -1, — dose delivered to 90% of the HR-CTV: D90,z -, — dose delivered to 90% of the IR-CTV:
EQD2 4,0~ equivalent dose at 2 Gy per fraction for af = 10 (tumor); EQD2,,4; — equivalent dose at 2 Gy per fraction for af = 3 (normal tissues); V4o = volume receiv-
ing 100% of the prescribed dose; Vs, — volume receiving 150% of the prescribed dose; V,,, — volume receiving 200% of the prescribed dose; DO.1cc;, — dose delivered
to 0.1% of the bladder volume; DO.Icc, — dose delivered to 0.1% of the rectum volume; DO.1cc, - dose delivered to 0.1% of the sigmoid volume; Dicc, —dose delivered
to 1% of the bladder volume; Dlcc,—dose delivered to 1% of the rectum volume; Dlcc, — dose delivered to 1% of the sigmoid volume; D2cc), — dose delivered to 2% of
the bladder volume; D2cc, — dose delivered to 2% of the rectum volume; D2cc, — dose delivered to 2% of the sigmoid volume; SD — standard deviation

Journal of Contemporary Brachytherapy (2016/volume 8/number 1)



Parametrial brachytheropy boost

29

Table 4. Acute toxicities occurring within the 6 months after HDRB using the CTCAE 4.0.; results expressed as
a number of events and a percentage of patients. Total number of toxicities expressed as a number of patients
in whom at least one toxicity scored GO, G1, G2, G3, or G4 occurred

Toxicities GO Gl G2 G3 G4

pts % pts % pts % pts % pts %
GU 25 75.8 8 24.2 0 0 0 0 0 0
Gl 24 727 9 27.3 0 0 0 0 0 0
Bleeding 32 97.0 0 0 0 0 1 3 0 0
Infectious 29 87.9 0 0 2 6.1 2 6.1 0 0
Total 16 48.5 14 42.4 2 6.1 3 9.1 0 0

GU — genito-urinary toxicities, Gl — gastro-intestinal toxicities

and HDRB was 17 days (5-47). Three patients under-
went adjuvant hysterectomy after a median time inter-
val [HDRB-surgery] of 59 days (49-70): 2 pts presented
a complete pathological response and macroscopic re-
sidual disease was observed in 1 pt. Median follow-up
for the whole cohort was 14 months (6-51) while 24 pts
(72.7%) had a median follow-up of 24 months (8-51).

Dosimetric data

Dosimetric data are reported in Table 3. Planification
was performed on CT for 16 pts (48.5%) and on MRI for
17 pts (51.5%). Median CTV, HR-CT Vg, and IR-CTV g,
were 52.6 cc (28.5-74.3), 31.9 cc (17.1-58.0), and 83.1 cc
(53.8-129.0), respectively. EQD2,5;, for D90cry, D90yg.c1v
and D90 1y were 82.9 Gy (78.2-96.5), 84.8 Gy (80.6-91.4)
and 70.5 Gy (59.9-78.3), respectively. Median V100%
and median V100%; were 99.0% (95.3-100.0) and 98.6%
(92.3-99.3), respectively.

For OARs, D2cc EQD2,4; of the whole cohort for blad-
der, rectum, and sigmoid were 75.5 Gy (66.6-90.9), 64.4 Gy
(561.9-77.4), and 60.4 Gy (50.9-81.1), respectively. D2cc
EQD2,4; of CT-planning patients for bladder, rectum,
and sigmoid were 76.8 Gy (66.6-90.9), 66.4 Gy (51.9-77.4),
and 59.8 Gy (53.4-81.1), respectively. D2cc EQD2,4; of
MRI-planning patients for bladder, rectum, and sigmoid
were 74.5 Gy (70.3-78.0), 64.3 Gy (55.1-72.0), and 60.7 Gy
(50.9-70.3), respectively.

Acute toxicities

Acute toxicities occurring within the 6 months after
HDRB are reported in Table 4. Urinary and gastro-in-
testinal disorders occurred in 8 pts (100% G1) and 9 pts
(100% G1), respectively. Infections were scored G2 for
2 pts (urinary) and G3 for 2 pts (urinary and endometritis).
One patient presented a vaginal bleeding at the time of
applicator withdrawal (G3 because of blood transfusion)
but no bleeding was observed due to parametrial implant.

Survival analysis

Among 24 pts who had a median follow-up of 24
months, the staging was: T2b (17 pts), T3b (6 pts), and
T4a (1 pt). For this sub-group, 2-year LRFS rate was 86.8%
(¥14.2) remaining stable at 3 years. Two-year RRFS and

OS rates were 88.8% (+ 15.4) and 94.1% (+ 20.4), respec-
tively; while at 3 years, those survival rates were 76.1
(£27) and 85.6 (£ 19.4), respectively.

Discussion

Currently, standard brachytherapy technique is
based on pulsed dose rate (PDR) or HDR [13]. In case
of parametrial involvement, the combination between
endocavitary and interstitial brachytherapy is generat-
ing a lot of interest [14]. Indeed, increasing the “field”
number makes dose distribution optimization easier and
more accurate. However, the parametrial boost tech-
nique remains under discussion. Historically, parametri-
al boost was performed through EBRT, before or after
brachytherapy increasing not only treatment protraction
but also the risk of overlap of irradiated volumes be-
tween EBRT-boost and cervical brachytherapy. Besides
those clinical considerations, Mohamed et al. compared
parametrial boost dose distribution delivered either by
EBRT or interstitial brachytherapy (ISBT) [9]. The au-
thors confirmed that ISBT was superior to EBRT in terms
of organ sparing (less normal tissue exposure to interme-
diate doses - V) and target coverage (more conformal).

Currently, interstitial parametrial brachytherapy boost
can be performed through a transvaginal or a transperine-
al technique. In this study, the results of a transperineal
approach were reported.

Regarding dose distribution analysis, D2cc EQD2,;
of the bladder matched the GEC-ESTRO dose constrain
recommendations (< 90 Gy), constraints were also respect-
ed for D2cc EQD2,,45 of the rectum and sigmoid (< 75 Gy)
[15]. However, considering more rigorous OAR dose con-
straints as discussed during the 5" EMBRACE Annual
Meeting in Vienna (17-18% January, 2014), bladder D2cc
EQD2,4; was superior to 80 Gy for 3 patients (9%), rectum
D2cc EQD2,55 was superior to 70 Gy for 6 pts (18%), and
sigmoid D2cc EQD2,,5; was superior to 75 Gy for 1 pt (3%).

Beside the transperineal approach described in this
study, mainly Vienna and Aarhus teams presented a trans-
vaginal technique. Berger et al. reported dosimetric and
clinical outcome of 6 patients who underwent oblique
needle implantation from the vagina using a modified
Vienna applicator [16]. HR-CTVs of mean 50 cc were treat-
ed with mean D90 of 86 Gy. Based on 2 to 3 implants of
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PDR brachytherapy Lindegaard et al. described an oblique
needle implantation from the vagina [14]. The authors ob-
tained a mean D90y _cry of 87 Gy in tumors with a mean
HR-CTV of 53 cc. More recently, Mohamed et al. reported
the dosimetric results of a cohort of 23 patients who under-
went 2 PDR implants (1 week apart) based on endocavi-
tary and oblique needle implantation from the vagina [9].
The authors calculated D90 1y > 84 Gy for all patients.

Transperineal interstitial approach has been criticized
for bleeding risk due to vascular injury at the time of nee-
dle insertion. In the present study, one patient presented
vaginal bleeding at the time of applicator withdrawal but
no bleeding was observed due to parametrial implant. In-
deed, at least six experimented brachytherapy teams ana-
lyzed the feasibility of transperineal brachytherapy tech-
nique for gynecological malignancies [17,18,19]. Among
a total of 481 patients, no severe bleeding complications
were reported. Bleeding risk remains a rare but poten-
tial event, which is strongly correlated to inter-individual
heterogeneity in blood vessel architecture.

In this study, we reported the results of a single im-
plant allowing delivering 3 to 5 fractions based on HDRB.
According to our knowledge, this is the first analysis of
such approach while combination between endocavitary
and interstitial brachytherapy was mainly reported using
PDR brachytherapy and always with at least 2 implants
1 week apart. Utrecht and Aarhus teams described their
results. Jurgenliemk-Schulz ef al. reported the results of
24 patients with a mean D90y 1y of 84 Gy [20]. Nom-
den et al. analyzed the dosimetric results of 20 patients
treated with two pulsed dose rate applications combin-
ing endocavitary and interstitial, and noticed a mean D90
HR-CTV of 83.9 Gy [7]. More recently, Aarhus University
published the results of 71 patients treated with 2 PDR
implants with a mean D90y cry of 94.5 Gy while mean
EQD2 D2cc of bladder, rectum, and sigmoid were 68.5,
61.0, and 64.9 Gy, respectively [21]. Fokdal et al. reported
only minor morbidity, which was resolved at a 3 month
follow- up after 3 implants of endocavitary and intersti-
tial PDR BT in 58 patients [22].

The American Brachytherapy Society recommends
a cumulative delivered dose of approximately 80-90 Gy
as a component of the definitive treatment of locally ad-
vanced cervix carcinoma while precise applicator place-
ment remains necessary to maximize the probability of
achieving local control without major side effects [23]. For
HDRB, the recommended D90 EQD2,, is 80 to 90 Gy,
depending on tumor size at the time of brachytherapy
[24,25]. Dimopoulos et al. demonstrated that a local con-
trol superior to 90% can be achieved if the D90 EQD2,4
was at least 86 Gy [26]. Potter et al. study’s generated sat-
isfying results in terms of local control after EBRT with
or without chemotherapy followed by HDRB (4 x 7 Gy)
with the objective of D90y v EQD2,419 > 85 Gy. In this
study, brachytherapy was guided by clinical examination
and MRI and the authors reported a 3-year local-control
rate of 96% and 86% for stage 1IB and IIIB, respectively
[27]. In our study, median D90cry EQD2,4, (CT-scan
data) and median D90yg.cry EQD2,410 (MRI data) ranged
between 80 to 90 Gy (82.5 Gy and 84.8 Gy, respectively)
in respect to the GEC-ESTRO dose constraint recommen-

dations [15]. No patient received less than 80 Gy and we
calculated a D90k cry EQD2,419 > 84 Gy for 12 patients
(71%) in the MRI-planning group. However, Tanderup
et al. recently suggested that D90yg cry EQD2,510 > 90 Gy
and > 85 Gy for small and large residual tumors, respective-
ly, could improve local control rate by 3-4% [28]. In order to
reach the dose levels suggested by Tanderup et al., it would
be necessary to increase our prescribed dose up to 24 Gy
in 3 fractions over 2 days. Computer simulation modeling
revealed that this increase would allow reaching a D90y
crv EQD2,510 of 94.5 Gy (86.2-102.7) with an acceptable in-
crease of D2cc EQD2,,4; for OARs (data not shown).

However, those dose constraints derived from differ-
ent prescription dose protocols, which do not take into
account treatment protraction, which could significantly
impact on the final biological effect. Here, we propose
a single implant of HDRB for cervical and parametrial
disease with 3 fractions over 2 consecutive days. Biolog-
ical impact on target volume and OARs of 21 Gy deliv-
ered over 2 days (3 x 7 Gy) could be different than the
same physical dose delivered during a longer treatment
scheme (2 to 3 weeks) and 3 different implants.

Conclusions

Short follow-up, small cohort of patient, and retro-
spective approach are the principal limiting factors of
this study. However, concomitant cervical and trans-
perineal parametrial HDRB boost for locally advanced
cervical cancer appears feasible and safe with no specific
acute toxicity compare to cervix HDRB alone. More spe-
cifically, transperineal parametrial HDRB boost does not
increase the risk of bleeding. This technique allows re-
specting dose constraints for HR-CTV and OARs. Longer
follow-up and larger patient cohort will be necessary to
confirm this approach.
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