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Abstract
Purpose: Interstitial brachytherapy (ISBT) is indicated for intact cervical carcinoma (IN-CC) if intracavitary 

brachytherapy (ICRT) is not feasible and also in vault carcinoma (VA-C). We aimed to evaluate the doses to pelvic 
lymph node regions in IN-CC and VA-C treated with ISBT.

Material and methods: Ten patients (6 IN-CC, 4 VA-C) were chosen for this dosimetric study. IN-CC had a central 
tandem in addition to the needles. External iliac (EI-N), internal iliac (II-N), obturator (OB-N) and sacral (SA-N) groups 
of lymph nodes were delineated. A dose of 10 grays (Gy) and 8 Gy each × 2 fractions was prescribed to the target in 
IN-CC and VA-C respectively. Doses received by 100%, 90% and 50% volume (D100, D90, D50) and D2cc, D1cc, D0.1cc were 
evaluated. Doses to lymph nodal groups in IN-CC vs. VA-C were compared using Student’s t‑test.

Results: For 20 implants, the median number of needles was 18 (range, 16-20). Mean D90 and D2cc of the combined 
bilateral OB-N, II-N, EI-N and SA-N groups were 33.62 ±3.46% and 102.94 ±10.71%, 6.98 ±0.65% and 39.69 ±3.64%,  
5.1 ±0.51% and 15.4 ±0.8%, 7.76 ±0.95% and 15.36 ±1.09% of the prescribed doses respectively. Patients with a central 
tandem (IN-CC) received significantly higher doses to external, internal iliac and sacral group of lymph nodes (p < 
0.001) as compared to VA-C.

Conclusions: In patients with cervical carcinoma treated with ISBT, pelvic lymph node groups received significant 
doses. The dose contribution to pelvic lymph nodes is higher in patients with intact cervical cancer where a central 
tandem is used as compared to post-operative patients. 
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Purpose
Carcinoma cervix is the second most common can-

cer in females and the third most common cancer in 
India [1]. The treatment modalities for cervical cancer 
are surgery, radiotherapy and chemotherapy depend-
ing on the stage and performance status of patients [2]. 
Radiotherapy plays an important role in the early and 
advanced stages of the disease [3]. For early-stage dis-
ease, radical radiotherapy constitutes a good option for 
medically inoperable patients [4]. For locally advanced 
intact cervical carcinoma patients (IN-CC), concurrent 
chemo-radiotherapy with weekly cisplatin followed by 
brachytherapy is the current standard of care [5-9]. Rad-
ical radiotherapy comprises external beam radiotherapy 
(EBRT) and brachytherapy (BT). EBRT (45-50.4 Gy) aims 
to reduce the gross tumor and control the microscopic 

disease in the pelvic area, while brachytherapy in the 
form of intracavitary radiotherapy (ICRT) is used to 
boost the primary tumor to a cumulative EQD2 (equiva-
lent dose at 2 Gy per fraction) of 80 to 90 Gy [10]. In pa-
tients with distorted anatomy such as a narrow vaginal 
fornix, non-negotiable cervical os, persistent parametri-
al disease after EBRT, lower vaginal extension and un-
favorable dosimetry with ICRT, high-dose-rate (HDR) 
interstitial brachytherapy (ISBT) or hybrid interstitial 
brachytherapy (HBT) is recommended [11]. In patients 
with vault carcinoma (VA-C), ISBT is indicated for le-
sions having a thickness of more than 5 mm, as it pro-
vides excellent target coverage with a minimum dose to 
the organs at risk. 

In intracavitary brachytherapy, we primarily intend 
to treat the high-risk clinical target volume (HR-CTV), 
which includes the entire cervix, gross residual disease 
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and positive parametrial disease. By virtue of lateral 
throw-off of isodose distribution obturator lymph nodes 
receive an incidental 20-25% dose by ICRT [12]. In gen-
eral, the dose to pelvic lymph nodes from ICRT is record-
ed at point B (which is located at the level of point A and  
5 cm from the midline) and at the different reference points 
of the lymphatic trapezoid [13]. The dose to the obturator 
group of lymph nodes is presumed to be represented by 
point B.

Although studies have assessed doses to pelvic lymph 
nodes (PLN) in ICRT [14, 15], the same findings may not 
be extrapolated to the ISBT treatments as the geometry of 
the applicators are different and by the virtue of multiple 
straight and divergent needles with or without central 
tandem, the doses to PLN from ISBT may be very differ-
ent from traditional ICRT applications. Because of the ge-
ometry of the application, different pelvic nodal groups 
may receive different doses. There is a  paucity of data 
evaluating the doses received by PLN by ISBT. 

Hence, we intended to prospectively evaluate the 
doses to PLN groups in IN-CC and VA-C patients treated 
with ISBT.

Material and methods
Ten cervical carcinoma patients (6 patients with  

IN-CC, 4 with VA-C) were recruited for this prospective 
dosimetric study between January 2018 and June 2020. 
Patients with indications of ISBT for either IN-CC or  
VA-C, ages 18 to 65 years, with a Karnofsky performance 
status (KPS) ≥ 70, hemoglobin ≥ 10 g/dl, total leukocyte 
count ≥ 4000/mm, platelet count ≥ 100,000/mm3, creat-
inine clearance ≥ 60 ml/min, and normal liver function 
test were included in this study. Patients with non-squa-
mous histology, para-aortic lymph nodes, distant metas-
tases, or synchronous/metachronous malignancy were 
excluded. Detailed medical history, complete gynecolog-
ic examination, complete blood count, liver and kidney 
function tests, chest X-ray and contrast-enhanced mag-
netic resonance imaging (MRI) of the abdomen and pelvis 
at baseline and after completion of EBRT were included 
in pretreatment work-up.

After obtaining written informed consent as per the 
institutional protocol, all eligible patients received EBRT 
to the whole pelvis delivered with three-dimensional 
conformal radiotherapy technique with a total prescrip-
tion dose of 45 to 50.4 Gy in 25-28 fractions over 5 to  
5.5 weeks with concurrent cisplatin administered intra-
venously once a week at a dose of 40 mg/m2. Based on 
clinical examination and MRI of the pelvis after comple-
tion of EBRT, those not found suitable candidates of ICRT 
or having carcinoma vault received ISBT. Brachytherapy 
was started within a week of completion of EBRT.

Brachytherapy implant procedure

The brachytherapy implant procedure was per-
formed under spinal anesthesia by using a  MUPIT 
(Martinez universal perineal interstitial template) in 
the lithotomy position. Foley’s tri-way urinary catheter 
insertion was done. Afterward per vaginal and per rec-

tum examination was done to assess the extent of dis-
ease. Under the trans-rectal ultrasonography guidance 
(TRUS) probe, the rectum and bladder were identified 
first by visualizing Foley’s bulb and the orientation 
of other pelvic structures was determined. A  uterine 
sound was used to check the patency of the cervical os 
in IN-CC patients and a central tandem was introduced 
in the uterine cavity. The MUPIT obturator was moved 
into the vagina until it fit against the cervix. In the VA-C 
patient, the obturator was inserted into the vagina and 
the inner plate of the template was fitted over it and 
fixed with a  screw. The plate was positioned against 
the wall of the perineum and stitched to the skin. Stain-
less steel needles 20 cm in length were inserted one by 
one through the perineum under TRUS guidance. The 
divergent needles were implanted to cover the lateral 
extent of disease based on the clinical and radiological 
findings. After inserting the desired number of needles, 
a  digital rectal examination was done to rule out rec-
tal injury by needles and the needles were fixed with 
screws. Outer and inner perineal plates were fixed by 
ensuring alignment.

Treatment planning of ISBT

A computed tomography (CT) scan of the whole pel-
vis was done with slice thickness of 3 mm. Intravenous 
contrast was not given. Brachytherapy planning was 
performed on the Oncentra treatment planning system 
version 4.5.3 (Nucletron, an Elekta company, Elekta AB, 
Stockholm, Sweden) where the target, organ at risk and 
PLN were contoured. The extent of the target was de-
cided by using the length of needles having clinical and 
radiological findings in mind. The target was drawn out 
by the line connecting the needles that were topmost on 
each CT slice. External iliac (EI-N), internal iliac (II-N), 
obturator (OB-N) and sacral (SA-N) groups of lymph 
nodes were delineated (Figure 1) by using the Taylor  
et al. guidelines [16]. Briefly, the external iliac nodes were 
drawn by 7 mm expansion (except anteriorly where it 
was 17 mm) along the external iliac blood vessel. The in-
ternal iliac nodes were drawn by providing a 7 mm mar-
gin around internal iliac blood vessels. Obturator nodes 
were drawn by joining external and internal lymph 
nodes with the width of 18 mm wide strips along the 
pelvic wall. Pre-sacral nodes were drawn by providing 
a  10 mm strip over S1-S3. Needles were reconstructed 
and a step size of 2.5 mm was used. The dose was pre-
scribed to the basal point as per ICRU 58 recommenda-
tions [17]. Only dwell positions present within the target 
volume were activated. The central tandem was loaded 
from the tip until the level of the flange (which was at the 
top of the obturator) with loading at alternate dwell po-
sitions and were activated with similar dwell weights as 
the needles to begin with. Afterwards, using the manual 
optimization method, dwell times of the central tandem 
were increased to the simulated dwell time of the central 
tandem with the same dose prescription on a standard 
ICRT plan of the same day to replicate the point A later-
al dose throw off from the tandem contribution. Manual 
optimization was again used to control excessive dose 
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heterogeneity by balancing the loading of different dwell 
positions adjacent to the central tandem to achieve the 
desired dosimetry. Both graphic and geometric optimi-
zation was done to achieve the best plan. A dose of 10 Gy  
was prescribed to the target in IN-CC patients and 8 Gy 
in VA-C patients. Each patient had two ISBT implants 
one week apart (total 20 sessions of ISBT). Doses received 
by 100%, 90% and 50% volume (D100, D90, D50) and 2 cm3,  
1 cm3 and 0.1 cm3 volumes (D2cc, D1cc, D0.1cc) in percent-
age of the prescribed doses were evaluated for each nod-
al group. After the approval of plan, patients were trans-
ferred to the brachytherapy suite. Brachytherapy was 
delivered with an iridium-192 source (Microselectron, 
high-dose rate [HDR], Nucletron, an Elekta company, 
Elekta AB, Stockholm, Sweden) for all patients. Implant 
needles were taken out after completion of the treatment 
with post-operative care and patients were discharged 
the next day.

Statistical analysis

All data were analyzed by the SPSS statistical soft-
ware package for Mac (Version 25.0; IBM, Armonk, NY, 
USA). Quantitative variables were described in terms of 
mean with standard deviation. Doses to lymph nodes in 
patients with a central tandem (IN-CC) were compared 
to those without a central tandem (VA-C patients) using 
Student’s t-test and a p-value ≤ 0.05 was considered sig-
nificant.

Results
Twenty ISBT procedures were performed in 10 pa-

tients. Patient characteristics are described in Table 1. 
Stage distribution for IN-CC patients was stage IIB : IIIB : 
IIIC1 in 2 : 3 : 1 patient respectively as per the FIGO 2018 
staging system (International Federation of Gynecology 
and Obstetrics). Persistent parametrial disease was pres-
ent in 3 of the patients after EBRT. The pelvic lymph node 
in one patient with IIIC1 disease responded well to EBRT 
and hence none of the patients had positive pelvic LN at 
the time of ISBT. Of 4 VA-C patients, 2 had parametrial 
infiltration (with the parametrium remaining persistent 
after EBRT in one case). None of the VA-C patients had 
lymph node positive disease. 

Median number of needles was 18 (range, 16-20). 
Median number of divergent needles was 4 (range, 
4-8). Mean target volume for IN-CC and VA-C pa-
tients was 80.2 ±4.33 cc and 66 ±5.1 cc respectively.  
Mean height, width and thickness of the target were 
7.8 ±1.1 cm vs. 4.8 ±1.2 cm, 6.4 ±0.8 cm vs. 6.5 ±1.3 cm 
and 2.6 ±0.6 cm vs. 2.4 ±0.7 cm in IN-CC vs. VA-C  
patients respectively.

Mean target V95 (volume receiving 95% of the pre-
scribed dose) was 76 cc (range, 70-84 cc) for IN-CC patients 
and 62 cc (range, 54-65) for VA-C patients. The median 
total reference air-kerma (TRAK) values for IN-CC and 
VA-C were 0.64 (0.55-0.69) and 0.37 (0.33-0.45), respective-
ly, and this has been updated in the revised manuscript.

Fig. 1. A, C) Doses to pelvic lymph node regions in IN-CC and B, D) in VA-C patients at similar levels of pelvis

A

C

B
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Mean D2cc to bladder per fraction was 6.2 Gy (range, 
5.8-7.1) for IN-CC patients and 4.8 Gy (range, 3.8-5.2 Gy) 
for VA-C patients. Similarly, mean D2cc to rectum per 
fraction was 6.3 Gy (range, 5.1-6.8 Gy) for IN-CC patients 
and 4.5 Gy (range, 3.6-5.3 Gy) for VA-C patients. 

Doses received by the respective nodal groups of the 
right/left side and combined doses (right + left) for the 
whole cohort of IN-CC and VA-C patients are summa-
rized in Table 2. Patients with a central tandem (IN-CC) 
received significantly higher doses to external, internal 
iliac and sacral groups of lymph nodes (all p < 0.001 ex-
cept D100 of EI-N p = 0.004) as compared to those without 
a central tandem (VA-C). Doses to the combined bilateral 
OB-N D100 (p = 0.143), D90 (p = 0.078) and D50 (p = 0.133) 
were not statistically different in IN-CC patients versus 
VA-C. However, dose to combined bilateral OB-N D2cc  
(p = 0.003), D1cc (p = 0.007) and D0.1cc (p = 0.005) were sig-
nificantly higher in IN-CC patients (with a  central tan-

dem) vs. VA-C (without a central tandem), as illustrated 
in Table 3.

Discussion
The presence of pelvic lymph nodes is an indepen-

dent prognostic factor in carcinoma of the cervix [18]. 
Pelvic lymph node positivity for stages IIA, IIB, IIIA, 
and IIIB/IV has been reported to range between 10-45%,  
26-62%, 39-59%, and 39-88% respectively [19-22]. Most of 
the pelvic nodes respond to EBRT with concurrent che-
motherapy, but there is a need to boost the positive pelvic 
lymph node to a higher dose, which also depends on the 
size of the lymph node [23]. Nodal boost may be carried 
out with EBRT either by simultaneous integrated boost 
(SIB) or sequential boost. While SIB has the advantage of 
reduction of overall treatment time and total dose [24], it 
may lead to increased radiation-related morbidity when 

Table 1. Summary of patient characteristics 

Characteristic Patients with IN-CC Patients with VA-C

No. of patients 6 4

Age (years), median (range) 53 (43-63) 52 (40-65)

KPS, median (range) 90 (80-90) 90 (80-90)

Hb (g/dl), median (range) 12 (10.5-14) 11.5 (10.5-13)

EBRT dose (Gy), median (range) 45 (45-50.4) 45 (45-50.4)

No. cycles of concurrent chemo, median (range) 5 (4-5) 5 (4-5)

IN-CC – intact cervical carcinoma, VA-C – vault carcinoma, EBRT – external beam radiotherapy, KPS – Karnofsky performance scale

Table 2. Doses received by respective nodal groups of right/left side and combined (right + left) for the entire 
cohort of patients in terms of percentage of prescribed dose

Parameter Right mean dose ±SD (%) Left mean dose ±SD (%) Bilateral combined mean dose ±SD (%)

Obturator nodes

D100 22.34 ±2.65 20.55 ±2.36 21.44 ±2.48

D90 35.64 ±4.28 31.59 ±2.80 33.62 ±3.46

D50 71.65 ±9.11 60.18 ±6.57 65.92 ±7.16

D2cc 111.06 ±12.22 94.18 ±11.39 102.94 ±10.71

D1cc 149.49 ±15.58 125.73 ±14.37 137.61 ±13.69

D0.1cc 240.55 ±19.46 200.60 ±20.21 220.57 ±18.21

Internal iliac nodes

D100 2.63 ±0.3 2.8 ±0.32 2.72 ±0.31

D90 7.16 ±0.68 6.81 ±0.64 6.98 ±0.65

D50 16.16 ±1.33 15.31 ±1.24 15.73 ±1.26

D2cc 39.26 ±3.67 40.12 ±4.13 39.69 ±3.64

D1cc 45.75 ±4.51 49.77 ±5.58 47.76 ±4.52

D0.1cc 65.55 ±7.81 90.85 ±14.2 78.20 ±9.09

External iliac nodes

D100 1.83 ±0.31 1.68 ±0.31 1.76 ±0.28

D90 5.23 ±0.57 4.96 ±0.46 5.1 ±0.51

D50 8.8 ±0.64 8.51 ±0.50 8.66 ±0.56

D2cc 15.15 ±0.82 14.93 ±0.83 15.04 ±0.8

D1cc 16.2 ±5.43 16.63 ±0.89 16.42 ±1.02

D0.1cc 19.85 ±1.05 19.56 ±0.83 19.71 ±0.91
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there are larger lymph nodes (> 3 cm). A sequential boost 
permits the adaptation based on nodal disease regression 
after EBRT and caters to the explicit calculation of the dose 
contribution from brachytherapy [25]. The contribution of 
the dose from BT ranges from 6% to 34% for obturator, 
external and internal iliac lymph nodes and is negligible at 
the common iliac nodes for ICRT [26]. Dose heterogeneity 
can occur close to the BT target if pelvic nodes are treated 
and therefore the cumulative dose to pelvic lymph nodes 
for EBRT and BT must be taken into consideration in the 
EQD2 calculations at the time of BT. Higher doses to pelvic 
nodal groups may also be counterproductive in leading to 
higher incidence of long-term morbidities such as lymph-
edema and insufficiency fractures.

Historically, doses received by the PLN during ICRT 
were estimated by the lymphatic trapezoid of Fletcher, 
which represented the dose to the lower para-aortic, low-
er common iliac and middle external iliac lymph nodes, 
and by the pelvic wall points, which denote the dose to the 

obturator lymph nodes [13]. Few studies have evaluated 
the dosimetry of the different pelvic lymph nodal groups 
with ICRT applications [14, 15, 27]. It has been concluded 
that there is a  significant dose supplement to the PLN 
during ICRT. However, the extent of association between 
point B dose and dosimetric parameters of the individual 
groups of nodes is low. Therefore, it is important to deter-
mine the dose received by individual nodal groups during 
brachytherapy, at least in patients with enlarged lymph 
nodes, to calculate the cumulative dose delivered [26]. 

In those patients for whom ICRT is not feasible, ISBT 
is a valuable tool in both IN-CC and VA-C patients. The 
incidental doses to PLN from ISBT are still not known. In 
our study, we found that the mean D90 values of the com-
bined bilateral OB-N, II-N, EI-N and SA-N groups were 
33.62%, 6.98%, 5.1% and 7.76% of the prescribed doses re-
spectively and mean D2cc values of the combined bilateral 
OB-N, II-N, EI-N and SA-N groups were 102.94%, 39.69%, 
15.4% and 15.36% of the prescribed doses respectively. 

Table 3. Combined dose received by respective nodal groups with and without central tandem in terms  
of percentage of prescribed doses

Parameter Bilateral combined mean dose (in %)
(without central tandem)

Bilateral combined mean dose (in %)
(with central tandem)

P value

Obturator nodes

D100 16.95 ±2.79 24.44 ±3.51 0.143

D90 26.15 ±3.91 38.59 ±4.74 0.078

D50 52.63 ±14.91 74.78 ±6.66 0.133

D2cc 75.11 ±23.18 121.48 ±4.94 0.030

D1cc 95.27 ±26.5 165.84 ±7.79 0.007

D0.1cc 162.30 ±32.48 259.42 ±12.80 0.005

Internal iliac nodes

D100 1.34 ±0.33 3.64 ±0.20 < 0.001

D90 3.94 ±0.46 9.01 ±0.46 < 0.001

D50 9.79 ±1.02 19.69 ±0.75 < 0.001

D2cc 22.95 ±3.11 50.84 ±2.22 < 0.001

D1cc 26.08 ±3.88 62.21 ±2.24 < 0.001

D0.1cc 34.90 ±6.34 107 ±5.6 < 0.001

External iliac nodes

D100 0.84 ±0.29 2.37 ±0.32 0.004

D90 3.06 ±0.53 6.45 ±0.46 < 0.001

D50 6.49 ±0.56 10.10 ±0.55 < 0.001

D2cc 8.67 ±0.74 14.35 ±0.49 < 0.001

D1cc 11.98 ±1.13 19.38 ±0.67 < 0.001

D0.1cc 15.99 ±0.81 22.18 ±0.86 < 0.001

Sacral nodes

D100 2.43 ±0.29 5.62 ±1.32 < 0.001

D90 4.60 ±0.70 9.87 ±1.17 < 0.001

D50 7.58 ±0.86 14.07 ±1.11 < 0.001

D2cc 10.78 ±0.90 18.41 ±0.97 < 0.001

D1cc 11.79 ±0.95 19.85 ±0.88 < 0.001

D0.1cc 15.11 ±0.91 22.85 ±0.90 < 0.001
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The doses to the OB-N groups were higher in our study 
with ISBT as compared to OB-N doses from ICRT reported 
by Lee et al. [12]; D90 and D2cc were 38.59 ±4.74% vs. 17.3 
±3.6% and 121.48 ±4.94% vs. 27.4 ±4.7% respectively. While 
D90 to OB-N from ICRT reported by Rangarajan et al. [27] 
was comparable to our study (38.5 ±10% vs. 38.59 ±4.74% 
respectively), D2cc to OB-N was lower compared to our 
study (58.5 ±18% vs. 121.48 ±4.94% respectively). Owing to 
proximity of the OB-N to the interstitial needles, this group 
receives a very high dose from the ISBT and hence it would 
be prudent to take this into consideration while planning 
to boost positive lymph nodes in the OB-N region.

The doses to II-N group D90 were lower in our study 
as compared to those reported by Lee et al. [12] and Ran-
garajan et al. [27], as illustrated in Table 4; the doses to 
II-N D2cc were higher as compared to both these studies. 
The region of II-N in proximity to the needles will have 
a  higher dose (D2cc) than the average dose received by 
the entire II-N group (D90), and hence the location of the 
positive II-N is important to predict the incidental doses 
to that region, and this must be individualized on a pa-
tient-to-patient basis.

The brachytherapy dose contribution to the EI-N 
decreases considerably as compared to II-N and OB-N 

groups. D90 and D2cc to EI-N were comparable (albeit a bit 
lower) in our study as compared to those reported by Lee 
et al. [12] (Table 4). The lower doses in our study may be 
attributed to the different contouring guidelines used in 
studies. We used the Taylor et al. [16] guidelines, which 
mandate a 17 mm anterior extension for EI-N groups, and 
hence our volumes were larger and more lateral. Never-
theless, commensurate with other studies, we found that 
the EI-N receives approximately 6-10% of the prescribed 
doses, and hence nodes in these regions would need an 
EBRT boost most often. 

In our study, VA-C patients received significantly 
lower mean D90 and D2cc to the combined bilateral II-N, 
EI-N and SA-N than in IN-CC patients (Table 3), and this 
is mainly because of higher contribution to PLN from 
the active sources in the central tandem. Although dif-
ferent dose prescription schedules may impact the doses 
received by the pelvic LN groups in absolute numbers, 
since we have reported all doses in terms of the percent-
age of the prescribed dose (Tables 2-3), this is unlikely to 
differ with different dose prescriptions. The results of our 
study would give an average idea of the doses received 
by the different pelvic LN groups electively. The dose re-
ceived by an involved pelvic LN would certainly depend 

Table 4. Comparison of combined dose received by respective nodal groups between our study and other 
reported studies in literature

Parameter Our study Study by Lee et al. [12] Study by Rangarajan  
et al. [27]

Bilateral combined  
mean dose without  
central tandem (%)

Bilateral combined  
mean dose with  

central tandem (%)

Bilateral combined  
mean dose (%)

Bilateral combined  
mean dose (%)

Obturator nodes

D100 16.95 ±2.79 24.44 ±3.51 12.3 ±3.2 28.57 ±5.25

D90 26.15 ±3.91 38.59 ±4.74 17.3 ±3.6 38.5 ±10

D50 52.63 ±14.91 74.78 ±6.66 23.4 ±4.1 54 ±16

D2cc 75.11 ±23.18 121.48 ±4.94 27.4 ±4.7 58.5 ±18

D1cc 95.27 ±26.5 165.84 ±7.79 30 ±5.3 71.4 ±22.8

D0.1cc 162.30 ±32.48 259.42 ±12.80 35 ±6.6 97.14 ±45.7

Internal iliac nodes

D100 1.34 ±0.33 3.64 ±0.20 13.1 ±3.04 14 ±4.2

D90 3.94 ±0.46 9.01 ±0.46 17.5 ±3.4 20.1 ±6.1

D50 9.79 ±1.02 19.69 ±0.75 22.6 ±4.1 12.67 ±6.2

D2cc 22.95 ±3.11 50.84 ±2.22 28.5 ±5.5 30 ±10.7

D1cc 26.08 ±3.88 62.21 ±2.24 30.8 ±6.09 32.8 ±9.7

D0.1cc 34.90 ±6.34 107 ±5.6 36 ±7.4 40 ±12.8

External iliac nodes

D100 0.84 ±0.29 2.37 ±0.32 4.1 ±1.5 9.4 ± 3.14

D90 3.06 ±0.53 6.45 ±0.46 8.7 ±2.04 16.71 ±2.71

D50 6.49 ±0.56 10.10 ±0.55 14.6 ±3.23 22.7 ±4.2

D2cc 8.67 ±0.74 14.35 ±0.49 20.5 ±4.5 30 ±5.8

D1cc 11.98 ±1.13 19.38 ±0.67 22.4 ±4.7 34.2 ±6.7

D0.1cc 15.99 ±0.81 22.18 ±0.86 26.6 ±6.6 40 ±7.4
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on the EBRT schedule, location, size of the LN, etc., and 
this must be calculated in a case-to-case basis as per the 
ICRU 89 recommendations. Other factors which may in-
fluence the doses to the PLN groups are optimization of 
the plan, type of applicator used (tandem ring vs tandem 
ovoid), normalization points etc. [12]. With the growing 
popularity of the hybrid applicators with the selective use 
of interstitial needles in addition to the standard ICRT ap-
plicators, the doses could be differentially impacted on 
the side of the additional needles. There are no specific 
studies addressing this issue, and it could be interesting 
to know the dose contribution to different PLN groups 
from these hybrid applicators. 

To our best knowledge, none of the studies have eval-
uated and reported the incidental dose to PLN groups 
from pure HDR image-guided ISBT. Our study may 
help to understand the approximate dose to various PLN 
groups received by ISBT, which may be useful in plan-
ning nodal boost doses and techniques in the manage-
ment of IN-CC and VA-C patients. One of the limitations 
of our study is the small number of patients, which may 
have resulted in some heterogeneity in dosimetric data. 
Future studies evaluating doses to positive lymph nodes 
at different pelvic nodal group locations during ISBT may 
help us to understand the dosimetric profile of incidental 
doses to involved pelvic lymph node stations.

Conclusions
In cervical carcinoma patients treated with HDR 

image-guided ISBT, pelvic lymph node groups receive 
significant doses, particularly obturator and internal ili-
ac groups. The dose contribution to pelvic lymph nodes 
is higher in patients with intact cervical cancer where 
a central tandem is used as compared to post-operative 
patients.

Disclosure
The authors report no conflict of interest.

References
1.	 Globocan. Home [internet]; 2020. Available from: http://glo-

bocan.iarc.fr/Default.aspx (cited 2023 Mar).
2.	 Perez CA, Brady LW, Halperin EC. Principles and practice of 

radiation oncology. 6th ed. Philadelphia 2013: 1373.
3.	 Montana GS, Fowler WC, Varia MA et al. Carcinoma of the 

cervix, stage III. Results of radiation therapy. Cancer 1986; 57: 
148-154.

4.	 Montana GS, Fowler WC, Varia MA et al. Analysis of results 
of radiation therapy for stage IB carcinoma of the cervix.  
Cancer 1987; 60: 2195-2200.

5.	 Eifel PJ, Winter K, Morris M et al. Pelvic irradiation with 
concurrent chemotherapy versus pelvic and para-aortic irra-
diation for high-risk cervical cancer: an update of Radiation 
Therapy Oncology Group trial (RTOG) 90-01. J Clin Oncol 
2004; 22: 872-880.

6.	 Morris M, Eifel PJ, Lu J et al. Pelvic radiation with concurrent 
chemotherapy compared with pelvic and para-aortic radi-
ation for high-risk cervical cancer. N Engl J Med 1999; 340: 
1137-1143.

7.	 Rose PG, Ali S, Watkins E et al. Long-term follow-up of a ran-
domized trial comparing concurrent single agent cisplatin, 

cisplatin-based combination chemotherapy, or hydroxyurea 
during pelvic irradiation for locally advanced cervical can-
cer: a Gynecologic Oncology Group Study. J Clin Oncol 2007; 
25: 2804-2810.

8.	 Stehman FB, Ali S, Keys HM et al. Radiation therapy with or 
without weekly cisplatin for bulky stage 1B cervical carcino-
ma: follow-up of a  Gynecologic Oncology Group trial. Am  
J Obstet Gynecol 2007; 197: 503:e1-6.

9.	 Lanciano R, Calkins A, Bundy BN et al. Randomized com-
parison of weekly cisplatin or protracted venous infusion 
of fluorouracil in combination with pelvic radiation in ad-
vanced cervix cancer: a Gynecologic Oncology Group study. 
J Clin Oncol 2005; 23: 8289-8295.

10.	Lanciano RM, Martz K, Coia LR et al. Tumor and treatment 
factors improving outcome in stage III-B cervix cancer. Int  
J Radiat Oncol Biol Phys 1991; 20: 95-100.

11.	Viswanathan AN, Thomadsen B, American Brachythera-
py Society Cervical Cancer Recommendations Committee, 
American Brachytherapy Society. American Brachytherapy 
Society consensus guidelines for locally advanced carcinoma 
of the cervix. Part I: general principles. Brachytherapy 2012; 
11: 33-46.

12.	Lee LJ, Sadow CA, Russell A  et al. Correlation of Point B 
and lymph node dose in 3D-planned high-dose-rate cervical 
cancer brachytherapy. Int J Radiat Oncol Biol Phys 2009; 75: 
803-809.

13.	Fletcher G. Textbook of radiotherapy. 3rd ed. Lea & Febiger, 
Philadelphia 1980.

14.	Lee Y, Rash DL, Stern RL et al. Variation in high-dose-rate 
brachytherapy dose contribution among pelvic lymph 
node groups in locally advanced cervical cancer. Int J Ra-
diat Oncol Biol Phys 2014; 90 Suppl 47: S478; doi: 10.1016/ 
j.ijrobp.2014.05.1482.

15.	Mohamed SM, Aagaard T, Fokdal LU et al. Assessment of ra-
diation doses to the para-aortic, pelvic, and inguinal lymph 
nodes delivered by image-guided adaptive brachytherapy in 
locally advanced cervical cancer. Brachytherapy 2015; 14: 56-61.

16.	Taylor A, Rockall AG, Reznek RH et al. Mapping pelvic lymph 
nodes: guidelines for delineation in intensity-modulated ra-
diotherapy. Int J Radiat Oncol Biol Phys 2005; 63: 1604-1612.

17.	International Commission on Radiation Units and Measure-
ments report: dose and volume specification for reporting 
interstitial therapy (ICRU Report 58). Bethesda 1997.

18.	Stehman FB, Bundy BN, DiSaia PJ et al. Carcinoma of the 
cervix treated with irradiation therapy: I. A  multivariate 
analysis of prognostic variables in the Gynecologic Oncology 
Group. Cancer 1991; 67: 2776-2785.

19.	Berman ML, Keys H, Creasman W et al. Survival and pat-
terns of recurrence in cervical cancer metastatic to periaor-
tic lymph nodes (a  Gynecologic Oncology Group study).  
Gynecol Oncol 1984; 19: 8-16.

20.	Christensen A, Lange P, Nielsen E. Surgery and radiothera-
py for invasive cancer of the cervix: surgical treatment. Acta  
Obstet Gynecol Scand 1964; 43: 59-87.

21.	Wharton JT, Jones HW, Day TG et al. Preirradiation celioto-
my and extended field irradiation for invasive carcinoma of 
the cervix. Obstet Gynecol 1977; 49: 333-338.

22.	Hackett TE, Olt, Sorosky JI, Podczaski E et al. Surgical predic-
tors of para-aortic metastases in early-stage cervical carcino-
ma. Gynecol Oncol 1995; 59: 15-19.

23.	Bacorro W, Dumas I, Escande A et al. Dose-volume effects in 
pathologic lymph nodes in locally advanced cervical cancer. 
Gynecol Oncol 2018; 148: 461-467.

24.	Lindegaard JC, Assenholt MS, Ramlov A et al. Early clinical 
outcome of coverage probability based treatment planning in 
locally advanced cervical cancer for simultaneous integrated 
boost of nodes. Acta Oncol 2017; 56: 1479-1686.

https://doi.org/10.1016/j.ijrobp.2014.05.1482
https://doi.org/10.1016/j.ijrobp.2014.05.1482


Journal of Contemporary Brachytherapy (2023/volume 15/number 4)

Ajeet Kumar Gandhi, Madhup Rastogi, Vachaspati Kumar Mishra, et al.268

25.	Jürgenliemk-Schulz IM, Beriwal S, de Leeuw AAC et al. 
Management of nodal disease in advanced cervical cancer. 
Semin Radiat Oncol 2019; 29: 158-165.

26.	Van den Bos W, Beriwal S, Velema L et al. Image guided 
adaptivebrachytherapy for cervical cancer: dose contribution 
to involved pelvic nodes in two cancer centers. J Contemp 
Brachytherapy 2014; 6: 21-27.

27.	Rangarajan R, Subramanian S, Gopalakrishnan K et al. 
Dose to pelvic lymph nodes in image based high dose rate 
brachytherapy of carcinoma cervix. Rep Pract Oncol Radiother 
2019; 24: 80-85.


