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Gynecologic malignancies, in-
cluding uterine, cervical, ovar-
ian, vulvar and vaginal cancers 

are diagnosed in approximately 71,500 
U.S. women each year, 26,500 of whom 
will die from their disease.1 The presen-
tation and treatment paradigm for each 
of these cancers is somewhat distinct, 
and radiation therapy represents a main-
stay of treatment for many patients di-
agnosed with a gynecologic malignancy 
— especially those with cancers of the 
cervix, uterus, vulva or vagina. 

Although external-beam radiation 
therapy (EBRT) techniques are gener-
ally employed to treat microscopic dis-
ease within the pelvis, the dose required 
to definitively treat these tumors often 
exceeds the normal tissue tolerance of 
the small bowel and other organs in the 
pelvis, making treatment with EBRT 
alone a poor choice. Fortunately, the 
anatomy of the female genital tract is 
predisposed to the use of intracavitary 
or interstitial brachytherapy techniques, 
allowing for the delivery of higher 

doses of radiation therapy to primary 
tumors arising within the nonadnexal 
genital organs and sparing toxicity to 
surrounding normal tissues.

Brachytherapy has been used for 
treating malignancies since 1901 — 
shortly after the discovery of radiation 
by Henri Becquerel. Intracavitary and 
interstitial techniques were widely used 
for a range of malignancies in the early 
and middle part of the 20th century, but 
fell out of favor for many cancer types 
due to improvements in teletherapy 
technology and its ease of delivery. Ex-
ternal-beam planning and delivery tech-
niques continued to improve over time, 
and since the 1990s, many patients in 
the United States (and largely world-

wide) have been treated using com-
puted tomography (CT)-based planning 
techniques. The ability to fuse diagnos-
tic imaging (eg, MRI or positron emis-
sion tomography [PET]) to a planning 
scan to help delineate target volumes 
and organs at risk (OAR); and image 
guidance, which allows for more ac-
curate patient setups and, thus, smaller 
target margins and better sparing of 
normal tissues; can potentially increase 
tumor control while decreasing normal 
tissue toxicity. Although brachytherapy 
stayed in the 2-dimensional “dark ages” 
longer than teletherapy, image-guided 
brachytherapy (IGBT) techniques using 
CT, MRI or ultrasound have been de-
scribed since the early 2000s. These 
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techniques are increasingly embraced 
by the radiation oncology community 
for the same reasons as image-guided 
teletherapy, namely improved target 
delineation and planning, potentially 
improving local control and normal tis-
sue sparing. Here we describe the role 
of IGBT in the treatment of cervical, 
uterine and vaginal cancers.

Cancer of the cervix
Cervical cancer is the third most 

common cancer in women worldwide. 
In patients with locally advanced pre-
sentations, the standard treatment 
paradigm consists of chemoradiation 
therapy — external-beam radiation 
therapy to the pelvis +/- para-aortics 
(typically 45-50.4 Gy) with concur-
rent weekly cisplatin chemotherapy, 
followed by a boost dose of radia-
tion delivered to the primary cervical 
tumor.2,3 This boost has historically 
been delivered via brachytherapy, 
and the use of brachytherapy in these 
patients has been shown to confer a 

survival benefit over treatment with 
external-beam radiation treatment 
alone.4,5 The boost is frequently de-
livered after completion of the initial 
pelvic RT to allow for tumor shrinkage 
and improved applicator geometry. 
High-dose-rate (HDR) brachytherapy 
has been shown to be noninferior to 
traditional low-dose-rate (LDR) tech-
niques with respect to local control 
outcomes, with the added advantage 
of outpatient treatment (mitigating the 
need for inpatient stays and prolonged 
bedrest) and decreased exposure of 
ionizing radiation to healthcare per-
sonnel.6 HDR brachytherapy is typ-
ically delivered in 5 fractions of 5-6 
Gy per fraction given at least 72 hours 
apart.7 Due to the need for multiple in-
sertions of the applicator system with 
HDR brachytherapy and the potential 
changes in applicator geometry and/
or pelvic anatomy (changes in blad-
der and rectal filling, and uterine posi-
tion) between fractions that may affect 
dose distributions to target volumes 

(and therefore affect local control and 
toxicity outcomes), the use of 3-di-
mensional IGBT has been most exten-
sively studied in this setting.

Advantages of 3-dimensional 
IGBT planning

Historically, treatment planning has 
been performed using 2-dimensional 
techniques with the dose prescribed 
to a modification of the classical Man-
chester system point A for target cov-
erage and specified points for normal 
tissues on conventional radiographs. 
This technique follows a “one-size-fits-
all” approach and does not allow for 
individualized dose distribution based 
on patient-specific factors. Three-di-
mensional IGBT allows a practitioner 
to modify dose distributions based on a 
patient’s individual anatomy and tumor 
response, typically using CT and/or 
MRI. Ultrasound has also been used, 
but will not be discussed here. The Vi-
enna group pioneered the use of IGBT 
(using MRI based on its superior soft 

FIGURE 1. Tandem and ring applicator with DVH using CT-based planning for a FIGO stage IIB cervical cancer.
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tissue contrast compared to CT im-
aging) for cervical cancer in the early 
2000s with the goal of improving target 
coverage — especially in bulkier and 
more locally advanced presentations 
— and decreasing normal tissue tox-
icity by better understanding dose dis-
tributions to OARs since dose volume 
histogram (DVH) information from a 
brachytherapy insertion could now be 
obtained.8-12 

Since then, several centers have com-
pared 2-dimensional vs. 3-dimensional 
planning in dosimetric studies and have 
shown improved cervical tumor cov-
erage and decreased dose to critical 
normal tissues with 3-dimensional plan-
ning. One study from the University of 
Alabama, Birmingham, revealed that 
prescription to point A allowed for ex-
cellent GTV coverage for earlier stage 
tumors, but overestimated tumor cov-
erage in more locally advanced cases 
(IB1 98.5%, IB2 89.5%, IIB 79.5%, 
and IIIB 59.5%).13 Other prospective 
studies from MD Anderson, Korea and 
Vienna have shown that standard spec-
ified normal tissue points (defined by 
ICRU 38) can underestimate the dose 
to the OAR.14-16 These studies have also 
helped to obtain valuable correlative 
data on normal tissue dose and long-
term toxicity to better define appropri-
ate and clinically relevant normal tissue 
constraints with modern IGBT (see rec-
ommended guidelines).

Other potential advantages of 3-di-
mensional-based planning include (1) 
verification of tandem placement in the 
uterine cavity and decreasing the risk 
of treating a patient with a uterine per-
foration; (2) a better understanding of 
the doses delivered to other normal tis-
sues at risk, especially the small bowel, 
and the potential to spare dose to these 
organs (Figure 1); (3) the ability to use 
more combined intracavitary/interstitial 
techniques (Vienna applicator) for lo-
cally advanced disease to achieve better 
coverage of gross disease while sparing 
normal tissue; and (4) optimized target 

coverage and normal tissue dose with 
adaptive replanning based on tumor  
response.17

Clinical outcomes with 
3-dimensional IGBT

The emerging data for improved 
outcomes with 3-dimensional IGBT is 
promising. Georg et al from the Uni-
versity of Vienna published their ini-
tial experience of patients with IB-IVA 
cervical cancer treated with MRI-based 
IGBT as defined by the Groupe Europ-
een de Curietherapie/European Society 
for Therapeutic Radiology and Oncol-
ogy (GEC-ESTRO) guidelines.12,18 At 
a median follow-up of 51 months, local 
control was achieved in 95% (134 of 
141 patients), an improvement over 
historic controls. Negative prognos-
tic factors for local control included 
patients with a large tumor (> 5 cm) 
both at the time of diagnosis and im-
plant (local recurrence 35%); however, 
significant tumor regression (< 5 cm 
tumor) after initial pelvic chemo-RT 
was a positive prognostic factor, with a 
local recurrence rate of 10.9%. A clear 
relationship between cumulative rec-
tal dose and grade 2-4 late toxicity was 
also reported (D2cc: 67 Gy - 5%, 78 Gy 
-10%, 90 Gy - 20%) by the same group, 
indicating that image guidance to help 
lower rectal dose ultimately decreases 
late toxicity.19 Interestingly, no correla-
tion was found between total bladder 
dose and late toxicity. 

Creutzberg et al reported improved 
survival outcomes in patients with IB-
IVA disease treated with MR-based 
IGBT at Leiden University.20 Compar-
ing 83 patients treated with IGBT to 
43 historical patients treated with 2-di-
mensional techniques, they reported a 
3-year overall survival of 86% vs. 51% 
(p = 0.001) and complete remission in 
98.8% vs. 83.7% (p < 0.01) favoring 
the IGBT group. Grade 3-4 toxicities 
reported at 3 years also showed a trend 
toward improvement with IGBT (8.4% 
vs. 15.4%, p = 0.06). This has also been 

corroborated in studies out of North 
America. The University of Pittsburgh 
published its experience earlier this 
year with 128 patients with IB1-IVA 
cervical cancer treated with a hybrid 
MR/CT-based IGBT technique (MR re-
quired for at least 1 fraction) after pelvic 
RT.21 At 24.4 months follow-up, esti-
mated 2-year outcomes were: local con-
trol 91.6%, disease-free survival 81.8%, 
and cancer-specific survival 87.6%. The 
2-year actuarial rate of late grade 3+ 
toxicity was 0.9%. Predictors of local 
failure were adenocarcinoma histology 
and 3-month clinical response; impor-
tantly, a cumulative dose to the HR-
CTV (dose to 90% of treatment volume, 
D90) of  > to 84 Gy in equivalent 2 Gy 
doses (EQD2) in adenocarcinoma was 
associated with improved local control 
(2-year LC 100% vs. 54.5%).

Despite excellent MR-based IGBT 
outcomes, unfortunately, many cen-
ters lack ready access to MRI scan-
ners for MR-based IGBT, making 
widespread adoption of IGBT and 
GEC-ESTRO-based contouring chal-
lenging. A prospective international 
cooperative group trial compared 
CT-based IGBT to MR-based IGBT 
planning and revealed similar HR-
CTV volume, height, and thickness 
contour measurements between the 2 
imaging modalities, as well as simi-
lar DVH values for OARs.22 HR-CTV 
width contours differed between the 2 
modalities leading to significant dif-
ferences in the volume treated to the 
prescription dose or greater (MRI 96% 
vs. CT 86%, p = 0.01) and D90 (MRI 
8.7% vs. CT 6.7%, p < 0.01). How-
ever, clinical experience from Ad-
denbrook with CT-based IGBT using 
GEC-ESTRO guidelines compared 
to 2-dimensional-based planning still 
showed a 20% improvement in local 
control (p = 0.04) favoring IGBT.23 
This study shows promise in improv-
ing outcomes for patients with IGBT 
planning in centers that only have CT 
imaging available.
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Challenges with 3-dimensional 
IGBT

The biggest potential challenges 
of 3-dimensional IGBT planning in-
clude (1) the cost of software/hardware 
needed to perform treatment planning; 
(2) increased use of expensive imag-
ing studies and resources for each pa-
tient; (3) dosimetric uncertainties both 
inter- and intrafractionally, given the 
anatomic variation of normal tissues in 
the pelvis (ie, bladder/rectal filling) and 
the potential movement of an applicator 
between image acquisition for treat-
ment planning and radiation delivery; 
and (4) lack of experienced personnel 
for MR interpretation of tumor response 
and subsequent contouring of GTV 
and CTVs for treatment planning.17 A 
recently published analysis, however, 
concluded that 3-dimensional IGBT 
for locally advanced cervical cancer is 
cost-effective compared to 2-dimen-
sional treatment.24

Guidelines for planning with 
3-dimensional techniques

Image guidance to verify applicator 
position and to rule out uterine perfora-

tion prior to treatment delivery is gener-
ally recommended. Also recommended 
is following the GEC-ESTRO and 
American Brachytherapy Society (ABS) 
published guidelines for IGBT for 3-di-
mensional IGBT treatment planning, 
including delineation of target volumes 
and OARs, and defining appropriate 
dosing and DVH constraints.8,25-29 Both 
GEC-ESTRO and ABS guidelines cen-
ter on MRI-based planning due to its 
superior soft-tissue contrast compared to 
CT-based imaging, but can be translated 
for use with CT, with improved out-
comes over 2-dimensional planning.30 
If no MR planning is available, it is rec-
ommended that patients undergo repeat 
MR imaging after completing pelvic RT 
to aid in CT-based planning. Hybrid ap-
proaches have also been shown to be fea-
sible with the first brachytherapy fraction 
MRI-planned and subsequent fractions 
CT-planned.31-33 Image-based planning 
using point A is common; however, 
Beriwal et al have shown in dosimetric 
studies that prescription to point A gen-
erally leads to decreased D90 coverage 
of HR-CTV compared to volume-based 
planning.34

Cancer of the endometrium
Endometrial cancer is the most com-

mon gynecologic cancer in the United 
States. Brachytherapy is most often 
used in this disease in (1) the adjuvant 
setting to decrease risk of recurrence in 
the vaginal cuff for early stage disease 
(depending on risk factors after total 
extrafascial hysterectomy, bilateral sal-
pingo-oophorectomy, and lymph node 
dissection of the pelvic and para-aortic 
nodes, if indicated), (2) the definitive 
setting for patients with medically in-
operable disease, and (3) the salvage 
setting for patients with recurrent dis-
ease in the vaginal cuff. Less data ex-
ists for the use of 3-dimensional IGBT 
in the treatment of endometrial cancer 
compared to cervical cancer (and is 
summarized below), but many of the 
same principles apply — namely the 
potential for improved local control and 
decreased normal tissue toxicity when 
targets and OARS can be visualized 
and more clearly defined on 3-dimen-
sional images, at the potential expense 
of increased costs and resources. No 
published guidelines exist for 3-dimen-
sional IGBT for endometrial cancer.

FIGURE 2. Vaginal cylinder applicator with DVH using CT-based planning for adjuvant treatment of early stage endometrial cancer.
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Adjuvant treatment to the  
vaginal cuff

Vaginal cylinder treatment as adju-
vant therapy in early stage disease is the 
most common indication for the use of 
brachytherapy in endometrial cancer.35,36 

Two-dimensional imaging with anteri-
or-posterior and lateral radiographs is 
used to verify cylinder placement and for 
treatment planning. At least 2 series have 
shown that 3-dimensional IGBT may 
allow for better target coverage by iden-
tifying air gaps after cylinder placement, 
which would otherwise reduce vaginal 
mucosal dose if not corrected.37,38 Other 
potential advantages may include identi-
fication of vaginal cuff perforation by the 
cylinder, as well as DVH data for normal 
tissues (Figure 2) with the possibility 
to correlate to late toxicities and better 
define normal tissue constraints. Very 
limited data exists for this application 
though, and further studies are needed to 
better understand whether 3-dimensional 
IGBT can improve outcomes in the adju-
vant setting.

Definitive treatment for medically 
inoperable patients

The University of Pittsburgh group 
recently published results using high-

dose-rate 3-dimensional IGBT with 
MRI or CT-based planning in 38 medi-
cally inoperable stage I patients treated 
with IGBT alone (37.5 Gy in 5-6 frac-
tions) or EBRT (45 Gy in 25 fractions) 
in combination with IGBT (25 Gy in 
4-5 fractions).39 Dose was prescribed 
to a CTV including the entire uterus, 
cervix and upper 1-2 cm of vagina; a 
GTV was also defined in patients un-
dergoing MRI. Two year local control 
was 90.6% and overall survival was 
94.4% with no grade 2-5 toxicities. 
GTV doses (D90 EQD2) ranged from 
138-233 Gy, which was felt to account 
for the very high local control. Based 
on results, the authors conclude that 
3-dimensional IGBT is feasible and 
potentially beneficial in this setting. 
The Vienna group achieved similar 
outcomes using a modified Heyman 
technique.39

Salvage treatment for vaginal cuff 
recurrences

Viswanathan et al evaluated the 
outcomes of patients treated with 
MR- or CT-guided salvage interstitial 
brachytherapy in 44 patients with vag-
inal cuff recurrences, 13 of whom had 
received prior RT.41 At 2 years, local 

failure was 4% in patients with no prior 
RT and 39% in patients with prior RT, 
likely due to the lower doses achieved 
in patients undergoing re-irradiation 
(mean D90 EQD2 < 70 Gy vs.  > 70 
Gy if no prior RT). Grade 3 late tox-
icity was noted in 4 patients, only 1 of 
whom had not received prior RT. The 
authors conclude that 3-dimensional 
IGBT results in excellent local control 
and minimal toxicity. Similarly good 
outcomes were reported by Cormack et 
al in a prospective trial of 25 patients 
treated with MR-guided interstitial 
brachytherapy techniques. This study 
also reported low late toxicity rates 
with this method. They concluded that 
3-dimensional IGBT with image guid-
ance and planning can lead to excel-
lent clinical outcomes and improved 
toxicity profiles.42 Another series from 
the same group using HDR interstitial 
therapy in women with primary or re-
current gynecologic cancers concluded 
that 3-dimensional IGBT helps ensure 
adequate tumor coverage and mini-
mized dose (D2cc) to the rectum that 
can result in late late rectal complica-
tions (Figure 3).43,44 This has been cor-
roborated by evidence from Aarhus 
University in Denmark.45 

FIGURE 3. Syed 3 interstitial applicator using CT-based planning for vaginal cuff recurrence from endometrial cancer.
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Cancer of the vagina
Vaginal cancer is the least common 

gynecologic malignancy worldwide. 
Treatment typically consists of an initial 
course of pelvic RT (with chemother-
apy, if tolerated) followed by a boost to 
the primary tumor, often delivered via 
brachytherapy techniques, as extrapo-
lated from other gynecologic malignan-
cies.46 Given the high doses needed to 
achieve local control, and the high risk 
for potential toxicity to normal tissues 
(bladder, urethra, rectum), 3-dimen-
sional IGBT may have a large benefit for 
these patients. The Vienna group pub-
lished their outcomes in 13 patients with 
locally advanced vaginal cancer using 
MR-based IGBT.47 The mean D90 to 
the HR-CTV (defined based on a modi-
fication of the GEC-ESTRO guidelines) 
was 86 Gy. At a median follow-up of  
43 months, 3-year actuarial local con-
trol was 92% and overall survival was  
85%. Data with multi-channel cylin-
ders using 3-dimensional IGBT is also  
promising.48,49 

Conclusion
Three-dimensional IGBT is feasible 

and may improve clinical outcomes, 
including greater local control and de-
creased normal tissue toxicity in a wide 
range of gynecologic malignancies. The 
role of 3-dimensional IGBT is most 
well-defined for cervical cancer pa-
tients and is recommended for treatment 
planning. The benefit of 3-dimensional 
IGBT in other gynecologic malignancies 
is less clear given limited published data, 
and it may be harder for centers to adopt 
given the lack of published guidelines 
for contouring and planning. However, 
based on the available data, 3-dimen-
sional IGBT should be considered 
for all patients undergoing interstitial 
brachytherapy or intracavitary treatment 
with a tandem applicator. More pro-
spective data is needed to better define 
dosimetric constraints, but the use of the 
GEC-ESTRO guidelines for DVH eval-
uation is recommended.
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