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* Decline in brachytherapy parallels increase in IMRT/SBRT boosts.
* Less brachytherapy is coupled with increased mortality.
» CT/MRI adaptive brachytherapy is preferred.

» EBRT & brachytherapy can be delivered at different institutions without compromising outcome.
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Brachytherapy is well-established as an integral component in the standard of care for treatment of patients re-
ceiving primary radiotherapy for cervical cancer. A decline in brachytherapy has been associated with negative
impacts on survival in the era of modern EBRT techniques. Conformal external beam therapies such intensity
modulated radiation therapy (IMRT) or stereotactic body radiation therapy (SBRT) should not be used as alter-
natives to brachytherapy in patients undergoing primary curative-intent radiation therapy for cervical cancer.
Computed tomography or magnetic resonance image-guided adaptive brachytherapy is evolving as the preferred

Ic(?r/\‘;;gld;ncer brachytherapy method. With careful care coordination EBRT and brachytherapy can be successfully delivered at
Brachytherapy different treatment centers without compromising treatment time and outcome in areas where access to brachy-
SBRT therapy maybe limited.

IMRT © 2018 Elsevier Inc. and American Brachytherapy Society. Published by Elsevier Inc. All rights reserved.

Primary chemoradiation

1. History of cervical cancer treatment and introduction of
brachytherapy

Cervical cancer is the fourth most common cancer worldwide with
an estimated 528,000 new cases and 266,000 deaths annually [1]. Mod-
ern treatment of the disease has evolved substantially since the end of

the 19th century, which saw reports of the first radical hysterectomies
described by Clark and Wertheim. The mortality rate for Dr. Wertheim's
procedure was 18% with a major morbidity rate of 31% [2]. The Curies’
discovery of radium in 1898 opened the door for Dr. Robert Abbe who
was the first to apply radium for the treatment of cervical cancer in
1905, and by 1912, Dr. Gosta Forsell reported using radium to achieve
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“clinical healing” in patients with inoperable disease [3]. Abbe was the
first to report a cure in 1913 [4,5]. Over the subsequent decades, a hand-
ful of medical centers developed the fundamental “systems” of intracav-
itary radiation therapy, including Paris, Stockholm, Manchester,
Munich, and the MD Anderson Cancer Center in Houston, which de-
signed the Fletcher system in the 1940s [5,6]. These applicators made
it possible to position the radioactive sources adjacent to the cervix
with intrauterine and intravaginal applicators. The steep dose drop off
of radioactive sources made it possible to deliver higher doses to the
cervix without exceeding the dose tolerance of adjacent normal tissues
and adjacent organs. By the 1970s, brachytherapy was in widespread
use for the treatment of cervical cancer.

2. Evidence for essential benefit of brachytherapy in cervical cancer

In 1991, Lanciano et al. issued a final report of the 1973 and 1978
Patterns of Care Studies in the United States, which included data
from 1558 patients with squamous cell carcinoma of the cervix treated
at centers across the country [7]. The only treatment factor associated
with improved pelvic control of disease on multivariate analysis was
the use of intracavitary radiation (p < 0.001). Higher dose to the cervix,
estimated as the dose to point A, was strongly associated with improved
survival (p < 0.001). This study established the national goal of dose in-
tensification through the use of brachytherapy to improve radiation
outcome for patients with cervical carcinoma.

The current standard primary radiation treatment of locoregional
(stage IB-IVA) cervical cancer consists of external beam radiation with
concurrent cisplatin-based chemotherapy plus brachytherapy [8-12].
Numerous studies have shown that brachytherapy is an essential com-
ponent for curative intent radiation and is strongly correlated with
higher rates of survival [13-15]. A study of 907 patients with stage IIIB
cervical cancer who completed radiation treatment with curative intent
demonstrated that the 641 patients who underwent intracavitary radi-
ation treatment had an improved disease specific survival of 45% at
5 years compared with only 24% for the 266 patients treated with exter-
nal beam radiation therapy alone [16]. Similar results were seen in a
more recent retrospective study comparing outcomes for cervical can-
cer patients treated with or without brachytherapy. Cancer specific sur-
vival was significantly higher (68.5% vs 35.4% after 5 years) for patients
that received brachytherapy as compared to those that received an ex-
ternal beam boost in place of brachytherapy [17].

In 2012, the American Brachytherapy Society consensus guidelines
affirmed the essential curative role of tandem based brachytherapy in
cervical cancer [18]. The National Comprehensive Cancer Network also
emphasizes brachytherapy as standard of care and explicitly states
that conformal external beam therapies should not be used as alterna-
tives to brachytherapy for the treatment of central disease in patients
with an intact cervix [19]. Hallmarks of quality cervical cancer brachy-
therapy are summarized in Table 1.

3. Image-guided brachytherapy

Historically, brachytherapy was delivered using 2-D dosimetry with
the guidance of anteroposterior (AP) and lateral X-rays to assess appli-
cator position and estimate dose to the cervix with point A, representing
a paracervical reference point where the uterine vessels are estimated
to cross the ureter. The dose to the bladder was estimated based on
the position of the Foley bulb and the rectum by measuring 5 mm pos-
terior to vaginal ovoids or packing [20,21]. In the past two decades,
image guided brachytherapy (IGBT) has been introduced which uses
CT or MRI to optimize dose to the cervix and reduce dose to normal tis-
sues using 3-D based volumetric planning. IGBT makes it possible to im-
prove tumor coverage while sparing the adjacent surrounding tissues.
Introduction of MRI-based brachytherapy planning allows for improved
tumor visualization over CT due to excellent soft tissue imaging charac-
teristics and reliable volumetric definition of the target, thereby,

improving the dose distribution with regards to both volume and
time. Repetitive imaging performed with each brachytherapy treatment
allows for adaptation of the radiation dose to the individual patient's
tumor anatomy accounting for tumor regression as it occurs during
treatment, while sparing surrounding structures. The improvement in
the therapeutic ratio with IGBT results from either limiting the classic
Point A distribution by “pulling in” the isodose curves or expanding
them with the use of interstitial catheters. In 2016, Mazeron et al. eval-
uated 13 series treating 1299 patients and demonstrated a dose re-
sponse in cervical cancer, with the probability of control increasing
with the D90 (dose to 90% of the target volume). A D90 of 81.4 Gy
was associated with a 90% chance of local control [22]. Newer GYN ap-
plicators with intra-vaginal interstitial needles allow the
brachytherapist to expand the lateral tumor extension into the medial
parametria with potentially lower toxicities compared to the trans-
perineal approach with a Syed template; at times the standard template
is more appropriate with large volume disease. Based on the experience
to date, IGBT using either CT or MRI has the potential to result in con-
comitant decrease in the rates of local failure and in reduced morbidity,
thus significantly impacting overall clinical outcome. Detailed instruc-
tions and fractionation schemes for intracavitary and interstitial
therapy, as well as schools to hone expertise, are provided by the
American Brachytherapy Society on a regular basis (www.
americanbrachytherapy.org).

The clinical evidence supporting IGBT comes from numerous retro-
spective and prospective studies published in the past decade [23].
The international RetroEMBRACE study involved a retrospective study
of 731 patients from 12 centers [24]. This study provided key data
supporting advanced image-based brachytherapy for large tumors
with a 10% improvement in pelvic control (87% vs. 77%) for patients
treated with IGBT when compared with historic results of a meta-
analysis of 13 RCTs involving 3128 patients treated with EBRT, chemo
sensitization and standard 2-D brachytherapy [25]. In RetroEMBRACE,
stage-specific 3-year local failure rates were 2%, 7%, and 21% for stages
IB, IIB, and IIIB, respectively, and the promise of image guided brachy-
therapy is to increase local control. Late morbidity was lower with
IGBT, despite the higher doses delivered to the to the high-risk clinical
target volume (HR-CTV) with IGBT. RetroEMBRACE reported actuarial
5-year grade 3-5 toxicity rates of 5% for bladder, 7% for gastrointestinal
tract, and 5% for vagina [24]. The prospective non-randomized STIC
study compared 2-D vs 3-D brachytherapy dosimetry in 705 patients
[26], finding that 3-D image guided brachytherapy was associated
with improved local relapse-free survival at 24 months compared to
2-D imaging (78.5% vs. 73.9%). Furthermore, patients who were treated
with image guided brachytherapy had a substantially lower grade 3-4
toxicity rate (2.6% vs. 22.7%) [ 26]. The prospective multicenter observa-
tional EMBRACE study (IntErnational study on MRI guided BRachyther-
apy in local Advanced CErvical cancer) enrolled 1412 patients with
locally advanced cervical cancer who received MR based image guided
brachytherapy. Analysis of this data set identified critical dose-volume
predictors for urinary and rectal morbidity [27]. A retrospective study
comparing 56 patients undergoing MR-guided versus CT-guided high
dose rate interstitial brachytherapy for advanced cervical cancer, sug-
gests the superiority of MR-based planning which resulted in improved

Table 1

Hallmarks of quality cervical cancer brachytherapy

v Use of intracavitary and/or interstitial applicators which allow radiation
sources to approximate the target volume

v Timely incorporation of brachytherapy with external beam radiation to com-
plete all radiation treatment within 8 weeks

v Image guidance with ultrasound, CT or MRI to evaluate applicator position

v Optimized dosimetry with CT or MRI to deliver sufficient dose to tumor target
while respecting normal tissue doses

v Treatment delivery with 1-2 low dose rate/pulsed dose rate (LDR/PDR) or 4-6
high dose rate (HDR) brachytherapy treatments
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overall survival (OS) of 84% vs 56%, with no difference in toxicity [28]. In
2012, the GEC-ESTRO (Groupe Européen de Curiethérapie and the
European Society for Radiotherapy & Oncology) published MR-based
post implant guidelines to aid practitioners in tumor delineation and
defining target volumes and organs at risk [29].

4. Decline in brachytherapy and the associated negative impact on
survival in the era of modern EBRT techniques

Despite the strong evidence demonstrating the benefit of brachy-
therapy, its usage has been declining over the past decade. This decline
in brachytherapy may be a result of the expansion of conformal external
beam radiation therapy techniques, most notably intensity modulated
radiation therapy (IMRT), over the past 2 decades. Utilizing inverse
planning and multileaf collimators with computerized optimization it
is possible to plan and deliver highly conformal radiation therapy.
Early reports showed low toxicity despite higher delivered doses in
comparison to conventional external beam therapy [30,31]. IMRT use
more than doubled between 2002 and 2004 from 32.0% to 67.8% [32].
One use of IMRT has been to escalate the dose to the cervix to forgo
brachytherapy when looking at patterns of radiotherapy practice [33].
Unfortunately, recent studies have shown a substantial decrease in the
utilization of brachytherapy for locally advanced cervical cancer with
associated worsening survival outcomes. There are indications that per-
haps the replacement of brachytherapy with external techniques could
be one of the causes.

In 2013, Han et al. reported the first population-based analysis dem-
onstrating a concerning decline in brachytherapy utilization. In this
SEER database study of 7359 patients with stage IB2 to IVA cervical can-
cer treated with EBRT between 1988 and 2009, the authors report a de-
crease in brachytherapy utilization rate from 83% in 1988 to 58% in
2009. In the same study, brachytherapy treatment was independently
associated with better cause-specific (HR 0.64; 95% CI 0.57-0.71), and
overall survival (HR 0.66; 95% CI 0.60-0.74) [34]. In a Quality Research
in Radiation Oncology (QRRO) study, the proportion of patients that
did not receive brachytherapy doubled from 6.4% in the 1996-1999 sur-
vey [30] to 12.5% in the 2005-2007 survey [35]. Notably, 65% of patients
began treatment in a facility that treated 3 or fewer eligible patients per
year and only 8% of US facilities were estimated to treat on average more
than 3 patients with intact cervical cancer annually. Another
population-based study by Gill et al. utilized the National Cancer Data-
base to evaluate trends in brachytherapy and alternative radiation ther-
apy utilization for 7654 patients treated between January 2004 and
December 2011 for stage IIB-IVA cervical cancer. The authors reported
a decrease in brachytherapy use from 96.7% in 2004 to 86.1% in 2011,
while IMRT and SBRT use increased from 3.3% to 13.9% in the same pe-
riod. In multivariable survival analyses, IMRT or SBRT boost resulted in
inferior OS (HR 1.86; 95% CI 1.35-2.55) as compared with brachyther-
apy. Of note, in this study the survival detriment associated with IMRT
or SBRT boost was stronger than that associated with not receiving che-
motherapy (HR 1.61; 95% CI 1.27-2.04), further underscoring the im-
portance of brachytherapy as a critical treatment component for
locally advanced cervical cancer (Fig. 1) [36].As a follow up to Gill
et al., Robin and colleagues examined 15,194 women with locally ad-
vanced cervical cancer from the National Cancer Database. Only 44.3%
of patients received standard of care treatment. Factors associated
with likelihood of receiving standard of care therapy included treatment
at high volume centers, academic centers, and comprehensive commu-
nity cancer centers. Patients with private insurance and higher income
also were more likely to receive standard of care. Only 49.5% of patients
received EBRT with brachytherapy. Although an EBRT boost derived
better outcome than no boost, patients receiving brachytherapy dem-
onstrated superior OS (HR 0.554, p < 0.001). The authors describe a
troubling trend where fewer than half of patients received appropriate
standard of care treatment with brachytherapy despite superior out-
comes and further highlight disparities in healthcare delivery [37]. The

American College of Surgeons Commission on Cancer recognizes cancer
care programs for providing high quality, multidisciplinary, patient cen-
tered care. Standard 4.1 evaluates compliance with national treatment
guidelines. Use of brachytherapy in patients treated with primary radi-
ation with curative intent for cervical cancer is one of the surveillance
measures recently introduced. In 2015, only 67.5% of all Commission
on Cancer approved programs were estimated to be in compliance
[38]. This again highlights the importance of education and dissemina-
tion of knowledge that brachytherapy is a critical component of curative
intent treatment for locally advanced cervical cancer.

5. Comparison of brachytherapy with IMRT or SBRT

The trends of declining brachytherapy utilization have occurred de-
spite poor outcomes noted with IMRT and SBRT as potential substitutes
for brachytherapy. In one study IMRT demonstrated a lower equivalent
biologic effective dose (BED) compared to brachytherapy and poorer
outcomes [39]. There have been efforts to investigate SBRT as a potential
alternative to brachytherapy as well. Initially, dosimetric analyses have
evaluated dose target coverage and dose to normal organs such as rec-
tum, bowel, and bladder and compared those to HDR brachytherapy
[40,41]. The clinical experiences with SBRT for women who are medi-
cally unable to undergo brachytherapy or who refuse brachytherapy
have been published [42-48], but the series are small and with short
follow-up for definitive conclusions. A prospective phase II trial in-
cluded 28 patients with cervical cancer 77.5% of whom achieved a com-
plete radiographic response at 2 years with no grade 3 or greater urinary
or bowel toxicities [42]. A series of 11 patients treated with an external
beam boost of 30 Gy in 5 fractions showed no grade 3 or higher GI or GU
toxicity and no local recurrences at 6 months of follow up [44]. Another
experience of 6 patients treated with a 19.5-20 Gy boost in 3-5 fractions
using SBRT had no local or distant recurrences and no grade 3-4 rectal
or bladder toxicity at 14 months of follow up [13]. It is important to
note that these are small studies and limited to patients who were not
candidates for or refused brachytherapy, and there has been no direct
comparison to brachytherapy. What is also apparent is that brachyther-
apy gives a higher central radiation dose when compared to the external
technique [49,50], which cannot be reproduced with SBRT or IMRT. Al-
though a distinct advantage of brachytherapy, whether this higher cen-
tral radiation dose provides a crucial clinical difference has not been
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Fig. 1. Adjusted overall survival by boost modality (brachytherapy vs. IMRT/SBRT) as
corrected for age, Charlson/Deyo comorbidity score, stage, and chemotherapy utilization.
(Reprinted from Gill BS, Lin JF, Krivak TC, et al. National Cancer Data Base analysis of
radiation therapy consolidation modality for cervical cancer: the impact of new
technological advancements. Int ] Radiat Oncol Biol Phys 2014; 90:1083-90; with
permission from Elsevier.)
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rigorously tested. No direct comparison between SBRT and brachyther-
apy has been published. However, the preponderance of data suggests
that brachytherapy can deliver significantly higher doses of radiation
to the primary tumor, while sparing normal tissues compared to confor-
mal IMRT or SBRT.

Despite insufficient evidence that IMRT or SBRT constitute an equiv-
alent technique to brachytherapy, the national database studies indicate
a disturbingly high rate of their usage in lieu of brachytherapy [33-37]
and thus non-adherence to established criteria for high-quality primary
radiation treatment for cervical cancer. The declining utilization of
brachytherapy observed in the studies parallels an incrementally in-
creased use of IMRT and SBRT as a boost and this apparent trade-off is
coupled with increased mortality risk suggesting that women are
harmed by the substitution. Exploration into why practitioners choose
external techniques over brachytherapy is ongoing but some postula-
tions include the time efficiency of external techniques, lack of
education or comfort with the more invasive brachytherapy techniques
and declining reimbursement for brachytherapy, especially in the
outpatient/free-standing setting, and challenges in the coordination of
care between Radiation Oncologists and Gynecologic Oncologists for
procedures such as an intracervical Smit sleeve or interstitial radiation
template placement.

In summary, external beam radiation therapy combined with high
quality brachytherapy has been an established treatment course for
women with locoregional cervical carcinoma for nearly 100 years. Ad-
vances including the use of chemotherapy and image guided brachy-
therapy have shown promise to increase the number of women cured
and decrease the number of women harmed. Despite this, recent data
has suggested that other modalities unproven to be equivalent to
these tried and true techniques are being increasingly utilized in some
centers. Given the lack of sound data demonstrating that modern
EBRT techniques including IMRT and SBRT have non-inferior treatment
outcomes to brachytherapy, these techniques should not replace
brachytherapy in the curative treatment of cervical cancer outside of a
clinical trial.

6. Barriers to performance of brachytherapy

There are many potential barriers to timely performance of brachy-
therapy. Brachytherapy, like any other complex medical procedure, re-
quires training and expertise for optimal application. Evidence
suggests there has been a decrease in resident exposure to brachyther-
apy procedures during training. An analysis of the Accreditation Council
of Graduate Medical Education (ACGME) resident case logs showed a
12% decrease in the mean number of total brachytherapy procedures
performed per resident during the period between 2006 and 2011
[51], which is presumably paralleled by a similar decrease in exposure
of Gynecologic Oncology trainees to brachytherapy procedures. Fur-
thermore, maintenance of brachytherapy skills requires a minimum
level of continuous experience after training [15]. In most practices,
the number of new cases is insufficient to provide adequate experience.
It has been estimated that 50% of facilities treat less than 3 cervical can-
cer patients per year [33]. Low patient numbers are also associated with
lower brachytherapy utilization, increased rates of complication, lower
dose to the tumor, and longer average time to complete treatment
[33,52-54]. Interstitial brachytherapy is a specialized technique using
needles to deliver brachytherapy when the tumor has not shrunk suffi-
ciently for intra-cavitary tandem and ovoid/ring brachytherapy. The
American Brachytherapy has schools, guidelines, and fellowships avail-
able for those practitioners who want or need more experience in these
techniques (www.americanbrachytherapy.org). While gynecologic on-
cologists can assist in placement of the needles intraoperatively, suffi-
cient practitioner and physics expertise is needed in a department to
allow safe delivery. If this is not available timely referral to a center of
expertise is advised. All these factors have been shown to adversely in-
fluence patient outcome [16,33,52-54].

Limited access to physicians with adequate training and expertise
ultimately limits patient access to quality care. In a study of quality for
insured patients with intact cervical cancer, only 25% of the patients re-
ceived treatment which complied with all 3 benchmarks (use of brachy-
therapy, chemotherapy, and overall treatment time < 63 days) for
quality [55]. The study found high quality care was associated with geo-
graphic locations with a higher density of practicing radiation oncolo-
gists; this may have served as a surrogate marker of access to
multidisciplinary resources needed to coordinate all components of
complex multimodality treatment.

Another study from Virginia utilized a statewide database to exam-
ine effects of tumor-related, demographic, and geospatial factors on
the receipt of indicated therapies and mortality in patients with stage
[B2-IVA cervical cancer. In a cohort of 1048 patients, the authors identi-
fied a low rate of complete quality care in a low volume facility setting
[56]. Limited access to brachytherapy is not unique to the US. A survey
of all Canadian radiation oncologists suggested a mismatch between de-
mand and availability of brachytherapy programs across Canada. The
study concluded that a rational approach to investment in brachyther-
apy is needed to deliver high-quality treatment [57].

There is concern that the current Medicare reimbursement policy
may actually disincentivize physicians to perform brachytherapy for
cervical cancer, as reimbursement, especially in free-standing centers,
has continued to decline. Since physician reimbursement is often linked
to annual RVUs, this presents a potential financial disincentive against
brachytherapy delivery. The situation only worsens as brachytherapy
becomes increasingly more complex and time-consuming in the era of
individualized, image-guided treatment, without a commensurate in-
crease in recognition of the increased complexity.

7. Focused recognition in brachytherapy, maintenance of certifica-
tion (MOC), and maintaining brachytherapy skills

The American Board of Radiology (ABR) and the American Brachy-
therapy Society (ABS) are keenly aware of the challenges facing newly
trained radiation oncologists as many do not have significant cervical
cancer brachytherapy experience [51]. Options for these newly trained
physicians include the ABS GYN schools, visiting another institution
for more experience, performing an ABS “fellowship,” a fellowship of-
fered at select institutions, or being proctored in their own institution
if there is an experienced brachytherapist available. If none of these op-
tions are feasible, patients should be referred to a higher volume GYN
center with brachytherapy expertise. Replacing brachytherapy with
IMRT or SBRT is strongly discouraged as to date the outcomes are infe-
rior [36,58].

The ABS has conducted several successful GYN schools to implement
MRI-guided brachytherapy as the supporting evidence from Europe is
profound [24,59,60]. In part due to these ABS schools, the number of
brachytherapists using MRI-guided brachytherapy planning has in-
creased from 2% in 2007 to 34% in 2014 per the last ABS survey and con-
tinues to rise [6]. This supports the notion that centers with expertise
can facilitate teaching and implementation of brachytherapy practices.

The ABR implemented a Focused Recognition in Brachytherapy in
2011, as there are no Accreditation Council for Graduate Medical Educa-
tion (ACGME) approved brachytherapy fellowship programs [61]. The
centerpiece of the project was a National Brachytherapy Registry which
was to serve as a longitudinal database for participants and the profession.
Due to the initial complexity of the website, limited participation, and ex-
pense, the ABR unfortunately closed the program. As noted by Wallner
et al., “if similar programs were to be considered, participants must per-
ceive real and measurable personal and institutional “value,” and data
entry, where possible, should be carried out by direct electronic health
record-related data capture to avoid duplication of efforts” [61]. Perhaps,
a more meaningful accreditation for brachytherapists needs to be
revisited.
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If brachytherapy is to survive as the most conformal radiation delivery
method for cervical cancer with the best patient outcomes to date, it is in-
cumbent upon radiation oncology training programs to re-prioritize
brachytherapy training, since offering focused training after residency
completion will remain a challenge. While the value of IMRT, SBRT, and
other specialized forms of external beam radiation are recognized, none
of these systems can compare to the dose escalation or dosimetric prop-
erties of a gynecologic implant and evidence has demonstrated a reduc-
tion in cervical cancer cure rates if attempts are made to substitute
them for brachytherapy. Alternative methods such as simulation to help
teach brachytherapy techniques should be examined and studied in the
future.

8. Impact of timeliness of radiation therapy on treatment outcome

Numerous studies have examined the impact of treatment duration,
and suggest that timely completion of external beam radiation and
brachytherapy is a critical factor affecting local tumor control and over-
all survival in patients with loco-regional cervical cancer treated for cu-
rative intent. Despite the potential interrelation of radiation treatment
duration and confounding factors related to tumor anatomy, tumor bi-
ology, and tumor response, it has been well accepted that unnecessary
delays and breaks in radiation therapy should be avoided. Treatment in-
cluding both EBRT and brachytherapy should be completed within
56-63 days based upon retrospective and prospective studies.

In the pre-chemotherapy era, Perez and colleagues retrospectively an-
alyzed the relationship between outcome and overall treatment time and
time of intracavitary insertions in 1224 patients with advanced cervical
cancer. Prolongation of treatment time to more than 7 weeks resulted
in decreased pelvic tumor control rates of 0.85% per day. [62]. Similarly,
Petereit et al. demonstrated in a cohort of 209 cervical cancer patients un-
dergoing primary radiation therapy that each additional day of treatment
delay beyond 55 days was associated with a 0.7% loss of pelvic tumor con-
trol and a 0.6% reduction in survival [63]. In the setting of chemoradiation
for cervical cancer, some authors have suggested that treatment delay had
no adverse impact on treatment efficacy [64]. However, even with che-
moradiation for clinically staged locoregional cervical cancer, the prepon-
derance of evidence suggests a similar inverse relationship of treatment
duration and outcome, both in terms of local tumor control and survival
|65-68], with the cumulative evidence suggesting that treatment should
be completed within seven to nine weeks.

In summary, while randomized controlled data are not available to
identify the optimal treatment duration for patients undergoing
chemo-radiotherapy and brachytherapy, every effort should be made
complete the overall treatment in less than 56 to 63 days.

9. Initiation of brachytherapy during EBRT

Timing of initiation of brachytherapy in locally advanced cervical
cancer is variable. Clinical decision to initiate brachytherapy is usually
driven by several tumor characteristics such as pretreatment tumor vol-
ume and on treatment response to the fractionated EBRT. Both of these
factors are known to be indicative of post-treatment local control and
long-term survival [69-71]. Tumor shrinkage occurs during fractionated
radiotherapy and is regulated by radiation induced cellular damage, re-
population of viable cells and clearance of dead cells. Frequently, HDR
brachytherapy is initiated 3-4 weeks into EBRT. In some cases addi-
tional tumor shrinkage during EBRT may be beneficial and brachyther-
apy initiation is delayed until the end of external beam therapy,
particularly for locally advanced cervical cancer where a smaller
tumor volume may simplify and improve efficacy of brachytherapy.

LDR and HDR brachytherapy have variable treatment schedules and
utilize different isotope sources. Questions whether HDR or LDR im-
prove results for patients with cervical cancer in terms of local control
rates, survival and complications related to treatment were addressed
in a 2010 Cochrane database review by Wang et al. of randomized

controlled trials (RCTs) and quasi-RCTs that compared EBRT with HDR
or LDR brachytherapy for patients with locally advanced cervical cancer
[72]. This was updated in 2014 by Liu et al. who did not find any differ-
ences in terms of OS, local control or treatment complications in pa-
tients who received HDR vs LDR brachytherapy [73].

Most fractionation schemes are sequenced by practicalities and re-
source constraints. Fewer insertions are associated with less anesthesia,
less chance for operative complications, less demand for operating room
time, shorter overall treatment time, with the potential for less repeat im-
aging and lower use of treatment planning resources. The potential disad-
vantages of fewer insertions include requirements for inpatient care,
prolonged patient immobility and its attendant risks (if the patient is in-
patient and immobilized after insertion but between fractions), and un-
certainty associated with applying a single treatment plan for multiple
fractions.

Finally, interstitial and intracavitary brachytherapy have not been
compared using similar fractionation schedules; however, slightly
lower doses are recommended by the ABS, when treating larger vol-
umes as is often the case with interstitial brachytherapy [69].

10. Radiation treatment at multiple centers for EBRT and
brachytherapy

Certain centers may not have adequate experience to routinely per-
form brachytherapy. Rather than forgoing brachytherapy, patients may
benefit from referral to a subspecialty care center for their brachyther-
apy. Large studies of the effect of coordination of care on treatment
delay and outcomes of patients with locally advanced cervical cancer
have not been conducted. However, examining NCDB data of 15,194 pa-
tients with locoregionally advanced cervical cancer, Robin et al. demon-
strated that patients who received radiation treatment split between
multiple centers had similar OS compared to patients who received ra-
diation at one center (HR 1.043, C1 0.960-1.132) [37]. In the same study
study, neither treatment setting (urban versus rural) nor distance to the
hospital (<25 vs.>25 miles) was significantly associated with receiving
EBRT plus brachytherapy with concomitant chemotherapy.

Showalter et al. conducted an observational cohort study of 1048 pa-
tients with locoregionally advanced cervical cancer to evaluate the in-
fluence of tumor-related, demographic, and geospatial factors on the
receipt of quality cervical cancer care [56]. The authors found that nei-
ther distance to treatment facility or high-volume treatment facility,
nor patient residence in a metropolitan, urban or suburban county
was associated with the receipt of brachytherapy. Living within
3.5 miles of a high-volume center was associated with unexpectedly
lower likelihood of receiving high quality care. Therefore, distance to a
high volume center was not a predictor of receiving quality care. The re-
ferral patterns and coordination of care to assure treatment at a high-
volume center seem to be more important than distance alone.

11. Multidisciplinary coordination of care

The many interdependent aspects of chemo-radiation treatment re-
quire close collaboration between gynecologic oncology and radiation
oncology. Completing treatment within 8-9 weeks, preferably
7 weeks and avoiding treatment delays, is one of the most consistent
and important prognostic factors for women with cervical cancer [63].
This requires that brachytherapy is initiated within a timely fashion
after or during chemo-radiation. Low dose rate (LDR) brachytherapy is
typically delivered within a few days of completing the 5-week course
of radiation and then repeated 10-14 days later [11]. HDR brachyther-
apy requires that up to 6 insertions are performed in the same time
frame so treatment can be initiated after completing external beam
and delivered twice a week or started earlier during external beam. To
ensure that adequate dose can be delivered to the cervix, it is preferable
that the tumor regress to less than 4 cm. Chemotherapy should be deliv-
ered concurrently with radiation therapy. Most commonly treatment is



C.H. Holschneider et al. / Gynecologic Oncology 152 (2019) 540-547 545

delivered with weekly cisplatin at 40 mg/m?, which is started in the first
week of treatment and continued while EBRT is being delivered.

To coordinate each of these aspects of treatment, close ongoing col-
laboration among physicians (gynecologic, radiation and medical oncol-
ogists), as well as other staff is imperative to ensure smooth and timely
initiation and completion of the treatment plan.

The multidisciplinary team should develop a plan for the following:

1. Date of radiation start. Chemotherapy should be coordinated to start
within 5 days. Ideally radiation and cisplatin start coordinated on a
Monday or a Tuesday.

2. Dates for subsequent cycles of chemotherapy and how often patients
will be seen by their oncologist for chemotherapy clearance. Labs are
typically checked weekly.

3. Plan for brachytherapy including where and when it will be
performed.

4. Consideration for the presence of the gynecologic oncologist at
brachytherapy. In some practices, the gynecologic oncologist is pres-
ent at the first fraction to place a Smit sleeve.

5. Dates and types of repeat imaging. MRI prior to or with brachyther-
apy is often used to plan brachytherapy for at least the initial fraction.

6. Plan to manage hematologic toxicity, including transfusion and
growth factor support for neutropenia. Filgrastim may be indicated
to ensure that adequate absolute neutrophil count (ANC) prior to
brachytherapy procedure.

7. Ensure insurance authorizations are obtained for both, EBRT and
brachytherapy to facilitate uninterrupted radiation treatment com-
pletion within 56-63 days.

In some cases, external beam radiation is delivered closer to home
while brachytherapy is delivered at a referral center. This approach
has the advantage of having the most experienced physician perform
brachytherapy but requires additional coordination between external
beam radiation oncologist and brachytherapist. Additional issues that
should be discussed

1. Date that patient starts and completes EBRT

2. Anticipated dates of brachytherapy
3. Which physician will plan and deliver boosts and how brachytherapy
doses may impact lymph node or parametrial boosts.

12. Patient navigation

Patient Navigation has been most studied in breast cancer. The con-
cept of patient navigation (PN) was developed as a strategy to reduce
breast cancer treatment-related disparities and improve outcomes by
addressing barriers to cancer care. Once PN was implemented, the 5-
year survival for breast cancer in the targeted population increased
from 39% to 79% [74].

Cervical cancer disproportionately affects underserved populations
with 30-50% higher mortality rates in groups such as the American
Indians and others [75]. For these vulnerable populations, PN programs
have improved and demonstrated cost effectiveness for both cervical
cancer screening rates and timely completion of chemo-radiation treat-
ment [76,77]. In addition, a dedicated PN program demonstrated a re-
duction in overall treatment time in underserved patient populations
including American Indians and Latinas with cervical cancer [78,79].

Dedicated PN for cervical cancer patients may play a critical role due
to the complexity of treatment - especially if patients receive external
beam radiation and chemotherapy in the community and are referred
to another facility with brachytherapy expertise. Active PN for these pa-
tients may lead to completion of all treatments within the guideline of
56-63 days that invariably will improve survival and patient satisfaction
rates.

13. Summary

In summation, brachytherapy is well established as integral compo-
nent in the standard of care for treatment of patients receiving primary
radiotherapy for cervical cancer.

Research has shown a disturbingly high recent decline in the utiliza-
tion of brachytherapy, which has been coupled with increased mortality
risk. SGO and ABS concur with National Comprehensive Cancer Net-
work (NCCN) guidelines that conformal external beam therapies such
as IMRT or SBRT should not be used as alternatives to brachytherapy
in patients undergoing primary curative-intent radiation therapy for
cervical cancer.

Furthermore, computed tomography (CT) or magnetic resonance
imaging (MRI) -based image-guided adaptive brachytherapy is evolving
as the preferred brachytherapy method with improved tumor coverage
while sparing surrounding tissues. With careful care coordination EBRT
and brachytherapy can be successfully delivered at different treatment
centers without compromising treatment time and outcome in areas
where access to brachytherapy maybe limited. All efforts to include
brachytherapy in the radiation treatment of cervical cancer with timely
completion of chemo-radiation and brachytherapy should be made.
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