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Abstract

PURPOSE: To compare clinical outcomes between low-dose-rate (LDR) brachytherapy and
high-dose-rate (HDR) brachytherapy for cervical cancer patients.

METHODS AND MATERIALS: All consecutive newly diagnosed cervical cancer patients
undergoing pretreatment 18-fluorodeoxyglucose positron emission tomography imaging and
treated with curative-intent definitive chemoradiation from 1997 to 2016 at a U.S. academic center
were included. Brachytherapy boost was LDR or HDR 2D treatment planning from 1997 to 2005
and HDR with MR-based 3D planning from 2005 to 2016. Local control (LC), cancer-specific
survival (CSS), and late bowel/bladder complications were evaluated.

RESULTS: Tumor stages were International Federation of Gynecology and Obstetrics IB1-11B (n
= 457; 75%) and I11-IVA (n=152; 25%). Brachytherapy was LDR for 104 patients and HDR for
505 patients. Concurrent weekly cisplatin was administered to 536 patients (88%). With median
followup of 9.4 years, there was no difference in LC (p= 0.24) or CSS (p = 0.50) between LDR
and HDR brachytherapy. Cox multivariable regression showed that only International Federation
of Gynecology and Obstetrics stage 111-1VA (HR=2.4, p= 0.004) was associated with worse LC. A
propensity-matched cohort (90 LDR vs. 90 HDR) was created, and the 5-year LC rates were 88%
LDR and 82% HDR, p = 0.26; 5-year CSS rates were 66% LDR and 58% HDR, p= 0.19; 5-year
grade =3 bowel/bladder toxicities were 23% LDR and 16% HDR, p = 0.44. For all patients, the 5-
year late toxicity in stage I11-IVVA patients was higher with LDR 47% vs. HDR 15%, p = 0.03, with
no difference in LC, 86% and 75%, respectively (p= 0.09).

CONCLUSIONS: There was no difference in LC with either LDR or HDR brachytherapy. The
late complication rate was reduced with HDR and 3D-planned brachytherapy compared to LDR
and 2D-planned brachytherapy. © 2018 American Brachytherapy Society. Published by Elsevier
Inc. All rights reserved.
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Introduction

The adoption of high-dose-rate (HDR) brachytherapy over low-dose-rate (LDR)
brachytherapy has increased in the United States over the last 2 decades (1,2), which will
soon be near complete as Cesium-137 tubes are no longer manufactured. However, there is
still controversy over whether HDR can adequately treat bulky stage I111B tumors while
limiting toxicity (3). There have been four single-institution prospective trials comparing
outcomes of LDR and HDR brachytherapies for cervical cancer (4-7), but none were done
in the United States, and all were completed before the era of concurrent chemoradiation.
Two Japanese studies compared Cobalt-60 HDR to Cesium-137 LDR brachytherapy, both
given with external beam radiation delivered with opposed anterior-posterior 10 MV beams
with a central block after 20 Gy. LDR brachytherapy was given in 2-3 implants toward the
end of treatment, and HDR was given once a week during external beam radiation. There
were no differences in cause-specific survival (CSS), but late complications were higher
with HDR in the study by Teshima et a/. (4,6). A trial from India used similar techniques as
the abovementioned studies and found similar local control (LC) and survival for LDR and
HDR, but reduced grade 1-2 rectal complications with HDR (5). The most recent
prospective trial from Thailand compared Iridium-192 HDR to Cesium-137 LDR
brachytherapy, both given weekly during external beam radiation, and found no difference in
disease control or late toxicity (7).

Since these trials were published, advanced diagnostic imaging, concurrent chemotherapy,
intensity-modulated radiation therapy (IMRT), and 3-dimensional image-guided adaptive
brachytherapy (3D-IGABT) with CT and/or MRI have developed during the period that
HDR brachytherapy was displacing LDR for cervical cancer. Our institution began treating
locally advanced cervical cancer with HDR brachytherapy in 1997. During the LDR to HDR
transition period from 1997 to 2005, LDR brachytherapy accounted for about 40% of cases,
and HDR brachytherapy accounted for 60% of cases. After 2005, all patients were treated
with HDR brachytherapy and we transitioned from 2-dimensional (2D) brachytherapy
planning to 3D-IGABT with CT/MRI. External beam radiation also transitioned from 2D
planning to IMRT in 2005 (8,9). Previous analysis of clinical outcomes of 3D-IGABT, all
delivered with HDR brachytherapy, showed excellent LC and CSS (10,11). As systemic
control improves with chemotherapy (12), it is essential to reevaluate the value of HDR
compared to LDR brachytherapy for LC. This study was undertaken to assess disease
control and toxicity, comparing LDR to HDR brachytherapy, for a large American cohort
treated with concurrent chemoradiation in the last 2 decades.
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Methods and materials

Patients

The study population consisted of all consecutive newly diagnosed cervical cancer patients
with pretreatment 18-fluorodeoxyglucose positron emission tomography (FDGPET) treated
with curative-intent radiation from 1997 to 2016 at a U.S. academic center. Brachytherapy
boost was LDR or HDR 2D treatment planning from 1997 to 2005 and HDR with MR-based
3D planning from 2005 to 2016. Patients alive at the last follow-up were required to have 2
years minimum follow-up. All patients underwent a complete pretreatment staging workup,
including a history and physical examination, examination under anesthesia, cervical tumor
biopsy, pelvic CT or MRI, and whole-body FDG-PET. Patients with International Federation
of Gynecology and Obstetrics (FIGO) clinical stage IVB, clinically occult FDG-avid
supraclavicular nodes, or imaging evidence of distant metastases were excluded. This
retrospective analysis was approved by our institutional Human Research Protection Office
with waiver of informed consent (IRB# 201808184).

External beam radiation treatment

From 1997 to 2005, whole-pelvis radiation was delivered with AP-PA beams to a total dose
of 50.4 Gy in 28 daily fractions. A midline step-wedge block was used after 20 Gy to allow
the majority of dose to the cervix to come from brachytherapy (13). After 2005, patients
were treated with PET-guided IMRT to emulate the step-wedge technique. Details of
simulation and treatment planning were previously described (9,10). The metabolic tumor
volume (MTV) was contoured at the 40% threshold and prescribed 20 Gy. The clinical target
volume was defined as a 7 mm expansion around pelvic vessels, which were contoured from
the bifurcation of the aorta to the medial circumflex arteries and included the internal iliac
and obturator nodes. Para-aortic vessels were contoured up to the renal vessels only if para-
aortic nodes were metabolically involved. Metabolically active lymph nodes were included
in the clinical target volume but not routinely boosted with additional radiation dose. A
planning target volume expansion of 5-7 mm was prescribed to 50.4 Gy (14). From 2001 to
2013, some patients (13%) also received a parametrial boost of 5.4-14.4 Gy.

Chemotherapy

Weekly bolus cisplatin (40 mg/m?) was given concurrently with radiation in 88% of patients.
The median number of cycles given was 6 (0—7) with no difference in chemotherapy use or
number of cycles of chemotherapy between LDR and HDR brachytherapy groups (o= 0.61).

Intracavitary brachytherapy

The LDR brachytherapy cohort received 2 weeks of external irradiation, their first LDR
brachytherapy, two additional weeks of external irradiation, their second LDR
brachytherapy, and then completed two final weeks of external irradiation. LDR
brachytherapy was delivered using Cesium-137 intracavitary Fletcher-Suit-Delclos implants
prescribed to 8000-9000 mgRaEg-h or total reference air kerma 57,810-65,036 cGy-cm?.
The dose to point A was approximately 30-34 Gy delivered over 50 h for each fraction.
HDR brachytherapy was delivered using an Iridium-192 source and tandem and ovoid
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intracavitary applicators administered in six weekly fractions during external irradiation.
Each HDR implant was prescribed to 800-900 mgRaEg-h, or 5781-6504 cGy-cm?, and the
dose to point A was 6.5-7.3 Gy for each weekly fraction. External irradiation was
administered 4 days per week and HDR brachytherapy 1 day per week. The Iridium-192
source dwell positions and times were planned to mimic the LDR brachytherapy pear-
shaped dose distribution.

In 2005, our institution changed from 2D planning to 3D-IGABT, first with CT and then
MRI in 2007. CT and MRI were obtained for planning each HDR fraction. Treatment
planning parameters with MRI were previously described (10,11). Briefly, the tumor was
delineated based on T2-weighted and apparent diffusion coefficient MR images. The
bladder, rectum, and sigmoid colon were contoured on the T2-weighted images. The weekly
equivalent dose in 2 Gy fractions (EQD2) to the tumor (a/p = 10) and normal structures (a/
B = 3) was tracked (15), and, if needed, the HDR brachytherapy dose was modified to
maximize tumor control and limit late toxicities. After 2014, the goal dose to 90% of the
gross tumor volume was EQD2 > 100 Gy or mean gross tumor volume dose > 260 Gy (10).
The dose to = 2 mL of the sigmoid colon, rectal, and bladder volume was limited to EQD2 <
75 Gy, < 75 Gy, and <90 Gy, respectively.

Patients were followed with clinical examinations approximately every 2 months for the first
6 months, every 3 months for the next 2 years, and then every 6 months. FDG-PET was
performed 3 months after completion of treatment in most patients and then as indicated by
clinical examination or symptoms. Local failure was defined as persistent disease or failure
at the cervix. LC and CSS were measured from the date of their initial diagnostic PET scan.
Common Terminology Criteria for Adverse Events Version 3.0 was used to score the
maximum late toxicity.

Statistical analyses

The Fisher’s exact test was used to compare categorical data and the nonparametric Mann-
Whitney U'test was used for continuous variables to compare the LDR and HDR cohorts.
Kaplan-Meier survival analyses were performed with statistical significance calculated by
log-rank test. To reduce the possible influence of confounders in this retrospective study, a
1:1 propensity matching between LDR and HDR patient groups was performed using the
nearest neighbor technique with a caliper distance of 0.15 of the SD of the logit of the
propensity score. Matching variables included age, clinical stage, histology, PET lymph
node status, concurrent chemotherapy, and external irradiation and brachytherapy planning.
Balance between the matched groups was performed by comparing standardized mean
differences for each of the matching variables and confirming that no standardized mean
difference was greater than 0.20.

The cumulative hazard function was used to compare the rates at conditional times for the
development of grade three and greater bowel and bladder toxicities between the LDR and
HDR brachytherapy groups. Cox regression analysis was done for both univariable and
multivariable modeling of LC and for the propensity-matched groups. Factors significant on
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univariable analysis (p < 0.1) were entered in a forward-conditional multivariable model.
Final significance was defined as p < 0.05, and all tests were two-tailed. Statistical analyses
were done in SPSS, version 23 (/BM, Armonk, NY).

Patient and tumor characteristics

The LDR brachytherapy group (/7= 104) consisted of tumors with higher FIGO stage (p <
0.001) compared to the HDR brachytherapy group (7= 505). In the subset of patients with
MTVs and PET maximum standard uptake value data available, the HDR group had smaller
tumors (p < 0.002) with higher maximum standard uptake value (p = 0.002) than the LDR
group. There was no difference in distribution of FDG-avid lymph nodes (p = 0.49) between
the two groups. Nearly all (88%) patients were treated with concurrent chemotherapy.
Patient and treatment characteristics are summarized in Table 1. The median length of
treatment for LDR and HDR groups was 52 and 49 days, respectively.

Local control and cancer-specific survival of LDR vs. HDR brachytherapy

The median follow-up was 9.4 years (2.1-19.7) for patients alive at the time of last follow-
up. There were 266 (44%) deaths with a median time to death of 23 months (2-210). In the
whole cohort, the 5-year LC rates were 89% LDR and 86% HDR, p = 0.24; the 5-year CSS
rates were 66% LDR and 69% HDR, p= 0.50 (Fig. 1). FIGO stage I11-I\VVA tumors, larger
MTYV, PET-positive para-aortic nodes, and no chemotherapy use were significantly
associated with worse LC in univariable Cox regression (p < 0.05). Adjusted for these
factors, only FIGO stage I1I-IVA (HR=2.4, 95% CI 1.3-4.4) was associated with worse LC
in a multivariable model (Table 2).

Late toxicities of LDR vs. HDR brachytherapy

Overall, there were 87 (14%) cases of late grade =3 bowel/bladder complications (LDR 21
[20%] vs. HDR 66 [13%], Fisher’s exact p = 0.06); the cumulative incidence is shown in
Fig. 2a. However, 13 cases of late toxicity coincided with local tumor recurrence in the HDR
group and could be considered a consequence of continued tumor invasion rather than a
radiation-induced complication. Adjusting for coinciding tumor recurrence, Fig. 2b shows
the 5-year cumulative incidence of late grade =3 bowel/bladder complications was 27%
LDR vs. 12% HDR, p=0.007.

Local control and toxicity for FIGO IlI-IVA tumors

To address the question of whether LDR or HDR brachytherapy was more effective in
controlling large primary tumors, we did a subset analysis of the FIGO stage I11-1VVA tumors.
Figure 3a shows there was no difference in LC between LDR and HDR brachytherapy for
the FIGO stage I-11 tumors (p = 0.52). There was a statistically nonsignificant higher rate of
5-year LC for LDR (86%) compared to HDR (75%) brachytherapy in the FIGO stage I11-
IVA subgroup (o= 0.09). Late bowel/bladder toxicity was also significantly higher in the
FIGO stage 111-1VA LDR subgroup, with a 5-year cumulative incidence rate of 47% LDR vs.
15% HDR (p = 0.03) after adjusting for local recurrences (Supplemental Fig. 1).
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Local control, survival, and toxicity for propensity-matched cohort

The propensity-matched analysis was performed with 90/104 (86.5%) of LDR patients who
were matched to 90/505 (17.8%) of the HDR patients (Table 1). All patients received 2D-
planned external beam and 2D-planned brachytherapy radiation. In the propensity-matched
cohort, 5-year LC was 88% LDR and 82% HDR, p= 0.26; 5 year CSS was 66% LDR and
58% HDR, p=0.19 (Fig. 4a and 4b). The 5-year rate of grade three or higher bowel/bladder
late toxicities after accounting for coinciding local recurrences was 23% LDR and 16%
HDR, p=0.44 (Fig. 4c).

Discussion

This study reports the results of an American cohort comparing LC and late complications
after LDR or HDR brachytherapies when most patients received concurrent cisplatin.
Overall, there was no difference in LC or CSS. The 2D-planned LDR brachytherapy was
associated with higher rates of late bowel and bladder toxicities, especially in FIGO stage
I11-1VB tumors.

Our results are consistent with four randomized trials before standard concurrent
chemotherapy use, showing no overall difference in local failure between LDR and HDR
brachytherapies (4-7). The local failure rate for LDR in those four trials ranged from 11 to
24%, and the local failure rate for HDR ranged from 12% to 27%. A metaanalysis of these
four published trials, including unpublished data from Tata Memorial Hospital, found no
statistically significant difference in LC, mortality, or late grade 3—4 bladder or bowel
complications (16). In treating stage 111 tumors, Teshima et al. (4) had better LC with HDR
(67% vs. 54%) but a higher rate of moderate-severe complications in the HDR arm (10% vs.
4%). Interestingly, as the trials modernized, the LC rates for stage 111 tumors also improved.
The most recent trial showed LC rates of 93% for stage 111B patients regardless of LDR or
HDR brachytherapy (7). Our rates of LC for stage 111-1VVA tumors are comparable to these
trials. We report no significant difference in LC with LDR compared to HDR, but the rates
of late toxicity were significantly higher in the LDR cohort compared to HDR
brachytherapy.

Late bowel and bladder toxicities were relatively high in our LDR cohort (27%) compared to
other reports. The combined rate of late grade 3—4 rectal and bladder toxicities in the
prospective randomized trials was only 4.3% (16), but concurrent chemotherapy was not
used in these trials. Other retrospective series comparing LDR to HDR brachytherapy have
reported late bowel and bladder complication rates from LDR brachytherapy ranging from
5% to 21% (17-21). The University of Virginia reported a 10% rate of late toxicity in
cervical cancer patients treated with chemoradiation and LDR brachytherapy (21). The
combination of larger tumor volume in the LDR group (median MTV 57 cc) and concurrent
chemotherapy could have contributed to higher late complication rates in our study.

Advanced imaging and 3D-IGABT likely reduced the rate of late complications in our HDR
group. When comparing LDR to HDR brachytherapy in the 2D planning era of treatment,
there was no significant difference in late complications. Visualizing normal structures in
relation to the brachytherapy implant can prevent treating small bowel in a clinically occult
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perforated uterus (22), and the geometry of the implant may be better optimized to reduce
hot spots in the rectum and bladder. RetroEMBRACE, a multicenter study from Europe,
found 3D-IGABT improved LC compared to historical controls, especially for larger tumors,
while the 5-year rate of late complications was a very favorable 11% (23) (our 3D-IGABT
HDR 5-year complication rate was 10%). EMBRACE has prospectively validated The
Groupe Européen de Curiethérapie and the European Society for Radiotherapy & Oncology
(GEC-ESTRO) approach to 3D-IGABT, reporting 3-year late bowel and bladder toxicities of
5% and 5.3%, respectively (24,25). Because no LDR patients were planned with 3D-IGABT
in our study, we can only conclude that HDR brachytherapy with 3D-IGABT resulted in
fewer late complications.

This retrospective study has some limitations. Brachytherapy was cotransitioned from LDR
to HDR with a number of other changes in treatment planning, including IMRT and 3D-
IGABT, which could have confounded our analysis. Notably, these other factors did not
impact LC in multivariable analysis or in our propensity-matched cohort, although the
patient numbers were limited for comparison. Second, we did not undertake a dosimetric
analysis to see if mean doses to tumor were different between LDR and HDR brachytherapy
plans, which could affect tumor control (10). However, all patients were treated according to
standardized institutional guidelines that did not significantly change during the study
period. Groups in Europe (26) and the United States (27) have used interstitial techniques in
addition to intracavitary brachytherapy to improve dosimetric coverage of bulky tumors and
achieved excellent LC. None of the patients in this study were treated with interstitial
needles, so the brachytherapy implant dosimetry between LDR and HDR should be
consistent for comparison. Third, late toxicity was not assessed prospectively, which may
have resulted in underestimation of complication rates. Finally, these results are unique to
the Mallinckrodt Institute of Radiology treatment paradigm and may not be generalizable to
other clinics.

Conclusions

In conclusion, our study shows the increased adoption of HDR brachytherapy is safe in a
large American cohort, even with concurrent chemotherapy. More work is needed to be done
to improve LC while minimizing toxicity in the treatment of bulky and FIGO stage I11-1VA
tumors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Kaplan-Meier plots comparing LDR vs. HDR outcomes for (a) local control (LC) and (b)
cancer-specific survival (CSS) in the whole cohort. HDR = high-dose-rate; LDR = low-dose-
rate.
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Fig. 2.

(a) Cumulative hazard plot of grade three or higher bowel/bladder late toxicities in the LDR
and HDR groups. (b) Cumulative hazard plot of grade three or higher bowel/bladder late
toxicities in the LDR and HDR groups without censoring for patients with coinciding tumor
recurrence. HDR = high-dose-rate; LDR = low-dose-rate.
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Fig. 3.

Kaplan-Meier plots of local control comparing LDR vs. HDR for patients with (a) stage I-11
disease and (b) stage I11-1VVA disease. FIGO = International Federation of Gynecology and
Obstetrics; HDR = high-dose-rate; LDR = low-dose-rate.
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Fig. 4.

Propensity-matched cohort. Kaplan-Meier plots comparing LDR vs. HDR outcomes for (a)
local control, (b) cancer-specific survival, and (c) cumulative hazard plot of grade three or
higher bowel/bladder late toxicities in the LDR and HDR groups without censoring for
patients with coinciding tumor recurrence. HDR = high-dose-rate; LDR = low-dose-rate.

Brachytherapy. Author manuscript; available in PMC 2020 September 08.



Page 14

Linetal.

‘Adesay) uoneIpe) pareINPOW-ANSUBIUL = | HIA| B18I-9S0P-MO| = ¥ ‘81el-s0p-ybiy = Y@H so118IsqO pue AB0j02sUAS J0 UoIIRIaPaS [euolIeuIBIU| = 0D

(%z6) €8 (9628) 8L
(%0) 0 (%0) 0
(%00T1) 06 (9600T) 06
(%0) 0 (%0) 0
(%60) 0 (%0) 0
(%00T) 06 (%00T) 06

(%9T) ¥T (%8) L
(%0v) 9¢ (%S°sp) TF
(%ty) oy (%G'9%) 2

payorew 10U ‘eep BuIssIN  payalew Jou ‘erep Buissin

payorew 10U ‘erep BuissIN - paydlew Jou ‘erep Buissin

(%0) 0 (%) 2
(%0€) L2 (%0g) L2
(%0) 0 (%0) 0
(%6€) g€ (%6Y) vv
(%e) € (%0) 0
(%8T) 9T (%¥T) €T
(%07) 6 (%) v
(%8) L (%S7) v
(%b) v (%SY) v
(%88) 61 (%16) 28
(18-92) 6v (28-82) 05

980 (%88) S (%88) 16 Adesayiowsyd
(%L9) T€€ (%0) 0 1HNI
(%€ge) vLT (%00T) 0T az
T00°0> Buruueld weaq [eulsix3y
(%T5) 852 (%0) 0 14N ag
(%0T1) TG (%0) 0 1oae
(%6¢€) 96T (%00T) 0T az
T00°0> Buluued AdessypAyoeig
(%¥T) 0L (%0T) 0T 91110e-BJed
(%zy) 112 (%SP) Ly dInled
(%vy) vee (%%SP) Lt 3UON
670 sopou ydwA| 134
2000 naolo_u €T ,9e-€2) 11 XeWANS XIAISI UBIPaIA
100'0> QGmmld ve mGHN&v LS (99) awinjoA Jowiny o1jogeIBW UBIPSIA
(%51) 8 (%e) 2 BAI
(%8T1) 16 (%G'9€) 8¢ ani
(%5'1) 8 (%e) 2 el
(%L€) 18T (%ew) S an
(%2) 6 (%0) 0 el
(%Se) 52T (%S°2ZT)ET zal
(%ST) 2L (%) ¥ a1
100°0> abeis 0914
(%5'1) 8 (%) v snowenbsouspy
(%2T) 09 (%) ¥ BWOUIDIEIOUSPY
(%%G°98) L€v (%z6) 96 snowenbs
200 ABojo1sIH
(0140] (06-€2) 05 (£8-12) 6% abe uelpay

(06 = U) YAH payore N (06 = u) a1 PEYORIN

enpead  (GoS=u)daH (OT =u) ¥a1 So|gelenaulpseg

T alqeL

Author Manuscript Author Manuscript

$1019B) JUBLLUIEA) pUBR Jownl/jusied

Author Manuscript Author Manuscript

Brachytherapy. Author manuscript; available in PMC 2020 September 08.



Page 15

Linetal.

(%¥8) S2v =N

p
(%S8) 16 =N ,

(%TL) LGE =N

q
(%9¢g) L€ =N,

“erep 919|dwoou]

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Brachytherapy. Author manuscript; available in PMC 2020 September 08.



Page 16

Linetal.

Author Manuscript

080 (8'1-L¥'0) 26'0 (sAep) yiBua| Juswyeas |
SN ¥0'0 (cze-e0T) 28T ON
19y SOA
Adelaylowsayd
860  (665T-2€9°0) S00'T LML
s ac
Buruue]d weaq Jeulsix3y
620 (80'2-180) 0E'T 14N ag
G20 (z9'1-61°0) 05°0 1oae
JER| ac
Buluued AdessypAyoelg
¥Z'0 (¥6'2-9L°0) 0T daH
JER| dan
AdesayiAyoeig
€00 (S0'v-90°T) L0°C ooy
8€'0 (90'2-9L°0)S2'T dInlRd
SN IER] 8UON
SN 13d
SN G900 (S0'1-66°0) €0'T XeWANS XIARD
SN €00  (Z00°T-000T) #00'T  (99) BWNJOA JOWN} 21|OCEIBIN
¥00'0 (eev-zeT)Ov'C 5000 (cze-€zT)66'T BAI-I
sy IER] ai-1
abers 0914
G0 (tzs-oT°0) 2L°0 snowenbsouapy
060 (61°'2-05°0) SO'T BLIOUIIBIOUSPY
13y snowenbs
ABojo1sIH
99°0 (20'1-66'0) ¥00'T aby
anead (1D %G6) ¥H VAN - anfead (1D %S6) YH VAN So|qel en paIsa L

110402 3[0YM 3Y] Ul |041U0D [820] J0J UOISSaIBa1 X0 8|qeIIeAl|NwW pue 3|geLIBAILN

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Brachytherapy. Author manuscript; available in PMC 2020 September 08.



Page 17

Linetal.

"S9|CeLieA JuedlIUBIS A|[ednisiiels aiam sanjeA papjog
"3]qeLIBA YIRS J0) UMOYS aJe (D) eAlslul 9OUBPIJUOD %G6 pue (YH) onel piezeH

‘3|qeLRAINW = WYAIN 9]qelleAlun = WAN Quedyiubis
JON = SN ‘92UdJa)ay = Jay ‘Adeiayr uoneipes pajeinpow-ANsuaiul = 14N ‘sapou ydwA| = sN7 ‘AydesBowoy uoissiws uoausod = | 3 ‘So14181sqO pue AB0j028UAS JO UoIIRIapa [euolRUIBIU| = OD|H

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Brachytherapy. Author manuscript; available in PMC 2020 September 08.



	Abstract
	Introduction
	Methods and materials
	Patients
	External beam radiation treatment
	Chemotherapy
	Intracavitary brachytherapy
	Outcomes
	Statistical analyses

	Results
	Patient and tumor characteristics
	Local control and cancer-specific survival of LDR vs. HDR brachytherapy
	Late toxicities of LDR vs. HDR brachytherapy
	Local control and toxicity for FIGO III-IVA tumors
	Local control, survival, and toxicity for propensity-matched cohort

	Discussion
	Conclusions
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Table 1
	Table 2

