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• Black women with locally advanced cervical cancer are less likely to receive brachytherapy compared to non-black women.
• Black women have worse all-cause mortality compared to non-black women.
• Brachytherapy use mediates survival differences by race in the inverse probability treatment weighting interaction model.
• Survival among black women with cervical cancer may be improved by increasing access to brachytherapy services.
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Objective. Black women have the highest incidence and mortality from cervical cancer in the United States.
This study evaluated whether racial disparities in the receipt of brachytherapy (BT) for locally advanced cervical
cancer mediate survival differences by race using the National Cancer Database.

Methods.A retrospective cohort studywas performed using 16,116womenwith stage IB2-IVA cervical cancer
treated from 2004 to 2014. Women who did not receive external beam radiation therapy, those with unknown
survival data or stage, and those status post hysterectomy or pelvic exenteration were excluded. Multivariate lo-
gistic regression was performed to evaluate factors associated with BT use. Using a propensity score adjusted
model with inverse probability treatment weighting, adjusted hazard ratios for overall survival were calculated,
including an interaction term between BT and race.

Results. Of 16,116 patients, 19.2% were black and 55.8% received BT. Black women were significantly less likely
to receive BT (AOR 0.87, 95% confidence interval [CI] 0.79–0.96, p= 0.007) and hadworse all-causemortality (me-
dian survival 3.9 years [95% CI 3.6–4.6] versus 5.2 years [95% CI 4.9–5.5] for non-blackwomen, p b 0.001). In the ad-
justed model, black patients had an increased risk of death compared to non-black patients (AHR 1.14, 95% CI
1.05–1.24; p = 0.002) among women who did not receive BT. However, there was no difference in survival by
race when both groups received BT (AHR 1.04, 95% CI 0.95–1.13, p = 0.42; p-interaction = 0.005).

Conclusions. Black women with locally advanced cervical cancer are less likely to receive brachytherapy, which
mediates survival differences by race. Improving access to brachytherapy may improve overall survival.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Cervical cancer is the fourth most common cancer among women
worldwide, with an estimated 12,820 new diagnoses in the United
pital, 75 Francis Street, Boston,

. King).
States in 2017 [1]. The National Comprehensive Cancer Network
(NCCN) recommends that primary therapy for locally advanced cer-
vical cancer (stage IB2, IIA2, IIB to stage IVA) consist of external beam
radiation therapy (EBRT) with concurrent chemotherapy, followed
by intracavitary/interstitial brachytherapy (BT) completed in
b8 weeks [2]. Specifically, use of BT has been associated with im-
proved patient outcomes including cancer-specific and overall sur-
vival [3–5].
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Fig. 1. Flowchart of application of inclusion/exclusion criteria.
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African American, Hispanic, and American Indian women have the
highest incidences of cervical cancer in the United States [1,6,7]. Impor-
tantly, mortality is worse for black patients diagnosedwith cervical can-
cer [7,8]. Hispanic and Asian women have similar to improved survival
outcomes compared to white women, and thus racial disparities in cer-
vical cancer mortality predominate among black women [9,10]. A
health disparity is defined as a health difference that is closely linked
with social, economic, and/or environmental disadvantage [11]. Multi-
ple factors have been implicated as drivers of racial disparities in cervi-
cal cancer care, including differences in pap smear screening [12,13] and
variation in stage at diagnosis. Black women are more likely to present
with regional or distant disease and less likely to have local disease at
time of presentation [7,12,14].

Treatment differences may also play a role in racial disparities in cer-
vical cancer. Blackwomen are less likely to receive a radical hysterectomy
for early stage disease [15]. In the setting of locally advanced disease,
studies have reached varying conclusions on the impact of race on
brachytherapy (BT) utilization [8,16,17]. Two large population studies in-
volving Survival, Epidemiology, andEndResults (SEER) andNational Can-
cer Database (NCDB) data did not find any association between BT use
and race, although these studies were not specifically designed to exam-
ine this question [3,18]. In a third study utilizing NCDB data, Robin, et al.
found that black women with cervical cancer were less likely to receive
the standard of care for radiation; however, they did not specifically ex-
amine the interactionbetween radiation, race, and survival [19]. Thepres-
ent study sought to determinewhether racial differences in the receipt of
BT mediate racial disparities in overall survival.

2. Methods

A retrospective cohort study was performed using the NCDB. This
database collects information from approximately 1500 cancer pro-
grams accredited by the American College of Surgeons' Commission
on Cancer. Approximately 70% of all patients newly diagnosedwith can-
cer in the United States are captured by the NCDB [20]. While the SEER
database uses regional cancer registries, the NCDB registry is hospital-
based. Compared with SEER data, the NCDB reports more information
regarding radiotherapy modality and timing, chemotherapy use, and
comorbidities (using the Charlson/Deyo comorbidity index) [20,21].

Women diagnosed with stage IB2, IIA2, IIB to IVA cervical cancer
who received treatment at a reporting facility from January 1, 2004 to
December 31, 2014 were included. All histologies were included and
categories of squamous cell histology and non-squamous cell histology
were used. Squamous cell histology was defined as codes 8070, 8071,
8072, 8073, 8074, 8075, 8076 in the database. In the NCDB, stage is en-
tered into the database using the American Joint Committee on Cancer
staging manual edition that was in use during the year in which the
case was diagnosed. Women with missing stage were excluded from
the analysis. Womenwere also excluded from the study if they had un-
known survival data, did not receive EBRT, or if they underwent hyster-
ectomy or pelvic exenteration.

Statistical analyses were performed using R, version 3.5.0. A p-value
of 0.05 was set as the threshold for statistical significance. To identify
factors associated with BT use, multivariate logistic regression was
used. The following baseline variables were included in the model:
race (black versus non-black), age (41–50, 51–60, 61–70, N70),
Charlson/Deyo score (0, 1, 2 or more), stage (IB2, II, III, IVA), histology
(squamous versus non-squamous), facility location (Northeast, Mid-
west, South,West), facility type (academic versus non-academic hospi-
tal), education (percent of people in patient's area of residence who
completed high school, divided into quartiles), income (divided into
quartiles), insurance status (private, government, not insured/un-
known), facility distance, patient's living setting (metropolitan, urban,
rural, other/missing), clinical nodal status (positive versus negative/
not available), and year of diagnosis (2004–2009 versus 2010–2014).
Race was defined as black or non-black race given previous data has
shown similar and even increased survival rates for Hispanic and
Asian-American patients compared to white patients, and this
study was designed to focus on disparities among black women
[9,10]. Boost modality was defined as BT boost or no BT boost
(encompassing both patients who received EBRT boost and no
boost modality). For facility type, academic hospitals were defined
as facilities listed as Academic/Research Program in the NCDB, and
non-academic centers were defined as all other facility types (Com-
prehensive Community Cancer Program, Community Cancer Pro-
gram, and Integrated Network Cancer Program).

Propensity score adjustment with inverse probability treatment
weighting (IPTW) was performed in order to balance baseline covari-
ates betweenwomenwhodid and did not receive BT [22]. A generalized
boostingmethodwas used to create the IPTW-adjusted synthetic popu-
lations with matched baseline covariates [23]. The standardized differ-
ence was used to assess covariate balance between groups, and a
value b10% (0.1) was defined as a negligible difference. Variables in-
cluded in the IPTW model included race, age, Charlson/Deyo score,
stage, histology, facility location, facility type, education, income, insur-
ance status, facility distance, living setting, clinical nodal status, and year
of diagnosis, given these are factors that may affect treatment received.

To evaluate overall survival by race, IPTW-adjusted Kaplan-Meier
curves of women stratified by BT boost and race were obtained. An
IPTW-adjusted multivariate Cox proportional hazards model was then
used to evaluate the influence of the following variables on overall sur-
vival: time to treatment initiation (months), boost modality, and



Table 1
Demographic and treatment characteristics of the study population and chi square comparison by race.

Characteristic N % Black
(N = 3099)

Non-Black
(N = 13,017)

p

Boost modality
BT boost 8993 55.8% 1558 (50.3%) 7435 (57.1%) b0.001
No BT boost 7123 44.2% 1541 (49.7%) 5582 (42.9%)

Chemotherapy
Yes 13,871 86.1% 2568 (82.9%) 11,303 (86.8%) b0.001
No 2245 13.9% 531 (17.1%) 1714 (13.2%)

Age
≤ 40 2521 15.6% 514 (16.6%) 2007 (15.4%) 0.09
41–50 3990 24.8% 752 (24.3%) 3238 (24.9%)
51–60 4193 26.0% 796 (25.7%) 3397 (26.1%)
61–70 2757 17.1% 495 (16.0%) 2262 (17.4%)
N 70 2655 16.5% 542 (17.5%) 2113 (16.2%)

Insurance Type
Private 5535 34.3% 835 (26.9%) 4700 (36.1%) b0.001
Government 8231 51.1% 1783 (57.5%) 6448 (49.5%)
Not insured/Unknown 2350 14.6% 481 (15.5%) 1869 (14.4%)

Income
b $38,000 4438 27.5% 1528 (49.3%) 2910 (22.4%) b0.001
$38,000 - $47,999 4259 26.4% 675 (21.8%) 3584 (28.0%)
$48,000 - $62,999 3940 24.4% 537 (17.3%) 3403 (26.1%)
$63,000+ 3274 20.3% 328 (10.6%) 2946 (22.6%)

Stage
IB2 1439 8.9% 238 (7.7%) 1201 (9.2%) b0.001
II 7182 44.6% 1308 (42.2%) 5874 (45.1%)
III 6289 39.0% 1336 (43.1%) 4953 (38.1%)
IVA 1206 7.5% 217 (7.0%) 989 (7.6%)

Histology
Squamous cell 13,093 81.2% 2631 (84.9%) 10,462 (80.4%) b0.001
Non-squamous cell 3023 18.8% 468 (15.1%) 2555 (19.6%)

Facility Type
Academic 6564 40.7% 1462 (47.2%) 5102 (39.2%) b0.001
Non-Academic 7031 43.6% 1123 (36.2%) 5908 (45.4%)
Unknown 2521 15.6% 514 (16.6%) 2007 (15.4%)

Facility Location
Northeast 2850 17.7% 566 (18.3%) 2284 (17.5%) b0.001
Midwest 3145 19.5% 486 (15.7%) 2659 (20.4%)
South 5181 32.2% 1408 (45.4%) 3773 (29.0%)
West 2419 15.0% 125 (4.0%) 2294 (17.6%)
Unknown 2521 15.6% 514 (16.6%) 2007 (15.4%)

Facility Distance
b 5 miles 4431 27.5% 1227 (39.6%) 3204 (24.6%) b0.001
5.1–10 miles 3438 21.3% 783 (25.3%) 2655 (20.4%)
10.1–30 miles 4548 28.2% 641 (20.7%) 3907 (30.0%)
N 30 miles 3486 21.6% 412 (13.3%) 3074 (23.6%)

Education (% who did not graduate high school)
≥ 21% 4678 29.0% 1300 (41.9%) 3378 (26.0%) b0.001
13–20.9% 4813 29.9% 1111 (35.9%) 3702 (28.4%)
7–12.9% 4330 26.9% 520 (16.8%) 3810 (29.3%)
b 7% 2092 13.0% 138 (4.5%) 1954 (15.0%)

Urban or Rural
Metropolitan 12,977 80.5% 2694 (86.9%) 10,283 (79.0%) b0.001
Urban 2350 14.6% 311 (10.0%) 2039 (15.7%)
Rural 296 1.8% 33 (1.1%) 263 (2.0%)
Other/missing 493 3.1% 61 (2.0%) 432 (3.3%)

Charlson/Deyo Score
0 13,702 85.0% 2538 (81.9%) 11,164 (85.8%) b0.001
1 1863 11.6% 412 (13.3%) 1451 (11.1%)
2 or more 551 3.4% 149 (4.8%) 402 (3.1%)

Clinical Nodal Status
Negative 11,823 73.4% 2271 (73.3%) 9552 (73.4%) 0.93
Positive 4293 26.6% 828 (26.7%) 3465 (26.6%)

Year of Diagnosis
2004–2009 7503 46.6% 1496 (48.3%) 6007 (46.1%) 0.04
2010–2014 8613 53.4% 1603 (51.7%) 7010 (53.9%)
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chemotherapy use. Time to radiation initiation was included as a time-
dependent covariate. An interaction term between race and boost mo-
dalitywas included to determinewhether receipt of BTmediated differ-
ences in overall survival between black and non-black patients. Finally,
chi squared anaysis was used to determine whether there were racial
differences in time to completion of radiation by race among women
who received BT (≤8 weeks versus N8 weeks).
3. Results

After exclusion criteria were applied, 16,116 women with stage IB2
to IVA cervical cancer who received primary treatment with EBRT
were identified during the study period (Fig. 1). Of these women,
8993 women (55.8%) received a BT boost, and 7123 women (44.2%)
did not. A total of 13,017 patients (80.8%) were non-black and 3099



Table 2
Results of multivariate logistic regression for factors associated with brachytherapy use.

Characteristic OR
brachytherapy

95% CI p

Race
Non-Black 1.0 Reference
Black 0.87 0.79–0.96 0.007⁎

Age
41-50a 1.0 Reference
51-60 0.91 0.83–1.00 0.06
61–70 0.83 0.75–0.93 b0.001⁎

N 70 0.54 0.48–0.60 b0.001⁎

Insurance Type
Private 1.0 Reference
Government 0.84 0.77–0.92 b0.001⁎

Not insured/Unknown 0.70 0.63–0.79 b0.001⁎

Income
b $38,000 1.0 Reference
$38,000 - $47,999 1.08 0.97–1.20 0.15
$48,000 - $62,999 1.06 0.94–1.20 0.32
$63,000+ 1.09 0.94–1.26 0.28

Stage
IB2 1.0 Reference
II 0.89 0.77–1.04 0.15
III 0.47 0.41–0.55 b0.001⁎

IVA 0.20 0.17–0.25 b0.001⁎

Histology
Squamous cell 1.0 Reference
Non-squamous cell 0.89 0.81–0.97 0.01⁎

Facility Type
Academic/Research Program 1.0 Reference
Non-Academic 0.78 0.73–0.84 b0.001⁎

Facility Location
Northeast 1.0 Reference
Midwest 0.95 0.85–1.07 0.40
South 0.70 0.63–0.77 b0.001⁎

West 0.88 0.78-0.99 0.04⁎

Facility Distance
≤5 miles 1.0 Reference
5.1–10 miles 1.05 0.95–1.17 0.33
10.1–30 miles 1.09 0.99–1.21 0.08
N30 miles 1.38 1.22–1.57 b0.001⁎

Education (% who did not graduate high school)
≥ 21% 1.0 Reference
13–20.9% 1.04 0.94–1.15 0.41
7–12.9% 1.09 0.97–1.23 0.16
b 7% 1.02 0.87–1.19 0.82

Urban or Rural
Metropolitan 1.0 Reference
Urban 0.81 0.61–1.07 0.14
Rural 0.97 0.86–1.10 0.63

Charlson/Deyo Score
0 1.0 Reference
1 1.04 0.93–1.16 0.50
2 or more 0.75 0.62–0.90 0.003⁎

Clinical Nodal Status
Negative 1.0 Reference
Positive 0.94 0.86–1.02 0.12

Year of Diagnosis
2004–2009 1.0 Reference
2010–2014 1.31 1.21–1.41 b0.001

OR= odds ratios. CI = confidence interval.
⁎ Statistically significant (p ≤ 0.05).
a Reference of age 41–50 was set given no facility location or facility type listed for all

patients under age 40.
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women were black (19.2%). The mean age was 54.3 ± 14.5 for non-
black women versus 54.3 ± 15.0 for black women, (p = 0.92). Of
non-black patients, 11,764 (90.4%) were white. Black women were
more likely to be enrolled in governmental insurance, to be in the low-
est income quartile, and were less likely to have graduated high school.
Regional differences were also noted by race, with black women pre-
dominantly receiving treatment in the South (45.4% of black versus
29.0% of non-black women). Table 1 lists these and other demographic
data, comparing by race using chi square.
Multivariate logistic regression revealed that blackwomenwere sig-
nificantly less likely to receive BT compared to non-black women (OR
0.87, 95% confidence interval [CI] 0.79–0.96, p = 0.007). Fifty-seven
percent of non-black women received a BT boost, compared to 50.3%
of black women. Additionally, 29.2% of black women compared to
24.2% of non-black women received no boost modality, and 20.6% of
black women versus 18.7% of non-black women received EBRT boost
(χ2 = 50.21, p b 0.001). Women Nage 60 were significantly less likely
to receive BT compared to younger women. Additionally, women had
a lower likelihood of receiving BT if they had governmental insurance
(Medicare or Medicaid), were uninsured or with unknown insurance
status, had stage III-IVA disease, had non-squamous cell histology, re-
ceived care from a non-academic center, were treated in the South
and West of the United States, or had a Charlson/Deyo score of 2 or
more (see Table 2).

Black race was associated with a shorter median survival (3.9 years,
95% CI 3.6–4.6) compared to non-black race (5.2 years, 95% CI 4.9–5.5, p
b 0.001) on KaplanMeier analysis. IPTW-adjustment showed appropri-
ate baseline covariate balance between patients who did and did not re-
ceive a BT boost (see balance table in Supplemental material). In the
IPTW-adjusted multivariate model, black women were noted to have
a significantly higher risk of death compared to non-black women
among patients who did not receive BT (AHR 1.14; 95% CI 1.05–1.24;
p= 0.002). However, black womenwere noted to have similar survival
to non-black women among patients who received BT (AHR 1.04; 95%
CI 0.95–1.13, p=0.42). The interaction termwas statistically significant
(p= 0.005, see Table 3), and highlights the convergence of the black/BT
and non-black/BT curves shown in the IPTW-adjusted Kaplan Meier
curves in Fig. 2. In sensitivity analysis, when the model was repeated
for patients who received chemotherapy (N = 13,871), the hazard
ratio for black women who did and did not receive BT were 1.07 (95%
CI 0.97–1.18, p = 0.16) and 1.19 (95% CI 1.08–1.30, p = 0.001). The in-
teraction term remained significant (p = 0.001).

Regarding time to completion of radiation therapy among women
who received BT, blackwomenwere significantly less likely to complete
radiation therapy in the recommended ≤8 weeks compared to non-
black women (48.1% of non-black women versus 43.5% of black
women, p b 0.001).

4. Discussion

The present study shows that black women with cervical cancer in
the United States receive different treatment compared to women of
other races. Black women in our study were significantly less likely to
receive BT compared to non-black women. Consistent with prior data
[7,8,24], we found that black women had a significant decrease in over-
all survival compared to non-black women. Furthermore, we deter-
mined that survival differences by race were mediated by BT use
based on the interaction model, which was statistically significant.

Prior studies support our findings of differences in BT utilization by
race [16,17]. In one study of 2034 women in Maryland, black women
were significantly more likely to receive EBRT without BT compared to
white women [17]. In another study which included 316 African
American and 94 Caucasian cervical cancer patients, Mundt, et al [16],
found a trend toward less frequent BT use among African American pa-
tients, although this did not reach statistical significance. In a recent
study of California women, Mayadev, et al [8], examined 4783 women
and found that black and Hispanic women trended toward lower utili-
zation of boost therapy compared to white women. Finally, Robin,
et al, similarly found that black women were less likely to receive a BT
boost in their survival analysis of receipt of standard of care treatment
using NCDB data [19].

Contrary to our results, Han, et al [3], found a difference in patterns
of BT use by race using SEER data but did not find that race predicted
BT use in their multivariable regression analysis. Our results may have
been different from the Han, et al, study due to the larger number of



Fig. 2. Results of inverse probability treatment weighting-adjusted Kaplan-Meier analysis of non-black and black survival curves with and without brachytherapy use.
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patients included in the NCDB versus the SEER database. Previous
data suggests that the SEER database underreports radiation therapy
use [25], while the NCDB records many details concerning radiother-
apy (such as total dose, number of fractions, modality, region of body
treated, and reason for no radiotherapy). Similarly, Gill, et al, found
no difference in BT versus stereotactic body radiation therapy
(SBRT)/intensity-modulated radiation therapy (IMRT) use by race
using the NCDB [18]. However, their patient population specifically
excluded patients who did not receive any boost modality, unlike
our study.

There are several reasonswhy black womenmay be less likely to re-
ceive BT. While not directly tested in the present study, the most likely
hypothesis is that black patients have poorer access to BT services.
Supporting this, we found that women in the South and West of the
United States were also less likely to receive BT, and 45.4% of black
women in our cohort lived in the South. It is plausible that a paucity of
treatment centers and trained physicians in the South of the United
States contributes to difficulty in receiving BT. Prior data suggest a cu-
mulative effect of living in the South and black race on survival in cervi-
cal cancer [26], and access to BT may in part explain this effect. Further
study is needed to determine how access to BT plays a role in its under-
utilization in black women with cervical cancer.
Table 3
Results of inverse probability treatmentweighting-adjustedmultivariate Cox proportional
hazards model for overall survival.

Clinical factor Adjusted hazard ratio 95% CI p

Time to treatment initiation (months) 1.26 1.10–1.44 0.001
Chemotherapy

No 1.0 Reference
Yes 0.56 0.53–0.60 b0.001

Brachytherapy boost
No brachytherapy 1.0 Reference
Brachytherapy 0.70 0.66–0.74 b0.001

Brachytherapy boost × race interaction Adjusted hazard ratio 95% CI p

Brachytherapy not administered
Non-Black 1.0 Reference
Black 1.14 1.05–1.24 0.002

Brachytherapy administered
Non-Black 1.0 Reference
Black 1.04 0.95–1.13 0.42
We found that BT mediates an increase in all-cause mortality in
black individuals. Among patients who did not receive BT, black
women had a higher risk of death compared with non-black
women. However, black women had the same risk of dying com-
pared to non-black women if they received BT. This analysis was per-
formed with a propensity-adjusted model that balanced baseline
covariates and accounted for other factors including chemotherapy,
time to treatment, location, and time to completion of therapy. This
highlights the importance of receiving BT and its impact on survival
rates. This is the first study to our knowledge to show such an inter-
action between race and survival being mediated by one particular
treatment modality. These results suggest that reducing racial dis-
parities in survival is possible by increasing access to BT for black pa-
tients. This has important implications from a public health
standpoint, and well-designed epidemiologic studies are needed to
delineate the best ways to increase access for black patients. Notably,
as alternative boost modalities such as IMRT and SBRT are increas-
ingly used, radiation oncologists may become less familiar with BT
techniques [18]. Our study highlights the importance of ensuring
sufficient training in this treatment modality.

The significance of the finding that BT mediates differential racial
survival curves is many-fold. It is plausible that blacks may have more
radiosensitive tumors than non-black women, and BT may be more ef-
fective in black women. A recent meta-analysis examining men with
prostate cancer suggested that black patients responded better to radi-
ation than white patients [27]. In our dataset, black women were more
likely to have squamous cell histology compared to white women, and
previous research has shown increased radiosensitivity of HPV positive
cervical cancers and squamous cell cancers compared to adenocarci-
nomas [28,29]. Additionally, black women who did not receive BT in
our population were more likely to receive no boost rather than EBRT
boost in chi square analysis. Thus, black women who did not receive
BT likely also had poorer survival because theywere undertreated com-
pared to white women who did not receive BT. Further study is needed
to delineate the significance of this finding.

Regarding timing of radiotherapy, we found that black women who
received BT in our study were less likely to finish radiation in ≤8 weeks
compared to white women, similar to previous work performed using
the NCDB [30]. According to the NCCN Cervical Cancer Guidelines, radia-
tion should be completed within 8 weeks of starting radiation therapy,
which is used as a quality measure in the treatment of cervical cancer
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[2]. Our study suggests that black women are less likely to receive this
standard of care.

The strengths of this study include the large sample size utilizing the
NCDB, which encompasses 70% of all cancer diagnoses in the United
States. In comparison to the SEER database, the NCDB includesmore pa-
tients, has more detailed information regarding radiation therapy, and
includes comorbidity data, further strengthening our study. The
propensity-adjusted nature of our analysis also allowed us to control
for covariates that predict receiving BT. Additionally, prior studies
have examined the differences between patients of several different
races, whereas in our study we focused on black versus non-black pa-
tients. This comparison is more relevant in the discussion of racial dis-
parities in cervical cancer since black women have the worst overall
survival and women of other minorities tend to have similar or im-
proved survival compared with white women [9,10].

A limitation of this study is the retrospective nature of data collec-
tion. While using a large database allows for a large sample size, there
may also be errors in data input into the database and missing data.
There may also be regional differences in treatment protocols, which
would be difficult to detect. Additionally, the NCDB does not include
cause-specific survival, only overall survival data. However, in cervical
cancer, there is a strong correlation between cause-specific survival
and overall survival [31]. Finally, while we did find an increased risk of
all-causemortality for black womenwho did not receive BT in our pop-
ulation, our relatively small effect sizes should be interpreted with cau-
tion [32]. However, despite our relatively small hazard ratios, our large
sample makes it less likely that a Type I error occurred. As with all
large database studies, there is also the potential that unmeasured con-
founding factors that may have affected our results.

In summary, our data suggest that black women with locally ad-
vanced cervical cancer in the U.S. receive different treatment compared
to non-black women. Survival differences by race in our analysis were
mediated by brachytherapy boost administration.More study is needed
regarding ways to improve access to brachytherapy and timely admin-
istration of radiation for black patients.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2019.06.022.
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