
1/12https://ejgo.org

ABSTRACT
Objective: Women with cervical cancer (CC) found to have positive surgical margins, positive 
lymph nodes, and/or parametrial invasion receive a survival benefit from postoperative 
chemoradiotherapy (CRT) vs. radiation therapy (RT) alone. However, older women may not 
benefit to the same extent, as they are at increased risk of death from non-oncologic causes as 
well as toxicities from oncologic treatments. This study sought to evaluate whether there was 
a survival benefit of CRT over RT in elderly patients with cervical cancer.
Methods: The National Cancer Database was queried for patients ≥70 years old with newly 
diagnosed IA2, IB, or IIA CC and positive margins, parametrial invasion, and/or positive 
nodes on surgical resection. Statistics included logistic regression, Kaplan-Meier overall 
survival (OS), and Cox proportional hazards modeling analyses.
Results: Altogether, 166 patients met inclusion criteria; 62 (37%) underwent postoperative 
RT and 104 (63%) underwent postoperative CRT. Younger patients and those living in areas 
of higher income were less likely to receive CRT, while parametrial invasion and nodal 
involvement were associated with an increased likelihood (p<0.05 for all). There were no OS 
differences by treatment type. Subgroup analysis by number of risk factors, as well as each of 
the 3 risk factors separately, also did not reveal any OS differences between cohorts.
Conclusion: In the largest such study to date, older women with postoperative risk factor(s) 
receiving RT alone experienced similar survival as those undergoing CRT. Although causation 
is not implied, careful patient selection is paramount to balance treatment-related toxicity 
risks with theoretical outcome benefits.
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INTRODUCTION

Women undergoing hysterectomy for cervical cancer (CC) and found to have positive surgical 
margins, positive lymph nodes, and/or parametrial invasion (the so-called “3 Ps”) achieve a 
survival benefit with adjuvant concurrent chemotherapy (CT) and pelvic radiation therapy (RT) 
over RT alone [1]. In a landmark trial, Peters and colleagues [1] found that clinical stage IA2, 
IB, and IIA patients with any of the three aforementioned risk factors experienced improved 
progression-free survival (PFS) and overall survival (OS) with the addition of CT to definitive pelvic 
RT following radical hysterectomy. Although there was no association between age and survival, 
most patients were quite young (median 38 and 41 years for the RT+CT and RT arms, respectively).

Due to the presence of underlying comorbid conditions that lead to greater treatment related 
toxicity as well as increased risk of death from non-oncologic causes, the elderly population 
represents unique challenges for oncologic management. Although less than 15% of all 
patients with CC are older than 65 years at diagnosis, these elderly patients comprise a 
large population, at an estimated 40,000 women in the United States [2]. In addition to a 
reduced life expectancy (thus potentially receiving comparatively less benefit from aggressive 
oncologic interventions), elderly patients are also more susceptible to treatment-related 
toxicities [1,3-6]. It is thus unknown whether elderly women should be aggressively treated 
similar to their younger counterparts, or whether single-modality adjuvant therapy would 
provide similar survival. It is unlikely that dedicated phase III trials addressing this question 
would ever take place, given the age distribution of CC as well as the well-known under-
representation of older patients on clinical trials [7-12].

To address this knowledge gap, the goal of this investigation, the first of its kind, was to 
evaluate postoperative chemoradiotherapy (CRT) vs. RT alone for elderly (≥70 years old) 
women with positive surgical margins, positive lymph nodes, and/or parametrial invasion.

MATERIALS AND METHODS

This study retrospectively analyzed the National Cancer Database (NCDB), a jointly 
sponsored database by the Commission on Cancer (CoC) of the American College of 
Surgeons (ACS), and the American Cancer Society. Data includes de-identified information 
regarding treatments and outcomes from over 29 million cancers and approximately 70% of 
all malignant cancers diagnosed at CoC-accredited facilities within the United States [13]. 
Review from an internal review board was not required because the NCDB is exclusively 
comprised of de-identified information.

1. Patient selection
Deidentified data for patients in the NCDB from 2004–2013 were included in this dataset. 
Inclusion criteria were patients ≥70 years of age with newly diagnosed IA2, IB, or IIA cervical 
cancer treated definitively with upfront surgery and either positive margins, parametrial 
invasion, or positive nodes found on pathology. This patient population was selected to allow 
direct comparison to historical trials [1]. The 70-year-old threshold was used because this is a 
commonly used cutoff to analyze “elderly” patients [14,15].

Patients were excluded if <70 years of age, M1 or unknown M stage, clinically stage IA1, IIB+ 
or unknown stage, no hysterectomy or unknown surgical status, no/unknown adjuvant RT, 
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or unknown CT status. Collected information on each patient broadly included demographic 
data, clinicopathologic parameters, and treatment data.

Median follow up was calculated using the reverse Kaplan-Meier method [16]. All statistical 
tests were 2-sided, with a threshold of p<0.05 for statistical significance, and were analyzed 
using IBM SPSS Statistics (version 24; IBM Corp., Armonk, NY, USA). Multivariable logistic 
regression modeling was utilized to identify characteristics that were predictive for receipt 
of CRT. The Kaplan-Meier method was used for survival analysis, and comparisons between 
groups were compared with log-rank test. OS was defined as the interval between date of 
diagnosis and death, or censored at the date of last contact. Univariate and multivariate Cox 
proportional hazard analysis was performed to determine factors associated with OS.

RESULTS

There were 98,347 patients in the NCDB CC database (Fig. 1), of which 166 met the pre-
specified inclusion criteria. Table 1 displays the clinical characteristics of those patients, 
62 of whom underwent RT alone (37.3%) and 104 underwent CRT (62.7%). Multivariable 
analysis revealed that increasing age (as a continuous variable) and higher zip-code level 
income (≥$30,000) (p<0.05 for all) were associated with decreased likelihood of CRT 
delivery (Table 2). Parametrial invasion (p=0.037), nodal involvement (p=0.003), and 
later years of diagnosis (2009 or after) (p=0.004) were significantly related with increased 
likelihood of CRT receipt, while positive surgical margins were not (p=0.963).

The median follow-up was 35.3 months (interquartile range=20.7–52.3 months). Kaplan-
Meier estimates comparing OS in patients that received postoperative RT alone vs. CRT 
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Exclusions
• Age <70 (n=86,113)
• M1 or unknown M stage (n=1,599)
• Clinically node-positive (n=1,028)
• Unknown stage, stage IA1, or IIB+ (n=6,501)
• No hysterectomy/unknown (n=1,912)
• None of “3 Ps” (n=943)
• No/unknown adjuvant RT (n=82)
• Unknown CT status (n=3)

CT
(n=104)

Study population
(n=166)

RT alone
(n=62)

NCDB
CC cases from 2004–2013 (n=98,347)

Fig. 1. Patient selection diagram. 
3 Ps, positive surgical margins, positive lymph nodes, and/or parametrial invasion; CC, cervical cancer; CRT, 
chemoradiotherapy; NCDB, National Cancer Database; RT, radiation therapy.
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Table 1. Baseline characteristics
Parameters Treatment group

RT (n=62) CRT (n=104)
Age 77 (70–88) 74 (70–83)
Race

White 52 (83.9) 80 (76.9)
Black 6 (9.7) 11 (10.6)
Other 4 (6.5) 13 (12.5)

Charlson/Deyo comorbidity score
0 48 (77.4) 78 (75)
1 11 (17.7) 21 (20.2)
2 3 (4.8) 5 (4.8)

Histology
Squamous cell carcinoma 41 (66.1) 56 (53.8)
Adenocarcinoma 15 (24.2) 36 (34.6)
Mixed 5 (8.1) 8 (7.7)
Other 1 (1.6) 4 (3.8)

Tumor size (mm) 30 (4–130) 37.5 (10–120)
FIGO stage

IB 8 (12.9) 2 (1.9)
IA2 1 (1.6) 2 (1.9)
IB1 32 (51.6) 62 (59.6)
IB2 14 (22.6) 26 (25)
IIA1 5 (8.1) 6 (5.8)
IIA2 2 (3.2) 6 (5.8)

Parametrial invasion
No 29 (46.8) 37 (35.6)
Yes 19 (30.6) 51 (49)
Unknown 14 (22.6) 16 (15.4)

Nodal involvement
No 14 (22.6) 46 (44.2)
Yes 36 (58.1) 50 (48.1)
Unknown 14 (22.6) 8 (7.7)

Surgical margins
Negative 17 (27.4) 53 (51)
Positive 45 (72.6) 46 (44.2)
Unknown 0 5 (4.8)

Risk factors
1 51 (82.3) 68 (65.4)
2 8 (12.9) 29 (27.9)
3 3 (4.8) 7 (6.7)

Radiation modality
EBRT only 33 (53.2) 61 (58.7)
Additional brachytherapy 29 (46.8) 43 (41.3)

Radiation dose* (Gy) 45 (45–50.4) 47 (45–50.4)
Treatment facility type

Community 34 (54.8) 57 (54.8)
Academic 28 (45.2) 47 (45.2)

Treatment facility location
Northeast 13 (21) 24 (23.1)
South 22 (35.5) 38 (36.5)
Midwest 15 (24.2) 20 (19.2)
West 12 (19.4) 22 (21.2)

Insurance status
Uninsured 1 (1.6) 2 (1.9)
Private 4 (6.5) 16 (15.4)
Medicaid/other government 1 (1.6) 8 (7.7)
Medicare 56 (90.3) 76 (73.1)
Unknown 0 2 (1.9)

(continued to the next page)
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Parameters Treatment group
RT (n=62) CRT (n=104)

Percent of patients in zip code without high school diploma
≥29 11 (17.7) 23 (22.1)
20–28.9 16 (25.8) 29 (27.9)
14–19.9 23 (37.1) 35 (33.7)
<14 10 (16.1) 16 (15.4)

Zip-code level income ($)
<30,000 7 (11.3) 28 (26.9)
30,000–35,000 18 (29) 18 (17.3)
35,000–45,999 18 (29) 27 (26)
≥46,000 17 (27.4) 30 (28.8)

Patient residence
Metro 47 (75.8) 80 (76.9)
Urban 10 (16.1) 16 (15.4)
Rural 2 (3.2) 5 (4.8)

Distance from treatment facility 12.8 (1.2–154.9) 13.4 (1–611.6)
Year of diagnosis

2004–2008 31 (50) 30 (28.8)
2009–2013 31 (50) 74 (71.2)

Values are presented as number (%) or median (range)
CRT, chemoradiotherapy; EBRT, external beam radiation therapy; FIGO, International Federation of Gynecology and Obstetrics; RT, radiation therapy.
*Parenthesis value of ‘Radiation dose’ are interquartile range.

Table 1. (Continued) Baseline characteristics

Table 2. Multivariable logistic regression analysis evaluating predictors of receiving CRT
Parameters OR (95% CI) p value
Age 0.82 (0.74–0.92) <0.001
Race

White Reference
Black 1.17 (0.24–5.69) 0.848
Other 2.03 (0.34–12.21) 0.439

Charlson/Deyo comorbidity score
0 Reference
1 0.99 (0.32–2.99) 0.978
2 1.76 (0.20–15.34) 0.607

Histology
Squamous cell carcinoma Reference
Adenocarcinoma 1.28 (0.46–3.57) 0.638
Mixed/other 1.84 (0.32–10.57) 0.495

Tumor size, mm 1.02 (0.98–1.03) 0.890
FIGO stage

IA 6.61 (0.28–158.41) 0.244
IB Reference
IIA 2.33 (0.47–11.45) 0.300

Parametrial invasion
No Reference
Yes 3.35 (1.08–10.38) 0.037

Nodal involvement
No Reference
Yes 5.36 (1.75–16.42) 0.003

Surgical margins
Negative Reference
Positive 0.97 (0.30–3.21) 0.963

Radiation modality
EBRT only Reference
Additional brachytherapy 0.38 (0.14–1.09) 0.072

(continued to the next page)
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revealed no significant differences, with corresponding median OS times of 56.1 (95% 
confidence interval [CI]=36.1–76) months and 43.5 (95% CI=36.3–50.6) months, (p=0.314), 
respectively (Fig. 2A).

On univariate analysis, there were several variables predictive of OS: higher education, higher 
income, urban residence (relative to metro), and later years of diagnosis (Table 3). Of these, 
only year of diagnosis (2009–2013 vs. 2004–2008) remained a significant predictor of OS 
on multivariate analysis (hazard ratio [HR]=15.75; 95% CI=5.49–45.24; p<0.001). Other 
factors predictive of worse OS in the multivariate model were mixed/other histology (relative 
to squamous cell carcinoma) (HR=3.81; 95% CI=1.18–12.28; p=0.025) and treatment at an 
academic (vs. community) center (HR=2.47; 95% CI=1.16–5.25; p=0.019), while International 
Federation of Gynecology and Obstetrics (FIGO) stage IA (relative to IB) was associated with 
improved OS (HR=0.02; 95% CI=0.01–0.22; p=0.025, Table 3).

To further explore potential patients at increased risk of death, patients were stratified by 1 
vs. 2 or more risk factors (parametrial invasion, positive surgical margins, or positive lymph 
nodes). There were no statistically significant differences in OS between CRT and RT alone in 
patients with 1 vs. 2 or more risk factors (Fig. 2B and C), nor were there any differences in OS 
when directly comparing 1 vs. 2 or more risk factors (Supplementary Fig. 1). Stratification by 
specific risk factors (parametrial invasion, positive margins, positive nodes; Fig. 3A, B, and 
C, respectively) similarly showed no differences in OS between CRT vs. RT alone.

6/12https://ejgo.org https://doi.org/10.3802/jgo.2018.29.e97

Adjuvant therapy in elderly CC patients

Parameters OR (95% CI) p value
Treatment facility type

Community Reference
Academic 1.09 (0.41–2.88) 0.866

Treatment facility location
Northeast Reference
South 0.61 (0.17–2.20) 0.455
Midwest 0.65 (0.17–2.49) 0.530
West 1.24 (0.27–5.70) 0.780

Percent of patients in zip code without high school diploma
≥29 Reference
20–28.9 0.61 (0.13–3.00) 0.546
14–19.9 1.15 (0.21–6.30) 0.872
<14 0.90 (0.11–7.23) 0.922

Zip-code level income ($)
<30,000 Reference
30,000–35,000 0.17 (0.04–0.83) 0.029
35,000–45,999 0.15 (0.03–0.88) 0.036
≥46,000 0.13 (0.02–0.93) 0.042

Patient residence
Metro Reference
Urban 0.70 (0.17–2.86) 0.619
Rural 1.29 (0.10–17.3) 0.850

Distance from treatment facility 1.01 (0.99–1.03) 0.524
Year of diagnosis

2004–2008 Reference
2009–2013 5.00 (1.70–14.72) 0.004

Statistically significant p-values (p<0.05) are in bold.
CI, confidence interval; CRT, chemoradiotherapy; EBRT, external beam radiation therapy; FIGO, International Federation of Gynecology and Obstetrics; OR, odds 
ratio; RT, radiation therapy.

Table 2. (Continued) Multivariable logistic regression analysis evaluating predictors of receiving CRT
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DISCUSSION

To the best of our knowledge, this is the largest known report assessing patterns of care and 
outcomes for elderly women with CC receiving either postoperative CRT or RT for positive 
surgical margins, positive lymph nodes, and/or parametrial invasion. Our study of a large, 
contemporary national database did not discern an additional OS benefit in combined-
modality adjuvant therapy in the elderly CC patient population. As such, clinicians must 
continue to weigh the benefits of adjuvant CRT with additive toxicities associated with 
concurrent CT administration.

Similar survival outcomes between treatment groups may in part be attributed to only well-
selected elderly patients with risk factors and comorbidities incompletely captured by the 
NCDB. Although the NCDB does not capture details such as cancer-related survival, PFS, and 
local/regional recurrence, there are several reasons this selection bias is unlikely. First, there 
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No. at risk
RT 10 3 1 0
CRT 28 15 5 1

Time (yr)

Patients with 1 risk factor

0.5

0 6 12

O
S

1.0

3 9

p=0.076
RT
CRT

Time (yr)

A B

0.5

0 6 12

O
S

1.0

3 9

p=0.314
RT
CRT

Time (yr)

Patients with ≥2 risk factorC

0.5

0 6 12

O
S

1.0

3 9

p=0.471
RT
CRT

No. at risk
RT 60 27 12 4
CRT 86 46 13 3

No. at risk
RT 50 25 12 4
CRT 58 32 9 2

Time (yr)

Patients with 1 risk factor

0.5

0 6 12

O
S

1.0

3 9

p=0.076
RT
CRT

Time (yr)

A B

0.5

0 6 12

O
S

1.0

3 9

p=0.314
RT
CRT

Time (yr)

Patients with ≥2 risk factorC

0.5

0 6 12

O
S

1.0

3 9

p=0.471
RT
CRT

Time (yr)

Patients with 1 risk factor

0.5

0 6 12

O
S

1.0

3 9

p=0.076
RT
CRT

Time (yr)

A B

0.5

0 6 12

O
S

1.0

3 9

p=0.314
RT
CRT

Time (yr)

Patients with ≥2 risk factorC

0.5

0 6 12

O
S

1.0

3 9

p=0.471
RT
CRT

Fig. 2. Kaplan-Meier curve of OS for (A) patients who received RT vs. CRT and OS stratified by (B) 1 risk factor and (C) 2 or more risk factors. 
CRT, chemoradiation therapy; OS, overall survival; RT, radiation therapy.
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No. at risk
RT 10 4 2 1
CRT 41 23 7 2

Time (mo)

Positive margins

0.5

0 6 12

O
S

1.0

3 9

p=0.661
RT
CRT

Time (mo)

Parametrial invasionA B

0.5

0 6 12

O
S

1.0

3 9

p=0.327
RT
CRT

Time (mo)

Positive nodesC

0.5

0 6 12

O
S

1.0

3 9

p=0.755
RT
CRT

No. at risk
RT 18 10 6 2
CRT 41 20 6 2

No. at risk
RT 44 18 6 3
CRT 37 23 9 2

Time (mo)

Positive margins

0.5

0 6 12

O
S

1.0

3 9

p=0.661
RT
CRT

Time (mo)

Parametrial invasionA B

0.5

0 6 12

O
S

1.0

3 9

p=0.327
RT
CRT

Time (mo)

Positive nodesC

0.5

0 6 12

O
S

1.0

3 9

p=0.755
RT
CRT

Time (mo)

Positive margins

0.5

0 6 12

O
S

1.0

3 9

p=0.661
RT
CRT

Time (mo)

Parametrial invasionA B

0.5

0 6 12

O
S

1.0

3 9

p=0.327
RT
CRT

Time (mo)

Positive nodesC

0.5

0 6 12

O
S

1.0

3 9

p=0.755
RT
CRT

Fig. 3. Kaplan-Meier curve of OS for patients who received RT vs. CRT, stratified by (A) parametrial invasion, (B) positive surgical margins, or (C) positive nodes. 
CRT, chemoradiation therapy; OS, overall survival; RT, radiation therapy.

Table 3. HRs determined by univariate and multivariate Cox proportional hazards model adjusted for covariates
Covariates Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value
Treatment

RT Reference Reference
CRT 1.25 (0.81–1.93) 0.316 0.70 (0.35–1.39) 0.303

Age 0.99 (0.94–1.04) 0.720 0.94 (0.87–1.03) 0.178
Race

White Reference Reference
Black 1.62 (0.83–3.16) 0.159 2.15 (0.77–6.01) 0.144
Other 0.59 (0.29–1.21) 0.150 0.32 (0.10–1.02) 0.053

Charlson/Deyo comorbidity score
0 Reference Reference
1 1.49 (0.90–2.47) 0.124 1.99 (0.88–4.47) 0.097
2 1.19 (0.47–2.97) 0.715 3.24 (0.76–13.81) 0.112

(continued to the next page)
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were similar baseline characteristics between treatment groups, including Charlson/Deyo 
comorbidity score (which is acknowledged is not synomymous with performance status), 
decreasing the likelihood of selection bias. Second, there were only three non-socioeconomic 
characteristics significant on multivariable logistic regression analysis that predicted for CRT 
use: age, parametrial invasion, and nodal involvement. Nonetheless, age and socioeconomic 
factors have been shown to be independent predictors of undertreatment and mortality in 
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Covariates Univariate Multivariate
HR (95% CI) p value HR (95% CI) p value

Histology
Squamous cell carcinoma Reference Reference
Adenocarcinoma 1.21 (0.75–1.94) 0.435 1.22 (0.60–2.49) 0.589
Mixed/other 1.23 (0.58–2.61) 0.587 3.81 (1.18–12.28) 0.025

Tumor size, mm 1.00 (0.99–1.01) 0.749 1.01 (0.98–1.01) 0.630
FIGO stage

IA 0.42 (0.10–1.79) 0.242 0.02 (0.01–0.22) 0.001
IB Reference Reference
IIA 1.03 (0.54–1.95) 0.929 0.59 (0.21–1.68) 0.325

Parametrial invasion
No Reference Reference
Yes 0.71 (0.44–1.14) 0.157 0.62 (0.25–1.53) 0.299

Nodal involvement
No Reference Reference
Yes 0.86 (0.54–1.39) 0.541 0.72 (0.30–1.73) 0.462

Surgical margins
Negative Reference Reference
Positive 0.84 (0.54–1.29) 0.424 1.19 (0.44–3.18) 0.736

Radiation modality
EBRT only Reference Reference
Additional brachytherapy 0.95 (0.62–1.46) 0.826 1.62 (0.88–2.98) 0.122

Treatment facility type
Community Reference Reference
Academic 1.38 (0.90–2.09) 0.136 2.47 (1.16–5.25) 0.019

Treatment facility location
Northeast Reference Reference
South 0.87 (0.49–1.54) 0.634 1.13 (0.46–2.78) 0.794
Midwest 0.72 (0.37–1.40) 0.332 1.02 (0.34–3.13) 0.968
West 1.35 (0.72–2.53) 0.349 2.66 (0.82–8.57) 0.102

Percent of patients in zip code without high school diploma
≥29 Reference Reference
20–28.9 0.70 (0.37–1.32) 0.264 0.58 (0.16–2.10) 0.403
14–19.9 1.11 (0.63–1.95) 0.711 0.74 (0.21–2.57) 0.633
<14 2.32 (1.14–4.71) 0.020 1.97 (0.47–8.35) 0.357

Zip-code level income ($)
<30,000 Reference Reference
30,000–35,000 1.52 (0.77–2.99) 0.224 0.79 (0.21–2.93) 0.723
35,000–45,999 1.29 (0.66–2.54) 0.455 0.35 (0.07–1.92) 0.228
≥46,000 1.93 (1.02–3.67) 0.045 0.61 (0.12–3.05) 0.546

Patient residence
Metro Reference Reference
Urban 0.37 (0.18–0.77) 0.008 0.77 (0.21–2.80) 0.693
Rural 0.67 (0.24–1.84) 0.434 0.34 (0.05–2.33) 0.270

Distance from treatment facility 0.99 (0.98–1.00) 0.110 1.01 (0.99–1.02) 0.284
Year of diagnosis

2004–2008 Reference Reference
2009–2013 14.1 (6.80–29.23) <0.001 15.75 (5.49–45.24) <0.001

Statistically significant p-values (p<0.05) are in bold.
CI, confidence interval; CRT, chemoradiotherapy; EBRT, external beam radiation therapy; FIGO, International Federation of Gynecology and Obstetrics; HR, hazard 
ratio; RT, radiation therapy.

Table 3. (Continued) HRs determined by univariate and multivariate Cox proportional hazards model adjusted for covariates
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cervical cancer [17-20], possibly contributing to selection bias within our study population. 
With this in mind, it is important to note that our results certainly do not imply causation.

While 2 of the “3 Ps” (parametrial invasion and positive nodes) were associated with 
increased likelihood of CRT, positive surgical margins were not. This may be due to positive 
surgical margins possibly being the most “localized” and thus decreasing the necessity 
of additional systemic therapy in addition to RT. It is also plausible that the patients with 
positive surgical margins received brachytherapy (38% and 10% in the RT and CRT groups, 
respectively) in place of CT.

Our results suggest that elderly patients, who are at risk of death from competing causes, may 
not receive as high of a benefit to additional postoperative CT, regardless of the number or 
type of risk factors. In a smaller single institution retrospective analysis, researchers similarly 
found no differences in survival by age groups [21]. Of note, the study also examined toxicity 
events and found no differences in toxicity rates among age cohorts receiving CRT. Similar 
lack of survival and toxicity differences have been reported in populations with relatively 
heterogeneous stages and/or treatments [22-26], but no studies to date, to our knowledge, 
have exclusively evaluated outcomes of elderly patients receiving postoperative RT vs. CRT.

The strengths of our study include a well-defined population from the validated NCDB, 
allowing for robust statistical analyses. However, although the NCDB provides a unique 
opportunity to study this important clinical question, this study did have some weaknesses 
that are inherent to all retrospective and/or NCDB analyses. First, selection and lead time bias 
are always a concern in retrospective studies. Second, as previously mentioned, toxicity data 
is not recorded within the NCDB. Third, the NCDB does not record details of CT, including 
agent, duration of treatment, dosage, number of cycles, and reasons for withholding CT. 
Fourth, the NCDB does not provide data on performance status, number of positive lymph 
nodes and degree of involvement therein, degree of positive surgical margins (e.g., grossly vs. 
microscopically positive), and the degree of parametrial invasion. Based on this lack of data, 
it is likely that the CRT group was, as a whole, “higher” risk and thus warranted receipt of CT. 
Thus, it remains possible that these patients may have achieved a benefit from additional CT, 
though the magnitude of this benefit may not have been enough to overcome the potential 
for selection bias favoring the RT alone cohort. Lastly, the small sample size of this study 
severely limited the power of subgroup analysis, making it difficult to draw any definitive 
conclusions. Due to this prohibitively small sample size and similar characteristics between 
groups, propensity matching could not be reliably performed.

Another important consideration not fully captured by the NCDB is radiation therapy 
technique. There is some prospective evidence that suggests intensity modulated radiation 
therapy (IMRT) may lower toxicity over 3-dimensional conformal radiotherapy (3D CRT) 
[27,28]. In a phase III multicenter randomized controlled trial, patients with cervical 
or endometrial cancer were randomized to receive either traditional RT or IMRT. The 
IMRT group had significantly less gastrointestinal and urinary toxicity compared to the 
conventional RT group [27]. In a phase 2 trial, researchers reported that pelvic IMRT 
resulted in acceptably low hematologic toxicity rates in cervical cancer patients receiving 
postoperative chemoradiation therapy [28]. Together, these trials highlight the importance 
of radiation therapy technique in consideration of outcomes and a limitation of our NCDB 
analysis that warrants evaluation with prospective trials.
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SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Kaplan-Meier curve of OS for patients who had 1 vs. 2 or more risk factors.

Click here to view
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