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Abstract
Purpose  We investigated the effect of boost radiation therapy (RT) in addition to whole pelvis RT (WPRT) on treatment 
outcome and safety of cervical cancer patients following hysterectomy with close/positive resection margins (RM).
Methods  We retrospectively analyzed 51 patients with cervical cancer who received WPRT with or without boost-RT 
as adjuvant treatment between July 2006 and June 2022. Twenty patients (39.2%) were treated with WPRT-alone, and 31 
(60.8%) received boost-RT after WPRT using brachytherapy or intensity-modulated RT.
Results  The median follow-up period was 41 months. According to RT modality, the 4-year local control (LC) and locore-
gional control (LRC) rates of patients treated with WPRT-alone were 61% and 61%, respectively, whereas those in LC and 
LRC rates in patients who underwent WPRT with boost-RT were 93.2% and 75.3%, with p-values equal to 0.005 and 0.090, 
respectively. Seven patients (35.0%) had local recurrence in the WPRT-treated group compared to only two out of the 31 
patients (6.5%) in the WPRT with boost-RT-treated counterparts (p = 0.025). Boost-RT was a significantly good prog-
nostic factor for LC (p = 0.013) and LRC (p = 0.013). Boost-RT did not result in statistically-significant improvements in 
progression-free survival or overall survival. The acute and late toxicity rates were not significantly different between groups.
Conclusion  Boost RT following WPRT is a safe and effective treatment strategy to improve LC without increasing toxicity 
in patients with cervical cancer with close/positive RM after hysterectomy.
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Introduction

When cervical cancer is treated by surgery alone, the risk of 
recurrence is up to 10% in the early stage and up to 40% in 
the locally advanced stage [1–3]. Identifying which patient 
subgroups have high recurrence risks and providing adju-
vant treatments (ATs) accordingly is therefore necessary. 
Pathologic features such as lymph node (LN) metastasis, 
positive resection margin (RM), and parametrial involve-
ment are major risk factors for cancer recurrence follow-
ing primary surgical treatment [4]. In particular, positive 
RM is an important risk factor for local recurrence [5]. The 
influence of RM status and adjuvant radiation therapy (RT) 

on recurrence in cervical cancer was reported by Viswana-
than et al. [6]. Progression-free survival (PFS) rates were 
11%, 20%, and 38% for cervical cancer with negative, close, 
and positive RM, respectively. Adjuvant RT decreased the 
local recurrence rate from 10 to 0%, 17% to 0%, and 50% 
to 25% for negative, close, and positive RMs, respectively. 
Close/positive RMs of both the parametrial and vaginal 
sides remain major risk factors for local recurrence even 
when patients are treated with adjuvant RT [6, 7]. Therefore, 
additional treatments to improve local control (LC) should 
be considered in patients with close/positive RM follow-
ing whole pelvis RT (WPRT), but the optimal AT strategy 
remains unclear. The American Brachytherapy Society 
guidelines state that “there is no clear agreement to indica-
tions” but recommends the consideration of boost-RT using 
brachytherapy for patients with close/positive RM [8]. The 
National Comprehensive Cancer Network (NCCN) guide-
lines recommend individualized decisions regarding brachy-
therapy in close/positive vaginal RM; however, there are no 
comments concerning close/positive parametrial RM [9].
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To determine the optimal treatment strategy for cervi-
cal cancer patients with close/positive RM, we evaluated 
the treatment outcome and toxicity of employing adjuvant 
WPRT with/without boost-RT.

Materials and methods

Patients

Cervical cancer patients who received adjuvant RT at our 
institution between July 2006 and June 2022 were evaluated. 
The inclusion criteria were as follows: (1) hysterectomy and 
histologically proven primary cervical cancer; (2) confir-
mation of either close (safety margin < 5 mm) or positive 
RM of parametrial and/or vaginal sides on pathology; and 
(3) received WPRT with or without boost-RT as AT. Fifty-
nine patients with cervical cancer with close/positive RM 
underwent adjuvant WPRT. The exclusion criteria were: 
(1) achieved negative RM with re-excision, (2) macroscopic 
residual tumor after hysterectomy (R2 resection), and (3) 
no follow-up after irradiation treatment. Eight patients were 
excluded from the study. This study was approved by the 
institutional review board of the Catholic Medical Center 
ethics committee (reference number: OC22RASI0154). All 
data were retrieved from medical reports and our institu-
tional records.

Treatment

Radical hysterectomy was performed on 46 patients (90.2%); 
the remaining five patients (9.8%) underwent simple hyster-
ectomy. Forty-one patients (80.4%) underwent pelvic LN 
dissection. Para-aortic LNs were sampled in 21 patients 
(41.2%).

Adjuvant WPRT was initiated 4–6 weeks after the hys-
terectomy. The vaginal stump, paravaginal soft tissue, and 
regional pelvic lymphatics, including the internal, external, 
common iliac, and presacral lymphatics, were defined as 
planning target volume. Para-aortic lymphatic was also 
included in the RT field with the identification of metasta-
sis. The median total dose of WPRT was 5040 cGy (range: 
4500–5580 cGy) in 28 fractions (range: 25–31 fractions). 
WPRT was delivered using three-dimensional conformal 
RT or intensity-modulated RT (IMRT). Thirty-eight patients 
(74.5%) received concurrent chemotherapy (CT). The most 
prevalent regimen for CT was weekly cisplatin (40 mg/m2).

Twenty patients (39.2%) underwent WPRT exclusive, 
and 31 (60.8%) received WPRT with boost-RT using 
brachytherapy or IMRT. Whether/how to use boost-RT 
was decided by the attending physicians. Brachyther-
apy boost was primarily used for close/positive RM of 
the vagina or both vagina and parametrium, and IMRT 

boost was mainly used for close/positive RM of the para-
metrium. Brachytherapy using Ir-192 was delivered in 
27 patients, with a median dose of 2500  cGy (range: 
1200–3500 cGy) in 5 fractions (range: 2–6 fractions). 
Most patients were treated with 2000–3000 cGy in 5–6 
fractions. The radiation dose was prescribed at 0.5 cm 
depth from the surface of the cylinder, and the treatment 
length was the upper 2–3 cm of the vagina. It was admin-
istered 2–3 times weekly with at least 48 h between frac-
tions. IMRT boost was performed in four patients with 
a median of 1500  cGy (range: 900–3500  cGy) in 7.5 
fractions (range: 5–10 fractions). The vaginal stump and 
paravaginal soft tissue were the targets of IMRT boost.

Statistical analyses

The Kaplan–Meier method was used to estimate LC, locore-
gional control (LRC), PFS, and overall survival (OS). LC 
was defined as the absence of vaginal stump recurrence. 
LRC was defined as the absence of any recurrence within 
the radiation field. PFS was defined as the duration from the 
date of hysterectomy to the date of first recurrence of disease 
or last follow-up visit. OS was defined as the time from the 
date of hysterectomy to any-cause death or last follow-up 
visit. Univariate analyses were performed using the Cox 
regression model to assess prognostic factors related to dis-
ease control/survival. Potential prognostic factors (p < 0.1) 
in the univariate analyses were included in the multivariate 
analyses. The latter analyses were performed using the Cox 
proportional hazards model. All test results were two-sided. 
Statistical significance was set at p < 0.05. All statistical 
analyses were performed using R software version 4.2.1.

Treatment-related toxicities were recorded and analyzed 
according to the Common Terminology Criteria for Adverse 
Events version 5.0 [10]. Toxicities occurring within 90/after 
90 days of RT completion were considered acute/late toxici-
ties, respectively.

Results

Patient and tumor characteristics

Baseline patient, disease, and treatment characteristics 
are summarized in Table 1. Tumor staging was performed 
according to the 2018 International Federation of Obstetrics 
and Gynecology (FIGO) staging system [11]. FIGO Stage 
IIIC disease with pelvic and/or para-aortic LN involvement 
was most common (n = 22, 43.1%). The main histological 
type was squamous cell carcinoma (SCC) (n = 39, 76.5%), 
and the remaining were adenocarcinomas or adenosquamous 
carcinomas (n = 12, 23.5%). Nineteen patients (37.3%) had 
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close/positive parametrial RM, and 42 (82.4%) had close/
positive vaginal RM. Ten patients (19.6%) had close/positive 
parametrial and vaginal RM.

Only the status of vaginal RM showed a significant dif-
ference between the two treatment modality groups. The 
patients with close/positive vaginal RM received boost-RT 

Table 1   Patient, disease, and treatment characteristics

No Number, FIGO International federation of gynecology and obstetrics, SCC squamous cell carcinoma, Adenoca adenocarcinoma, WD well 
differentiated, MD moderately differentiated, PD poorly differentiated, LVSI lymphovascular space invasion, RM resection margin, WPRT whole 
pelvis radiation therapy, CT chemotherapy

Characteristics Total (n = 51) No. (%) WPRT-alone (n = 20) No. (%) WPRT + boost (n = 31) 
No. (%)

p-value

Age, years
 Median (range) 60 (28–81) 59 (28–74) 52 (29–75) 0.288

2018 FIGO stage
 IA-IB 13 (25.5) 5 (25.0) 8 (25.8) 0.525
 IIA-IIB 16 (31.4) 8 (40.0) 8 (25.8)
 IIIA-IIIC 22 (43.1) 7 (35.0) 15 (48.4)

Histology
 SCC 39 (76.5) 15 (75.0) 24 (77.4) 0.999
 Adenoca or adenoscc 12 (23.5) 5 (25.0) 7 (22.6)

Grade of differentiation
 WD or MD 41 (80.4) 14 (70.0) 27 (87.1) 0.307
 PD 10 (19.6) 6 (30.0) 4 (12.9)

Tumor size, cm
  < 4 32 (62.7) 14 (70.0) 18 (58.1) 0.573
  ≥ 4 19 (37.3) 6 (30.0) 13 (41.9)

Depth of invasion
  < 2/3 16 (31.4) 6 (30.0) 10 (32.3) 0.999
  ≥ 2/3 35 (68.6) 14 (70.0) 21 (67.7)

LVSI
 Negative 16 (31.4) 6 (30.0) 10 (32.3) 0.999
 Positive 35 (68.6) 14 (70.0) 21 (67.7)

Perineural invasion
 Negative 37 (72.5) 11 (55.0) 26 (83.9) 0.053
 Positive 14 (27.5) 9 (45.0) 5 (16.1)

Parametrial involvement
 Negative 22 (43.1) 8 (40.0) 14 (45.2) 0.941
 Positive 29 (56.9) 12 (60.0) 17 (54.8)

Parametrial RM
 Negative 32 (62.7) 10 (50.0) 22 (71.0) 0.224
 Close or positive 19 (37.3) 10 (50.0) 9 (29.0)

Vaginal RM
 Negative 9 (17.6) 8 (40.0) 1 (3.2) 0.003
 Close or positive 42 (82.4) 12 (60.0) 30 (96.8)

Lymph node status
 Negative 29 (56.9) 13 (65.0) 16 (51.6) 0.457
 Pelvic 18 (35.3) 5 (25.0) 13 (41.9)
 Para-aortic 4 (7.8) 2 (10.0) 2 (10.0)

WPRT dose (cGy)
 Median (range) 5040 (4500–5580) 5040 (4500–5580) 5040 (4500–5580) 0.134

Concurrent CT
 No 13 (25.5) 7 (35.0) 6 (19.4) 0.356
 Yes 38 (74.5) 13 (65.0) 25 (80.6)
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more frequently than those with negative vaginal RM 
(p = 0.003).

Treatment outcomes and pattern of failure

The median follow-up period was 41  months (range: 
6–166 months). The 4-year LC, LRC, PFS, and OS rates 
were 81.2%, 69.5%, 64.5%, and 75.2%, respectively. Accord-
ing to RT modality, the 4-year LC, LRC, PFS, and OS rates 
of patients treated by WPRT-alone were 61%, 61%, 61%, 
and 71.5%, respectively, whereas these rates in patients who 
underwent WPRT with boost RT treatment were 93.2%, 
75.3%, 67.5%, and 77.3%, respectively (p = 0.005, p = 0.090, 
p = 0.400, and p = 0.500, respectively) (Fig. 1).

During the follow-up period, 17 patients (33.3%) expe-
rienced disease recurrence. The patterns of failure at the 
time of the first recurrence are shown in Table 2. Cancer 
spread to multiple sites simultaneously in some patients. 
The median interval of recurrence was 13 months (range: 
5–114 months). Seven patients (35.0%) had local recur-
rence in the WPRT-alone group, whereas only 2/31 patients 
(6.5%) had local relapse in the WPRT with boost-RT group 
(p = 0.025). However, distant recurrence at the time of the 
first counterpart was only found in the WPRT with boost-RT 
group (29.0%) compared to the WPRT-alone group (0.0%; 
p = 0.023).

Prognostic factors

Prognostic factors associated with disease recurrence and 
survival were analyzed. Detailed analysis results of the 
prognostic factors for LC and LRC are shown in Table 3. 
Boost-RT after WPRT remained a strong predictor of bet-
ter LC (hazard ratio [HR]: 0.09, 95% confidence interval 
[CI] 0.01–0.60; p = 0.013) and LRC (HR: 0.04, 95% CI 
0.00–0.52; p = 0.013) by multivariate analysis. The pres-
ence of LN metastasis was also an important prognostic 
factor for worse LC (HR: 12.42, 95% CI 1.12–138.13; 
p = 0.040 for para-aortic LN) and LRC (HR: 15.12, 95% CI 
1.17–194.80; p = 0.037 for pelvic LN, HR: 784.70, 95% CI 
7.34–83,860.00; p = 0.005 for para-aortic LN). Furthermore, 
large primary tumors (HR: 27.27, 95% CI 2.23–333.00; 
p = 0.010) and deep stromal invasion (DSI; HR: 5.49, 95% 
CI 1.30–23.12; p = 0.020) were also associated with worse 
LRC.

Analysis of the prognostic factors of PFS and OS are 
summarized in Table 4. Poorly differentiated (PD) carci-
noma and DSI were independent poor prognostic factors 
influencing PFS (HR: 9.62, 95% CI 2.27–40.78; p = 0.002 
for PD, HR: 4.61; 95% CI 1.51–14.09; p = 0.007 for DSI) 
and OS (HR: 4.72, 95% CI 1.56–14.33; p = 0.006 for PD, 
HR: 2.82; 95% CI 1.01–7.92; p = 0.048 for DSI). SCC histol-
ogy was a good prognostic factor for PFS (HR: 0.15, 95% CI 
0.04–0.58; p = 0.006).

Fig. 1   Kaplan–Meier curves of A local control, B locoregional control, C progression-free survival, and D overall survival by radiation therapy 
modality

Table 2   Patterns of failure at 
the time of first recurrence by 
treatment

No Number, WPRT whole pelvis radiation therapy

Sites of recurrence Total (n = 51) No. 
(%)

WPRT-alone (n = 20) 
No. (%)

WPRT + boost (n = 31) 
No. (%)

p-value

Recurrence 17 (33.3) 7 (35.0) 10 (32.3) 0.999
Local recurrence 9 (15.7) 7 (35.0) 2 (6.5) 0.025
Local only 6 (11.8) 5 (25.0) 1 (3.2) 0.056
Regional recurrence 7 (13.7) 2 (10.0) 5 (16.1) 0.838
Distant metastasis 9 (15.7) 0 (0.0) 9 (29.0) 0.023
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Toxicity

The treatment was tolerated in all patients who received 
either WPRT with/without boost-RT. As shown in Table 5, 
15 patients (29.4%) experienced Grade 2 acute toxicity. No 
acute toxicity ≥ Grade 3 was observed. Three patients expe-
rienced both gastrointestinal and genitourinary toxicities. 

The former was observed in nine (17.6%) patients, includ-
ing proctitis (seven) and nausea (two). Genitourinary toxic-
ity was observed in nine (17.6%) patients, including cystitis 
(six) and urinary frequency (three). Although the incidence 
of acute toxicity in patients treated by WPRT with boost-RT 
(35.5%) was higher than that of WPRT-alone (20.0%), the 
difference was not statistically-significant (p = 0.384).

Table 3   Prognostic factors of local control and locoregional control

HR Hazard ratio, FIGO International federation of gynecology and obstetrics, Adenoca adenocarcinoma, SCC squamous cell carcinoma, WD 
well differentiated, MD moderately differentiated, PD poorly differentiated, LVSI lymphovascular space invasion, WPRT whole pelvis radiation 
therapy
*Statistically significant in the multivariate analysis

Variable Local control Locoregional control

Univariate Multivariate Univariate Multivariate

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

Age 0.95 (0.91–1.00) 0.044 0.96 (0.92–1.00) 0.036
FIGO stage
 IA-IB Reference Reference
 IIA-IIB 2.40 (0.25–23.04) 0.450 3.14 (0.32–31.11) 0.329
 IIIA-IIIC 4.16 (0.50–34.55) 0.187 9.45 (1.17–76.60) 0.035

Histology
 Adenoca/adnoscc Reference Reference
 SCC 2.35 (0.29–18.83) 0.419 0.85 (0.23–3.10) 0.803

Grade of differentiation
 WD/MD Reference Reference Reference
 PD 12.60 (3.08–

51.44)
 < 0.001 3.77 (1.12–138.13) 0.147 5.90 (1.94–17.92) 0.002

Tumor size
  < 4 Reference Reference Reference
  ≥ 4 2.13 (0.57–7.93) 0.261 3.20 (1.04–9.87) 0.043 27.27 (2.23–333.00) 0.010*

Depth of invasion
  < 2/3 Reference Reference Reference
  ≥ 2/3 2.25 (0.80–6.34) 0.123 3.43 (1.20–9.80) 0.022 5.49 (1.30–23.12) 0.020*

LVSI
 Negative Reference Reference
 Positive 5.39 (0.68–42.68) 0.110 7.39 (0.96–56.75) 0.054

Perineural invasion
 Negative Reference Reference Reference
 Positive 7.19 (1.79–28.88) 0.005 7.50 (2.50–22.56)  < 0.001 4.22 (0.98–18.25) 0.054

Parametrial involvement
 Negative Reference Reference Reference
 Positive 7.23 (0.90–57.90) 0.062 4.41 (1.19–16.39) 0.027 0.06 (0.00–1.13) 0.061

Lymph node status
 Negative Reference Reference Reference Reference
 Pelvic 2.35 (0.53–10.51) 0.263 1.21 (0.19–7.72) 0.839 4.12 (1.23–13.87) 0.022 15.12 (1.17–194.80) 0.037*
 Para-aortic 9.03 (1.47–55.64) 0.018 12.42 (1.12–138.13) 0.040* 8.05 (1.42–45.62) 0.019 784.70 (7.34–

83,860.00)
0.005*

RT modality
 WPRT-alone Reference Reference Reference Reference
 WPRT + boost 0.14 (0.03–0.69) 0.015 0.09 (0.01–0.60) 0.013* 0.40 (0.13–1.20) 0.104 0.04 (0.00–0.52) 0.013*
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Eight (15.7%) patients developed Grade 2 late tox-
icities, half of which were associated with acute toxic-
ity, and the rest being newly-developed. Late toxicity 
included proctitis in two (3.9%), urinary incontinence in 
two (3.9%), and cystitis in four (7.9%). There was no late 

toxicity of ≥ Grade 3, such as fistula formation or urinary 
tract stricture. The incidence of late toxicity was higher in 
the WPRT with boost-RT group (19.3%) compared to the 
WPRT-alone group (10.0%), but the difference was not 
statistically-significant (p = 0.615).

Table 4   Prognostic factors of progression-free survival and overall survival

HR Hazard ratio, FIGO International federation of gynecology and obstetrics, Adenoca adenocarcinoma, SCC squamous cell carcinoma, WD 
well differentiated, MD Moderately differentiated, PD poorly differentiated, LVSI lymphovascular space invasion, WPRT whole pelvis radiation 
therapy
*Statistically significant in the multivariate analysis

Variable Progression-free survival Overall survival

Univariate Multivariate Univariate Multivariate

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

Age 0.97 (0.93–1.00) 0.058 0.94 (0.89–0.98) 0.847 1.00 (0.96–1.04) 0.847
FIGO stage
 IA-IB Reference Reference
 IIA-IIB 5.25 (0.60–45.95) 0.134 1.77 (0.34–9.17) 0.496
 IIIA-IIIC 10.19 (1.28–81.04) 0.028 3.30 (0.67–16.25) 0.142

Histology
 Adenoca/adnoscc Reference Reference Reference
 SCC 0.37 (0.13–1.01) 0.053 0.15 (0.04–0.58) 0.006* 0.55 (0.17–1.79) 0.322

Grade of differentiation
 WD/MD Reference Reference Reference Reference
 PD 5.64 (2.05–15.51) 0.001 9.62 (2.27–40.78) 0.002* 6.50 (2.07–20.43) 0.001 4.72 (1.56–14.33) 0.006*

Tumor size
  < 4 Reference Reference Reference
  ≥ 4 3.33 (1.20–9.20) 0.020 2.79 (0.91–8.53) 0.072 2.26 (0.81–6.27) 0.119

Depth of invasion
  < 2/3 Reference Reference Reference Reference
  ≥ 2/3 3.73 (1.32–10.52) 0.013 4.61 (1.51–14.09) 0.007* 3.18 (1.15–8.81) 0.026 2.82 (1.01–7.92) 0.048*

LVSI
 Negative Reference Reference
 Positive 4.35 (0.99–19.10) 0.052 1.35 (0.43–4.26) 0.604

Perineural invasion
 Negative Reference Reference
 Positive 4.58 (1.76–11.96) 0.002 1.93 (0.68–5.43) 0.214

Parametrial involvement
 Negative Reference Reference
 Positive 3.70 (1.17–11.66) 0.026 2.73 (0.85–8.73) 0.091

Lymph node status
 Negative Reference Reference
 Pelvic 3.00 (1.06–8.49) 0.039 2.02 (0.64–6.43) 0.233

Para-aortic 5.28 (1.04–26.88) 0.045 3.77 (0.74–19.25) 0.110
RT modality
 WPRT-alone Reference Reference
 WPRT + boost 0.65 (0.24–1.74) 0.387 0.72 (0.26–2.00) 0.525
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Discussion

The optimal AT strategy for cervical cancer patients with 
close/positive RM following surgery remains unclear. 
Current treatment guidelines recommend boost-RT using 
brachytherapy as a treatment option [8, 9]. To establish the 
effect of boost-RT, we compared the treatment outcomes 
and toxicities of WPRT with/without boost-RT in patients 
with close/positive RM. Boost-RT was associated with 
improvements in LC and LRC, and all toxicities observed 
were at clinically-acceptable levels. The incidence of acute 
and late toxicities was not significantly different between 
the two groups.

Our results regarding the effect of boost-RT in the AT 
setting after hysterectomy are consistent with prior studies 
[12, 13]. Lee et al. investigated differences in treatment out-
comes using adjuvant WPRT with/without brachytherapy 
in patients with close/positive vaginal RM [13]. The 5-year 
LC rate was significantly higher in the WPRT with brachy-
therapy group than in the WPRT-alone counterpart (100% 
vs. 81.3%, p = 0.022). The acute and late toxicity rates were 
not significantly different. Ager et al. evaluated the impact 
of brachytherapy boost and dose-escalated external-beam-
RT (EBRT) on OS in patients with positive RM following 
hysterectomy, using the National Cancer Database [14]. The 
addition of brachytherapy to WPRT significantly improved 
OS compared to WPRT-alone. Three-year OS was 73% and 
81% for patients who received WPRT-alone and WPRT with 
brachytherapy, respectively (p = 0.017). However, dose-
escalated EBRT was not associated with OS improvement 
(p = 0.450). Since dose-escalated EBRT was simply defined 
as 5040 cGy or more, it is believed that a considerable num-
ber of patients in the dose-escalation group could not receive 
a sufficient dose to improve OS.

The 4-year PFS rates of the patients who received 
WPRT-alone and WPRT with boost-RT were 61% and 
67.5%, respectively, and their OS rates were 71.5% and 
77.3%, respectively. Although a sufficient dose of boost-RT 
improved LC and LRC, it did not result in statistically-sig-
nificant improvements in PFS or OS. There are two potential 
reasons for this. First, the sample size may have been too 

small. Second, the addition of boost-RT may have changed 
the pattern of failure. The main failure pattern in patients 
receiving WPRT-alone was a local recurrence, whereas in 
patients receiving WPRT with boost-RT, it was a distant 
recurrence. The incidence of distant recurrence was higher 
in the boost-RT group. These results are consistent with 
those of previous studies. The predominant failure pattern 
after WPRT-alone is locoregional failure [15]. Although 
locoregional failure is reduced, distant failure accounts for 
most treatment failures among patients receiving WPRT 
with boost-RT [12, 16]. Lee et al. also reported more dis-
tant recurrence after treatment with WPRT with boost-RT 
(13.4%) than with WPRT-alone (6.7%), although the differ-
ence was not statistically-significant (p = 0.671) [13].

Based on these findings, additional CT may play an 
important role in controlling distant metastasis in patients 
with improved LC and LRC by boost-RT. This would lead 
to improvements in OS by lowering distant metastasis, 
especially in patients at high risk of recurrence. To test 
this hypothesis directly, the GOG 724 trial, which evalu-
ates high-risk patients after surgery, randomly allocated to 
receive either concurrent chemoradiation therapy (CCRT) 
-alone or CCRT followed by additional CT, has been ongo-
ing since 2009 [17].

Furthermore, we identified other prognostic factors 
associated with disease control/survival, besides RT 
modality. LN status is also a significant prognostic factor 
for LC and LRC. Many studies have clearly identified LN 
metastasis as a major risk factor [18–20]. Koh et al. docu-
mented that ~ 40% of patients with LN metastasis expe-
rienced pelvic recurrence [21]. Although LN status was 
not associated with PFS or OS in this study, it was con-
firmed that OS of cervical cancer patients decreased with 
increasing numbers of positive LNs [22]. Primary tumor 
size and depth of invasion (DOI) were also prognostic fac-
tors for LRC. Histological type, DOI, and differentiation 
grade were independent prognostic factors for PFS and/
or OS. Adenocarcinoma and adenosquamous carcinoma 
have been associated with poorer prognoses than SCC in 

Table 5   Treatment related 
toxicity

No Number, WPRT whole pelvis radiation therapy

Total (n = 51) 
No. (%)

WPRT-alone 
(n = 20) No. (%)

WPRT + boost 
(n = 31) No. (%)

p-value

Grade 2 acute toxicity 15 (29.4) 4 (20.0) 11 (35.5) 0.384
 Gastrointestinal toxicity 9 (17.6) 2 (10) 7 (22.6) 0.439
 Genitourinary toxicity 9 (17.6) 2 (10) 7 (22.6) 0.439

Grade 2 late toxicity 8 (15.7) 2 (10.0) 6 (19.4) 0.615
 Gastrointestinal toxicity 2 (3.9) 1 (5.0) 1 (3.2) 0.999
 Genitourinary toxicity 7 (13.7) 2 (10) 5 (16.1) 0.838
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cervical cancer [23]. A large primary tumor and DSI are 
known to be intermediate prognostic factors that increase 
recurrence risk when combined with lymphovascular space 
invasion (LVSI), confirmed to be a significant prognostic 
factor only in the univariate analysis in this study, rather 
than increasing the recurrence rate by itself [24, 25]. Ryu 
et al. showed that adenocarcinoma, large primary tumor 
size, DSI, and LVSI were associated with disease recur-
rence and designed recurrence-predicting modeling using 
these four factors. The presence of any two may be useful 
for predicting disease recurrence [26]. Other researchers 
have also confirmed that PD carcinoma is associated with 
poor treatment outcomes [27, 28].

In addition to its retrospective nature, this study has 
some limitations. A selection bias may have been intro-
duced by physicians when selecting the AT modality. 
CCRT is currently the standard treatment for patients 
with close/positive RM; however, 25% of the patients 
were treated with RT alone without concurrent CT. This 
may have affected the treatment outcomes. This study 
included a relatively small number of patients, which may 
have affected the result generalizability. Despite these, this 
study suggests the feasibility of boost-RT following WPRT 
in patients with close/positive RM following hysterectomy.

Conclusion

WPRT with boost-RT improved LC and LRC without 
increasing toxicity in cervical cancer patients with close/
positive RM after hysterectomy. Our findings support the 
current treatment guidelines for adding boost-RT after 
WPRT as an AT for patients with close/positive RM 
margins. However, the main pattern of failure changed 
from local recurrence to distant recurrence after boost-
RT, which did not improve the PFS or OS to the expected 
extent. Our results further confirmed that the already-
known high and intermediate risk factors for recurrence 
and survival, such as histologic type, grade of differentia-
tion, primary tumor size, DOI, and LN metastasis were 
valid in patients with close/positive RM. Based on these 
findings, additional CT may play an important role in con-
trolling distant metastasis in patients with improved LC 
and LRC after boost-RT. This could lead to improvements 
in OS, particularly in patients with poor prognostic factors.
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