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Abstract
The aim of this study was to analyze tumor control and clinical outcomes of patients with uterine cervical cancer treated by
chemoradiotherapy according to pelvic lymph node (PLN) positivity and boost irradiation to PLN and to determine toxicities
associated with boost irradiation.
We retrospectively reviewed patients with uterine cervical cancer treated with chemoradiotherapy between March 2000 and April

2015. Clinical characteristics, failure pattern, and survival outcomes of patients with or without PLN metastasis and those with or
without boost irradiation were analyzed.
A total of 80 cases were PLN-negative and 46 were PLN-positive. A total of 11 patients underwent PLN boost irradiation. The 2-

year and 5-year overall survival (OS) rates showed significant difference between the PLN-positive and PLN-negative groups
(P= .010). The 2-year and 5-year progression-free survival (PFS) rates showed significant difference between the 2 groups (P= .032).
The 2-year and 5-year OS rates of the no-boost irradiation group were 82.9% and 58.3%, respectively, whereas all patients in the
boost irradiation group were alive at the time of analysis (P= .065). There was no recurrence in the boost irradiation group. The
difference in PFS was significant between the boost and the no-boost irradiation groups (P= .023). The 2-year and 5-year pelvic-
recurrence free survival (PRFS) did not show significant difference but the tendency of increased risk of pelvic recurrence in no-boost
group (boost vs no-boost; 81.9% and 70.2% vs 100% and 100% in 2-year and 5-year PRFS, respectively, P= .156). Boost
irradiation to PLN could improve locoregional control especially in large pelvic LN (≥1.5cm). Our results showed that only 1 acute and
late toxicity of higher than grade 3 occurred.
PLN metastasis was significant prognostic factor in cervix cancer treated by chemoradiotherapy. In the boost irradiation group,

there was no recurrence or death with significantly better PFS. Boost irradiation to PLN is expected to improve locoregional control,
but further follow-up and assessment are needed.

Abbreviations: CI = confidence interval, CR = complete response, CT = computed tomography, EBRT = external beam
radiotherapy, ECOG = Eastern Cooperative Oncology Group, EFRT = extended field radiotherapy, FIGO = International Federation
of Gynecology and Obstetrics, GI = gastrointestinal, GU = genitourinary, Hb = hemoglobin, HDR-ICR = high-dose-rate intracavitary
brachytherapy, HR = hazard ratio, IMRT = intensity modulated radiation therapy, IRB = Institutional review board, LN = lymph node,
MRI =magnetic resonance imaging, NA = not available, OS = overall survival, PC = pelvic control, PFS = progression free survival,
PLN = pelvic lymph node, PR = partial response, PRFS = pelvic-recurrence free survival, RECIST = Response Evaluation Criteria in
Solid Tumors, RTOG = Radiation Therapy Oncology Group, SCC = squamous cell carcinoma, SCC Ag = squamous cell carcinoma
antigen, SD = stable disease, SUVmax = maximum standard uptake value.
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1. Introduction

Uterine cervical cancer is the fourth common female malignancy.
A total of 528,000 new cases were diagnosed worldwide in
2012.[1] According to the statistics in Republic of Korea, 3633
new cases of uterine cervical cancer were diagnosed (7th common
female cancer prevalence) and 892 cancer deaths (9th common
female mortality rate) were reported in 2013.[2] Treatment of
locally advanced cervical cancer has been changed from
hysterectomy and lymphadenectomy to concurrent chemo-
radiation as a curative treatment.With improvement in treatment
modality, cancer mortality rate is decreasing over time.
It has been reported that lymph node (LN) positivity is the most

significant prognostic factor for recurrence and death of patients
with cervical cancer, followed by the size of primary mass.[3] A
study has reported that the 5-year survival rate is reduced from
85% to 90% to 30% to 50% in patients with positive pelvic
lymph nodes (PLNs).[4] Before the era of concurrent chemo-
radiation, surgical resection of metastatic LNs was the mainstay
of treatment. Incidence of LN involvement in uterine cervical
cancer after hysterectomy has been reported to be more than
11.4% in stage IB and 21.5% in stage IIB disease.[5] Furthermore,
positive PLNs frequently lead to para-aortic nodal spread and
systemic dissemination of the disease. Therefore, many studies
have been conducted on prophylactic irradiation of the para-
aortic nodal area.[6–9]

In many facilities, boost irradiation is used empirically if LNs
are involved. However, few reports have clearly demonstrated
the benefit of boost irradiation on the involved LNs or the
adequate dose of boost irradiation.[10,11] Some studies have
expressed concern that giving high-dose boost irradiation to
pelvic nodes might increase the risk of acute or late genitourinary
(GU) and gastrointestinal (GI) toxicities. Therefore, the objective
of this study was to examine tumor control and clinical outcomes
according to PLN positivity and boost irradiation to PLNs. We
also determined the toxicities associated with boost irradiation.
2. Methods

2.1. Patients

BetweenMarch 2000 and April 2015, a total of 222 patients with
uterine cervical cancer received concurrent chemoradiation
therapy on the pelvis with curative intent in the Department of
Radiation Oncology at Seoul St. Mary’s Hospital and Uijeongbu
St. Mary’s Hospital. Of these patients, 87 patients who did not
have pelvic magnetic resonance imaging (MRI) or computed
tomography (CT), so that PLN positivity cannot be determined, 4
patients who received neoadjuvant chemotherapy, 1 patient who
was diagnosed of microinvasive carcinoma in biopsy, and 4
patients who had follow-up loss were excluded. The remaining
126 patients were analyzed in this study. The following inclusion
criteria were used: International Federation of Gynecology and
Obstetrics (FIGO) stage IB–IVA without para-aortic node
involvement or distant metastasis at initial diagnosis. Patients
were initially evaluated by taking medical history, performing
pelvic and physical examination by experienced gynecologists,
and acquiring routine hematologic and serum chemistry results
including squamous cell carcinoma antigen (SCC Ag). All
patients underwent pathologic diagnosis by biopsy. Imaging
studies included abdominal and pelvic CT, MRI, or 18F-fluoro-2-
deoxy-D-glucose positron emission tomography (FDG-PET) scan
before treatment. A positive LN was defined when a short axis
length was greater than 1cm on CT and/or MRI or a maximum
2

standard uptake value (SUVmax) was higher than the back-
ground blood pool activity measured in the thoracic aorta or
normal liver parenchymal activity. This study was approved by
the institutional review board (Seoul St. Mary’s Hospital and
Uijeongbu St. Mary’s Hospital, College of Medicine, The
Catholic University of Korea, reference number: XC16RI-
MI0079K, XC16RIMI0079U) and informed consent was
waived.
2.2. Radiotherapy

Patients were treated with external beam radiotherapy (EBRT)
followed by high-dose rate intracavitary brachytherapy (HDR-
ICR). All 126 patients received external irradiation to the whole
pelvis with 15-MV photons. They underwent CT simulation
using an immobilization device for RT planning. All EBRT was
planned using Pinnacle treatment planning system (Philips,
Amsterdam, The Netherlands). Primary tumor mass, enlarged
LNs, the entire uterus, adequate vagina, parametrium, internal,
and external iliac lymphatic chain were included in the whole
pelvic field. The 4-box technique was used with parallel-opposed
anteroposterior-posteroanterior and 90° and 270 ° lateral ports.
EBRT was delivered at a total dose up to 50.4Gy in 28 fractions
over 5 to 6 weeks. Initial 45Gy was delivered to the whole pelvis.
Then, 5.4Gy was administered with a midline block. For patients
of enlarged PLN in pretreatment CT/MRI or metabolically active
nodes in FDG-PET, boost irradiation was delivered using 4-field
box technique. Planning target volumes were defined 1 to 1.5cm
expansions of gross enlarged nodes.
High-dose rate intracavitary radiotherapy was applied in 119

patients using Ir-192 source after EBRT. HDR brachytherapy
treatment plan was calculated with Nucletron’s PLATO and
Oncentra MasterPlan treatment planning systems (Nucletron
BV, Veenendaal, The Netherlands). A total dose of 20 to 35Gy in
4 to 6 fractions (median, 30Gy in 6 fractions) prescribed to A-
points was delivered with HDR-ICR. In this study, the delivered
dose with brachytherapy was not considered in the analysis of the
total dose to the LNs because brachytherapy was performed with
2D plan in these cases.
2.3. Chemotherapy

Concurrent chemotherapy was administered to all patients.
Ninety-nine patients were treated with 5 to 6 cycles of weekly
cisplatin (40mg/m2) or tri-weekly cisplatin (40mg/m2) with
etoposide (60mg/m2). Twenty-seven patients received 2 or 3
cycles of carboplatin (area-under-the-curve 5) with etoposide or
paclitaxel (175mg/m2) every 3 weeks.
2.4. Follow-up and evaluation criteria

Patients were evaluated every 3 months for 2 years after
completion of treatment. Then, they were then evaluated every 6
months for 3 years. Each time they visited, medical history,
physical examination, and pelvic examination were performed.
Additional follow-up imaging studies such as abdomen and
pelvic CT and/or MRI for response evaluation were done
between 3 and 6 months after completion of treatment.
Treatment failures were classified as local recurrence, regional
PLN recurrence, and distant metastasis. Clinical response was
determined using the Response Evaluation Criteria in Solid
Tumors (RECIST) criteria based on the follow-up abdomino-
pelvic CT and/or MR.[12]
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Toxicity was objectively scored according to the Common
Terminology Criteria for Adverse Events version 4.0.[13] In this
study, toxicities of higher than grade 3 were recorded. Acute
toxicities were defined as radiation-induced complication
occurring within 3 months after the beginning of radiation
therapy. Late toxicities were defined as those occurring after 3
months.
Time to recurrence or progression was measured from the date

of pathologic diagnosis to the date of documented event. Overall
survival (OS) was defined as the time from pathologic diagnosis
of cervix cancer to the date of death of any cause or the date of the
last follow-up. Progression-free survival (PFS) was defined as the
time from pathologic diagnosis to the date of first failure at any
site or the date of the last follow-up or death. Pelvic control (PC)
was defined as primary and pelvic nodal control, and pelvic-
recurrence free survival (PRFS) was defined the time from
pathologic diagnosis to the date of first pelvic-recurrence or the
date of the last follow-up or death.
2.5. Statistical analysis

Survival proportions were estimated using the Kaplan–Meier
method. To identify prognostic factors independently associ-
ated with survival and to estimate hazard ratios (HR), log-
rank test and Cox proportional hazards model were applied.
Chi-square test and Fisher exact test, Cochran–Armitage
trend test or t test were used for statistical analysis to
determine the correlation between categorical variables. All
tests were 2-sided. A P value of less than .05 was considered
as statistically significant. All statistical analyses were
performed using the Statistical Analysis System (SAS)
software package version 9.2 for Windows (SAS Institute
Inc., Cary, NC). The statistical consultation was supported by
a Catholic Medical College Cinical Research Coordinating
Center (CMC CRCC).
Table 1

Clinical characteristics in patients according to pelvic lymph node (P

Entire patients
(n = 126)

Age, y Median (range) 60.5 (27–85)
ECOG (%) �1 93 (73.8)

33 (26.2)
FIGO stage (%) IB 4 (3.2)

IIA 3 (2.4)
IIB 92 (73.0)
IIIA 10 (7.9)
IIIB 10 (7.9)
IVA 7 (5.6)

Histology (%) SCC 117 (92.9)
Adenocarcinoma 7 (5.6)
Others 2 (1.6)

Primary tumor size, cm Median (range) 4.1 (1.2–8.5)
Parametrial invasion Present 119 (94.4)
(%) Absent 7 (5.6)
Pretreatment Hb, Median (range) 11.9
g/dL (6.7–14.6)
Pretreatment SCC Ag, Median (range) 4.7
ng/mL (0.20–102.13)

Datas are presented as n (%) for categorical variables and median (min-max) for continuous variables.
P values are calculated using Chi-square test, Fisher exact test, Cochran–Armitage trend test, or t tes
ECOG=Eastern Cooperative Oncology Group, FIGO= International Federation of Gynecology and Obste
squamous cell carcinoma antigen, SCC= squamous cell carcinoma.
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3. Results

3.1. Tumor and patient characteristics

Among the 126 patients, 80 were PLN-negative while 46 were
PLN-positive. Median follow-up duration was 43.1 months
(range; 3.5–183.9 months). Age and performance status (Eastern
Cooperative Oncology Group or ECOG) at the time of diagnosis,
FIGO stage, pathologic diagnosis, initial primary tumor size,
parametrial invasion, hemoglobin, and SCC Ag levels before
treatment were compared between the 2 groups. There was no
significant difference in tumor or patient characteristics between
the 2 groups except age and pretreatment SCC Ag levels. After
whole pelvic irradiation, 11 out of the 46 PLN-positive patients
received additional radiation boosts of 5.4 to 14.4Gy (median,
5.4Gy) in 3 to 8 fractions to the enlarged LNs. CT and/or MRI
was done once again after the completion of EBRT and before the
initiation of intracavitary brachytherapy. The determination of
boost was based on the size of the initial LN and follow-up
imaging studies were used for boost planning and intracavitary
radiation. Tumor and patient characteristics of all patients are
summarized in Table 1. Age was significantly different in PLN-
negative and positive groups (median, 63 vs 56; P� .0001).
Those of patients with positive PLN are summarized in Table 2.
3.2. Treatment outcomes

Initial clinical response was evaluable for 124 patients after the
treatment (median; 43 days, range; 35–81 days). Complete
response (CR) and partial response (PR) were identified in 102
and 22 patients, respectively, in the entire patients.
Among the 11 patients who received pelvic node boost

irradiation, 8 (72.7%) and 3 (27.2%) had CR and PR,
respectively, for primary tumor. Of the 35 patients who did
not receive pelvic nodal boost, 26 patients (73.7%) and 8 patients
(22.9%) had CR and PR, respectively, and 1 patient did not have
LN) positivity.

No LN involvement
(n=80)

LN involvement
(n=46) P

63 (43–85) 56 (27–83) <.0001
55 (68.8) 38 (82.6) .089
25 (31.3) 8 (17.4)
4 (5) 0 .16
1 (1.3) 2 (4.4)
59 (73.8) 33 (71.7)
8 (10) 2 (4.4)
5 (6.3) 5 (10.9)
3 (3.8) 4 (8.7)
74 (92.5) 43 (93.5) .839
5 (6.3) 2 (4.4)
1 (1.3) 1 (2.2)
4 (1.2–8.5) 4.3 (2.1–8.0) .134
75 (93.8) 44 (95.7) 1
5 (6.3) 2 (4.4)
12.1 11.5 .065
(6.7–14.5) (8.5–14.6)

3.9 10.1 .053
(0.20–102.13) (1.09–62.83)

t.
trics, Hb=hemoglobin, LN= lymph node, NA=not available, PLN=pelvic lymph node, SCC Ag=
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Table 2

Clinical characteristics in patients according to lymph node boost.

No LN boost (n=35) LN boost (n=11) P

Age, y Median (range) 57 (27–83) 53 (34–70) .958
ECOG (%) �1 27 (77.1) 11 (100) .169

>2 8 (22.9) 0
FIGO stage (%) IB 0 0 .451

IIA 2 (5.7) 0
IIB 23 (65.7) 10 (90.9)
IIIA 2 (5.7) 0
IIIB 5 (14.3) 0
IVA 3 (8.6) 1 (9.1)

Histology (%) SCC 32 (91.4) 11 (100) .604
Adenocarcinoma 2 (5.7) 0
Others 1 (2.9) 0

Number of node(s) 1 20 (58.8) 4 (44.4) .1
2 14 (41.2) 3 (33.3)
3 0 2 (22.2)

Size of node(s), cm Median (range) 1.35 (0.8–5.0) 2.8 (0.8–9.2) .448
Primary tumor size, cm Median (range) 4.1 (2.2–7.2) 4.5 (2.1–8.0) .134

>4 19 (54.3) 9 (81.8) .16
Parametrial invasion (%) Present 33 (94.3) 11 (100) 1

Absent 2 (5.7) 0
Pretreatment Hb, g/dL Median (range) 11.4 (8.5–14.6) 11.7 (9.2–13.5) .845
Pretreatment SCC Ag, ng/mL Median (range) 9.28 (1.09–62.83) 12.94 (1.56–22.79) .724

Datas are presented as n (%) for categorical variables and median (min-max) for continuous variables.
P values are calculated using Chi-square test, Fisher exact test, Cochran–Armitage trend test, or t test.
ECOG=Eastern Cooperative Oncology Group, FIGO= International Federation of Gynecology and Obstetrics, Hb=hemoglobin, LN= lymph node, NA=not available, SCC Ag= squamous cell carcinoma antigen,
SCC= squamous cell carcinoma.
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information available. The response for pelvic nodes in the boost
group was CR in 9 patients (81.8%) and PR in 2 patients
(18.2%). Among the 35 patients who did not receive a boost, 28
(79.3%), 5 (14.3%), and 1 (2.9%) hadCR, PR, and stable disease
(SD), respectively, and 1 patient did not have information
available.
3.3. Survival outcomes
3.3.1. Effect of PLN status on OS and PFS. Thirty-three
(26.2%) patients had expired at the time of analysis. The number
of cancer-specific death was 25 (75.8% of total death). Nineteen
of them died of recurrence of the disease and other 6 of cancer-
specific death were the patients with persistent disease after
chemoradiation and death without disease progression or
recurrence. The number of initial recurrence was 24 patients,
which were 14 in local recurrence, 2 in regional recurrence, and
14 in distant recurrence, including overlapping. In all patients,
the 2-year and 5-year OS rates were 90.8% and 76.1%,
respectively. The 2-year and 5-year PFS rates were 77.7% and
67.7%, respectively.
We performed Kaplan–Meier survival analysis to analyze OS

and PFS according to PLN positivity. Results are shown in Fig. 1.
A significant difference in 2-year and 5-year OS rates was
observed between the two groups (2-year and 5-year OS; 86.8%
and 63.6%, respectively, in the group with positive node vs.
92.5% and 81.0%, respectively, in the node negative group,
P= .010). The 2-year and 5-year PFS rates were 64.6% and
61.0%, respectively, in the LN-positive group, and 85.1% and
71.4%, respectively, in the LN-negative group. There was
significant difference (P= .032) in PFS between the 2 groups.

3.3.2. Initial pattern of failure according to PLN status.
Among 80 PLN-negative patients, local recurrence occurred in 7
patients. One patient had a regional recurrence in both iliac and
4

both inguinal nodal chains. Therefore, the patient underwent
reirradiation using intensity-modulated radiotherapy (IMRT).
There were 7 patients with distant failure. All these patients had
their disease spread to distant organs such as liver, lung, and
ovary except 1 who had a left para-aortic nodal recurrence.
Among46PLN-positivepatients, 7 patientshad local recurrence

in the primary mass and 1 patient had nodal recurrence in right
obturator. Seven cases of distant failure were observed with
metastases to the lung and ovary in 3 patients. In the other 4
patients, distant failure was confined to nodal areas such as
supraclavicular, axillary, retroperitoneal, and para-aortic nodes.
There was no recurrence or failure in the boost irradiation group.
We also analyzed node size for pelvic nodal control in the PLN-

positive patients. Twenty-one patients with nodes sized ≥1.5cm
and 22 patients nodes sized<1.5cmwere compared. In the group
with nodes size ≥1.5cm, initial response of LN was significantly
worse than that in group with nodes size less than 1.5cm
(P= .007). However, there was no significant difference in
regional control, OS, or PFS (P= .365, P= .459, and P= .4,
respectively).

3.3.3. Effect of PLN boost irradiation on OS and PFS, and
PRFS.We compared the 2-year and 5-year PFS and OS between
the boost irradiation group and the no-boost group. The ranges
of follow-up period for the pelvic boost group and the no-boost
group were 6.22 to 160.95 months (median; 18.65 months) and
7.14 to 183.88months (median; 44.11months), respectively. The
2-year and 5-year OS rates in the no-boost group were 82.9%
and 58.3%, respectively, whereas all patients in the boost
irradiation group were alive at the time of analysis (P= .065). The
2-year and 5-year PFS were 55.9% and 52.4%, respectively, in
the no-boost group. On the contrary, there was no recurrence in
the boost group with significant difference (P= .023). Survival
curves in boost and no-boost group are shown in Fig. 2.



Figure 1. Kaplan–Meier curves for (A) OS, (B) PFS in PLN-positive and PLN-
negative group. OS=overall survival, PFS=progression-free survival, PLN=
pelvic lymph node.

Figure 2. Kaplan–Meier curves for (A) OS, (B) PFS in PLN-boost and no-boost
group. OS=overall survival, PFS=progression-free survival, PLN=pelvic
lymph node.

Figure 3. Kaplan–Meier curves for PRFS in PLN-boost and no-boost group.
PLN=pelvic lymph node, PRFS=pelvic-recurrence free survival.

Choi et al. Medicine (2018) 97:16 www.md-journal.com
In analysis of PC between boost and no-boost group, 2-year and
5-year PRFS did not show significant difference but a tendency of
increased risk of pelvic recurrence in no-boost group (boost vs no-
boost; 81.9%and 70.2%vs 100%and 100% in 2-year and5-year
PRFS, respectively, P= .156). Results are shown in Fig. 3.

3.3.4. Multivariate analysis of prognostic factors for OS and
PFS. The prognostic factors for OS and PFS were analyzed in all
cohorts. In univariate analysis, the presence of PLN involvement
(P= .010) and the response of the primary mass after radiation
therapy (P< .001) were significantly associated with OS rate. In
multivariate analysis of OS, the response of the primary mass
showed significant difference [P< .001, HR 4.447; 95%
confidence interval (95% CI), 2.150–9.197]. The significant
factors associated with PFS were ECOG (P= .025), PLN
involvement (P= .032), and treatment response of the primary
mass after RT (P< .001) in both univariate and multivariate
analyses. Additional details are summarized in Table 3. In
univariate andmultivariate analysis of OS and PFS in LN-positive
patients, there was no significant prognostic factor, summarized
in Table 4.
5
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Table 3

Univariate and multivariate analysis for OS and PFS in entire patients.

Variable No. of patients UVA for OS MVA for OS UVA for PFS MVA for PFS

P P HR (95% CI) P P HR (95% CI)

ECOG
0–1 93 .119 .025 .012 1
2 33 2.732 (1.246–5.992)

FIGO
IB 4 .494 .433
IIA 3
IIB 92
IIIA 10
IIIB 10
IVA 7

Parametrial invasion
Present 119 .146 .184
Absent 7

Pretreatment Hb, g/dL
∗

�10 17 .250 .672
> 10 105

Pretreatment SCC Ag, ng/mL
∗

� 2 36 .667 .901
> 2 86

Primary mass size, cm
� 4 61 .969 .784
> 4 65

Pelvic LN status
Absent 80 .010 .059 1 .032 .037 1
Present 46 1.959 (0.974–3.938) 2.179 (1.048–4.529)

Initial response of primary mass†

CR 102 < .001 < .001 1 <.001 < .001 1
PR 22 4.447 (2.150–9.197) 4.047 (1.976–8.291)

CI= confidence interval, CR= complete response, ECOG=Eastern Cooperative Oncology Group, FIGO= International Federation of Gynecology and Obstetrics, Hb=hemoglobin, HR=hazard ratio, LN= lymph
node, MVA=multivariate analysis, OS= overall survival, PFS=progression free survival, PR=partial response, SCC Ag= squamous cell carcinoma antigen, UVA=univariate analysis.
∗
Exclude 4 patients for whom no information was available.

† Exclude 2 patients for whom no information was available.
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3.4. Toxicity

There were 5 and 6 events of acute and chronic complications,
respectively, inGI tract among all patients (Table 5). In GU tract, 7
patients experienced chronic complications and none experienced
acute complication. Acute GI toxicities were observed in 1 patient
out of 11 patients who received boost irradiation. There was no
acute GU toxicity in this group. The patient who had acute GI
toxicities was 64 years old with a FIGO stage IIB disease. She
received a boost of 5.4Gy on the 1.8cm sized left internal iliac
node. During RT, she complained of abdominal pain and diarrhea
and was diagnosed with radiation enteritis. She needed a break in
RT and received conservative management for the enteritis. Then,
she fully recovered from it and completed the planned course of
RT. LateGI andGU toxicities occurred in 1 patient in boost group.
The patient who experienced late GI toxicity was 59 years old. She
had parametrial invasion and 3 involved pelvic nodes (with a
maximum size of 1.4cm) in the right internal iliac and bilateral
external iliac chain. She received an additional boost of 5.4Gy on
the positive pelvic nodes. Eight months after completion of EBRT,
she complained of abdominal pain and was diagnosed with
radiation colitis in abdominopelvic CT. She recovered after
conservative management without sequelae.

4. Discussion

The aim of this retrospective study was to evaluate clinical
outcome according to pelvic LN involvement and determine
6

whether boost irradiation to the involved PLN could improve
locoregional control without complication. Several studies have
investigated the effect of dose escalation to positive pelvic node
on OS and disease control. For example, Grigsby et al[14] have
demonstrated that dose escalation does not improve PC. In
Radiation Therapy Oncology Group (RTOG) 0116, boost did
not improve nodal control either.[15] On the contrary, Yoon
et al[16] and Ariga et al[17] have reported that nodal control can be
improved by nodal boost irradiation without increasing
complications. Although dose escalation to pelvic node remains
debatable, American College of Radiology recommended pelvic
nodal boost to involved LN within 56 to 65Gy in 2011.[18]

In this study, there was no death or disease progression in the
boost irradiation group. In survival analysis, boost irradiation to
the enlarged pelvic node demonstrated insignificant difference in
OS (P= .065) but significant difference in PFS compared with no-
boost (P= .023). The 2-year and 5-year PRFS did not show
significant difference but a tendency of increased risk of pelvic
recurrence in the no-boost group. This might be due to the small
number of patients used in this study and a relatively short
follow-up duration in the boost group. Therefore, clear results
might be obtained if larger data set is used with a longer follow-
up period. Although we need to follow-up longer, our
preliminary results demonstrated the importance of boost
irradiation for PLN.
We performed survival analysis according to pelvic

node status. Our results showed that the 5-year OS rates in



Table 4

Univariate and multivariate analysis for OS and PFS in LN-positive patients.

Variable No. of patients UVA for OS MVA for OS UVA for PFS MVA for PFS

P P HR (95% CI) P P

ECOG
∗

0–1 38 .238 .052
2 8

FIGO†

IB 0 .033 .511 1 .034
IIA 2 1.155
IIB 33 (0.752–1.772)
IIIA 2
IIIB 5
IVA 4

Parametrial invasion
∗

Present 2 .258 .598
Absent 44

Pretreatment Hb, g/dL‡

� 10 9 .612 .711
> 10 35

Pretreatment SCC Ag, ng/mL†

� 2 5 .856 .983
> 2 38

Primary mass size, cm
∗

� 4 18 .767 .503
> 4 28

Pelvic LN size, cm†

� 1.5 22 .276 .677
> 1.5 21

Pelvic LN number†

Single 24 .459 .4
Multiple 19

Initial response of primary mass
∗

CR 34 .215 .3
PR 11

Initial response of pelvic LN
∗

CR 37 .05 .091 1 .474
PR 7 2.173
SD 1 (0.884–5.340)

CI= confidence interval, CR= complete response, ECOG=Eastern Cooperative Oncology Group, FIGO= International Federation of Gynecology and Obstetrics, Hb=hemoglobin, HR=hazard ratio, LN= lymph
node, MVA=multivariate analysis, OS= overall survival, PFS=progression free survival, PR=partial response, SCC Ag= squamous cell carcinoma antigen, UVA=univariate analysis.
∗
Exclude 1 patient for whom no information was available.

† Exclude 2 patients for whom no information was available.
‡ Exclude 3 patients for whom no information was available.

Choi et al. Medicine (2018) 97:16 www.md-journal.com
the PLN-positive and PLN-negative groups were 63.6% and
81.0%, respectively, with a significant difference (P= .010). The
5-year PFS rates in the PLN-positive and PLN-negative groups
were 61.0% and 71.4%, respectively (P= .042). These results
Table 5

Acute and late complication (≥ grade 3) including pelvic node
status.

Acute complication

Pelvic node positive Pelvic node negative Total

Boost No boost
Gastrointestinal 1 0 4 5
Genitourinary 0 0 0 0

Late complication

Pelvic node positive Pelvic node negative Total

Boost No boost
Gastrointestinal 1 3 2 6
Genitourinary 1 1 5 7
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demonstrated that PLN was an important prognostic factor
related to survival, consistent with results of previous stud-
ies.[14,19,20] Furthermore, in our study, distant failure was
predominant in the nodal area such as supraclavicular, axillary,
retroperitoneal, and para-aortic nodes in PLN-positive patients.
Ariga et al[17] have also reported that distant metastases,
especially in para-aortic nodes, are predominant failure in
PLN-positive patients. In multivariate analysis for 626 patients in
the Gynecologic Oncology Group, positive para-aortic LN has
been suggested to be the most significant prognostic indicator for
recurrence and survival.[21] In a randomized controlled trial of
RTOG, prophylactic extended field radiotherapy (EFRT) of para-
aortic LN has significantly improved the 10-year OS rate (44% vs
55%, P= .02).[9] On the contrary, Han et al[7] have compared
EFRT with standard pelvic RT in patients involved in common
iliac nodes with radical hysterectomy and PLN dissection and
revealed that there is no significant difference in 4-year OS rate
(90% vs 67.2%, P= .291) or 4-year PFS rate (70% vs 59%,
P= .568). However, considering the small data set and short
follow-up time used in that study, they have discussed that
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additional studies using more data and longer follow-up period
would be needed.
Node-related factors for pelvic nodal control in PLN-positive

patients were evaluated in this study according to the size of
involved nodes. Ariga et al[17] have demonstrated that the
maximum size and the number of positive nodes are not
significantly associated with nodal control (P= .082). On the
contrary, our results revealed that 13 (62%), 7 (33%), and 1
(5%) patients in the large node group (≥1.5cm, n=21) had CR,
PR, and stable disease, respectively. In the small node group
(<1.5cm, n=21), all nodes showed CR with a significant
difference (P= .007). Hata et al[22] have also suggested that LNs
larger than 24mm might require higher doses up to about 55.8
Gy to improve nodal control. They compared nodal response rate
of 111 metastatic PLNs in 62 patients and found that only 1
patient had LN progression. She received whole pelvic RT of
50.4Gy. In further evaluation about the size of metastatic nodes
of the patient, among 3 enlarged pelvic LNs, 1 LN with 16mm
was controlled. However, the other 2 LNsmeasured at 24 and 28
mm progressed.
In addition, Song et al[23] have performed survival analysis for

155 patients with pelvic LNs and divided them into 2 groups
(≥15mm LN and <15mm LN). Five-year OS of the 2 groups
(≥15mmLN and<15mmLN)were 58% and 82%, respectively.
Their 5-year disease-free survival rates were 50% and 67% with
statistically significant differences (P< .001). These findings
supported that local control of enlarged pelvic LN could affect
OS. In our study, the 5-year OS rates in ≥1.5cm and <1.5cm
pelvic LN groups were 68.9% and 53.0%, respectively. Their 5-
year PFS rates were 66.3% and 54.3%, respectively. However,
these differences were not statistically significant (P= .307 and
P= .314, respectively).
Furthermore, we evaluated prognostic factors affecting OS and

PFS in this study. Multivariate analysis revealed that pelvic LN
involvement and primary mass response after radiotherapy were
significant factors affecting OS and PFS. In a recent study,
Kobayashi et al[24] have analyzed the details of recurrences after
definitive radiation without boost irradiation. They found that
half of non-CR patients (8 of 16 patients) showed local
persistence and recurrence. However, among patients with
CR, 30% of them developed recurrence. The sites of recurrence
were intra-RT field in 44% of patients, suggesting that dose
escalation to primary tumor is required to improve the long-term
outcome of poor responders after radiotherapy.
There are concerns about dose escalation to pelvic nodes

because it might increase late complications. Severe complica-
tions in GI and GU tracts in high-dose irradiation to the pelvis
have been reported in other studies.[25,26] On the contrary,
Wakatsuki et al[27] have reported that there are no grade 3 or
greater toxicities after nodal boost irradiation for a total dose of
>58Gy. In a systematic review, acute complication of more than
grade 3 has occurred in 15% to 23% patients.[28] Chemo-
radiotherapy for Cervical Cancer Meta-Analysis Collaboration
has reported that that 1% to 3% patients have experienced late
toxicities of more than grade 3 in 16 trials (range of EBRT dose:
40 to 50Gy).[29] Our results showed that one of late toxicity more
than grade 3 occurred. The percentage of patients with toxicities
in the nodal boost group was lower than that of previous reports.
There are a few limitations in this study. First, the size of the

boost irradiation group was small and the follow-up period was
short. Low recurrence rate in boost irradiation group may reflect
a bias in recruitment selection. Therefore, further follow-up and
reassessment of disease course and morbidities are needed.
8

Second, the dose distribution to the boost irradiated pelvic LN
from HDR-ICR could not be accounted for in this study because
image guided brachytherapy was not done in our institution. Lee
et al[30] have reported that fractional HDR dose delivered to the
pelvic nodes in obturator, external, and internal iliac chain
ranged from 1.0 to 1.5Gy per fraction when performing tandem-
based HDR applications of 5 to 5.5Gy for 5 fractions.
In conclusion, there was no recurrence or failure in the boost

irradiation group with a significant difference (P= .023) in PFS.
The percentage of toxicities in the nodal boost group in this study
was lower than that of previous reports. Therefore, boost
irradiation to PLN could improve locoregional control especially
in large pelvic LN (≥1.5cm). However, further follow-up and
assessment are needed. PLN involvement is a significant
prognostic factor related to poor OS and PFS of patients with
uterine cervical cancer, suggesting that selective treatment
strategy such as dose escalation in large pelvic LN using
advanced technology is needed to improve treatment outcome of
high-risk patients.
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