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Purpose: To analyze prognostic factors for locoregional recurrence (LRR), distant metastasis (DM), and overall survival (0S) in
cervical cancer patients who underwent radical hysterectomy followed by postoperative radiotherapy (PORT) in a single institute.
Materials and Methods: Clinicopathologic data of 135 patients with clinical stage IA2 to IIA2 cervical cancer treated with
PORT from 2001 to 2012 were reviewed, retrospectively. Postoperative parametrial resection margin (PRM) and vaginal resection
margin (VRM) were investigated separately. The median treatment dosage of external beam radiotherapy (EBRT) to the whole pelvis
was 50.4 Gy in 1.8 Gy/fraction. High-dose-rate vaginal brachytherapy after EBRT was given to patients with positive or close VRMs.
Concurrent platinum-based chemoradiotherapy (CCRT) was administered to 73 patients with positive resection margin, lymph node
(LN) metastasis, or direct extension of parametrium. Kaplan-Meier method and log-rank test were used for analyzing LRR, DM, and
0S; Cox regression was applied to analyze prognostic factors.

Results: The 5-year disease-free survival was 79% and 5-year OS was 91%. In univariate analysis, positive or close PRM, LN
metastasis, direct extension of parametrium, lymphovascular invasion, histology of adenocarcinoma, and chemotherapy were
related with more DM and poor OS. In multivariate analysis, PRM and LN metastasis remained independent prognostic factors for
0S.

Conclusion: PORT after radical hysterectomy in uterine cervical cancer showed excellent OS in this study. Positive or close
PRM after radical hysterectomy in uterine cervical cancer correlates with poor prognosis even with CCRT. Therefore, additional
treatments to improve local control such as radiation boosting need to be considered.
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Introduction with regional lymph node (LN) dissection has been established

as a primary treatment option in cervical cancer FIGO stage I1B1-

Treatment options for uterine cervical cancer include surgery,  lIA [1]. Adding postoperative radiotherapy (PORT) at a total dose
radiotherapy (RT) and chemotherapy; among these, hysterectomy  of 46-50.4 Gy to the whole pelvis improves survival outcomes
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[2]. Addition of chemotherapy to pelvic RT is indicated if a
patient is found to have positive pelvic LNs, direct extension of
parametrium, or positive surgical margin after hysterectomy and
chemotherapy improves prognosis of these high-risk cervical
cancer patients [3].

Concurrent chemoradiotherapy (CCRT) decreased both the
rate of local failure and distant failure as the chemotherapy
acts as a radiation sensitizer [4]. But unlike resected metastatic
LNs and direct extension of parametrium with clear margin
after hysterectomy with pelvic lymph nodal dissection, positive
resection margin (RM) signifies still remnant tumor tissues in
operation bed suggesting more aggressive treatment for local
control may be considered.

According to the National Comprehensive Cancer Network
(NCCN) quidelines [5], adjuvant CCRT for uterine cervical
cancer with a positive RM is recommended. If the vaginal
resection margin (VRM) is positive, additional vaginal
brachytherapy with a dose range of 10-15 Gy is an option,
whereas positive parametrial resection margin (PRM) is not a
standard indication for radiation boosting. The Gynecologic
Oncology Group (GOG) 109 clinical trial showed that no
vaginal brachytherapy was indicated for tumors with positive
RMs since the study established the improved prognosis
associated with postoperative chemotherapy for high-risk
cervical cancer [3]. However, since subanalysis for patients
with positive surgical margins has not been conducted, it is
not clear whether adding chemotherapy to conventional pelvic
RT is enough to compensate for the poor prognosis of positive
RMs.

The aim of the present study was to analyze the prognostic
significance of risk factors in the era of postoperative adjuvant
CCRT for the treatment of cervical cancer. For RM analysis,
PRM and VRM data were divided.

Materials and Methods

Between 2001 and 2012, 142 women with clinical stages
IA2 to I1A2 cervical cancer patients were treated with radical
hysterectomy and PORT with or without chemotherapy in
the Department of Radiation Oncology in a single institute.
Surgical procedures included radical hysterectomy and
bilateral salpingo-oophorectomy. Pelvic LN dissection was
performed on 121 patients (90%). Para-aortic LN sampling
was performed in 37 cases with suspicion of metastases. The
median number of pelvic LNs removed was 36 (range, 12 to
88). Patients who had two or more of the following risk factors
were indicated for PORT without concurrent chemotherapy:
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lymphovascular invasion, depth of invasion to 1/2 or more
of cervix stroma, and bulky tumor size. Postoperative CCRT
was prescribed to patients with the following pathologic risk
factors: LN metastasis, direct extension of parametrium, or
positive RM. Positive RMs include surgical positive PRM (plIB)
and positive VRM. Close RM is defined as RM within 1 mm. The
patient characteristics are described in Table 1.

Pelvic EBRT was delivered with 10 MV X-rays and mainly
by a four-field box technique. The daily dose was 1.8 Gy,
5 fractions per week. The treatment field was categorized
as extended fields (para-aortic region plus whole pelvis)
or whole pelvis on the basis of the level of LN metastasis.
Among all patients, 2 patients had pathologic positive para-
aortic LNs and including these 2 patients, a total of 8 patients
who had clinically suspicious metastatic para-aortic LNs on
computed tomography (CT) or magnetic resonance imaging
(MRI) received extended-field RT; 127 patients received whole
pelvic irradiation only. The treatment dosage to whole pelvis
consisted of 45.0-54.0 Gy and majority were treated with 50.4
Gy (91%). Treatment dose to the para-aortic region was 45.0
Gy.

Of the 135 patients, 6 patients had positive or close PRMs,
6 patients had positive or close VRMs, and one patient had
both PRM and VRM involvements. All 7 patients with positive
or close PRMs had direct extensions of parametrium (plIB)
and including these 7 patients, total 28 patients had direct
extensions of parametrium. High-dose-rate (HDR) vaginal
cuff brachytherapy after EBRT was given to 5 of 7 patients
with positive or close VRMs and 2 of 7 patients with positive
or close PRMs. Vaginal brachytherapy was performed after
4,140 cGy of pelvic irradiation and additional EBRT was
delivered with a midline block. HDR vaginal brachytherapy
was performed using an iridium-192 source. The proximal
3-4 cm of vaginal cuff was treated using vaginal ovoids.
Brachytherapy was given in five to six fractions with 3-4 Gy at
5 mm depth of vaginal cuff per fraction, twice a week.

Adjuvant RT alone was given to 62 patients (46%), whereas
the remaining 73 patients received CCRT (549%). Specific
chemotherapeutic regimen decisions were made according to
the preference of the responsible surgeon. For those treated
with chemotherapy, 30 patients received weekly cisplatin
(40 mg/m?®) and another 34 patients received platinum-
based combination regimens. Neoadjuvant cisplatin and
5-fluorouracil was administered to 9 patients.

After completion of PORT or CCRT, each patient underwent
regular follow-up every 3 months in the first year, then every
6 months subsequently. A pelvic examination was performed
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Table 1. Univariate analysis of LRR, DM, OS by clinicopathological
characteristics

Clinicopathological factor NO.' of p-value
patients |[RR DM 0S
Age (yr) 0.172 0.997 0.814
<40 21
>40 114
FIGO stage 0.914 0.354 0.051
A2 2
IB1 80
B2 14
I1A1 28
11A2 1
Tumor size (cm) 0.488 0.120 0.258
<4 102
>4 26
Null 7
Lymphovascular invasion 0.029 0.000 0.005
No 65
Yes 70
Histology 0.044 0.025 0.043
Squamous cell carcinoma 98
Adenocarcinoma 22
Others? 15
RM (PRM + VRM) 0.203 0.026 0.000
Free of tumor 122
Positive or close” 13
PRM 0.015 0.000 0.000
Free of tumor 128
Positive or close? 7
VRM 0.453 0.822 0.465
Free of tumor 128
Positive or close 7
LN metastasis 0.292 0.000 0.000
No 110
Yes 25
Direct extension of parametrium 0.014 0.005 0.032
No 107
Yes 28
Para-aortic LN radiotherapy 0.649 0.849 0.178
No 127
Yes 8
Chemotherapy 0.703 0.006 0.038
No 62
Yes 73

LRR, locoregional recurrence; DM, distant metastasis; OS, overall
survival; RM, resection margin; PRM, parametrial resection mar-
gin; VRM, vaginal resection margin; LN, lymph node; FIGO, Inter-
national Federation of Gynecology and Obstetrics.

I0thers were adenosquamous cell carcinoma (n = 12), malignant
neuroendocrine tumor (n = 2), and carcinosarcoma (n = 1). *Posi-
tive or close RM is composed of 6 patients with positive or close
PRM only, 6 patients with positive or close VRM only, and one
patient with both positive or close PRM or VRM. “All patients with
positive or close PRMs had direct extensions of parametrium (plIB).
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during each follow-up. Pap's smear was performed every 6
months. Radiographic examinations including chest X-ray,
abdominopelvic CT or MRI were conducted every year.

Clinical data regarding treatment-related toxicities were
collected. Toxicities that occurred more than 90 days after the
start of radiotherapy were considered as late toxicities. Late
toxicities were scored according to RTOG/EORTC late radiation
morbidity scoring schema.

1. Study end points and statistical analyses
This study was designed to identify risk factors associated with
local recurrence, regional recurrence, distant metastasis (DM),
and overall survival (0S). Local recurrence was defined by either
pathologic proof or an imaging study showing regrowth of
tumor on the tumor bed or vaginal stump. Regional recurrence
was defined by a new finding of metastatic pelvic LNs or
organs below the aortic bifurcation. DM was defined as disease
relapse outside the pelvis. The time to recurrence was defined
from the date of diagnosis to the date of first recurrence.
Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) ver. 18 for Windows
(SPSS Inc., Chicago, IL, USA). Kaplan-Meier method and the
log-rank test were used to calculate the survival rate and
differences according to prognostic factors, respectively.
Multivariate analysis of prognostic factors was made by the
Cox proportional hazards regression model. A p-value <0.05
was considered statistically significant.

Results

The median follow-up time was 60.0 months (range, 13 to 167
months). We excluded 6 patients because of short follow-up
duration (under 12 month). One case with RT under 45.0 Gy
was also excluded. After exclusion, 135 patients underwent
retrospective evaluation of prognosis after being treated with
PORT.

1. Survival and failure pattern

The 5-year progression-free survival and OS were 79% and
919%, respectively. The 5-year OS of patients with positive or
close PRM was 19% (Fig. 1). Treatment failure occurred in 29
patients (21%) in the following groups: 1, 2, 1, 6, and 19 cases
of local recurrence along with (n = 1), local recurrence along
with DM (n = 2), regional recurrence alone (n = 1), regional
recurrence along with DM (n = 6), and DM alone (n = 19),
respectively. Metastases were found in lung (n = 13), para-
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Fig. 1. Overall survival for 7 patients with positive or close
parametrial resection margin (RM) and 128 patients without
positive or close parametrial RM.
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Fig. 2. Locoregional control for 7 patients with positive or close
parametrial resection margin (RM) and 128 patients without
positive or close parametrial RM.

aortic LN (n = 6), and peritoneum (n = 6).

2. Clinical and pathologic risk factors predicting survival
The risk factors for prognosis were evaluated by univariate and
multivariate analyses. In univariate analysis, lymphovascular
invasion (p = 0.029), histology of adenocarcinoma (p = 0.044),
positive or close PRM (p = 0.015), and direct extension of
parametrium (p = 0.014) were related with higher locoregional
recurrence (LRR) (Fig. 2). Lymphovascular invasion (p < 0.001),
histology of adenocarcinoma (p = 0.025), positive or close
PRM (p < 0.001), LN metastasis (p < 0.001), direct extension of
parametrium (p = 0.005), and chemotherapy (p = 0.006) were
related with higher DM (Fig. 3).

Lymphovascular invasion (p = 0.005), histology of
adenocarcinoma (p = 0.043), positive or close PRM (p < 0.001),
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Fig. 3. Distant metastasis free survival for 7 patients with positive
or close parametrial resection margin (RM) and 128 patients
without positive or close parametrial RM.

LN metastasis (p < 0.001), direct extension of parametrium (p
= 0.032), and chemotherapy (p = 0.038) were associated with
poor OS (Table 1).

After multivariate analysis, the risk factors for DM were
positive or close PRM (p = 0.004), LN metastasis (p = 0.022),
lymphovascular invasion (p = 0.044), and histology of
adenocarcinoma (p = 0.008). Positive or close PRM (p < 0.001)
and LN metastasis (p = 0.009) were associated with OS (Table 2).

Grade 3 intestinal late toxicities were reported in 3 patients
(29%). No grade 4 late toxicity was observed.

Discussion and Conclusion

The treatment of uterine cervical cancer has developed as new
risk factors have been discovered. During the era of surgical
treatment alone, prognostic factors of cervical cancer included
the following: margin status, number of positive LNs, extension
of parametrium, depth of stromal invasion, tumor size,
lymphovascular invasion, clinical stage, and patient age [6-14].
According to these studies, PORT was performed for patients
with the aforementioned risk factors, especially for patients
with positive pelvic LNs. The GOG 92 clinical trial compared RT
after surgery with surgery alone in an intermediate-risk group.
There was a reduction in the recurrence rate from 28% to 15%
with the addition of RT [2].

However, even with PORT, OS of patients at high risk of
relapse has remained a challenge to overcome with 50%
to 70% of patients falling into this category [6-11,13]. In
a prospective randomized trial, combined chemotherapy
with PORT for uterine cervical cancer patients with positive
pelvic LNs, positive RM, and direct extension of parametrium,
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Table 2. Multivariate analysis of LRR, DM, and 0S using the Cox proportional hazard model

Prognosis Clinicopathological factor p-value Wald RR 95% Cl
LRR Direct extension of parametrium 0.081 3.042 33 0.862-12.714
Lymphovascular invasion 0.130 2.292 5.2 0.617-43.279
DM Positive or close PRM? 0.004 4.839 37 1.154-12.071
LN metastasis 0.022 5.584 3.0 1.208-7.601
Lymphovascular invasion 0.044 4.062 3.7 1.037-13.121
Histology (comparing to SqCC) 0.008 - - -
Adenocarcinoma 0.001 10.596 5.4 1.951-14.767
Others 0.179 1.810 3.0 0.609-14.423
0S Positive or close PRM? 0.000 18.899 19.3 5.085-73.449
LN metastasis 0.009 6.843 8.2 1.693-39.293

None of the factors remained independent prognostic factors for LRR in cervical cancer after multivariate Cox regression, done by
stepwise backward elimination according to Wald criteria. Redundant factors were positive of close PRMs and histology for LRR; direct
extension of parametrium and chemotherapy for DM; and direct extension of parametrium, lymphovascular invasion, and chemotherapy
for OS.

LRR, locoregional risk; DM, distant metastasis; OS, overall survival; RR, relative risk; Cl, confidence interval; PRM, parametrial resection

margin; LN, lymph node; SqCC, squamous cell carcinoma.

JAIl patients with positive or close PRMs had direct extensions of parametrium (plIB).

resulted in improved OS [3]. The GOG 109 trial demonstrated
that the addition of concurrent cisplatin-based chemotherapy
to RT significantly improved PFS and OS for high-risk, early-
stage patients, with a 4-year OS rate of 81% [3]. In this trial, RT
dose was 49.3 Gy to whole pelvis and vaginal brachytherapy
was not permitted.

In our study, we analyzed prognostic factors for uterine
cervical cancer patients who had undergone radical
hysterectomy with adjuvant RT and concurrent chemotherapy
on the basis of each patient's risk factors. Positive pelvic LNs
and positive surgical margin remained statistically significant
poor prognostic factors.

LN metastasis is one of the strongest prognostic factors.
It elevates the possibility of DM so that systemic therapy
such as chemotherapy will be a reasonable choice as an
effort for improving prognosis. In addition, as a metastatic
LN is still a poor prognostic factor even with cisplatin-
based chemotherapy, further development of chemotherapy
is needed to improve prognosis. However, unlike dissected
metastatic LNs after surgical treatment, a positive RM stands
for still remaining microscopic tumor cells in the operation
bed. Therefore systemic chemotherapy combined with
additional treatment to improve local control needs to be
considered.

The survival rate of patients with positive RMs who have
undergone PORT varies from 50% to 80% [12-18] (Table
3). Both definitive RT and surgery have been considered
appropriate for patients with FIGO stage 1A2, IB, and IIA

http://dx.doi.org/10.3857/r0j.2015.33.2.109

carcinoma of the cervix [7,8], and 5-year OS of definitive RT
for FIGO stage IB and IIA cervical cancer is 70%-85% [8,19,20].
According to the NCCN guidelines, if a patient has positive
or close VRM after surgical treatment, additional vaginal cuff
brachytherapy should be considered. However there is no exact
recommendation regarding boosting for positive PRM [5].

In this study, vaginal brachytherapy was administered for
the majority of patients with positive or close VRMs (5 patients
out of 7). Vaginal brachytherapy dose for positive VRM was
3-4 Gy in 5 to 6 fractions, and total dose including EBRT dose
was 65.4 Gy to 76.2 Gy. The treatment result of patients who
had positive or close VRMs has not shown inferior outcomes
in terms of local control, DM, or OS compared to patients who
had negative VRMSs. This suggests that vaginal brachytherapy
might have contributed to that result. On the other hand,
only 2 patients out of 7 who had positive or close PRMs were
treated with vaginal brachytherapy. Compared with previous
studies, that is a very poor prognosis, even with adjuvant EBRT
and chemotherapy [12-18]. This difference may be due to
the different definition of close RM, as many studies defined
close RM as within 5 mm while the current study defined
it as within 1 mm. Additionally, there are few publications
examining PRM separately from VRM. Different anatomical
locations have different lymphovascular systems, which may
contribute to the different observed outcomes. In the current
study, when whole positive or close RMs were considered
(PRM and VRM), 5-year OS was 499%, which is similar to
other published studies. According to these data, addition of
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chemotherapy for patients with positive RM did not improve
prognosis, especially for patients with positive PRMs. However,
the small sample size of patients with positive or close PRM
may have affected this conclusion.

Determining the sufficient threshold radiation dose for
positive RM is an increasingly relevant issue. One study
suggested that FIGO stage |A uterine cervical cancer can
be treated with brachytherapy alone with LDR 65-75 Gy or
HDR 7 Gy in 5-6 fractions (BED 59.5 to 71.4 Gy,,) to achieve
high local control rate. This result may be indirect evidence
that conventional 50.4 Gy (BED 60.5 Gy,,) to the true pelvis
might be a sufficient dose even for RM-positive cancers.
However, the question still remains whether this approach
of comparing FIGO stage IA cancers with more advanced
cancers with surgically positive RMs is reasonable or not.
As a cancer progresses, new cancer clones develop and may
contribute to RT resistance [21]. Therefore, even though FIGO
stage IA cancers without surgery and more advanced cancers
with surgically positive RMs have similar tumor burden
quantity, tumor burden quality between them can be different.
Additionally, anatomic location of the primary tumor has a
significant effect on metastatic probability. Cervical cancer
with direct extension of parametrium is considered to be
locally advanced cancer; regardless of previous surgery based
on clinical staging, if a patient has positive PRMs then PORT
with a similar dosage of definitive RT is justified. The minimum
definitive RT dose for cervical cancer is 70 Gy [19]. The NCCN
guidelines recommend highly conformal boosts of an additional
10-15 Gy for limited volumes of gross unresected metastatic
LNs. In this case, accumulated total dose to gross metastatic
LNs is 60 Gy to 75 Gy [5]. Accordingly, a total dose above 60
Gy for positive PRM might be acceptable.

A positive PRM is an uncommon result for surgeons, and the
numbers of patients with positive RMs are too few to conduct
randomized trials to test an additional boosting dose; however,
a comparison of prognosis may be possible after factoring for
additional local control improvement.

In terms of histology, even though some studies failed to
achieve statistical significance, adenocarcinoma has consistently
been associated with a poorer prognosis than squamous
cell carcinoma [3,16,19]. In this study, adenocarcinoma
was associated with worse prognosis than squamous cell
carcinoma, with a trend toward increased LRR (p = 0.067) and a
significantly increased rate of DM (p = 0.037).

Depth of invasion is often mentioned as a major prognostic
factor. According to the Sedlis criteria, depth of invasion,
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tumor size, and lymphovascular invasion should be considered
when deciding on an adjuvant RT regimen [2,22]. However in
this study depth of invasion was not significantly associated
with prognosis, although there was a trend for association
with OS (p = 0.075). In multivariate analysis lymphovascular
invasion was correlated with DM (p = 0.044).

The restrictions of this study include a relatively small
sample size with only 13 of 135 patients of positive RMs
and heterogeneous chemotherapy regimens. Although
additional vaginal brachytherapy for positive or close VRM is
an unswerving principle in our institution, 2 of 7 patients who
had positive or close VRMs missed brachytherapy. On the other
hand, 2 of 7 patients with positive or close PRMs treated with
brachytherapy; one patient had both positive VRM and positive
PRM and another patient treated with brachytherapy according
to the responsible oncologist's decision. Nonhomogeneous
groups of treatment made it difficult to draw an obvious
conclusion from the result. Even though surgical staging
system has been advocated by some clinicians, clinical staging
more easily permits comparison of treatment results. In this
study, we applied clinical staging system for prognostic factor
analysis.

For the treatment of uterine cervical cancer, PORT following
surgery in uterine cervical cancer showed excellent locoregional
control and was associated with improved OS in this study.
If PRM is positive or close after radical hysterectomy, CCRT
combined with additional radiation boosting to increase the
total dose to more than 50 Gy needs to be considered to
improve local control rates.
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