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cancer patients treated with radical hysterectomy plus postoperative
CCRT seems yet conclusive.

The purpose of the current study is to examine the significance of
adenocarcinoma of the cervix compared with squamous cell carcino-
ma in early stage cervical cancer treated with radical hysterectomy.

Material and methods
Patients

Permission to proceed with the data acquisition and analysis was
obtained from the Institutional Review Board (IRB) of Osaka University
Hospital and Osaka Medical Center for Cancer and Cardiovascular Dis-
eases, Osaka, Japan. Informed consent was obtained from all patients.
A list of patients who had undergone radical hysterectomy and pelvic
lymphadenectomy for FIGO stage IA2-1IB cervical cancer from January
1998 to December 2008 was generated from our institutional tumor
registries. Then, through a chart review, patients with AC or SCC histol-
ogy were identified. Twenty patients with adenosquamous carcinoma,
5 small cell carcinoma, 3 glassy cell carcinoma, 1 undifferentiated carci-
noma, 1 large cell neuroendocrine carcinoma, 1 mesonephric adenocar-
cinoma, and 1 adenoid basal carcinoma were not included in the study.
Finally, a total of 520 patients (377 SCC and 143 AC) were selected for
the statistical analysis. In our institutions, the histological classification
of cancers was performed by two independent gynecologic pathologists
based on the World Health Organization {(WHO) staging system for tu-
mors of the uterine cervix [19] The patients were clinically staged
according to the International Federation of Gynecology and Obstetrics
(FIGO) staging criteria. .

Of a total of 520 patients, 295 were treated within the context of
previous clinical studies [20-23].

Treatments

Surgery

All the patients were treated with type Ill radical hysterectomy and
pelvic lymphadenectomy, as reported previously [22]. The lymphade-
nectomy procedure included complete bilateral pelvic lymphadenecto-
my with the aim of removing all of the extemal iliac, internal iliac,
common iliac, obturator, suprainguinal, and presacral lymph nodes.
When PALN metastasis was suspected on the preoperative CT scan or
by intraoperative palpation, a nodal resection was performed for histo-
logical confirmation. Patients who had histologically-confirmed PALN
metastasis were excluded from the study.

Postoperative radiotherapy

Postoperative radiotherapy is indicated when a patient's patho-
logical report displays any of the following prognostic factors (high-
risk group): parametrial invasion, pelvic lymph node metastasis, or
a positive surgical margin, or one of the following prognostic factors
(intermediate-risk group): deep stromal invasion, lymphovascular
space invasion, or a large tumor (over 4 cm in diameter). A group of
patients without any of the aforementioned risk factors and who
therefore did not receive postoperative adjuvant therapy was classi-
fied as low-risk group.

Standard adjuvant treatment after radical hysterectomy in our
institution comprises external beam pelvic radiotherapy plus con-
current chemotherapy (CCRT), as reported previously [20-22,24].
Patients who declined concurrent chemotherapy or who suffered
from cervical cancer before April 1999 were treated with pelvic ra-
diotherapy alone.

Twenty-six (5.0%) patients whose pathological reports revealed
multiple pelvic node metastases were treated with extended field ra-
diotherapy (EFRT) without concurrent chemotherapy, as reported
previously [21].

Follow-up v

The patients were followed-up regularly by both gynecological on-
cologists and radiation oncologists, as reported previously [25,26]. The
median follow-up duration was 61 months (range: 6~164 months) in
the SCC group and 62 months (range: 11-183 months) in the AC group.

Statistical analysis

The differences between the two groups with respect to categorical
variables such as clinical stage, histology, parametrial involvement,
deep stromal invasion, surgical margin status, and the recurrence rate
were assessed with Fisher's exact test, and odds ratios and 95% confi-
dence intervals (95%Cl) were determined. Continuous variables such
as age, maximum tumor diameter, and the pretreatment hemoglobin
level were analyzed with the Student’s ¢ test or Mann Whitney U test
as appropriate. Survival curves were constructed using the Kaplan-
Meier method, and the significance of survival differences was deter-
mined with the Log-rank test. The Cox proportional hazards regression
test with stepwise variable election (conditional backward method)
was performed to assess the ability of the prognostic factors to predict
survival outcomes (expressed as the hazard ratio and 95%CI). All statis-
tical analyses were two-tailed, and p-values of less than 0.05 were con-
sidered statistically significant. The MedCalc (MedCalc Software,
Mariakerke, Belgium) or Statistical Package for Social Scientists soft-
ware (SPSS, version 12.0, IL) was used for all analyses.

Results
Survival outcomes according to the pathological risk factors

Five hundred and twenty patients were included in this retrospec-
tive study. Three hundred and seventy-seven patients (72.5%) had
SCC, and 143 (27.5%) had AC. Of these, the low-, intermediate-, and
high-risk groups contained 225 (43.3%), 123 (23.7%), and 172 (33.1%)
patients, respectively. The characteristics of the patients in the SCC
group were similar to those in the AC group (Table 1). All of the patients
in the intermediate- and high-risk groups received adjuvant radiother-
apy after radical hysterectomy. None of the patients in the low-risk
group received adjuvant therapy. )

In the low-risk group, recurrence was observed in 5 (3.4%) patients
in the SCC group and 5 (6.3%) patients in the AC group (P=0.33). The
estimated 5-year disease-specific survival (DSS) rates in the SCC
group and AC group were 99.1% and 95.9%, respectively (P=0.10);
i.e,, there was no difference in survival between the AC and SCC groups
(Table 1, Fig. 1A).

In the intermediate-risk group, recurrence was observed in 11
(11.6%) patients in the SCC group and 8 (28.6%) patients in the AC
group. The estimated 5-year DSS rates in the SCC group and AC group
were 89.4% and 80.6%, respectively. When the two groups were com-
pared, the patients with AC displayed a significantly higher recurrence
rate (odds ratio 3.06, 95%C1 1.09-8.58, P=0.039) and poorer DSS (haz-
ard ratio: 2.86, 95%(1: 1.06-7.69, P=0.03) than the patients with SCC
(Table 1, Fig. 1B).

In the high-risk group, recurrence was seen in 40 (29.4%) patients
in the SCC group and 23 (63.9%) patients in the AC group. The esti-
mated 5-year DSS rates in the SCC group and AC group were 80.4%
and 49.5%, respectively. When the two groups were compared, the
patients with AC histology displayed a significantly higher recurrence
rate (odds ratio: 4.25, 95%CI: 1.96-9.20, P<0.001) and poorer DSS
(hazard ratio: 2.88, 95%Cl: 1.59-5.21, P<0.001) than the patients
with SCC histology (Table 1, Fig. 1C).

Survival outcomes according to the mode of adjuvant radiotherapy

By combining the patients in the intermediate- and high-risk groups,
we next investigated the survival difference between AC and SCC
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Table 1

Patient characteristics and treatment outcomes according to the pathological risk factors.
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Low-risk group (n=225)

Intermediate-risk group (n==123) High-risk group (n=172)

SCC (%) AC (%) P-value SCC (%) AC (%) P-value SCC (%) AC (%) P-value
Patient characteristics
Number of patients 146 79 95 28 136 36
Age Median 43 45 P=021 50 50 P=062 52 54 P=059
Range 24-72 29-75 26-69 28-70 27-71 19-84
FIGO stage 1A 33 226 2 25 P<0001 0 00 0 00 P=027 0 00 O 0.0 P=0.09
IB1 101 69.2 76 962 54 56.8 18 64.3 46 338 5 13.9
B2 3 20 1 13 15 158 7 250 13 96 5 139
A 9 62 0 0.0 24 253 3 10.7 19 140 8 222
11B 0 00 0 0.0 2 21 0 0.0 58 426 18 50.0
Pelvic nodal metastasis Negative 146 1000 79 100.0 P=10 95 1000 28 1000 P=1.0 32 235 12 333 P=028
Positive 0 00 0 0.0 0 00 0 0.0 104 765 24 66.7
Parametrial invasion Negative 146 1000 79 1000 P=10 95 1000 28 1000 P=10 57 418 15 417 P=10
Positive 0 00 0 0.0 0 00 0 0.0 79 581 21 583
Margin status Negative 146 1000 79 1000 P=10 95 1000 28 1000 P=1.0 122 89.7 32 889 P=10
Positive 0 00 0 0.0 0 00 O 0.0 14 103 4 111
Stromal invasion Less than half 146 1000 79 1000 P=10 16 168 6 214 P=058 14 103 5 139 P=055
More than half 0 00 0 0.0 79 832 22 78.6 122 887 3t 86.1
LVSI Negative 114 781 66 835 P=038 23 242 8 286 P=083 6 44 2 56 P=067
Positive 32 219 13 165 72 758 20 714 130 956 34 944
Maximal tumor diameter* Median (mm) 10 20 P=0.001 30 25 P=026 40 38 P=0.81
Ovarian preservation Yes 69 473 8 10.1 P<0.001 20 211 0 0 P=0.007 5 37 1 28 P=10
No 77 527 71 899 75 789 28 100 131 963 35 97.2
Postoperative treatment ~ None 146 1000 79 1000 P=10 O .00 0 00 P=037 0 00 0 00 P=0093
RT 0 00 0 0.0 33 347 7 250 54 397 20 55.6
CCRT 0 00 0 0.0 62 653 21 75.0 82 603 16 444
Treatment outcomes
5-year survival DSS (%) 99.1 95.9 P=010 894 80.6 P=003 804 49.5 P<0.001
PFS (%) 96.5 93.5 P=032 879 68.8 P=0.034 705 363 P<0.001
Patients with recurrences  Number (%) 5 34 5 " 63 P=033 11 116 8 286 P=0039 40 294 23 63.9 P<0001

SCC, squamous cell carcinoma; AC, adenocarcinoma; LVSI, lymphovascular space involvement; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; DSS, disease specific surviv-

al; PFS, progression free survival.

* The maximal tumor diameter was measured three-dimensionally based on T2-weighted images.

according to the type of adjuvant radiotherapy employed after radical
hysterectomy. As shown in Table 2, among a total of 295 patients who
- displayed intermediate- or high-risk prognostic factors, 114 (38.6%) re-
‘ceived postoperative radiotherapy alone and 181 (61.4%) received post-
operative concurrent chemoradiotherapy. In the RT group, 87 (763%)
patients demonstrated SCC histology and 27 (23.7%) displayed AC his-
tology. There were no significant differences in patient characteristics
except for pelvic nodal status (Table 2). When DSS was compared
according to histological subtype, the patients with AC had significantly
poorer DSS than those with SCC in both the RT group (P =0.003, Fig. 1D)
and CCRT group (P=0.017, Fig. 1E).

To further investigate the prognostic significance of AC histology, we
conducted multivariate analyses using the patients in the intermediate-
and high-risk groups. As shown in Table 3, multivariate analysis identi-
fied three independent prognostic factors for predicting decreased DSS
in patients who had received postoperative radiotherapy alone: pelvic
nodal metastasis (P =0.029), large tumor (P=0.043), and AC histology
(P=0.002). Similarly, in patients who received postoperative CCRT,
positive pelvic node (P<0.001) and AC histology (P<0.001) were iden-
tified as independent predictors of decreased DSS.

To elucidate which AC patients are at high risk of displaying resis-
tance to the current standard treatment (radical hysterectomy followed
by adjuvant CCRT), we conducted a multivariate analysis involving the
patients who received postoperative CCRT. As shown in Table 4, pelvic
nodal metastasis remained as the only independent predictor of de-
creased DSS. When DSS was compared according to pelvic nodal status,
the AC patients with pelvic nodal metastasis showed significantly poorer
DSS than those without pelvic node metastasis (hazard ratio: 12.9,
95%(Cl: 3.20-52.0, P<0.001, Fig. 2A). Similarly, in SCC patients treated
with postoperative CCRT, pelvic nodal metastasis was significantly asso-
ciated with poorer DSS than the pelvic node-negative patients (hazard
ratio: 3.51, 95%Cl: 1.10-11.2, P=0.024, Fig. 2B). However, magnitude

of the impact of pelvic nodal metastasis was larger in AC histology
than SCC histology (hazard ratio: 12.9 versus 3.51, Table 4).

Pattern of recurrence

In the SCC group, 18 (4.8%) patients developed pelvic recurrence, 26
(6.9%) developed distant recurrence, and 12 (3.2%) developed both pel-
vic and distant recurrences. In the AC group, 14 (9.8%) patients devel-
oped pelvic recurrence, 18 (12.6%) developed distant recurrence, and 4
(2.8%) developed both pelvic and distant recurrences. None of the pa-
tients with ovarian preservation developed ovarian recurrence across
the two groups (SCC and AC groups, n =94 and 9, respectively). When
the two groups were compared, the pattern of recurrence did not differ
significantly between the two treatment groups (P =043). However, a -
distinctive pattern of recurrence was observed in the AC group: Seven
out of 36 recurrences (19.4%) involved peritoneal dissemination in the
AC group while no peritoneal dissemination was observed in the SCC
group (P<0.001).

Discussion

On the basis of the results from recent prospective randomized
clinical trial (GOG109 and SWOG87-97) investigating the role of post-
operative CCRT in early stage cervical cancer patients with high-risk
prognostic factors, concurrent chemotherapy combined with pelvic
radiotherapy has become the standard adjuvant treatment for cervi-
cal cancer, regardless of the histological subtype [27]. In a separate
subanalysis of their study, patients with AC and adenosquamous car-
cinoma had poorer prognosis than SCC when the patient was treated
with radiotherapy alone [27). However, no such survival difference
was seen among the patients who received CCRT. As only 50 patients
(30 in the CCRT group and 20 in the RT group) were included in their
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Fig. 1. Survival significance of adenocarcinoma of the cervix. A) Low-risk group. The disease-specific survival (DSS) rate in the SCC group was equivalent to that in the AC group
(Log-rank, p=10.10). B) Intermediate-risk group. The DSS rate was significantly lower in the AC group than in the SCC group (Log-rank, p=0.03). C) High-risk group. The DSS
rate was significantly lower in the AC group than in the SCC group (Log-rank, p<0.001). D) RT group. The DSS rate was significantly lower in the AC group than in the SCC
group (Log-rank, p=0.003). E) CCRT group. The DSS rate was significantly lower in the AC group than in the SCC group (Log-rank, p=0.017).

study and some of them had adenosquamous carcinormna, it remains
uncertain whether the effects of adding concurrent chemotherapy
to pelvic radiotherapy cancel out the adverse prognostic impact of
AC histology in patients with early stage cervical cancer [27].

In the current study, as shown in Fig. 1 and Table 3, although the
AC patients displayed a poorer prognosis than the SCC patients in
the intermediate- and high-risk groups, no significant survival differ-
ence was detected in the low-risk group. Importantly, the patients
with AC displayed decreased survival compared with the patients
with SCC in both the RT and CCRT groups. Our findings are opposite
to those from previous report demonstrating that the addition of con-
current chemotherapy to pelvic radiotherapy abolished the adverse
prognostic impact of AC histology [27]. Thus, the prognostic signifi-
cance of AC histology in patients treated with radical surgery plus ad-
juvant CCRT merits further investigation.

The prognostic factors in early stage AC patients who were pri-
marily treated with radical surgery have been reported to include

positive pelvic nodes, parametrial invasion, a positive surgical margin,
a large tumor, lymphovascular space involvement, deep stromal inva-
sion, and clinical stage [5,11,12,18,28]. Among these variables, clinical
stage and nodal status appear to be particularly important prognostic
factors for survival in AC patients. In previous reports, the survival dif-
ference between AC and SCC was minimal in clinical stage [ disease, but
marked in stage Il disease [11,12,28]. Furthermore, although the surviv-
al difference between AC and SCC was minimal in node-negative pa-
tients, AC was associated with significantly reduced survival in node-
positive patients [5,12,18,28].

Our multivariate analysis demonstrated that pelvic node metasta-
sis is an independent prognostic factor for survival in the AC patients
treated with postoperative CCRT (Table 4). Therefore, to improve the
prognosis of such patients, novel treatment strategies for pelvic node-
positive AC patients need to be investigated. One strategy that might
improve patient outcomes is the use of additional consolidation che-
motherapy after postoperative CCRT to treat patients with nodal-
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Table 2 .
Patient characteristics according to the mode of adjuvant radiotherapy.
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RT-group (n=114)

CCRT-group (n==181)

'Scc (%) AC (%) P-value scc (%) AC (%) P-value

Patient characteristics

Number of patients 87 27 144 37

Age Median 51 49 P=041 52 52 P=036
Range 28-68 19-84 26-71 31-70

FIGO stage 1A 0 0 0 0 P=052 0 0 0 0 P=0.20
IB1 27 310 6 222 73 50.7 17 459
1B2 11 12.6 5 185 17 118 7 189
A 20 230 9 333 3 160 2 54
1B 29 333 7 25.9 31 215 11 297

Pelvic nodal metastasis Negative 42 433 10 37.0 P=038 85 59.0 30 81.1 P=0013
Positive 45 517 17 63.0 59 410 7 189

Parametrial invasion Negative 56 644 20 74.1 P=048 96 66.7 23 62.2 P=070
Positive 31 356 7 259 43 333 14 378

Margin status Negative 78 89.7 25 92.6 P=10 139 96.5 35 94.6 P=063
Positive 9 103 2 74 5 35 2 5.4

Stromal invasion Less than half 13 149 7 259 P=025 17 118 4 108 P=10
More than half 74 85.1 20 74.1 127 882 33 892

LVSI Negative 12 13.8 3 11.1 P=10 17 11.8 7 189+ P=028
Positive 75 86.2 24 88.9 127 882 30 81.1

Maximal tumor diameter * Median (mm) 40 40 P=075 33 30 P=036

Ovarian preservation Yes 4 46 1 37 P=10 19 132 0 4] P=0.015
No 83 95.4 26 963 125 86.8 37 100

Pretreatment hemoglobin ® Mean (g/dL) 116 11.6 P=098 12.1 12.0 P=0.64

SCC, squamous cell cardnoma; AC, adenocarcinoma; LVSI, lymphovascular space involvement; RT, radiotherapy; CCRT, concuirent chemoradiotherapy; DSS, disease spedific survival; PFS,

progression free survival.

2 The maximal tumor diameter was measured three-dimensionally based on T2-weighted images.

b Hemoglobin level just before the start of radiotherapy.

positive AC. The Gynecologic Oncology Group (GOG) is currently con-
ducting a phase III clinical trial (GOG0724) comparing postoperative
cisplatin-based CCRT with or without consolidation chemotherapy
using carboplatin and paclitaxel {29]. In the current study, among
37 patients with AC histology who were treated with postoperative
CCRT, 8 (21.6%) developed recurrence at distant anatomical sites.
Thus, with the aim of controlling distant metastasis and prolonging

Table 3
Multivariate analysis for disease specific survival.

survival, the clinical benefit of adding consolidation chemotherapy
to postoperative CCRT needs to be evaluated in future clinical trials.
As shown in Table 1, the estimated 5-year DSS rate of 49.5% among
the high risk group in AC patients was lower than the results reported
in the literature (Table 1). Therefore, it is of great interest to address
the issue that surgical approach is more effective than definitive ra-
diotherapy in the high risk group patients. We have recently reported

Covariate RT-group (n=114) CCRT-group (n=181)
No. Univariate analysis Stepwise multivariate No. Univariate analysis Stepwise multivariate
analysis? analysis®
HR (95%CI) P-value HR (95%C1) P-value HR (95%CI) P-value  HR (95%Cl) P-value
Age <50 55  095(051-179) P=088 85 1.65(070-390) P=025
>50 59 96
FIGO stage <IB1 33 257 (1.077-6.14) P=0.027 90 1.79(0.76-422) P=0.18
=182 81 91 :
Histology scc 87 259(137-492) P=0.0025 2.80(1.46-536) P=0002 144 268(1.16-6.18) P=0.017 546 (220-13.5) P<0001
AC 27 : 37
Pelvic nodal metastasis Negative 49 225(1.15-441) P=0016 2.12(1.08-4.18) P=0.029 115 4.14(1.70-10.1) p<0.001 7.02 (2.69-183) P<0001
Positive 65 66
Parametrial invasion Negative 76 1.16(0.59-225) P=0.67 119 2.02 (089-458) P=0.086
Positive 38 62
Margin status Negative 103 173(0.73-4.14) P=021 174 2.81(066-120) P=015
Positive 11 7
Deep stromal invasion Negative 20 1.07 (0.47-242) P=0.88 21 098 (029-331) P=098
Positive 94 160
Lvsi Negative 15 2.19(067-7.14) P=0.18 24 24.8(0.12-5298) P=0.067
Positive 99 157
Maximum tumor <40mm 19 01.79(095-338) p=0067 1.94(1.02-370) P=0.043 68 073(0.29-184) P=0.50
diameter® >40mm 95 113
Pretreatment <11g/dL 38 1.62(0.80-326) p=0.18 25 0.87(030-257) P=0.0
hemoglobin © >11g/dL 76 156 1.65 (0.70-3.90)

HR, hazard ratio; 95%Cl, 95% confidence interval; SCC, squamous cell carcinoma; AC, adenocarcinoma; LVS], Lymphovascular space involvement,
* Conditional backward method was used for stepwise multivariate analysis and only statistically significant variables are shown in the table.
b The maximal tumor diameter was measured three-dimensionally based on T2-weighted images.

¢ Hemoglobin level just before the start of radiotherapy.
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Table 4

Multivariate analysis for disease specific survival (AC or SCC patients treated with CCRT).

Covariate Adenocarcinoma/CCRT-group (n=37) Squamous cell carcinoma/CCRT-group (n = 144)
No. Univariate analysis Stepwise multivariate No. Univariate analysis Stepwise multivariate
analysis® analysis®
HR (95%Cl) " P-value  HR (95%C1) P-value HR (95%CI) P-value " HR (95%Cl) P-value
Age <50 17 157(039-630) P=052 68 159(0.53-476) P=0.40
>50 20 76
FIGO stage <IB1 17 218(054-872) P=026 73 161(054-483) P=039
=1B2 20 71
Pelvic nodal metastasis Negative 30 12.9(320-520) P<0001 129(3.20-520) P<0001 85 351(1.10-11.2) P=0024 3.51(1.10-112) P=0.024
Positive 7 59
Parametrial invasion Negative 23 226 (0.61-842) P=021 96 1.85(0.65-5.28) P=0.24
Positive 14 48
Margin status Negative 35 3.21(040-25.8) P=025 139 230(030-17.6) P=041
Positive 2 5
Deep stromal invasion Negative 4 0.49(0.10-236) P=036 17 2.03 (0.27-15.5) P=049
Positive 33 127
LvsI Negative 7 27.9(021-37,134) P=0.15 17 24.1(0.01-40584) P=0.19
Positive 30 127
Maximum tumor <40mm 11 031(0.01-20.0) P=0.084 57 1.45(0.50-4.17) P=0.49
diameter® >40mm 26 87 ’
Pretreatment <11g/dl. 9 060(0.15-241) P=047 16 221(029-17.1) P=044
hemoglobin © =11g/dL 28 128 '

HR, hazard ratio; 95%Cl, 95% confidence interval; SCC, squamous cell carcinoma; AC, adenocarcinoma; LVSI, Lymphovascular space involvement.
2 Conditional backward method was used for stepwise multivariate analysis and only statistically significant variables are shown in the table.
b The maximal tumnor diameter was measured three-dimensionally based on T2-weighted images.

¢ Hemoglobin level just before the start of radiotherapy.

a study that the definitive radiotherapy is associated with comparable
survival outcomes with less treatment-related toxicities when com-
pared to radical hysterectomy followed by postoperative radiothera-
py in patients with FIGO stage IIB cervical cancer [22]. However, the
effectiveness of radical surgery compared to definitive radiotherapy in
FIGO stage IA2-IIA patients remains undetermined, and thus needs to
be investigated in the future studies.

The following limitations of our study need to be addressed. The ad-
juvant radiotherapy has not been standardized in the current study:
nedaplatin instead of cisplatin has been employed as a radiosensitizer
in our institutions, and adjuvant EFRT without concurrent chemothera-
py has been employed instead of pelvic CCRT in 20 patients with multi-
ple pelvic node metastases. Moreover, due to its retrospective nature,
potential confounding biases might have been missed in the analysis,
such as the selection bias introduced by the physicians when determin-
ing and allocating the treatment modality. These factors can only be
eliminated in a prospective randomized controlled study.
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In conclusion, we showed that the histological subtype of early stage
cervical cancer impacts on survival outcome, and patients with adeno-
carcinoma were associated with poorer prognosis than squamous cell
carcinoma in intermediate- and high-risk pathological factors, regard-
less of the type of postoperative radiotherapy after radical hysterecto-
my. Novel treatment strategies that are specifically tailored to early
stage cervical adenocarcinoma are needed.
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Fig. 2. Risk factors modulating the response to therapy in adenocarcinoma of the cervix. A) DSS in AC patients treated with radical surgery plus adjuvant CCRT based on pelvic nodal
status, The node-negative AC patients displayed significantly longer DSS than the node-positive patients (Log-rank, p<0.001). B) DSS in SCC patients treated with adjuvant CCRT
based on pelvic nodal status. The node-negative SCC patients displayed significantly longer DSS than the node-positive patients (Log-rank, p=0.024).
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Summary ) - - Purpose: The purpose of this study was to evaluate dose-volume histogram (DVH) predictors
Sog : for the development of chronic gastrointestinal (GI) complications in cervical cancer patients

who underwent radical hysterectomy and postoperative concurrent nedaplatin-based chemora-

diation therapy.

Methods and Materials: This study analyzed 97 patients who underwent postoperative concur-

small bowel loops were.

predictive for the quﬁi!?P‘ rent chemoradiation therapy. The organs at risk that were contoured were the small bowel loops,
ment of chronic gastrointes- large bowel loop, and peritoneal cavity. DVH parameters subjected to analysis included the
tmal (GI)comph 'tion,s after volumes of these organs receiving more than 15, 30, 40, and 45 Gy (V15-V45) and their mean
postoperative concurrent dose. Associations between DVH parameters or clinical factors and the incidence of grade 2 or
nedaplatin-based chemo- higher chronic GI complications were evaluated.

radiation therapy "fm: 5?,1ﬂ}" Results: Of the clinical factors, smoking and low body mass index (BMI) (<22) were signifi-

cantly associated with grade 2 or higher chronic GI complications. Also, patients with chronic
GI complications had significantly greater V15-V45 volumes and higher mean dose of the small
bowel loops compared with those without GI complications. In contrast, no parameters for the
large bowel loop or peritoneal cavity were significantly associated with GI complications.
Results of the receiver operating characteristics (ROC) curve analysis led to the conclusion that

stage cervical cancer. -
Multivariate analysis indi-
cated that V40 (volume
receiving more than 40 Gy)

of the small bO}Vel IOOPS and V15-V45 of the small bowel loops has high accuracy for prediction of GI complications. Among
smoking were independent these parameters, V40 gave the highest area under the ROC curve. Finally, multivariate analysis
predictors of GI was performed with V40 of the small bowel loops and 2 other clinical parameters that were
complications. judged to be potential risk factors for chronic GI complications: BMI and smoking. Of these

3 parameters, V40 of the small bowel loops and smoking emerged as independent predictors
of chronic GI complications.
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Conclusions: DVH parameters of the small bowel loops may serve as predictors of grade 2 or
higher chronic GI complications after postoperative concurrent nedaplatin-based chemoradia-
tion therapy for early-stage cervical cancer. © 2013 Elsevier Inc.

Introduction

Adjuvant whole-pelvic radiation therapy (RT) after radical hyster-
ectomy reduces locoregional recurrence in cervical cancer patients
after surgery with adverse risk factors (1, 2). However, patients
undergoing whole-pelvic RT after radical hysterectomy may suffer
severe gastrointestinal (GI) complications with an incidence
varying from 3%-13% for patients treated with pelvic RT alone
(1-3). Moreover, while adjuvant concurrent chemoradiation therapy
has been shown in several studies toimprove survival rates for high-
risk cervical cancer patients compared with adjuvant RT alone, GI
complications were observed more frequently in conjunction with
concurrent chemoradiation therapy than with RT alone (4). There-
fore it is important to improve the feasibility of adjuvant concurrent
chemoradiation therapy by reducing GI complications.

Because the small bowel is one of the critical organs involved in
GI complications, a predictive model of acute GI complications of
the small bowel has been established with the aid of Quantitative
Analyses of Normal Tissue Effects in the Clinic (QUANT EC) (5).
However, the correlation between dose-volume effect and chronic
GI complications of the small bowel has not been extensively
investigated. .

Since 2000, we have been using postoperative concurrent
nedaplatin-based chemoradiation therapy for early-stage cervical
cancer patients with adverse risk factors (6). The purpose of the
study reported here was to evaluate dose-volume histogram (DVH)
predictors for the development of chronic GI complications in
cervical cancer patients who underwent radical hysterectomy and
postoperative concurrent nedaplatin-based chemoradiation therapy.

Methods and Materials
Patients

A total of 131 patients with cervical cancer received radical
hysterectomy and postoperative RT at our institute between April
2000, when we started to use postoperative concurrent nedaplatin-
based chemoradiation therapy, and September 2010. Treatment
criteria for postoperative RT were previously described (6, 7).
Thirty-four of these patients were excluded from the study: 18 who
received extended-field radiation therapy alone because of multiple
lymph node metastases (7), 9 who refused concurrent chemo-
therapy, 3 who received intracavitary brachytherapy with whole-
pelvic RT because of a close surgical margin, and 4 early patients
who did not undergo radiation treatment planning computed
tomography (CT) with a 2-dimensional (2D) era. The remaining 97
patients treated with concurrent chemoradiation therapy were
analyzed for this study with a minimum follow-up period of 3
months. This study was approved by our institutional review board.

Radiation therapy and chemotherapy

Whole-pelvic RT was delivered with 2D planning in 65 patients
between April 2000 and March 2008 and with 3-dimensional (3D)

conformal treatment planning in 32 patients starting April 2008.
During the 2D era, RT was delivered using 10-megavolt X rays
from a linear accelerator with the anteroposterior parallel opposing
technique. The superior margin of the whole-pelvic RT was at the
upper edge of the fifth lumbar vertebra and the inferior margin was
the inferior edge of the obturator foramen. Laterally, the field
extended 2 cm beyond the lateral margins of the bony pelvic wall.
After we defined an isocenter or field-shape in the X-ray simulator,
CT with the isocenter position marked was performed with 5.0-mm
slices without filling the bladder to calculate the monitor unit and
check the dose distribution. The CT scan range was from the upper
edge of L3 to at least 7 cm below the bottom of the obturator
foramen. The dose distribution was calculated using a commercial
treatment planning system (FOCUS; Elekta, Stockholm Sweden).
The prescribed RT doses were 50 Gy administered in 25 fractions
over 5 weeks at the center of the body. Multileaf collimators were
used to block the upper and lower corners of the radiation field. No
target volume or organ at risk was delineated before treatment.
Since April 2008, all patients have been treated with 3D conformal
treatment planning. RT planning CT was performed with 2.5-mm
slices with normal quiet breathing and a full-bladder scan. The CT
scan range was the same as that used in 2D planning. A commercial
treatment planning system (XiO TPS; Elekta) was used to design
the radiation fields. The clinical target volume (CTV) comprised
a central vaginal CTV and a regional nodal CTV. The former
included the proximal vagina and paravaginal tissues and the latter
consisted of the common iliac, external and internal iliac, and
presacral lymph nodes. CTVs were contoured according to the
consensus guidelines of the Radiation Therapy Oncology Group
(RTOG) 0418 (8) and its atlas on the RTOG website. The planning
target volume (PTV) was generated by using 1.0-cm uniform
expansion of the CTV. The prescribed RT doses were 50 Gy at the
center of the PTV, administered in 25 fractions over 5 weeks by
means of the 3D 4-field box technique. Multileaf collimators were
used to cover the PTV with a margin of approximately 5 mm. No
organ at risk was delineated before treatment. Nedaplatin (40 mg/
m?) was given intravenously on a weekly basis during the course of
whole-pelvic RT for 5 weeks as previously described (6).

Contouring and evaluation of normal structures

The organs at risk that were contoured comprised the small bowel
loops, large bowel loop, and peritoneal cavity. All contouring was
done retrospectively. The superior and inferior extents of critical
organs were outlined on all CT slices containing portions of the
PTV (3D) or field margins (2D), including an additional area
2-cm superior and inferior to the limit of the PTV or field
margins. Therefore, the organs at risk, including the Jarge bowel
loop, small bowel loops, and peritoneal cavity, could not be
contoured in full volume. The large bowel loop was contoured
first as a single loop continuing from the end of the sigmoid
colon to the ascending colon, and the remaining bowel loops
were classified as the small bowel loops. A preoperative diag-
nostic CT scan using oral and intravenous contrast media was
performed in 92/97 patients (95%). This preoperative CT scan
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was displayed when the organs at risk were contoured using
postoperative radiation treatment planning CT. Diagnostic CT
images were not fused to the planning scans. In the remaining
5 patients, postoperative radiation treatment planning CT only
was used for contouring of the organs at risk. The peritoneal
cavity was defined as including the volume surrounding the small
bowel loops out to the edge of the peritoneum. The boundaries
included the abdominal wall anteriorly and anterolaterally, the
retroperitoneal and deep pelvic muscles posterolaterally, and the
great vessels, vertebral bodies, and sacrum posteriorly. The
rectum and bladder were excluded from the peritoneal cavity
volume. DVH parameters subjected to analysis included the mean
doses to the small bowel loops, large bowel loop, and peritoneal
cavity, and the volumes of these organs receiving more than 15,
30, 40, and 45 Gy (V15-V45).

Follow-up and evaluation of chronic GI
complications

The patients were followed up by gynecologic and radiation
oncologists on an outpatient basis every month in the first year, every
2 months in the second year, every 3 months in the third year, every
4 months in the fourth year, every 6 months in the fifth year, and
annually thereafter until 10 years after treatment. We defined
a chronic complication as a GI event that occurred more than
3 months after radiation therapy was started. The severity of the GI
complication was classified according to the RTOG/European
Organization for Research and Treatment of Cancer Late Radiation
Morbidity Score. Toxicity data including the grade of GI compli-
cations were collected retrospectively through hospitalization and
follow-up records.

Statistical analysis

Associations between selected DVH parameters (V15, V30, V40,
V45, and mean dose) and the incidence of grade 2 or higher
chronic GI complications were evaluated. The relationships
between clinical or DVH parameters and the incidence of chronic
GI complications were analyzed with the Mann-Whitney U test
for quantitative variables and the Fisher exact test for categorical
variables. The mean DVH parameters for the small bowel loops,
large bowel loop, and peritoneal cavity of patients with and
without GI complications were compared by Mann-Whitney
U test. Receiver operating characteristics (ROC) curve analysis
of each of the DVH parameters was performed to select the most
relevant threshold for prediction of a grade 2 or higher chronic GI
complication. The predictive value of a parameter was evaluated
based on the area under the ROC curve (AUC). The AUC reflects
the ability of the test to distinguish between patients with
and without disease. The optimal threshold for each DVH
parameter was defined as the point yielding the minimal value for
(1 — sensitivity)® + (1 — speciﬁcity)z, which is the point on the
ROC curve closest to the upper left-hand corner (9). Multivariate
analysis using Cox regression models was performed to identify
risk factors associated with grade 2 or higher chronic GI
complications. The actuarial incidence of GI complications was
calculated with the Kaplan-Meier method and differences between
groups were compared by log-rank test. A P value of <.05 or
a 95% confidence interval not encompassing 1 was considered to
be statistically significant. All statistical tests were 2-sided.

International Journal of Radiation Oncology e Biology e Physics
Results

The characteristics of the 97 patients are shown in Table 1. The
median follow-up period from the start of radiation therapy was
43 months (range 4-111 months). None of the patients experi-
enced a local or distant recurrence within 3 months. The Eastern
Cooperative Oncology Group performance status was 0-1 for all
patients. The median age of the patients was 51 years old (range
28-70 years old). Twenty-three patients (24%) had a history of
smoking, with a median Brinkman index (number of cigarettes
per day X smoking years) of 400 (range 100-1200). The median
total dose of nedaplatin was 285 mg (range 30-375 mg). Ninety-
two patients (95%) received the whole RT dose as planned (50
Gy), but 3 patients (3%) received only 46 Gy and 2 (2%)
received 44 Gy because of neutropenia (4 patients) or patient
refusal (1 patient). Eighty-one patients (84%) had grade 0-1, 6
(6%) had grade 2, and 10 (10%) had grade 3 chronic GI

Table 1 Patient and treatment characteristics

Yes

Abdominopelvic surgery
il ur

BMI (kg/m®) S
Mean , , : 216
sO : - +3.8

RT total dose (Gy) ‘
50 . . « - 92(%)
46 > 33)
44 20

RT technique S
2D 65 (67)
3D ‘ : 32 (33)

Total nedaplatin (ng) 2
Mean 274
SD L 452

Abbreviations: 2D = 2-dimensional; 3D = 3-dimensional;
Ad = adenocarcinoma; BMI = body mass index; RT = radiation
therapy; SCC = squamous cell carcinoma; SD = standard deviation.
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Table 2 Univariate analysis (Mann-Whitney U test and
Fisher exact test) for the development of grade 2 or higher
chronic GI complications

Grade 0-1 Grade 2-3
Variable No.’ No. P value
Age (y) ~
<52 39 10 294
>52 42 - 6
Total nedaplatin (mg) ; ,
<285 39 8 892
>285. 42 : 8
T-stage e :
T1 : 46 7 . .338
T2 35 9 ‘
N-stage ' IR o
NO , 5311 4798
N1 - 28 5 o
Hlstology L RN e T
scc 60 11660

Non-SCC - 21 s
RT total dose B - L

'SCC = squamous cell carcinoma. .

complications. Of the 10 patients with grade 3 GI complications,
5 (5% of all patients) had small bowel obstruction requiring
surgery.

The incidence of chronic GI complications was analyzed as
a function of clinical factors. Because there were few patients
with diabetes or a history of abdominopelvic surgery among the
study population, we did not analyze these factors. The results of
univariate analyses are shown in Table 2. Smoking habit and low
body mass index (BMI; <22) were significantly associated with
grade 2 or higher GI complications. The mean DVH parameters
of the small bowel loops, large bowel loop, and peritoneal cavity
of . patients with and without GI complications are shown in
Table 3. Patients with grade 2 or higher GI complications had
significantly greater V15-V45 volumes in the small bowel loops
than did those without GI complications (P<.001). The mean
dose to the small bowel loops differed significantly for patients
with and without GI complications (39.94 vs 34.29 Gy, P<.001).
In contrast, none of the parameters for the large bowel loop
or peritoneal cavity were significantly associated with GI
complications.

ROC curve analysis was performed to select the most rele-
vant parameter to identify predictors of grade 2 or higher
chronic GI complications among DVH parameters for the small

DVH predictors of chronic GI complications after postoperative CCRT 731

Table 3 Comparison of mean DVH parameters of the small
bowel loops, large bowel loop, and peritoneal cavity in patients
with and without chronic GI complications (Mann-Whitney
U test)

P
Overall Grade 0-1 Grade 2-3  value
Small bowel loops o
Mean volume =+ SE (mL)
V15 337+£15 299 + 13 527 £37 <.001
V30 308 £ 13 273 £ 11 485 +29 <.001
V40 289 £ 13 255+ 11 458 £27 <.001
V45 280 £+ 12 247 £ 11 444 +£26 <.001
Mean dose (cGy =+ SE)
3,523 + 80 3,429 + 86 3,994 + 160 <.001
Large bowel loop k
, Mean volume + SE (mL)
Vs 24112 241%12 239+£34 730
V30 207+ 10 210 £11 192 £23 - 550
V40 183 £ 10 189 £ 11 156 £ 17 331
V45 176 £9 18210 149+ 16‘ 321
o B Meandose(cGyiSE) i
2,747 £62 2,768 £ 66 2639 :i: 174 487

Péntoneal cav1ty

VIS 1,151+£29 1
V30 1,045+£25

V40 974+25 9
V45, 941 +£24 ¢

3421447

bowel loops. The results are shown in Table 4. Because AUCs
for mean dose, V15, V30, V40, and V45 were 0.693, 0.909,
0.912, 0.921, and 0.890, respectively, indicating that V15-V45
have good accuracy for prediction of GI complications. Strong
collinearity among V15-V45 was expected in multivariate

Table 4 ROC curve analysis for DVH parameters of small
bowal loops in relation to grade 2 or hlgher chromc GI
comphcauons , o L ,

k Sensmv1ty/spec1ﬁc1ty

, AUC 95%CI  Value (%)
Mean - 0.693 0.580-0.806 3600 Gy 6250625
dose A
VIS 0909 0.855-0.963 380 mL 93.8/82.1
V30 0912 0.857-0.967 360 mL 93.8/82.1
V40 0921 0.869-0.972 340 mL 87.5/87.2
V45  0.890 0.819-0.962 340 mL 87 5/85 1

Abbrevzanans AUC = area under the ROC curve; CI = conﬁdence
interval; DVH = dose-volume histogram; GI = gastromtesuna] ROC
= receiver operating characteristics; V15-45 = volume receiving
more than respective dose.
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Table 5 Multivariate analysis for the development of grade 2
or higher chronic GI complications

Variable HR (95% CI) P value

V40 of small bowel 1012 (1.007-1.018)  <.001
loops (mL)

BMI (<22 vs >22) 3.024 (0.585-15.622) 187

Smoking (yes vs 1o) 3.103 (1.023-9.415) 2046

Abbreviations: BMI = body mass iﬁdéﬁé; CI = confidence interval;
Gl = gastrointestinal; HR = hazard ratio; V40 = volume receiving
more than 40 Gy. ‘

analysis. Therefore, we used V40 of the small bowel loops in
multivariate analysis because this parameter had the highest
AUC value. The optimal threshold for V40 was 340 mL. Thus,
multivariate analysis was performed with V40 of the small
bowel loops and 2 other clinical parameters that were judged to
be potential risk factors for chronic GI complications: BMI and
smoking habit. Of these 3 parameters, V40 of the small bowel
loops and smoking emerged as independent predictors of GI
complications (Table 5).

The overall incidences of grade 2 or higher GI complications
were 0% (0/39), 7% (2/29), and 48% (14/29) for patients with V40
values of <250 mL, 250-340 mL, and >340 mL, respectively.
Thus, the overall incidence of grade 2 or higher GI complications
increased in a volume-dependent manner. Therefore, we per-
formed Kaplan-Meier estimates of the cumulative incidence
curves for grade 2 or higher chronic GI complications stratified by
. V40 of the small bowel loops using the above intervals. The
cumulative incidence curves for grade 2 or higher chronic GI
complications stratified by V40 of the small bowel loops are
shown in Fig. The 3-year cumulative incidences of grade 2 or
higher GI complications were 0%, 8.4%, and 46.2% for patients
with V40 values of <250 mL, 250-340 mL, and >340 mL,
respectively, with a significantly higher risk for patients with V40
> 340 mL than for the other groups (P<.001).

Discussion

Several previous studies have introduced predictive factors
potentially associated with chronic GI complications after RT for
gynecologic malignancies employing several types of therapy
(3, 10-14). These factors include total RT dose, RT dose per
fraction, history of diabetes, acute toxicity, BMI, age, previous
abdominopelvic surgery, and smoking. In our study, smoking and
low BMI were identified by univariate analysis as predictors of GI
complications. Moreover, the V15-V45 volumes and the mean
dose of the small bowel loops all showed a significant association
with chronic GI complications. In addition, multivariate analysis
identified V40 of the small bowel loops and smoking as inde-
pendent predictors of GI complications. To the best of our
knowledge, ours is the first study to show that DVH parameters of
the small bowel loops derived with an up-to-date approach are
associated with chronic GI complications after postoperative
concurrent chemoradiation therapy for cervical cancer.

We believe that our findings are important for the practice of
the radiation oncology, because adverse events caused by radiation
exposure, such as GI complications, may be relieved by using an
appropriate radiation technique or a mechanical device such as
a belly-board. Recently, intensity modulated radiation therapy
(IMRT) has emerged as a sophisticated technique for treatment of
tumor regions or areas at risk of recurrence, while sparing adjacent
normal tissue from high-dose irradiation, including in patients

- with gynecological cancer treated with IMRT after radical
hysterectomy (15-18).

Two methods for contouring the small bowel volume have been
reported: one uses direct delineation of the individual loops,
whereas the other bases delineation on the peritoneal cavity
because the bowel may lie within this space at any time throughout
the course of treatment (5). Because these methods have not been
compared to determine which leads to better predictions of chronic
complications of the small bowel, we established separate param-
eters for the irradiated volume of the small bowel loops and the
peritoneal cavity to examine which parameters correlated with

(%)
100 -
----- »340 cc (n=29)
a0d e 250~-340 cc (n=29)

§ <250 ce (n=39)

[F] s e e e e o ]

S 60 1 b 7]

2 -

Py J l.|.J_I

Z 40 e <0.001

E I-j._ p<ull

E pd

= 1 lr t [

" L 1 [T T -1 .1 TR | [
o L 1 il Fu W Ai il lu_h 1L 1 'l ll 1 il T ] l- p—o"'l 17
0 24 48 72 96 120 ™M
Months from the start of radiotherapy

No. at risk
5340cc 29 20 14 10 5 3 3
250-340 oo 29 25 21 18 15 12 1
<2500 39 37 31 25 18 12 6

Fig.

Kaplan-Meier estimates of cumulative incidence curves for grade 2 or higher chronic gastrointestinal (GI) complications stratified

by V40 of the small bowel loops. The 3-year cumulative incidences of grade 2 or higher GI complications were 0%, 8.4%, and 46.2%
for patients with V40 values of <250 mL, 250-340 mL, and >340 mL, respectively, with a significantly higher risk for patients with V40

> 340 mL than for the other groups (log-rank test; P<.001).
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development of chronic GI complications. Interestingly, patients
with grade 2 or higher chronic GI complications featured signifi-
cantly higher V15-V45 volumes and mean dose to the small bowel
loops than did patients without this feature. In contrast, none of the

parameters for the peritoneal cavity showed any association with”

chronic GI complications. Similarly, parameters for the large bowel
did not correlate with radiation-induced chronic GI complications.
These findings suggest that, compared to the peritoneal cavity, the
small bowel loops may constitute a better predictor of chronic GI
complications. However, it is also likely that the dose to the peri-
toneal cavity will be a predictor of acute GI complications (5), and
Wedlake et al found that cumulative acute GI symptoms, measured
using the questionnaire, are associated with consequential late
symptoms (14). Collectively, these results suggest that our finding
that parameters for the small bowel loops are better predictors of
chronic GI complication, compared with those for the peritoneal
cavity, requires verification in larger prospective studies.

The findings in this study should be interpreted with an
understanding of the following limitations. First, the heterogeneity
in the treatment planning approach over the period of the study
(2D vs 3D), the low number of events, and the lack of a pre-
specified model or protocol are important limitations of the data
and analysis. Second, our method resulted in large uniform doses
to regions of the small bowel, which differ from the dose patterns
produced by techniques such as IMRT, which is becoming more
prevalent. Therefore, we cannot exclude the possibility that the
optimal DVH parameter predictors found in this study may differ
from those for IMRT.

Additionally, we used weekly nedaplatin as concurrent
chemotherapy, whereas chemoradiation therapy with 40 mg/m? of
weekly cisplatin is now accepted as a standard first-line treatment.
We therefore cannot exclude the possibility that the optimal DVH
parameter predictors found in the study may be chemotherapy-
type specific. Furthermore, the small bowel DVH parameters
were estimated based on only 1 radiation treatment planning CT
before RT, while in fact daily variability of the distention or
movement of the small bowels during the treatment course may
have affected the dose-volume profile. Also, especially in the 2D
era, radiation treatment planning CT performed with 5.0-mm sli-
ces without filling the bladder may not reflect the actual dose
received. Han et al reported that the dose distribution in the small
bowel as observed on CT varies significantly from week to week
because of the interfractional variations of small-bowel positions
(19). In addition, image guided RT is now widely used in many
institutions (20). Therefore, further studies using image guided RT
will be necessary to investigate the influence of intra- and inter-
fracion motion of the small bowel loops on chronic GI
complications.

Within these limitations, we conclude that DVH parameters of
the small bowel loops may serve as predictors of chronic GI
complications of grade 2 or higher after postoperative concurrent
nedaplatin-based chemoradiation therapy in early-stage cervical
cancer patients. For these patients, we recommend that V40 of the
small bowel loops should be <340 mL to avoid chronic GI
complications using a conventional 2D or 3D technique.
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Elevated White Blood Cell Count at the Time of
Recurrence Diagnosis Is an Indicator of Short
Survival in Patients With Recurrent Cervical Cancer

Seiji Mabuchi, MD, PhD,* Yuri Matsumoto, *f Toshimitsu Hamasaki, Mahiru Kawano,*

Takeshi Hisamatsu, * David G. Muich,t and Tadashi Kimura*®

Objectives: The aim of this study was to investigate the prognostic significance of elevated
white blood cell (WBC) count at the time of the diagnosis of cervical cancer recurrence.
Methods: The baseline characteristics and outcome data of 219 patients who had a diagnosis
of recurrent cervical cancer between April 1996 and September 2010 were collected and
reviewed. Survival after recurrence was compared between the leukocytosis group (WBC
>9000/uL) and the nonleukocytosis group (WBC <9000/pnL). A Cox proportional hazards
regression model was used to investigate the prognostic significance of elevated WBC count in
patients with recurrent cervical cancer.

Results: The patients in the leukocytosis group showed significantly shorter disease-free
interval (P = 0.0005) and more frequently had multiple recurrences (P =0.0101) than those in
the nonleukocytosis group. The median survival after recurrence of the patients with elevated
WBC count was 9 months, which was significantly shorter than the 21 months observed in the
patients without normal WBC count (log rank; P < 0.0001). Multivariate analyses revealed that
clinical stage, tumor diameter, histology, an elevated WBC count (>9000/p.L), and an elevated
neutrophil count (>6500/.L) were significant prognostic factors in survival after recurrence.
Conclusion: The elevated WBC count at the time of the diagnosis of recurrence is an

independent prognostic factor in patients with recurrent cervical cancer.
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Cervical cancer is still one of the most common malig-
nancies in women worldwide. It is estimated that 12,200
new cases and 4210 deaths occurred in the United States in
2010.! In Japan, 6000 to 7000 new cases are reported annually.”

Despite recent advances in surgery,” the introduction of
new radiotherapy techniques including intensity-modulated
radiotherapy and image-guided radiotherapy,*> and the devel-
opment of cisplatin-based combination chemotherapy,’ patients
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with cervical cancer who have recurrence still have a very poor
prognosis with a 1-year survival rate of between 15% and 20%.”
Owing to the short life expectancy of patients with re-
current cervical cancer, we believe that it is of great importance
to identify the predictors of survival after recurrence to enable
physicians and patients to choose the optimal treatment for
recurrent disease. In addition, identifying patients who would
not derive clinical benefit from the current treatment modal-
ities would allow physicians to offer them the opportunity to
receive other types of treatment including best supportive care.
The prognostic factors in patients with recurrent cervical
cancer have been investigated in several studies.®~!? With re-
gard to recurrence within the previously irradiated area, being
young, a poor performance status, and a short time to progres-
. sion from the initial diagnosis were reported to be significant
predictors of shorter survival.®!0
Tumor-related leukocytosis (TRL) is a paraneoplastic
syndrome that is occasionally encountered in patients with ma-
lignant tumors either at diagnosis or during the course of the
disease. Tumor-related leukocytosis is mainly caused by the
unregulated production of hematopoietic cytokines.!’? As
marked leukocytosis can be caused by infection, bone marrow
metastasis, the administration of corticosteroids or hemato-
poietic growth factors, severe hemorrhaging, or newly devel-
oped hematological malignancies, TRL is diagnosed by
exclusion. Some reports have indicated that TRL occurs in 1%
to 10% of patients with nonhematopoietic malignancies and is
associated with a poor prognosis.!™’> However, in uterine
cervical cancer, information regarding the incidence and the
prognostic significance of TRL is limited. Recently, it has been
reported that pretreatment leukocytosis is observed in 9.4%
of patients with cervical cancer and is a poor prognostic indi-
cator in untreated patients with cervical cancer.!3-!5 However,
the prognostic significance of TRL in patients with recurrent
cervical cancer has never been investigated.

" We hypothesized that the presence of leukocytosis at
the time of recurrence diagnosis is a poor prognostic indicator
in patients with recurrent cervical cancer. The incidence and
prognostic significance of TRL in patients with recurrent
cervical cancer were evaluated in a retrospective review of the

“clinical records of 219 patients.

MATERIALS AND METHODS
Patients

Permission to proceed with the data acquisition and
analysis was obtained from Osaka University Hospital’s in-
stitutional review board (IRB). A list of patients who had a
diagnosis of recurrent cervical cancer at Osaka University
Hospital from April 1996 to September 2010 was generated
from our institutional tumor registry information. Of the
262 patients who were considered for inclusion in this retro-
spective study, 36 patients were excluded owing to persistent
disease, which was defined as the presence of disease at less
than 3 months after the completion of treatment. In addition,
7 patients were excluded because their primary treatments
were performed at a facility other than Osaka University. The
remaining 219 patients with recurrent cervical cancer were
included in this study. As 797 patients with newly diagnosed

1546

invasive cervical cancer were treated in our institution during
the study period, the recurrence rate was 27.5%.

The follow-up examinations after the initial treatment
were conducted by gynecological oncologists with or without
radiation oncologists in an outpatient clinic, as reported pre-
viously.!®16 Suspected recurrence lesions were confirmed by
histological or cytological diagnosis whenever possible. Re-
currence was defined as the presence of disease after more than
a 3-month disease-free interval after the end of the primary
treatment. The date of recurrence diagnosis, the presence or
absence of symptoms, the site of the recurrent cancer, the
treatment of the recurrence, and the date of death or the last
visit wererecorded. The disease-free interval (DFI) was defined
as the time from the end of primary treatment until the detection
of recurrence.

Recurrent disease was treated in accordance with the
institutional treatment guidelines: Single distant recurrent
tumors were treated with salvage external beam radiotherapy
or salvage surgery. Patients that suffered recurrence in the
central pelvis were treated with salvage surgery or, when
possible, with interstitial brachytherapy. Patients with pelvic
sidewall disease or multiple recurrences were treated with
platinum-based chemotherapy. Patienis with a single distant
tumor that could not be salvaged by either surgery or radio-
therapy were also treated with platinum-based chemotherapy.
Patients who refused salvage chemotherapy or radiotherapy
were treated with palliative care alone. Survival after recur-
rence was defined as the time from the diagnosis of recurrence
to death or the last observation.

Definitions of Leukocytosis
and Neutrophilia

During the period between the diagnosis of recurrence
and the start of salvage treatment, all patients underwent at
least 2 blood tests including a complete blood count. Leuko-
cytosis was defined as a persistent white blood cell (WBC)
count exceeding 9000/uL that was detected on at least
2 separate occasions. Neutrophilia was defined as a persistent
neutrophil count exceeding 6500/p.L that was detected on at
least 2 separate occasions.

Patients with coexisting hematologic malignancies,
patients with severe hemorrhage, patients who had received
corticosteroids or recombinant granulocyte colony-stimulating
factor (G-CSF), and patients who had acute or chronic in-
fection were excluded. No human immunodeficiency virus—
infected patients were included in the current study.

Statistical Analysis

Continuous data such as age and DFI are shown as
mean t SD or interquartile range, and comparison of such data
between groups were performed using the Student ¢ test or
the Kolmogorov-Smirov test. Frequency counts and propor-
tions were calculated for categorical data such as stage and
histological data and compared between groups using the x*
test or the Fisher exact test. Spearman correlation coefficient
and the associated confidence interval (CI) were calculated
to assess the relationship among the patients’ WBC counts
and neutrophil counts. We performed univariate analysis by
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comparing the Kaplan-Meier curves of each group using the
log-rank test. Cox proportional hazards regression analysis with
stepwise variable selection was performed to identify significant
independent prognostic factors for survival after recurrence.
All P values were two sided, and P < 0.05 were considered
statistically significant. All analyses were performed with
SAS version 9.1 for Windows (SAS Institute Inc, Cary, NC).

RESULTS

Patients

The clinicopathological characteristics of the patients
included in the current study are summarized in Table 1. The
mean age of the patients was 57.2 years. Of the 219 pa-
tients, 125 patients (57.1%) had stage IA to stage IIB dis-
ease, 64 patients (29.2%) had stage ITIA to stage IVA disease,
and 30 patients (13.7%) had stage IVB disease. Histologically,
173 patients (79.0%) had squamous cell carcinoma, and
46 patients (21.0%) had nonsquamous histology. The initial
treatment for primary cervical cancer was surgery alone in

17 patients, surgery followed by adjuvant radiotherapy in
71 patients, and definitive radiotherapy in 131 patients.
Therefore, 202 patients (92.2%) received radiotherapy as a
part of their initial treatment. One hundred and ninety-seven
recurrences (90%) were diagnosed within 3 years of the pri-
mary treatment. The median DFI was 12 months. Seventy-five
patients (34.2%) developed a single pelvic recurrence,
43 patients (19.6%) developed a single distant recurrence, and
101 patients (46.1%) developed both pelvic and distant or
multiple recurrences. Recurrent disease was treated with pal-
liative care alone in 68 patients, platinum-based chemotherapy
in 74 patients, radiotherapy in 68 patients, and surgery in
9 patients. The salvage surgery performed was total abdominal
hysterectomy in 5 patients, para-aortic lymphadenectomy in
1 patient, lung lobectomy in 1 patient, and partial hepatectomy
in 1 patient. The median survival after recurrence of these
patients was 16 months.

Patients With Leukocytosis
As shown in Table 1, of a total of 219 patients, leu-
kocytosis was observed in 33 patients (15.1%) at the time of

TABLE 1. Patients’ characteristics (patients with leukocytosis or neutrophilia vs those without)

All Patients Leukocytosis NonleuKkocytosis Neutrophilia Nonneutrophilia
(N=219) (n=33) (n=186) (n=238) (n=181)
n (%) n (%) P n (%) P
Age, yrs
<50 68 (31.1) 13 (39.4) 55 (29.6) 0.6496 14 (36.8) 54 (29.8) 0.8970
51-70 108 (49.3) 14 (42.4) 94 (50.5) 16 (42.1) 92 (50.8)
>71 43 (19.6) 6(18.2) 37 (19.9) 8 (21.1) 35(19.4)
FIGO stage
IA2-1IB 125 (57.1) 16 (48.5) 109 (58.6) 0.3288 15 (39.5) 110 (60.8) 0.0153
ITA-IVA 64 (29.2) 12 (36.4) 52 (28.0) 15 (39.5) 49 (27.1)
VB 30 (13.7) 5(15.1) 25 (13.4) 8 (21.0) 22 (12.1)
Histology
SCC 173 (79.0) 29 (87.9) 144 (77.4) 0.3758 33 (86.9) 140 (77.3) 0.4223
A or AS 38 (17.3) 30.1) 35 (18.8) 4 (10.5) 34 (18.8)
Others 8 (3.7 13.0) 7 (3.8) 1(2.6) 7(3.9)
DFI, mos
<11 109 (49.8) 27 (81.8) 82 (44.1) 0.0005 30 (79.0) 79 (43.6) 0.0030
12-35 88 (40.2) 5(15.2) 83 (44.6) 7(18.4) 81 (44.8) :
>36 22 (10.0) 1(3.0) 21 (11.3) 1(2.6) 21(11.6)
Site of recurrences
Pelvis 75 (34.3) 10 (30.3) 65 (34.9) 0.0101 923.7) 66 (36.4) 0.0019
Distant 43 (19.6) 1(3.0) 42 (22.6) 2(53) 41 (22.7)
Pelvis + distant 101 (46.1) 22 (66.7) 79 (42.5) 27 (71.0) 74 (40.9)
- or multiple
Prior RT
Yes 202 (92.2) 29 (87.9) 173 (93.0) 0.4796 33 (86.8) 169 (93.4) 0.1843
No 17 (7.8) 4(12.1) 13 (7.0) 5(13.2) 12 (6.6)

A, adenocarcinoma; AS, adenosquamous carcinoma; DFI, disease free interval; RT, radiotherapy; SCC, squamous cell carcinoma.
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recurrence diagnosis (leukocytosis group). The WBC counts
of these patients ranged from 9140 to 41,300/uL. The WBC
counts of the remaining 186 patients (nonleukocytosis group)
ranged from 1860 to 8980/uL. In a comparison between the
leukocytosis and the nonleukocytosis groups, there was no sig-
nificant difference in age, clinical stage, histological distribution,
or the proportion of patients that had previously been treated
with radiotherapy. However, the patients with leukocytosis
presented with a significantly shorter DFI than the patients
without leukocytosis (P = 0.0005). Moreover, multiple
recurrences were more common in the patients with leuko-
cytosis than in the patients without leukocytosis (P = 0.0101).

Leukocytosis Is an Independent Prognostic
Factor for Survival After Recurrence

To investigate the prognostic significance of the WBC
count in the patients with recurrent cervical cancer, we first
conducted univariate analyses. As shown in Figure 1A and
Supplemental Table 1, (http://links.lww.com/IGC/A137), a
statistically significant difference in survival after recurrence
was observed between the patients with leukocytosis and those
without leukocytosis: the median survival after recurrence for
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those with and without leukocytosis was 9 and 21 months,
respectively (log-rank test; P < 0.0001).

To investigate the mechanism responsible for the leu-
kocytosis observed in our patients with recurrent cervical
cancer, we next examined the leukocyte subtype in these
patients. We found that 32 of 33 patients in the leukocytosis
group had an elevated neutrophil count at the time of recur-
rence diagnosis (30 patients had neutrophilia alone, and
2 patients had both neutrophilia and eosinophilia). None of
the patients had basophilia, lymphocytosis, or monocytosis.
Thus, we next examined the relationship between the WBC
count and neutrophil count using the data obtained at the
time of recurrence diagnosis (Fig. 1B). As shown, a positive
correlation was demonstrated between the WBC and neu-
trophil count. Collectively, these results strongly indicate that
the leukocytosis observed in these patients was caused by an
elevated neutrophil count. ,

We next determined whether an elevated neutrophil
count is also an indicator of short survival after recurrence.
As shown in Table 1, neutrophilia was observed in 38 of
219 patients at the time of recurrence diagnosis (17.4%). The
neutrophil counts of these patients ranged from 6603 to
38,822/pL. In a comparison between the neutrophilia and
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FIGURE 1. A, Kaplan-Meier estimates of survival after recurrence according to the WBC count at the time of
recurrence diagnosis. The patients with leukocytosis showed significantly shorter survival after recurrence than those
without leukocytosis (P < 0.0001). B, Correlation between the WBC count and neutrophil count. A positive
correlation was demonstrated between the WBC and neutrophil count (Spearman correlation coefficient,
r=10.938; P < 0.0001). C, Kaplan-Meier estimates of survival after recurrence according to the neutrophil count at
the time of recurrence diagnosis. The patients with neutrophilia showed significantly shorter survival after

recurrence than those without leukocytosis (P < 0.0001).
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TABLE 2. Multivariate Cox-proportional hazards regression analysis of prognostic factors for survival after recurrence

Stepwise Multivariate Analysis
(Excluding Neutrophil Count)*

Stepwise Multivariate Analysis
(Excluding WBC Count)}

Hazard Ratio 95% CI 4 Hazard Ratio 95% CI P

Age, yrs

<51 1

>51 0.72 0.52-1.00 0.0469
FIGO stage

T1A2-1IB 1

IMA-IVA 1.54 1.09-2.17 0.0145

VB 1.56 1.00-2.43 0.0517
DFI, mos

<12 1.00 1.00

>12 0.63 0.45-0.88 0.0061 0.62 0.45-0.75 0.0037
Site of recurrences

Pelvis 1 1.00

Distant 0.67 0.42-1.07 0.0939 0.65 0.41-1.03 0.0679

Pelvis + distant or multiple 2.66 1.84-3.83 <0.0001 2.47 1.73-3.53 <0.0001
WBC count, /pL

<6499 1

6500-8999 1.12 0.73-1.72 0.5902

>9000 1.98 1.26-3.11 0.0031
Neutrophil count, /L

<4499 1.00

45006499 0.92 0.61-1.40 0.6979

>6500 2.70 1.77-4.11 <0.0001

*The multivariate Cox regression analysis in which WBC was included but neutrophil count was excluded as a prognostic variable.
1The multivariate Cox regression analysis in which neutrophil count was included but WBC was excluded as a prognostic variable.

nonneutrophilia groups, we detected significant differences
in clinical stage, DFI, and the site of recurrence, which was con-
sistent with the results shown in Table 1. As shown in Figure 1C
and Supplemental Table 1, (http:/links.lww.com/IGC/A137),
a statistically significant difference in survival after recurrence
was observed between the patients with neutrophilia and those
without neutrophilia: the median survival after recurrence for
those with and without neutrophilia was 7 and 22 months, re-
spectively (log-rank test; P < 0.0001).

Thus, we next determined whether leukocytosis or
neutrophilia is an independent prognostic factor for survival
after recurrence using Cox proportional hazards analyses
(Table 2). In a multivariate analysis in which neutrophil count
was not included as a prognostic variable, in addition to age,
clinical stage, DFI, and site of recurrence, a WBC count greater
than 9000/pL was shown to be an independent prognostic
factor for survival after recurrence (hazards ratio [HR], 1.98,;
95% CI, 1.26-3.11; P = 0.0031). In a separate multivariate
analysis in which WBC count was not included as a prognostic
variable, in addition to DFI and the site of recurrence, a neu-

© 2012 IGCS and ESGO

trophil count greater than 6500/puL was also shown to be a
significant prognostic factor for survival after recurrence (HR,
2.70; 95% CI, 1.77 to 4.11; P < 0.0001).

DISCUSSION
This study shows that elevated WBC (>9000/pL) and
neutrophil counts (>6500/uL) at the time of recurrence di-
agnosis are correlated with shorter survival after recurrence.
In our investigation, we found 33 patients with recurrent
cervical cancer with leukocytosis. The incidence of leuko-
cytosis (>9000/uL) at the time of recurrence diagnosis was
15.1%. The median survival after recurrence of patients with
leukocytosis was 9 months, which was significantly shorter
than 21 months observed in those without leukocytosis (log-
rank test; P < 0.0001). Multivariate analysis showed that the
presence of leukocytosis at the time of recurrence diagnosis
was associated with shorter survival after recurrence (HR,
1.98; 95% CI, 1.26-3.11; P = 0.0031).
Importantly, among the 33 patients with leukocytosis,
32 patients had significantly elevated neutrophil counts
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(>6500/p.L). Moreover, multivariate analysis showed that the
presence of neutrophilia at the time of recurrence diagnosis
was associated with short survival after recurrence (Table 2).
This finding indicates that the observed increased WBC
counts had been caused by the up-regulated neutrophilic
differentiation of hematopoietic progenitor cells.

The mechanisms responsible for the elevated WBC
and neutrophil counts observed in this study are unknown.
However, as the patients’ WBC and/or neutrophil counts
transiently decreased in response to salvage treatment and
markedly elevated during the regrowth of the recurrent tumor
(data not shown), we consider that the leukocytosis observed in
our patients with recurrent cervical cancer was caused by the
tumor cells themselves.

It has been hypothesized that TRL is caused by the up-
regulated production of hematopoietic growth factors, in-
cluding G-CSF, granulocyte macrophage colony-stimulating
factor, IL-1, TL-6, and tumor necrosis factor o'’ Among
these cytokines, G-CSF plays a crucial role in granulopoiesis.
The first case of a G-CSF-producing malignant tumor was
reported in 1977, which involved a patient with lung cancer.!”
Since then, an increasing number of G-CSF-producing non-
hematopoietic malignancies including uterine cervical cancer
have been reported,'®2! most of which have been associated
with a poor clinical outcome.

In the present study, as biopsy samples could not be
obtained from most recurrent cases, we did not perform an
immunohistochemical analysis to investigate the expression
of G-CSF in the recurrent tumors. However, all 33 primary
tumors obtained at the injtial diagnosis of cervical cancer
displayed moderate to strong G-CSF expression in the leu-
kocytosis group (data not shown). Therefore, the G-CSF
produced by recurrent tumors might have, at least in part, been
responsible for the leukocytosis observed in the patients en-
rolled in the current study. To draw a definitive conclusion
concerning the association between G-CSF expression and
leukocytosis in patients with recurrent cervical cancer, further
investigations in preclinical and clinical settings are needed.

Despite intensive salvage treatment for recurrent dis-
ease, most patients in the leukocytosis group died within a
short period of time (median survival after recurrence was
9 months), indicating that conventional salvage treatments
are not effective in this patient population. To improve the
prognosis of these patients, understanding the mechanisms
responsible for the aggressiveness of this type of recurrent
cervical cancer, as well as the development of novel treat-
ments, is necessary. It has been reported that G-CSF might
serve as both an autocrine and paracrine stimulator of cancer
cells.??-25 Thus, a novel treatment strategy that targets G- CSF,
its receptor, or downstream effectors could be effective
against recurrent cervical cancer involving leukocytosis or
neutrophilia.

The limitations of our study need to be addressed. One
is the relatively small sample size. Moreover, owing to its
retrospective nature, potential confounding biases might have
been missed in the analysis, such as the selection bias in-
troduced by the fact that the physicians chose the salvage
treatments. In addition, the choice of salvage treatment might
have been influenced by the educational level and/or the
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socioeconomic status of the patient. To eliminate these po-
tential biases, further prospective studies are necessary.

In conclusion, we have shown that the presence of
leukocytosis atthe time of recurrent cervical cancer diagnosis
is an indicator of short survival. We believe that our re-
sults suggest that it is possible to identify high-risk patients
who would not derive clinical benefit from conventional
salvage treatments by performing a simple blood test, which
would give the physician the opportunity to offer patients
other types of treatment, that is, the best supportive care
for those with a poor performance status or entry into a
novel clinical trial for patients with a good performance
status. The development of a novel treatment strategy for
this type of aggressive recurrent tumor is urgently needed.
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