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Summary

Purpose: To analyze the correlation between acute hematological toxicity (HT) due to the irradiation volume to the pelvis low-dose
region (PLDR) from postoperative intensity-modulated radiotherapy (IMRT) for intermediate-risk early-stage cervical cancer. Materi-
als and Methods: The medical records of 125 patients with intermediate-risk IA-IIA cervical cancer treated with postoperative radio-
therapy were retrospectively reviewed. The nadir of leukocyte, neutrophil, lymphocyte, erythrocyte, hemoglobin, and platelet counts
were collected from the beginning of radiotherapy to three months after radiotherapy.The volume of pelvic bone marrow > 5 Gy, 10
Gy, and 20 Gy (V5, V10, and V20) of the PLDR in IMRT were obtained using a dose volume histogram. Results: V10 and V20 were
independent factors of grade > 2 leukopenia and neutropenia. V10 was an independent risk factor of grade > 3 lymphopenia. V10 > 86%,
V20 > 73%, V10 > 88%, and V20 > 73% can cause grade > 2 leukopenia and neutropenia. A V10 of > 80% is more likely to occur than
grade 3 lymphopenia. Preoperative neoadjuvant chemotherapy will aggravate HT after pelvic radiotherapy, especially leukocytes. Con-
clusion: In patients with early cervical cancer with intermediate risk factors by postoperative IMRT, the volume of V10 and V20 in the

low-dose pelvic region should be limited to reduce HT.
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Introduction

The incidence of cervical cancer is the second most
prevalent female malignant tumors in China, and its age-
standardized morbidity and mortality are increasing [1].
Postoperative radiotherapy (PORT) is required for patients
with early-stage cervical cancer who have two or more in-
termediate risk factors (tumor size of > 4 cm, lymphovas-
cular space invasion (LVSI), and stromal invasion middle
or deep one-third) [2]. However, acute hematological tox-
icity (HT), gastrointestinal toxicity, bladder toxicity, and
other complications occur in different degrees during pelvic
radiotherapy. In ensuring good efficacy without increasing
the volume of normal tissue in the radiation response is the
principle of radiotherapy for malignant tumors. In gyne-
cological oncology, dosimetry investigations have demon-
strated that intensity-modulated radiotherapy (IMRT) can
reduce the dose distribution in the bladder, gastrointestinal
tract, rectum, and bone marrow [3, 4]. More than 40% of
the active bone marrow in the body is located in the pelvis
and lower spine. When patients with cervical cancer are
treated with PORT, they receive some dose of irradiation
in the pelvis low-dose region (PLDR). However, bone mar-
row stem cells are characterized by high sensitivity to ra-
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diation exposure, and the destruction of these cells by ra-
diotherapy is the main cause of acute HT [5]. Among pa-
tients with early cervical cancer after pelvic IMRT, most of
the pelvis is in the low-dose irradiation area, so the present
authors speculate that the volume of low-dose pelvic irra-
diation is related to HT. In radiotherapy for cervical can-
cer, the dose limit to the rectum, bladder, and other organs
has been quite perfect. However, the limit of radiation dose
to the pelvis is still inconclusive. Strategies to limit the ir-
radiation volume to the PLDR, which reduces the patient’s
HT, deserve to be discussed.

Materials and Methods

The 125 patients with early cervical cancer who were treated in
the First Affiliated Hospital of Fujian Medical University between
September 2009 and October 2015 were evaluated. All the patients
were treated with radical hysterectomy and pathologically diag-
nosed. Then, after three to four weeks, postoperative IMRT was
performed. Simultaneously, all the patients had a Karnofsky per-
formance status score of > 70, no histories of pelvic radiotherapy
and other malignant tumors, and successfully completed radio-
therapy.

Age, IMRT dose, body mass index (BMI = body weight
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[kg]/height [m]), hematological parameters (white blood cell
[WBC] count, neutrophil [NEU] count, leukocyte [LEU] count,
hemoglobin level, and platelet [PLT] count). Hematological tox-
icities were assessed in accordance with the Radiation Therapy
Oncology Group grading criteria.

According to the International Commission on Radiation Units
and Measurements Report No. 62, the postoperative IMRT target
area of cervical cancer includes clinical target volume (CTV), plan-
ning target volume (PTV), and organs at risk (OAR). The CTV in-
cluded one-half of the vagina, parametrial tissues of the original
uterus, and regional lymph nodes (common, internal, external iliac,
and obturator nodes). The PTV was generated from the CTV ex-
panded 0.5 cm in the three-dimensional space. A 95% PTV was re-
quired to enclose 100% of the target volume, but the maximum dose
of PTV was < 110%. The OAR includes the small intestine, rec-
tum, bladder, pelvis, and bilateral femoral head. The fifth lumbar
vertebra, sacral vertebra, bilateral ilium, ischial, pubis, bilateral
femoral head, and upper femur were defined as the range of the
pelvis. The doses stipulated for the OAR were as follows: the vol-
umes of the small intestine, rectum, and bladder to receive > 40 Gy
were limited to <30%, < 50%, and <40%, respectively, and < 50%
of the bilateral femoral head was to receive > 20 Gy. All the pa-
tients underwent IMRT with daily fractions of 1.8 to 2 Gy by 6-MV
line irradiation. The total dose rendered to the PTV was 40-50.4
Gy.

Neoadjuvant chemotherapy (chemotherapy regimens: pacli-
taxel 135 mg/m? + cisplatin 75 mg/m? per three weeks for two cy-
cles) was administered to patients with a tumor size of > 4 cm
before radical surgery.

The possible underlying factors resulting in HT were analyzed
using the ¢? test and multiple logistic regression model. The cor-
relation between the volume in the PLDR of postoperative IMRT
and acute HT was investigated using the receiver operating char-
acteristic (ROC) curve.

Results

Of the 125 patients enrolled in the study, seven were in
FIGO Stage 1A (4.8%); 54, in Stage IB (44%); 48 in Stage
ITA1 (38.4%); and 16 in Stage I1A2 (12.8%). The median
age was 47 (range, 30—67) years. The BMIs were <18.5, 10
(8%), 18.5-24.99, 95 (76%), and > 25.20 kg/m? (16%), re-
spectively. Of the cases, 58 (46.44%) had neoadjuvant
chemotherapy (preoperative tumor size of >4 cm) and 67
(53.6%) did not receive chemotherapy. The radiotherapy
dose was 45 Gy in 45 cases (36%) and 46-50.4 Gy in 80
cases (64%; Table 1).

During the beginning of radiotherapy until three months
after radiotherapy, grade 1 leukopenia occurred in 26 cases

Table 2. — Acute HT in the 125 patients.

Table 1. — Clinical characteristics of the 125 cases.

Project n Percentage (%)
Age (years)

<40 28 22.4

40-60 87 69.6

> 60 10 8.0
BMI (kg/m?)

<18.5 10 8.0

18.5-24.99 95 76.0

>25 20 16.0
Clinical FIGO Stage

la 6 4.8

Ib 55 44.0

1lal 48 38.4

1la2 16 12.8
Neoadjuvant chemotherapy

Yes 58 46.4

No 67 53.6
Total radiotherapy dose (Gy)

45 45 36.0

46-50.4 80 64.0

(20.8%), grade 2 in 47 cases (37.6%), grade 3 in 29 cases
(23%), and grade 4, in two cases (1.6%). The reduction
rates of grades 1—4 neutrophils were 36%, 11.2%, 30.4%,
18.4%, and 4%, respectively, and the reduction rates of
grade 1-4 lymphocytes were 9.6% (12 cases), 19.2% (24
cases), 63.2% (79 cases), and 6.4% (8 cases), respectively.
The incidence rates of grade 1-3 anemia and thrombocy-
topenia were 41.6% and 13.6%, respectively. None of the
cases caused grade 4 anemia and thrombocytopenia (Table
2).

The ¢? test was used to analyze the factors that might in-
fluence acute HT, including age, BMI, FIGO stage,
chemotherapy, and radiotherapy dose. The result indicated
that chemotherapy was associated with acute HT (p < 0.05;
Table 3).

By using the HT grading indexes and low-dose pelvic ir-
radiation volumes of 5, 10, and 20 Gy (V5, V10, and V20)
in the single-factor analysis, the results showed that irradi-
ation with low-dose volumes of V5 > 94%, V10 > 85%,
and V20 > 73% can reduce leukocyte, neutrophil, and lym-
phocyte counts (p < 0.05; Table 4). Two segments of the
PLDR (V5: 0-94, 94-100; V10: 0-85, 85-100; V20: 0-73,
and 73-100).

The binary logistic regression model was used to analyze
these potential factors. Results of the independent risk fac-

Circulating blood cells

Acute HT classification

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
WBC 21 (16.8%) 26 (20.8%) 47 (37.6%) 29 (23.2%) 2 (1.6%)
NEU 45 (36.0%) 14 (11.2%) 38 (30.4%) 23 (18.4%) 5 (4.0%)
LEU 2 (1.6%) 12 (9.6%) 24 (19.2%) 79 (63.2%) 8 (6.4%)
ANE 73 (58.4%) 32 (25.6%) 18 (14.4%) 2 (1.6%) 0
PLT 108 (86.4%) 10 (8%) 6 (4.8%) 1 (0.8%) 0
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Table 3. — The effect of clinical characteristics on acute
HT in the 125 patients in a single-factor analysis.

Factor Acute HT

c? P

Age (years) 0.125 0.723

BMI (kg/m’) 0.653 0.419

FIGO Stage 0.001 0.981
Chemotherapy 4.625 0.032
Radiotherapy dose (Gy) 2.154 0.142

tors for grade > 2 leukopenia were chemotherapy (odds
ratio [OR], 2.42; 95% confidence interval [CI], 1.03, 5.72;
p=0.044), and V10 and V20 in the PLDR. When V10 was
> 85% and V20 was > 73%, the ORs of grade > 2 leukope-
nia were 4.27, (95% CI, 1.45-12.55; p = 0.008), and 3.45
(95% CI, 1.17-10.12; p = 0.024), respectively. V10 and
V20 were independent risk factors for grade > 2 neutrope-
nia. The ORs were 4.77 (95% CI, 1.73-13.09; p = 0.002)
and 3.34 (95% CI, 1.21-9.19; p = 0.019), respectively.
When V10 was > 85%, the OR was 2.80 (95% CI, 1.28—
6.17; p=0.010) for grade > 3 lymphocytopenia (Table 5).

Grading for leukocytopenia and neutropenia: 0 or 1 one
stage, 2—4 one stage, grading for lymphocytopenia: 0-2
one stage, and 3 or 4 one stage. Anemia and thrombocy-
topenia: divided into two stages.

To determine the cut-off value between the PLDR and
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acute HT, ROC curves were used to analyze the relation-
ships among V10, V20, leukopenia, and neutropenia. The
indicated a relationship between V10 and lymphocytope-
nia. The present authors can conclude that when V10 was
> 86% and V20 was > 73%, grade > 2 leukopenia can be in-
duced (p <0.01; area under the curve (AUC), > 0.7). When
V10 was > 88% and V20 was > 73%, grade > 2 neutrophils
can be induced (p < 0.01; AUC, > 0.7; Figures 1 and 2).

Discussion

HT reaction to postoperative cervical cancer radiother-
apy and chemotherapy is more serious than radioactive cys-
titis, radioactive enteritis, and other adverse reactions [6].
Many clinical patients cannot continue treatment for dis-
eases because of severe myelosuppression. Although treat-
ment was completed, the patients’ quality life did not
improve. Studies have shown that low-dose bone marrow
irradiation is the main cause of acute myelosuppression [7-
9]. More than half of the bone marrow of the human body
is located in the hip, sacrum, proximal femur, and lower
lumbar spine (Figure 3). In the pelvic IMRT, the low-dose
range of 5-20 Gy almost contains these areas. The tissue
damage caused by radiotherapy depends on two factors:
dose and volume. The volume of the irradiation of 20 Gy in
the pelvis is related to HT [9, 10].

Table 4. — The relationship between circulating blood cell reduction and radiation volumes V5, V10, and V20 in the

PLDR.
Circulating blood cells Grade V35 P VIO0 p V20 P
<0.94 >0.94 <0.85 >0.85 <0.73  >0.73
WBC 0 20 1 <0.01(30.59) 21 0 <0.01 (38.53) <0.01 (35.39)
1 14 12 14 12
2 15 32 17 30
3 8 21 5 24
4 0 2 0 2
NEU 0 31 14 <0.01(31.60) 33 12 <0.01 (39.67) 33 12 <0.01(36.12)
1 10 4 10 4 12 2
2 14 24 13 25 15 23
3 2 21 1 22 2 21
4 0 5 0 5 1 4
LEU 0 2 0 0.029 (10.81) 2 0 0.025 (11.133) 2 0 0.077 (8.44)
1 6 6 6 6 7 5
2 14 10 16 8 15 9
3 35 44 32 47 38 41
4 0 8 1 7 1 7
ANE 0 30 43 0497 (2.38) 33 40  0.787(1.06) 36 37 0.196 (4.69)
1 15 17 13 19 13 19
2 11 7 10 8 13 5
3 1 1 1 1 1 1
4 0 0 0 0 0 0
PLT 0 47 6l 0.519(226) 47 61  0519(226) 52 56 0.531 (2.201)
1 6 4 6 4 6 4
2 3 3 3 3 4 2
3 1 0 1 0 1 0
4 0 0 0 0 0 0




440

H. Qing, C. Chuanshu, Z. Weijian, Z. Shaobin, L. Jing

Table 5. — Analysis of factors that reduce circulatory hemocytes.

Factor WBC NEU LEU ANE PLT

Vs OR (95% CI)  2.13 (0.64-7.08)  1.83(0.55-6.13) 0.88 (0.27-2.88) 0.55 (0.26-1.17) 0.19 (0.22-6.62)
P 0.215 0.326 0.840 0.123 1.216

V10 OR (95% CI) 4.27 (1.45-12.55) 4.77 (1.73-13.09) 2.80 (1.28-6.17) 1.66 (0.49-5.57) 0.17 (0.20-6.99)
P 0.008 0.002 0.010 0.410 1.183

V20 OR (95% CI)  3.45(1.17-10.12) 3.34(1.21-9.19)  0.988 (0.31-3.15) 0.79 (0.27-2.34) 0.63 (0.44-7.94)
P 0.024 0.019 0.983 0.673 1.873

BMI OR (95% CI)  2.32(0.95-5.68)  0.815(0.33-1.99) 1.20(0.53-2.72) 1.66 (0.76-3.62) 0.86 (0.76-7.35)
P 0.065 0.655 0.662 0.207 2.364

Age OR (95% CI) 0.92(0.37-2.32)  1.65(0.66-3.96) 0.59 (0.26-1.36) 0.90 (0.41-1.99) 0.29 (0.46-3.97)
P 0.872 0.258 0.220 0.802 1.345

Radiotherapy dose ~ OR (95% CI)  1.00 (0.39-2.55)  1.65 (0.66-4.13)  1.32(0.58-3.03) 1.91 (0.91-3.98) 0.49 (0.50-5.28)
P 0.999 0.281 0.512 0.085 1.628

FIGO stage OR (95% CI)  0.95(0.39-2.28)  1.20 (0.49-2.90) 1.67 (0.76-3.69) 2.01 (0.96-4.18) 0.41 (0.87-2.60)
P 0.906 0.680 0.202 0.063 1.500

Chemotherapy OR (95% CI)  2.42(1.03-5.72)  1.53(0.65-3.59) 0.78 (0.36-1.74) 0.73 (0.34-1.56) 0.64 (0.82-4.98)
P 0.044 0.326 0.540 0.419 1.341

e I ]
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Figure 1. — The ROC curve of V10 and V20 for grade > 2
leukopenia. V10: AUC = 0.754; V20: AUC = 0.762; cut-off value
of V10 = 86%, V20 =73%, (V10: p <0.01; V20: p <0.01).

Compared with radiotherapy alone, simultaneous radio-
therapy and chemotherapy aggravated acute and chronic
HT [11, 12]. Pelvic external beam radiotherapy (EBRT) is
recommended with (or without) concurrent cisplatin-based
chemotherapy for patients with Stage IA2, IB1, or IIA1 dis-
ease who have negative lymph nodes after surgery but have
large primary tumors, deep stromal invasion, and/or LVSI
[13]. Similarly, in this study, patients with early cervical
cancer with intermediate risk factors were treated with sim-
ple pelvic radiotherapy after operation, and no concurrent
chemotherapy was performed. As chemotherapy (neoadju-
vant chemotherapy) before radical operation may cause tu-
mors to shrink, it may make the operation easier and help
to remove any very small tumor that is not easy to see,
which can improve the total overall survival rate [14, 15].
Cho et al. observed that after neoadjuvant chemotherapy
of cervical cancer with a diameter over 4 cm, the complete
pathological reaction rate was 7.1%, which can also sig-
nificantly reduce the depth of tumor invasion and avoid he-

1-Specificity
Figure 2. — The ROC curve of V10 and V20 for grade > 2 neu-
tropenia. V10: AUC = 0.865, V20: AUC = 0.824; cut-off values
of V10 = 88% and V20 = 73%, (V10: p <0.01; V20: p <0.01).

moglobin reduction after operation [16]. Therefore, in the
present research, 58 patients had a tumor diameter of > 4
cm and two cycles of neoadjuvant chemotherapy with pa-
clitaxel plus cisplatin before the radical operation. Inter-
mediate risk factors remain after operation, so adjuvant
pelvic radiotherapy is necessary. The results showed a sig-
nificant increase in HT (p < 0.05) and especially in the total
WBC count.

Radiation can induce mitotic arrest of hematopoietic
stem/progenitor cells and their progeny cells, resulting in
cell reduction and hypoplasia in bone marrow, which can
lead to apoptosis of other hematopoietic cells in lympho-
cytes [17]. EBRT in radical radiotherapy of locally ad-
vanced cervical cancer significantly reduced the absolute
number of circulating leukocytes and lymphocytes [9].
MELL et al. reported that when the PLDR V10 was > 90%,
32% of the patients had grade 2 neutropenia [8]. When V10
was < 90%, only 5.6% had grade 2 neutropenia. Brent et al.
[18] found that in the concurrent chemoradiotherapy for
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Figure 3. — The cross-sectional, sagittal, and coronal show the
pelvic bone marrow low dose areas of 5 Gy (yellow), 10 Gy (red
gold,) and 20 Gy (light blue).

cervical cancer, pelvic V10 of < 95% and V20 of < 76%
helped to reduce the probability of grade 3 leukocytopenia
in 50% of the patients. This study focused on the effects of
radiotherapy on cervical cancer after radical resection and
PLDR on leukocyte, lymphocyte, and neutrophil counts.
The results showed that in the IMRT of postoperative cer-
vical cancer, when the PLDR was controlled at V10 of <
86% and V20 of < 73%, the incidence rates of grade > 2
leukocytopenia and neutropenia could be reduced. To en-
hance the number of leukocytes and neutrophils of patients
with grade > 2 leukocytopenia and neutropenia, the granu-
locyte colony-stimulating factor should be injected in the
clinic. For grade 3 or 4 cases, radiotherapy should be sus-
pended or discontinued, which not only increases expendi-
ture, but also may delay or affect the overall treatment
effect. The control of V10 of < 80% in the pelvis can reduce
the incidence of grade > 3 lymphopenia. No effective drugs
have been developed yet for decreased lymphocyte count.
At the same time, the present research also showed no sig-
nificant correlation between the low-dose volume accepted
by the pelvis and anemia and thrombocytopenia in the clin-
ical setting, which is similar to the results of most studies
[5, 18, 19].

In clinical practice, an in-depth study on the pelvic irra-
diation dose limit for postoperative intensive radiotherapy
for cervical cancer is still lacking. This study found that for
early cervical cancers whose postoperative pathology
showed an intravascular tumor thrombus, after one cycle
of adjuvant chemotherapy, the degree of myelosuppression
was significantly higher than that in patients without

chemotherapy. Through the ROC curve, the volume of the
PLDR that leads to acute HT was obtained. Therefore, in-
dividualized pelvic restricted dose should be individualized
in accordance with the different treatment options for pa-
tients and the number of basic blood cells before radio-
therapy to achieve the goal of reducing HT and ensuring a
smooth radiotherapy course.

This research is a retrospective study that used data from
treated patients, only analyzing acute HT without evaluat-
ing the long-term effects of HT. Owing to the retrospective
nature of this study, it cannot be randomized in statistics,
which resulted in certain limitations. In the future, prospec-
tive studies can be made to determine the grouping criteria
and increase the sample size to further verify the feasibil-
ity of the results.

Conclusion

For patients who were receiving IMRT for postoperative
early-stage cervical cancer, when restricted to V10 of <
86%, V20 of < 73%, V10 of < 88%, and V20 of < 73%, it
can reduce grade > 2 leukopenia and neutropenia, and when
V10 was < 80%, it can reduce grade > 3 leukopenia lym-
phopenia (p < 0.01). Therefore, the radiation volumes of
PLDR of 10 and 20 Gy can be used as a predictor of acute
HT. In according with the different treatment regimens of
patients before radiotherapy, the volumes of V10 and V20
individualized to reduce the incidence of acute HT can be
limited.
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