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Objectives: Adenocarcinoma (AC) of the uterine cervix has a poor prognosis and is usually 

fatal. The aim of this study was to evaluate the clinical outcome and toxicity of intraoperative 

electron beam radiation therapy (IOERT) in advanced AC.

Methods: Twenty-seven women were treated with IOERT. Surgery consisted of gross negative 

surgical margins in 19 patients, positive surgical margins in two patients, and close surgical 

margins in six patients. Twenty-three patients received chemotherapy.

Results: The 5-year overall survival and disease-free survival rates were 21/27 (77.8%) and 

19/27 (70.4%), respectively. A significantly better survival rate was found in patients with AC 

compared to patients with adenosquamous carcinoma. Tumor recurrence and metastasis were 

observed in seven patients (25.9%). No central failure occurred whether or not the resection 

margins were positive. Two (7.4%) patients developed peripheral neurotoxicity.

Conclusion: IOERT plus surgery may be feasible and effective with a low risk of toxicity, 

even in patients with positive resection margins.
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Background
Adenocarcinoma (AC) of the uterine cervix currently accounts for 5%–20% of all 

cervical malignancies, and appears to be increasing in prevalence,1 presumably due 

to its rise in incidence in young women.2 Moreover, it has been reported that these 

tumors tend to metastasize to the lymph nodes, and are less sensitive to radio- and 

chemotherapy than squamous cell carcinoma (SCC).3 Most of our knowledge about 

the treatment of cervical cancer comes from studies where the majority of patients had 

SCC; however, few studies have reported on patients who have AC of the cervix.4–6 

The little that is known about this disease points to the fact that it has a poor prognosis 

and is usually fatal. Thus, improvement in the therapy of AC of the uterine cervix is 

urgently needed.

Although the National Comprehensive Cancer Network guidelines include consid-

eration of both intraoperative electron beam radiation therapy (IOERT) at the time of 

surgical exploration and resection as treatment options for patients with locoregional 

disease relapse, data to support this recommendation are scarce. IOERT is an inno-

vative boosting technique which delivers a single high-dose fraction of radiotherapy 

directly to the resection bed during surgery to irradiate selective anatomical areas 

that have been identified during the surgical procedure as high risk and/or residual 

disease sites, while at the same time avoiding surrounding dose-limiting structures. 

This allows noncancerous intra-abdominal organs to be protected from receiving 
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full doses of irradiation, which ultimately decreases the 

incidence of severe enteritis and increases the local control 

rates.7 Studies of IOERT in multiple anatomical sites have 

produced valuable results in terms of locoregional control 

and toxicity.8,9 It has been applied with some success in 

gynecologic malignancies, including endometrioid, cervi-

cal, vaginal, and ovarian cancers.10–13 Since 1997, IOERT 

has been used in patients at our institution for the treatment 

of a variety of gynecologic malignancies, particularly when 

resection margins are in doubt. The current study evaluated 

survival and patterns of relapse and toxicity for patients 

undergoing IOERT for AC.

Methods
Patients
This study was a nonrandomized trial. Between January 

1999 and January 2007, 202 women with cervical cancer 

were treated with IOERT at the First Affiliated Hospital 

of Medical College of Xi’an Jiaotong University. Among 

them, 27 women with AC were diagnosed with International 

Federation of Gynecology and Obstetrics (FIGO) stage IIB. 

Patients with prior postoperative adjuvant treatments, such 

as chemotherapy, were allowed to enter the study. The pres-

ent study was approved by the ethics committee of the First 

Affiliated Hospital of Medical College of Xi’an Jiaotong 

University. All patients gave signed informed consent for 

IOERT. Inclusion criteria were: 1) histologically proven 

AC; 2) FIGO stage IIB; 3) age ,75 years; 4) no evidence of 

pelvic or para-aortic lymph node metastasis on a computed 

tomography (CT) scan; 5) no evidence of metastasis on chest 

X-ray; 6) normal liver and kidney function; 7) normal blood 

count; and 8) hemoglobin .9 g/L. Patients with SCC or pre-

vious pelvic radiotherapy were excluded from this analysis. 

The following criteria were studied: initial FIGO stage, ini-

tial performance status, response to IOERT, time and sites 

of relapse, overall survival (OS), and disease-free survival 

(DFS). Disease progression was defined as: new lesions 

that were consistent with new sites of disease on imaging 

that included CT, magnetic resonance imaging, ultrasound, 

and/or plain X-ray; biopsy/histology of new lesions; and 

new signs on clinical exams or symptoms consistent with 

new sites of disease.

Preoperative therapy
Patients underwent weekly intracavitary brachytherapy (dose 

of 12–14 Gy to International Commission on Radiation Units 

and Measurements reference Point A in two insertions using 
192Ir was delivered).

intraoperative electron beam  
radiation therapy
After a break of 1 to 2 weeks, all 27 patients underwent a 

simple hysterectomy with dissection of a palpable pelvic 

lymph node or tumor resection. During the operation, whole 

pelvic radiotherapy of 18–20 Gy was delivered intraopera-

tively using 12 Mev electron beam (Varian 1800, Varian, Palo 

Alto, CA, USA). All treatments were accomplished using a 

single IOERT field. The superior border of the field was at 

the bifurcation of common iliac vessels, while the inferior 

border covered 2 cm inferior to the operated vaginal vault, and 

laterally covered 1 cm beyond the lateral margin of external 

and common iliac vessels. The electron intraoperative appli-

cator was 10–12 cm in diameter. The bladder, intestines, and 

sigmoid colon were shifted out of the radiation field, and the 

rectum was shielded with a 6 mm thick lead sheet. The por-

tion of the obturator nerve in the pelvic region was partially 

shifted out of the radiation field.8

Postoperative therapy
After 2 weeks of IOERT, chemotherapy was implemented 

with cisplatin and 5-fluorouracil at our institution. Cis-

platin was given at a dose of 40 mg/m2/day for 3 days, and 

5-fluorouracil was given by continuous fusion at a dose of 

500 mg/m2/day from the first to fifth day. The cycles were 

repeated every 3 weeks. Seventeen patients received four to 

six courses of chemotherapy, 2 to 3 weeks after IOERT. Six 

patients were treated with two courses of chemotherapy; four 

patients refused chemotherapy (Table 1).

Table 1 Patient characteristics

Characteristics N

Median age (range) 46.2 years (21–74)
histologic subtype
 adenocarcinoma 16
 adenosquamous carcinoma 10
 Other subtypes of adenocarcinoma 1
Treatment
 eBrT + iOerT 4

 eBrT + iOerT + cT (4–6 cycles) 17

 eBrT + iOerT + cT (2 cycles) 6
lymph node status
 Positive 2
 negative 9
 Unknown 16
Margins
 Positive 2
 negative 19
 close 6

Abbreviations: cT, computed tomography; eBrT, external beam radiation 
therapy; iOerT, intraoperative electron beam radiation therapy.
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evaluation of acute and late toxicities
Acute and late toxicities were graded by the Common 

 Terminology Criteria for Adverse Events version 3.0.14 

Complications that occurred within 90 days from the start 

of primary treatment were considered acute complications, 

and those that occurred more than 90 days after the start of 

treatment were considered late complications.

Follow-up
After the completion of treatment, patients were followed-up 

at 3-month intervals for 1 year, 6-month intervals for 3 years, 

and annually thereafter.

statistics
OS and DFS curves were calculated according to the Kaplan–

Meier method. P-values less than 0.05 were considered 

statistically significant.

Results
Patient characteristics
The median age of the 27 patients with AC at the time 

of diagnosis was 46.2 years (range, 21–74 years). All 

patients with primary tumors were diagnosed with FIGO 

stage IIB. Sixteen patients had AC (59.3%), ten (37.0%) 

had adenosquamous carcinoma (ASC), and one (3.7%) had 

clear cell carcinoma. Dissection of a palpable pelvic lymph 

node was performed for eleven patients (57.8%), and two of 

these patients (18.2%) had lymph node metastasis. Patient 

characteristics are outlined in Table 1. The final pathol-

ogy review following surgery revealed grossly negative 

surgical margins in 19 patients, positive surgical margins 

in two patients, and close surgical margins (in which the 

resected tumor had been adherent to unresectable vascular 

structures) in six patients.

During the follow-up interval, six (22.2%) patients died; 

five patients (18.5%) died of tumor-related disease, and one 

patient died of causes unrelated to cancer. No central failure 

occurred. Tumor recurrence and metastasis were observed in 

seven patients (25.9%). Of the entire group, only two patients 

(7.4%) relapsed due to locoregional failure (outside the 

IOERT boost), and five patients (18.5%) had distant metas-

tasis alone (including two cases of relapse para-aortic nodal 

metastasis, one case of liver metastasis, one case of multiple 

metastasis, and one case of lung metastasis). Among them, 

isolated local recurrence was detected in one patient (3.7%), 

and combined local failure and distant metastasis were 

detected in one patient (3.7%). The mean time to recurrence 

was 12 months (range, 8–24 months).

Os and DFs
The mean follow-up time was 81 months (range, 

11–121 months). The 5-year OS and DFS rates in all 

27 patients were 77.8% (21/27) and 19/27 (70.4%), 

 respectively. In total, six patients died. Among the five 

patients who died of tumor-related disease, 17.6% (3/17) 

were patients who were treated with chemotherapy for four 

to six courses compared to 20% (2/10) of patients who had 

less than four courses of chemotherapy or patients without 

chemotherapy. The 5-year OS and DFS in patients who had 

four to six courses of chemotherapy were 76.4% (13/17) 

and 70.6% (12/17), respectively. A P.0.05 was found 

for patients with less than four courses of chemotherapy 

(8/10), or patients without chemotherapy (7/10), as shown 

in Figure 1A and B. However, a significantly better survival 

rate was found in patients with AC (OS, 15/16; DFS, 14/16) 

compared to patients with adenosquamous carcinoma (OS, 

6/10; DFS, 5/10) (P=0.034, P=0.031) (Figure 1C and D 

and Table 2). The rates of distant metastasis were similar 

between patients (4/16 and 2/10, respectively; P=0.768). 

Local relapse was detected in 7.4% (2/27) of patients and 

central control (within the IOERT field) was 100% whether 

or not the resection margins were positive. No local failures 

occurred in any of the eight patients who underwent subtotal 

resection.

Toxicities
Generally, IOERT was well tolerated. The only noted toxici-

ties were those potentially related to the local effects from 

local treatments. Toxicity related to chemotherapy was not 

included. In addition, no radiation-induced nausea or vomit-

ing was observed, and no delayed wound healing occurred. 

None of the patients suffered from enteritis during the entire 

follow-up period. The major complication observed was 

peripheral neuropathy, which two (7.4%) patients developed 

after 8 months and 17 months. The incidence of develop-

ing neuropathy was present while the peripheral nerve was 

included in the IOERT field. In addition, one patient suffered 

from abdominal pain (3.7%). Other toxicities related to 

surgery, such as urinary tract infection, developed in 3.7% 

of the patients. All cases were manageable by conservative 

treatment.

Discussion
AC has been always managed in the same manner as SCC. 

However, the majority of studies showed that AC carries a 

worse prognosis than SCC, with 10%–20% differences in 

5-year OS rates.15 Baalbergen et al16 demonstrated in a study 
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of 305 patients that 5-year OS rates of stage I AC were 80%, 

of stage II were 37%, and of stage IIIb were 11%. Therefore, 

innovative treatments to improve the survival and local con-

trol of AC are urgently needed.

In this study, we found IOERT to be both well tolerated 

and effective in patients with stage II AC in regard to survival 

benefit (the 5-year OS rate was 77.8%) and lower number 

of toxicities. In addition, the findings from this study sug-

gest that the OS in AC is higher than that in ASC. This is 

consistent with reports that ASC of the cervix has a poorer 

prognosis than AC.17,18 Although the patients with AC got 

survival benefit from IOERT, the 5-year OS rate and DFS rate 

seems still lower than that of the patients with SCC who were 

treated with IOERT.19 It seems to be in accord with the stud-

ies showed that AC carries a worse prognosis than SCC.15,16

IOERT also appeared to confer a disease control benefit to 

surgical resection, as no patient experienced disease relapse 

within the IOERT field, despite positive resection margins 

in two patients, and close margins in another six patients. 

Disease control was also satisfactory, with only two local 

failures. Thus, IOERT could potentially sterilize any micro-

scopic residual disease in the operative bed. The aggressive 
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Figure 1 survival analysis in advanced adenocarcinoma of the uterine cervix after iOerT. 
Notes: (A) Overall survival curve stratified for EBRT + iOerT + cT (4–6 cycles) versus eBrT + iOerT + cT (2 cycles) (P.0.05). (B) Disease-free survival curve 
stratified for EBRT + iOerT + cT (4–6 cycles) versus eBrT + iOerT + cT (2 cycles) (P.0.05). (C) Overall survival curve stratified for adenocarcinoma versus decreased 
adenosquamous carcinoma (P,0.05). (D) Disease-free survival curve stratified for adenocarcinoma versus decreased adenosquamous carcinoma (P,0.05).
Abbreviations: cT, computed tomography; cum, cumulative; eBrT, external beam radiation therapy; iOerT, intraoperative electron beam radiation therapy.

Table 2 Five-year disease-free and overall survival rates stratified by patient group

Treatment P-value Histologic subtype P-value

EBRT + IOERT + CT  
(4–6 cycles)

EBRT + IOERT + CT 
(,2 cycles)

Adenocarcinoma Adenosquamous  
carcinoma

Overall survival 76.4% (13/17) 80% (8/10) 0.832 87.5% (15/16) 70% (6/10) 0.034
Disease-free survival 70.6% (12/17) 70% (7/10) 0.852 81.3% (14/16) 60% (5/10) 0.031

Abbreviations: cT, computed tomography; eBrT, external beam radiation therapy; iOerT, intraoperative electron beam radiation therapy.
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surgical resection of recurrent disease can result in long-term 

freedom from disease. However, in some cases, extensive 

surgery is not technically feasible, as the risk of morbidity 

from a resection, such as pelvic exenteration, would be too 

great. However, by combining surgery with IOERT, an 

appropriate balance of surgical aggressiveness and patient 

treatment-induced morbidity was achieved.

In addition, our study showed that five patients (18.5%) 

had distant metastasis (including two cases of relapse 

para-aortic nodal metastasis, one case of liver metasta-

sis, one case of multiple metastasis, and one case of lung 

metastasis), which was consistent with some studies that 

reported differences in patterns of disease dissemination for 

patients with AC histology compared to SCC of the cervix. 

Patients with AC had a significantly higher rate of ovarian 

metastasis, consistent with a number of studies that have 

demonstrated higher rates of distant metastasis with AC 

histology, such as ascites, abdominal carcinomatosis, and 

para-aortic spread.20

Some studies have reported that systemic chemotherapy 

and the addition of adjuvant radiotherapy plays a greater 

importance in the treatment of AC compared to SCC in 

improving survival and reducing the risk of recurrence. This 

may be because they harbor more micro-metastasis than 

SCC, and can therefore be potentially eradicated by RT and 

have more to gain from the added systemic effect of extra 

chemotherapy courses. Additionally, further analyses of all 

patients receiving chemotherapy found that higher numbers 

of chemotherapy courses were associated with improved pro-

gression-free and overall survival.20 However, in this study, the 

difference in OS and DFS did not reach statistical significance 

between patients who had four to six courses of chemotherapy, 

less than four courses of chemotherapy, or no chemotherapy. 

Further studies about this should be anticipated.

In conclusion, IOERT may be feasible and effective as a 

boosting technique for advanced or recurrent AC. IOERT plus 

surgery may achieve high locoregional disease control and 

survival benefit with a low risk of toxicity, even in patients 

with positive resection margins. With this combined modality 

approach, we expect some patients with AC to experience 

long-term freedom from recurrence. The findings of this 

study confirm our clinical impressions and provide important 

information with which to move forward in developing better 

therapies for advanced AC of the uterine cervix.

However, the study has its own limitation. The study’s 

results are limited by its retrospective design and the data is 

from a single institution. Thus, the plans for a randomized 

trial would be anticipated in the future.

Conclusion
IOERT may be feasible and effective as a boosting  technique 

for advanced AC. IOERT plus surgery may achieve high 

locoregional disease control and survival benefit with a 

low risk of toxicity, even in patients with positive resec-

tion  margins. With this combined modality approach, some 

patients with AC will be able to experience long-term 

 freedom from recurrence.
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