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Objective: This retrospective study aimed to evaluate the feasibility, safety, and clinical efficacy 

of computed tomography (CT)-guided 125I seed interstitial brachytherapy for pelvic recurrent 

cervical cancer in patients with a history of pelvic radiotherapy.

Methods: From March 2011 to December 2015, 35 pelvic recurrent lesions (33 patients) were 

reirradiated using this type of salvage therapy. The medical history, dose–volume histogram para-

meters, complications, local control, overall survival (OS), and affected factors were analyzed.

Results: All patients were followed-up until expiration, and the median duration of follow-up 

was 16 months. The 1-, 3-, 6-, 12-, and 18-month local control rates were 84.5%, 74.2%, 60.0%, 

55.5%, and 33.3%, respectively. The symptoms significantly improved after implantation. The 

median local tumor progression-free survival (LTPFS) and OS times were 7 months (range, 

1–19 months) and 12 months (range, 2–42 months), respectively. The 1- and 2-year OS rates were 

65.5% and 43.6%, respectively. In univariate analysis, a good performance status, a tumor diameter 

,4 cm, an interval time from last radiotherapy to seed implantation longer than 6 months and 

D90 (dose delivered to 90% of the target volume) $130 Gy were prognostic factors for LTPFS. 

Cox proportional hazards regression analysis revealed that tumor size and D90 were independent 

factors affecting LTPFS (P=0.033, hazard ratio [HR] =3.357, 95% CI =1.105, 10.212; P=0.035, 

HR =2.766, 95% CI =1.072, 10.212). Good performance status was identified as an independent 

factor affecting OS (P=0.001, HR =0.086, 95% CI =0.019, 0.387). Two patients showed grade 

3–4 toxicity – 1 patient had rectovaginal fistula and 1 patient had incomplete intestinal obstruc-

tion – and 3 cases showed seed migration in our analysis. No grade 5 events occurred.

Conclusion: Reirradiation with CT-guided 125I seed interstitial brachytherapy is a safe, 

effective, and minimally invasive method to treat patients with recurrent cervical cancer after 

radiotherapy.
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Introduction
Even in the era of radical hysterectomy with platinum-based chemoradiotherapy, 

most cervical cancer patients will eventually relapse, including 11%–22% of those 

in International Federation of Gynecology and Obstetrics (FIGO) stages Ib–IIa and 

28%–64% of those in FIGO stages IIb–IVa.1 Recurrent cervical cancer leads to 

devastating consequences such as pelvic pain, physical obstruction, vaginal bleeding 

and a dismal 1-year survival rate between 15% and 20%.2

The treatment modality for recurrent cervical cancer is dependent on previous 

therapy, location and extent of the recurrence, tumor size, time of disease-free interval, 

and the patient’s performance status.3 Pelvic exenteration may represent a curative 

treatment option only in highly selected cases with a small lesion confined to the 

vagina; the postoperative morbidity rate is high and reported to be between 13% and 
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64%.4 Cisplatin-containing combination chemotherapy is 

administered with palliative intent to recurrences; however, 

the improvement in median survival is low. Despite the 

combination of chemotherapy and bevacizumab, the median 

survival time was increased by only 3.7 months.5,6 Since 70% 

of patients received pelvic radiotherapy, reirradiation is usu-

ally impossible because of potential damage to the intestine 

and bladder.7 Other modern radiotherapy techniques need 

to be found so that they can be effectively used for patients 

with recurrent cervical cancer.

Interstitial implantation of 125I seeds according to the 

computerized three-dimensional treatment planning system 

(TPS) is considered an advanced form of conformal radio-

therapy, and it has shown efficacy in antitumor response 

and symptom relief for different tumors.8,9 The 125I seed 

can deliver a cumulative dose directly into the target tumor 

with a very sharp dose gradient outside the implanted vol-

ume, thus sparing nearby normal tissues and providing dose 

escalation.10 This is particularly important for the treatment 

of recurrent tumor with a history of irradiation.

Since 2010, 125I brachytherapy has been used for pelvic 

recurrent cervical cancer with a history of pelvic irradia-

tion at our institution. The aim of this study was to review 

and update our experience with permanent 125I interstitial 

brachytherapy in patients with recurrent cervical cancer 

after radiotherapy.

Materials and methods
ethical statement
This study was approved by the Ethics Committee of the 

Tianjin Medical University Cancer Institute and Hospital 

and was carried out in compliance with the Helsinki Declara-

tion. Patients who signed written informed consent for this 

study were included, and personal identification information 

was removed.

Patients
We identified all patients with a history of external beam 

radiotherapy or high-dose rate (HDR) brachytherapy to 

the pelvic cavity who underwent interstitial implanta-

tion of 125I seeds at our institution from March 2011 to 

December 2015. The eligibility criteria were as follows: 

histologically proven recurrent cervical cancer; Karnofsky 

performance status (KPS) score of 60 or higher; interviewed 

by surgeons who had considered them unsuitable for salvage 

surgery or patients had refused surgery; no severe dysfunc-

tion of the kidneys, liver, blood coagulation or bone marrow; 

and informed consent before undergoing seed implantation. 

In total, 33 patients were treated, and their therapy records 

were reviewed. This study was approved by the Institutional 

Review Board of our medical institution. The patient and 

tumor characteristics are listed in Table 1.

seed implantation technique
Three days prior to seed implantation, the patients underwent 

a detailed tumor volume study using CT scans with a thickness 

of 5 mm (Figure 1A). The images were transferred to a TPS 

(Beijing Aerospace and Aviation University, Beijing, China), 

which was used to reconstruct the three-dimensional images 

Table 1 Patients’ characteristics

Characteristics Patients (n=33)

age, years 50.9 (25–76)
,50 19 (57.6)
$50 14 (42.4)

KPs
,80 15 (45.5)
$80 18 (54.5)

histology
scc 29 (87.9)
Other 4 (12.1)

initial FigO stage
i–ii 15 (45.5)
iii–iV 18 (54.5)

Prior history of radical hysterectomy
Yes 17 (51.5)
no 16 (48.5)

Prior history of chemotherapy
Yes 30 (90.9)
no 3 (9.1)

Previous eBrT dose, gy 49.6 (16–62)
Prior history of hDr brachytherapy, gy 24.3 (15–36)

Yes 10 (30.3)
no 23 (67.9)

location of tumor
central pelvis 19 (57.6)
Pelvic wall involvement 14 (42.4)

interval time, months 7.3 (1–18)
,6 10 (30.3)
$6 23 (69.7)

Maximum tumor diameter, cm 4.9 (2.7–8.4)
,4 9 (27.3)
$4 24 (72.7)

extra pelvic metastases
no 12 (36.4)
Yes 21 (63.6)

Notes: Data shown as median (range) or n (%). initial FigO stage: clinical staging of 
patients at initial diagnosis. Maximum tumor diameter is measured from cT before 
125I brachytherapy. The interval time is defined from the last radiotherapy to seed 
implantation.
Abbreviations: eBrT, external beam radiotherapy; FigO, international Federation 
of gynecology and Obstetrics; hDr, high-dose rate; KPs, Karnofsky performance 
status; scc, squamous cell cancer.
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Figure 1 administration of 125i seed brachytherapy.
Notes: (A) The preoperative transverse cT image was obtained to target the area of interest. (B) The radiation oncologist outlined the gross tumor volume (red area) 
and organs at risk (Oars) for the targeting area including rectum (yellow area) and bladder (green area), therapy planning system determination of the target dose, needle 
position, and number and distribution of particles. (C) The dose-volume histogram shows the planning target volume (red line) as well as dose distribution in Oars including 
rectum (yellow line) and bladder (green line). (D) Two months after seed implantation. (E) six months after seed implantation.
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of the focus. The radiation oncologist outlined the gross tumor 

volume (GTV) and organs at risk for disease on each trans-

verse image (Figure 1B). The planning target volume included 

the entire GTV with a 0.5 to 1.0 cm margin in each direction 

that was covered by the 90% isodose curve. The prescribed 

dose (PD) of the 125I seed implant was 90–150 Gy, which 

was adjusted according to the adjacent structures. The dose–

volume histogram, isodose curves of different percentages, 

D90 (PD delivered to 90% of the target volume), total number 

and activity of 125I seeds were calculated (Figure 1C).

The patients were placed on a clear liquid diet 12 hours 

prior to the procedure. If the recurrent tumor was adjacent to 

the bladder or rectum, they required urethral catheterization 

and coloclysis with diluted contrast medium before inter-

ventional therapy. After adequate local anesthesia, 18-gauge 

needles were implanted into the mass and were spaced at a dis-

tance of 1.0 cm in a parallel array performed under CT guid-

ance according to the plan. Precautions were taken to avoid 

puncture of large blood vessels, pelvic autonomic nerves or 

important organs. The 125I seeds (model 6711, 4.5 mm long 

and 0.8 mm in diameter; radioactivity, 11.1–37 MBq; average 

energy, 27–35 keV; half-life of 59.6 days; radiation range, 

1.7 cm; initial dose rate, 7 cGy/h; China Institute of Atomic 

Energy, Beijing, China) were inserted through each needle, 

and the space between seeds (center-to-center) was kept at 

0.5–1.0 cm. Postplacement CT was performed to document 

the distribution of the 125I seeds in the tumor. Additional seed 

implants would be performed immediately if a low-dose 

region was detected to optimize the treatment parameters. 

All patients received 4–6 cycles of platinum-based intra-

arterial infusion chemotherapy and paclitaxel or docetaxel 

intravenous chemotherapy after implantation.

evaluation of the effect and follow-up
Routine follow-up consisted of symptom improvement, 

physical examination and laboratory tests including 

measurements of the hematic convention, squamous cell 

cancer-Ag, chest radiography, and abdominopelvic ultra-

sonography. Pelvic CT was performed 1–2 months after the 

procedure and at 3-month intervals thereafter, or earlier if a 

new clinical sign or symptom appeared.

Local control (LC) was evaluated based on imaging find-

ings in accordance with the Response Evaluation Criteria in 

Solid Tumors.11 The toxicities were assessed from the start 

date of 125I seed implantation. The severity of complications 

was graded according to the Radiation Therapy Oncology 

Group/European Organization for Research and Treatment 

of Cancer grading system.12

statistical analysis
The local tumor progression-free survival (LTPFS) and 

overall survival (OS) curves were calculated using the 

Kaplan–Meier method. Univariate analysis was performed 

to define the predictive factors influencing LTPFS and 

OS using the log-rank test. The relative importance of 

the covariates in determining predictive factors was also 

assessed with a multivariate Cox proportional hazard model. 

A P-value ,0.05 was considered statistically significant. All 

statistical analyses were performed using IB Social Sciences 

(SPSS), version 19.

Results
125i seed interstitial brachytherapy
Brachytherapy was performed successfully for 33 patients 

with 35 lesions under CT guidance. All patients under-

went postoperative dose verification using the TPS. The 

median number of 125I seeds used was 50 (range, 20–95). 

Of 33 patients, 3 (8.5%) patients did not reach the TPS 

criteria after the first procedure and subsequently received 

additional implantations. Postplanning evaluation showed 

that the actual D90 ranged from 115.1 to 160.7 Gy (mean, 

133.9 Gy). The median maximum dose to the bladder and 

rectum were 34.6 (range, 5.1–80.1 Gy) and 35.9 Gy (range 

7.0–54.3 Gy), respectively.

lc and lTPFs
As shown in Table 2, the 1-, 3-, 6-, 12- and 18-month LC 

rates were 84.5%, 74.2%, 60.0%, 55.5% and 33.3%, respec-

tively. The tumor volume was significantly reduced (Figure 1D 

and E). Kaplan–Meier curves for LTPFS are presented in 

Figure 2A, with a median LTPFS time of 6 months (range, 

1–19 months). According to univariate analysis, KPS $80, 

tumor diameter ,4 cm, interval time from last radiotherapy 

to seed implantation $6 months and D90$130 Gy showed 

a better LTPFS (Table 3). As shown in Table 4, tumor size 

Table 2 Treatment outcomes of 125i seed implantation

Follow-up period, 
months

Local control efficacy (%)

CR PR SD PD LC

1 10 18 5 0 28/33 (84.5%)
3 9 14 6 2 23/31 (74.2%)
6 7 8 8 2 15/25 (60.0%)
12 4 1 2 2 5/9 (55.5%)
18 1 0 3 0 1/3 (33.3%)

Note: LC, based on the Response Evaluation Criteria in Solid Tumors, is defined as 
the proportion of patients with complete response and partial response.
Abbreviations: cr, complete response; lc, local control; PD, progressive disease; 
Pr, partial response; sD, stable disease.
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Figure 2 (A) local tumor progression-free survival after 125i brachytherapy. (B) local tumor progression-free survival in patients with tumors of different sizes. (C) 
local tumor progression-free survival with D90$130 gy and D90,130 gy. (D) Overall survival rate after 125i brachytherapy. (E) Overall survival rate in patients with 
different KPs.
Note: D90 is prescribed dose delivered to 90% of the target volume.
Abbreviations: cum, cumulative; KPs, Karnofsky performance status.

Table 3 Univariate analysis regarding lTPFs and Os

Parameter Category P-value (LTPFS) P-value (OS)

age, years ,50 vs $50 0.565 0.918
KPs ,80 vs $80 0.019 ,0.001
histology scc vs others 0.239 0.789
Tumor stage i–iia vs iib–iV 0.118 0.909
Prior history of radical hysterectomy Yes vs no 0.136 0.768
Prior history of chemotherapy Yes vs no 0.475 0.208
Prior history of hDr brachytherapy Yes vs no 0.337 0.854
interval time, months ,6 vs $6 0.014 0.803
location of tumor central vs pelvic wall involvement 0.475 0.715
Maximum tumor diameter, cm ,4 vs $4 0.006 0.048
extra pelvic metastases Yes vs no 0.732 0.016
D90, gy ,130 vs $130 0.022 0.704

Note: D90 is prescribed dose delivered to 90% of the target volume.
Abbreviations: hDr, high-dose rate; lTPFs, local tumor progression-free survival; KPs, Karnofsky performance status; Os, overall survival; scc, squamous cell cancer.
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(Figure 2B) and D90 (Figure 2C) were also identified as 

independent factors affecting the LTPFS.

Overall survival
The mean OS of this study group was 12 months (range, 

2–42 months). The 1- and 2-year OS rates were 65.5% 

and 43.6%, respectively (Figure 2D). Better OS was 

found in patients who had no distant metastasis when the 
125I brachytherapy was received and who had a good perfor-

mance status (Table 3). Cox proportional hazards regression 

analysis revealed that a good performance status was the only 

independent factor affecting OS (Table 4, Figure 2E).

relief of clinical symptoms
In this study, the major clinical symptoms were pain (66.7%), 

fatigue (75.6%), abnormal defecation (33.3%), abdominal dis-

tension (30.3%), urinary irritation (36.3%), vaginal discharge 

(39.3%), vaginal bleeding (30%), tenesmus (48.5%) and leg 

edema (9.1%). The remission rates of clinical symptoms 

after 125I interstitial brachytherapy are shown in Table 5.

complications
A total of 2 patients (6.1%) had grade 3–4 toxicity includ-

ing 1 patient with rectovaginal fistula and 1 patient who had 

incomplete intestinal obstruction, after treatment for 4 and 

2 months, respectively. Seven patients had grade 1–2 toxicity 

including mild hematuria (3.0%) lasting for 1–3 days, a small 

amount of colporrhagia (12.1%), and vaginal secretion (9.1%) 

that disappeared within 2–3 weeks. There were 2 cases of seed 

migration in our analysis. No grade 5 events occurred.

Discussion
Treatment of recurrent cervical cancer is still a current chal-

lenge, especially for those with a history of radiotherapy. 

Most of the recurrent tumors could not be resected because 

of local extension, postradiation fibrosis, regional and dis-

tant metastasis, patient state, or their resection would cause 

unacceptable functional disability.13 Although chemotherapy 

combined with targeted therapy has been widely used in 

clinical practice, the improvement in median survival is 

low. Reirradiation of the previously irradiated area is dan-

gerous as the complications may increase significantly, up 

to 30%–56%.14

125I seeds belong to the low-dose rate brachytherapy 

which has advantages of high precision, strong adaptability 

and minimal peripheral organ damage. In addition, 125I seeds 

slowly emit continuous, low-dose X-rays and γ-rays, for a 

delivery dose of 160–180 Gy within the local tissue during the 

half-life of 125I, which can efficiently inhibit the proliferation 

and promote the apoptosis of tumor cells.15 In contrast, 

the surrounding normal tissue receives ,25% of the dose 

delivered to the tumor cells.16 This emission of radiation 

from the 125I seeds also allows the normal tissue, which 

receives sublethal or potentially lethal doses of radiation, 

to have sufficient time for repair and recovery.17 125I seeds 

can provide additionally radiation because the therapeutic 

benefit is theoretically boosted by natural increases in the 

local dose after radiation-induced tumor shrinkage brings 

the radioactive source closer to the target. Together, these 

characteristics support 125I seeds as an optimal treatment 

for recurrent cervical cancer, especially for patients who 

previously received radiotherapy.

A study by Sharma et al18 demonstrated the efficacy 

and safety of the interstitial implantation of 125I seeds in 

the treatment of recurrent gynecologic malignancies in 

40 patients with previous radiotherapy; in this study, the 

tumor control rate reached 67%, and 33% of patients had a 

disease-free survival period longer than 2 years. In our study, 

the LC rates after 1, 3, 6, 12 and 18 months were 84.5%, 

Table 4 results of cox proportional hazards regression analysis 
for lTPFs and Os

Variable LTPFS OS

P-value HR 95% CI P-value HR 95% CI

KPs
$80 0.054 0.309 0.154, 1.015 0.001 0.086 0.019, 0.387

,80
Tumor size, cm

,4 0.033 3.357 1.105, 10.212
$4

D90, gy
,130 0.035 2.766 1.072, 7.141
$130

Note: D90 is prescribed dose delivered to 90% of the target volume.
Abbreviations: hr, hazard ratio; KPs, Karnofsky performance status; lTPFs, local 
tumor progression-free survival; Os, overall survival.

Table 5 relief of clinical symptoms

Symptoms SI PI IC AG RR

Pain 9 6 4 0 15/19 (78.9%)
Fatigue 7 10 6 0 17/23 (73.9%)
abnormal defecation 2 5 4 1 7/11 (63.3%)
abdominal distension 3 3 4 0 6/10 (60.0%)
Urinary irritation 4 3 5 1 7/12 (58.3%)
Vaginal discharge 0 3 6 2 3/11 (27.3%)
Vaginal bleeding 3 2 3 1 5/9 (55.6%)
Tenesmus 4 7 5 0 11/16 (62.5%)
leg edema 0 1 2 0 1/3 (33.3%)

Notes: The relief of clinical symptoms was divided into si, Pi, ic and ag. rr of 
clinical symptoms was the proportion of si and Pi.
Abbreviations: ag, aggravation; ic, indistinctive change; Pi, partial improvement; 
RR, remission rate; SI, significant improvement.
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74.2%, 60.0%, 55.5% and 33.3%, respectively. At the time 

of this analysis, the median LTPFS time was 7.3 months, the 

median survival time was 14.0 months and the 1- and 2-year 

OS rates were 65.5% and 43.6%, respectively. These results 

suggest that 125I brachytherapy can be successfully used to 

improve LC in patients with cervical cancer after radio-

therapy. We also found compare with the recurrent tumors 

outside pelvic cavity that accepted 125I seed brachytherapy, 

the LC for this study was poorer and the complications 

were more serious.8,19 The main consideration is that with 
125I brachytherapy, the sharp fall-off in the radiation dose 

emphasizes the need to accurately define the clinical target 

volume, as any area left unimplanted will receive very little 

irradiation. This is especially difficult in the postirradiated 

pelvis, which is affected by the pelvic bone structure, vessels, 

nerves and motion of cavitation organs, such as the bowel 

and the bladder. It is also difficult to differentiate areas of 

radiation-related fibrosis from tumor tissue that may not be 

sensitive to the radiation emitted from 125I seeds.

As recent studies have indicated that local disease con-

trol is an important independent prognostic factor for the 

OS of patients, seeking how to improve the LTPFS is very 

important. Univariate analysis found that KPS, tumor size, 

interval time from last radiotherapy to seed implantation 

and D90 had an influence on LTPFS. Multivariate analysis 

suggested that tumor size was an independent factor related 

to LTPFS. These results were similar to those of Martinez-

Monge et al, who assessed the treatment of recurrent rectal 

cancer with radioactive seed implantation.24 Because of tumor 

shrinkage, the dose distribution for large-volume tumors will 

become nonuniform, which can form radiation cold areas 

prone to relapse. Another independent factor for LTPFS is 

D90. According to the American Association of Physicists in 

Medicine,20 we set the PD of the 125I implant at 90–150 Gy, 

which was adjusted according to the adjacent structures. We 

found that with an actual D90.130 Gy, a better LTPFS rate 

was obtained.

Another finding in our study was that 125I brachytherapy 

showed a huge advantage concerning the improvement of 

clinical symptoms, especially pain, with a relief rate of 

81.3%. Other symptoms also showed varying degrees 

of remission, which significantly improved the quality of 

life of the patients. Thus, this minimally invasive technique 

can give patients a relatively long period of time to recover 

because most of our patients were at the late stage of disease. 

After undergoing many other different types of therapies, the 

general status of the patients was poor, and they had no other 

effective treatment option.

Mabuchi et al21 reported the toxicity of using HDR inter-

stitial brachytherapy for locally recurrent cervical cancer, 

and 13 (25%) of the 52 patients experienced grade 3 or 

worse complications. In our study, 2 patients (7.4%) had 

grades 3–4 toxicity including 1 patient with rectovaginal 

fistula and 1 patient with incomplete intestinal obstruction. 

Compared to the complications related to other types of radio-

therapies, 125I brachytherapy appears more tolerable. Fistula 

formation may be due to the local higher dose area caused 

by tumor shrinkage that brings the radioactive source closer 

to the target. Ling et al22 suggested that the dose received in 

the target area should be ,120% of the prescription dose; 

otherwise, it would be an “excess” dose. This analysis 

showed that the dose nonuniformity of the target area could 

be accepted after implantation for the treatment of prostate 

cancer. However, the unique characteristics of pelvic tumors 

warrant further clinical studies for confirmation.

With postoperative follow-up and review, 1 patient 

presented with seeds falling into the abdominal cavity and 

1 patient presented with seeds shedding from the vagina. 

These findings may be related to the movement of the visceral 

organs after implantation, tumor necrosis or the implanta-

tion technique. No side effects on the digestive tract were 

observed. Radiotherapy with the traditional dose distribution 

will be affected by internal organ movement and setup error, 

while the dose distribution of the radioactive seed is not 

affected by patients or their internal organ motion; moreover, 

the position error of a single particle is not as sensitive, and 

the seed displacement and migration have little effect on the 

target dose distribution. The relevant research of Beaulieu 

et al23 showed that 125I shift and migration were more likely 

to affect the dose distribution of the target than to cause 

adverse reactions limiting tumor control and normal tissue. 

The goal of such therapy is to have a good treatment plan, 

skilled operation technology and strict quality assurance and 

quality control.

Conclusion
In patients with recurrent disease, decisions regarding addi-

tional therapy must consider both the likelihood of disease 

control and potential toxicities. Our study suggests that 
125I brachytherapy is effective and feasible for treatment of 

recurrent cervical cancer that develops in a previously irradi-

ated area. This study was limited by its retrospective nature 

and the relatively small sample size from a single institution. 

In addition, .60% of the patients had been treated within 

the previous 2 years, and the follow-up period was relatively 

short. Thus, further studies with a larger number of patients 
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and long-term monitoring of this promising procedure are 

needed to reach a definite conclusion.

Disclosure
The authors report no conflicts of interest in this work.
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