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Abstract
Purpose: Cervical stump cancer is a carcinoma that grows on the cervical stump after a sub-total hysterectomy. 

There have been no studies on the application of 3D brachytherapy in cervical stump cancer. In the present study, we 
aimed to compare the curative effects, toxicity, and dosimetry of 3D and 2D brachytherapy in cervical stump cancer. 

Material and methods: Thirty-one patients admitted between 2012 and 2021, who were concurrently treated with 
intensity-modulated radiation therapy and brachytherapy for cervical stump cancer were divided into three groups ac-
cording to the brachytherapy techniques: 2D brachytherapy, 3D image-guided brachytherapy (3D-IGBT), and 2D + 3D.  
For patients undergoing 2D brachytherapy and 3D-IGBT, data on survival, complications, and dose to target area or 
organs at risk (OARs) were collected and compared. Furthermore, dosimetry difference was investigated by recon-
structing the 2D plan into a 3D plan.

Results: The median follow-up duration of all patients was 58 months. The overall 5-year progression-free survival, 
overall survival, and local control rates were 69.6%, 90.2%, and 78.2%, respectively. Late complications in the rectum, 
sigmoid colon, and bladder were milder in 3D brachytherapy than in 2D brachytherapy. Concerning the D90 value of 
clinical target volume (CTV) and D2cm3 value of OARs in EQD2, the 3D brachytherapy provided a lower dose to CTV 
(76.5 Gy vs. 95.9 Gy, on average) and OARs compared with 2D brachytherapy.

Conclusions: Despite lacking statistical significance, 3D brachytherapy showed better outcomes regarding late toxic-
ity than 2D brachytherapy, owing to the lower dose coverage in the bladder, rectum, sigmoid colon, and small intestine. 
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Purpose
Sub-total hysterectomy is a prominent surgical pro-

cedure for benign uterine diseases that only removes  
the uterine body and leaves the cervix intact [1]. Howev-
er, the importance of screening for cervical stump cancer 
should be emphasized. According to a study with 903 pa-
tients in Poland, the prevalence of cervical stump cancer 
among all cervical cancers is 0.33% [2]. In contrast, another 
review showed that stump cancer accounted for 2% of all 
cervical cancers [3]. In developing countries where the hu-
man papilloma virus (HPV) vaccine is not widely available, 
this rate may be higher; however, such data are still lacking. 

There is no standard treatment for cervical stump 
cancer, and the current treatment principles mainly refer 
to cervical cancer. A study reviewed a series from 1959 
to 1987, and found that the effect of radical radiotherapy 
on cervical stump cancer was similar to that on an intact 
uterus [4]; however, some studies had shown higher com-
plication rates following radiation treatment for stump 
cancer [3]. Recently, 3D image-guided brachytherapy 
(3D-IGBT) was introduced into cervix cancer treatment, 
resulting in an improved loco-regional control and less 
toxicity [5, 6]. For example, the EMBRACE I trial showed 
that, at a median follow-up of 51 months, magnetic res-
onance imaging (MRI)-guided image-guided adaptive 
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brachytherapy achieved an overall 5-year local control 
(LC) rate of 92% [7]. However, data on the use of 3D-IGBT 
for cervical stump cancer are still lacking. 

Here, we aimed to summarize the outcomes of cer-
vical stump cancer, and analyze the advantages of 3D 
brachytherapy in patients’ treatment. 

Material and methods 
Patients 

This retrospective study was approved by the In-
stitutional Review Board of the Peking Union Medical 
College Hospital (No. JS-2373). Between 2012 and 2021, 

33 patients who met the following criteria were initially 
included in our study: 1) A history of sub-total hysterec-
tomy for benign gynecological diseases; 2) Pathologically 
proven cervical stump cancer; 3) Received external beam 
radiation and brachytherapy; 4) Not received other treat-
ment before radiotherapy; and 5) A complete treatment 
and follow-up data. All patients underwent radiothera-
py at the Peking Union Medical College Hospital. After 
reviewing the data, two participants were excluded due 
to a loss to follow-up. In addition, demographic features 
and data associated with treating cancers were collected, 
including pathological type, FIGO stage, dose of external 
beam radiotherapy (EBRT), methods and parameters of 
brachytherapy, and chemotherapy regimen. 

For patients treated between 2012 and 2018, stag-
es were re-assessed according to FIGO 2018 and based 
on their reserved computed tomography (CT) images. 
Furthermore, information about 2D-BT was described 
through positions and doses of reference point (point A) 
and doses of radiation to the bladder, rectum, and fundus 
of the uterus. In contrast, 3D-IGBT data were described 
using D90% value of clinical target volume (CTV) and 
D2cm3 value of the bladder, rectum, small intestine, and 
sigmoid. Moreover, data on survival and radiation tox-
icity were collected through telephone follow-ups and 
periodic re-examinations. 

Treatment 

All patients were treated with external radiotherapy 
and brachytherapy. External beam radiation was used to 
irradiate the cervical, partial vaginal, and pelvic lymphat-
ic drainage areas with volumetric modulated arc thera-
py (VMAT) or helical tomotherapy (TOMO) at a dose of  
45 Gy/25 fractions, or 50.4 Gy/28 fractions. Seven patients 
received a 10-12 Gy boost for metastatic lymph nodes (Ta-
ble 1). Twenty-two patients received treatment delivered 
with Varian Trilogy linear accelerator, with plans gener-
ated from Varian Eclipse planning system, while data re-
garding external radiotherapy units and planning system 
used for the other 11 patients were missing. 

Tandem and ovoid applicators were applied in all 
patients undergoing brachytherapy. Thirty-one patients 
were divided into three groups: 14 patients, who were 
treated with 2D-BT (2D-BT group) and had their plans 
based on radiography, and 12 cases, who had preserved 
CT images at least after the first applicator implanta-
tion. Twelve patients treated with 3D-IGBT (3D-IGBT 
group) had their plans based on CT images, and the oth-
er five patients received 2D-BT combined with 3D-IGBT  
(2D + 3D group) due to incomplete target area coverage in 
CT simulation assessment after the initial treatment with 
2D-BT. Brachytherapy doses were 4-6 Gy per fraction,  
2-5 fractions, and were adjusted to achieve a sufficient dose 
coverage in CTV, while limiting the dose to organs at risk. 
For 2D-BT, plans based on the images were obtained from 
oblique orthogonal X-rays. The target area dose was eval-
uated through point A, and doses to organs at risk (OARs) 
were represented by markers, such as rectal markers and 
bladder balloons. Reference points differed among patients 
because the dose to OARs would be too high if the general 

Table 1. Patients’ clinical characteristics 

Clinical characteristics Number  
of patients

Percentage 
(%)

Age (years), median (range) 60 (42-78) 

Pathological type 

Squamous cell carcinoma 30 95.7 

Adenocarcinoma 1 4.3 

FIGO stage (2018) 

IB1 1 3.2 

IB2 2 6.5 

IIA1 4 12.9 

IIA2 2 6.5 

IIB 12 38.7 

IIIA 1 3.2 

IIIB 2 6.5 

IIIC1 6 19.4 

IVB 1 3.2 

External beam radiotherapy 

Dose 

50.4 Gy/28 fx. 21 67.7 

45 Gy/25 fx. 8 25.8 

46 Gy/23 fx. 1 3.2 

48.6 Gy/27 fx. 1 3.2 

Extra dose to lymph node 

Yes 7 22.6 

No 24 77.4 

Brachytherapy 

3D 12 

2D 14 

Inference point*

Point A (2.0 cm, 2.0 cm) 6 42.9 

Other 6 57.1 

2D + 3D 5 

Chemotherapy regimen  

Cisplatin weekly 28 90.3 

Taxol + cisplatin 2 6.5 

Carboplatin 1 3.2 

* Doses and locations of these reference points are listed in Appendix Table 1 
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point A was applied as the inference point for some patients. 
Under these conditions, the inference point was adjusted to 
limit the dose to OARs. For 3D-IGBT, each patient was sim-
ulated using an Philips AcQSim CT simulator, with a scan-
ning layer thickness of 5 mm. High-risk clinical target volume 
(HR-CTV) was delineated based on CT images, including 
the cervix, adjacent parametrium, and vagina, if involved. 
A high-dose-rate 192Ir source was adopted; brachytherapy 
plan was generated using Oncentra brachytherapy treat-
ment planning system (Elekta, Stockholm, Sweden) and 
was delivered with NucletronV2 with a dwell distance of  
2.5 mm for both 2D and 3D brachytherapy. All patients re-
ceived concurrent chemotherapy. 

Dosimetry analysis 

To assist in selecting a more individualized refer-
ence point, 12 patients in the 2D-BT group obtained CT 
images at least after the first applicator implantation. 
We used Elekta Oncentra system to delineate CTV and 
OARs on these CT images, reconstruct the source ap-
plicator, and transplant the dwell position, dwell time, 
and source activity of the source applicators from the 
original 2D plans into the simulated 3D-CT plans, thus, 
assessing their CTV D90% and D2cm3 values in the blad-
der, rectum, sigmoid colon, and small intestine. For frac-
tions, which missed CT images, we used data received 
from other fractions of the same patient to replace them. 
Similarly, these parameters were recorded in 12 patients 
in the 3D-IGBT group. Biologically equivalent doses 
in 2 Gy fractions (EQD2) using linear-quadratic model 
with α/β ratio = 10 for tumors and α/β ratio = 3 for 
OARs were performed to calculate the superimposed 
dose of brachytherapy and external beam radiotherapy 
[8]. Dose target of D90% was set as ≥ 80 Gy, according to 
the American Brachytherapy Society guideline [9]. Dose 
constraints of OARs in D2cm3 were set as the bladder  
< 90 Gy, and the rectum, sigmoid, and bowel < 75 Gy, 
according to the EMBRACE II study [10]. 

Follow-up and statistics 

After the completion of radiation therapy, patients 
had their follow-up visits every 3 months within 2 years, 
every 6 months from 2 to 5 years, and once a year after 
5 years. Observations at follow-up included local recur-
rence, distant metastasis, and death. The prognosis from 
two aspects, i.e., survival and side effects was evaluated. 
The survival status was reflected by overall survival (OS), 
progression-free survival (PFS), and LC rates. OS was de-
fined as the interval between the onset of radiotherapy 
and death from any cause or the last follow-up; all the 
death cases were disease-related, so disease-specific sur-
vival was referenced to overall survival. PFS and LC were 
calculated from the start of radiotherapy to any outcome 
occurrence or local recurrence. Therefore, Kaplan-Meier 
method was used to estimate OS, PFS, and LC rates. Ad-
verse effects of EBRT and brachytherapy were evaluated 
based on acute and late toxicities. The most prominent 
acute and late toxicities of EBRT and BT, including toxici-
ty to the bladder, rectum, sigmoid colon, and small intes-

tine, were assessed according to the common terminolo-
gy criteria for adverse events v. 3.0 [11]. 

A relationship between prognostic factors and tox-
icity was first evaluated using univariate analysis. We 
defined acute and late toxicities of grade 2 or higher as 
severe, and analyzed a relationship between each factor 
and severity of toxicity using chi-square (χ2) test. Vari-
ables, which showed significance (p < 0.05) were included 
in the multivariate model for further analysis. Further-
more, comparisons were made between the 2D-BT and 
3D-IGBT groups, while the 2D + 3D group was excluded 
from the analysis, because it was challenging to deter-
mine the source of influence in this group. For dosimetry,  
the cumulative D90% value of HR-CTV and D2cm3 value of 
the bladder, rectum, small intestine, and sigmoid colon 
were compared between the 3D-IGBT and 2D brachyther-
apy groups using an independent t-test after passing Sha-
piro-Wilk normality test. P-values < 0.05 were considered 
statistically significant. All data analyses were performed 
using SPSS (version 22.0; SPSS Inc., Chicago, IL, USA). 

Results 
Clinical characteristics 

General clinical characteristics of the patients are 
shown in Table 1. The pathological types of 25 (95.7%) pa-
tients were squamous cell carcinoma, seven (22.6%) were  
early-stage (FIGO stages IB1-IIA1), and 24 (77.4%)  
were locally advanced stage (FIGO stages IIA2-IVA). 
Among the 14 patients who underwent 2D brachythera-
py, only six (42.9%) adopted general point A (at the cer-
vical opening 2 cm upwards and 2 cm from the side). In 
addition, six types of other reference points were selected 
(Appendix Table 1). 

Prognosis and toxicity 

The median follow-up time for the 31 patients was  
58 months (range, 16-107 months). The overall 5-year 
PFS, OS, and LC rates were 69.6%, 84.9%, and 77.1%, re-
spectively (Figure 1). Among them, LC rates were 100% 
and 90.9% in the 3D and 2D groups, respectively, and 
only 25% in the 2D + 3D group. Furthermore, one patient 
underwent 2D brachytherapy, and the other one who 
received 3D brachytherapy developed distal metastasis. 
Of the six patients who received 2D + 3D brachytherapy, 
two (33.3%) developed distal metastasis, and one died, 
while two (33.3%) died of local recurrences. 

There were no grade ≥ 3 acute or late gastrointestinal 
and urinary toxicities in the 31 patients. Toxicities of 2D 
and 3D brachytherapy are shown in Figure 2. A multivar-
iate analysis was not conducted because the only variable 
that showed significance in the univariate analysis was 
the brachytherapy method for hematologic toxicity. In the 
univariate analysis, the brachytherapy technique and all 
other factors, including FIGO stage, chemotherapy, and 
external radiation therapy method, showed no significant 
difference in acute or late non-hematologic toxicity using 
chi-square analysis (Appendix Table 2); however, for late 
radiation toxicity, 3D brachytherapy had a lower preva-
lence of higher-grade toxicity, as presented in Figure 2. 
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Dosimetry 

Figure 3 shows a schematic diagram of dose distribu-
tion for the two patients who received 2D and 3D treat-
ments. Among the 12 patients who received 3D-IGBT, the 
mean D90% value in 3D-IGBT was 76.5 Gy; four patients 
met the goal of D90% value to CTV ≥ 80 Gy, while all the 
patients met the OAR constraint. Of the 14 patients who 
received 2D brachytherapy, 12 with 17 fractions had CT 
images, which was helpful in reconstructing 3D plans to 
obtain their D90% values of CTV and D2cm3 values of OARs 
(Table 2). The mean CTV D90% value in 2D brachythera-
py was 95.9 Gy, which was significantly higher than that 
in 3D brachytherapy (p = 0.005). Of the 12 patients who 
received 2D brachytherapy, seven met the goal of D90% 
value, seven exceeded the bladder constraint, four sur-
passed the rectal constraint, seven exceeded the sigmoid 
constraint, and six exceeded the small intestine limit.  
The average D2cm3 values for the bladder, rectum, sig-
moid, and small intestine in 3D-IGBT were 77.81, 63.65, 
66.54, and 64.27 Gy, respectively, while those in 2D 
brachytherapy were 140.00, 79.61, 79.11, and 108.08 Gy, 
respectively. Except for the rectum (p = 0.198), the D2cm3 
values for the other OARs in 2D brachytherapy were sig-
nificantly higher than those in 3D brachytherapy, show-
ing p < 0.001 for the bladder, p = 0.030 for the sigmoid 
colon, and p = 0.017 for the small intestine. 

Discussion 
Although the effectiveness of 3D-IGBT in cervical 

cancer has been previously proven [12], the advantage 
of 3D brachytherapy over 2D brachytherapy for cervical 
stump cancer remains unclear. In 2021, Okada et al. re-
ported a case of cervical stump cancer (T3bN1M0) suc-
cessfully treated by combining external beam radiother-
apy and CT-based IGBT [13]. Using tandem and ovoid 
applicators in brachytherapy, an EQD2 of 69.6 Gy was 
delivered to the patient for HR-CTV. The patient showed 
no evidence of recurrence or late adverse effects at 3 years 
and 8 months post-radiotherapy. However, this only case 
does not sufficiently prove that 3D-IGBT is a better choice 
to treat cervical stump cancer. In this retrospective study, 
we collected data from 31 patients over the past 10 years, 
and explored the efficacy and safety of 3D-IGBT in the 
treatment of cervical stump cancer. 

In a study conducted between 1953 and 1977, 89 pa-
tients with cervical stump cancer were treated with EBRT 
and intra-cavitary brachytherapy. The 5-year PFS accord-
ing to the stage of the patients with cervical stump carci-
noma were 83.8% for stage I, 77.6% for stage II, 51.0% for 
stage III, and 37.1% for stage IV [14]. Another analysis 
in 1993 showed that PFSs for patients who received con-
current brachytherapy and external radiotherapy were 
100%, 85%, 82%, 71%, 45%, 54%, and 30% in stages IA, IB, 

Fig. 1. Kaplan-Meier curves showing the A) progres-
sion-free survival (PFS), B) overall survival (OS), and  
C) local control (LC) rates for 31 patients
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Fig. 2. Comparison of acute and late toxicity between 
3D-IGBT and 2D-BT. The outer circles represent 3D-IGBT, 
while the inner circles represent 2D-BT. Blue represents 
patients with no toxicity, green represents patients with 
grade 1 toxicity, orange represents patients with grade 2 
toxicity, and red represents patients with grade 3 toxicity. 
A) Acute lower gastrointestinal toxicity, B) acute urinary 
toxicity, C) acute hematologic toxicity, D) late gastrointes-
tinal toxicity, E) late urinary toxicity.
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IIA, IIB, IIIA, IIIB, and IV, respectively [15]. In this study, 
for early-stage disease (FIGO stages IA, IB1, IB2, and 
IIA1), the 5-year PFS was 87.5%, and LC was 100%; for 
locally advanced cancer (FIGO stages IIB-IVB), the 5-year 
PFS was 63.8%, and LC was 70.5%. The LC was higher 
than that reported in a previous study on cervical stump 
cancer, partly due to the revolution in radiotherapy tech-
niques in recent years. Compared with previous studies 
[16-21], the current study introduced intensity-modulat-
ed radiation therapy and concurrent chemotherapy to the 
patients, and demonstrated a significant survival benefit. 
IGBT has been reported to improve LC rates in cervical 
cancers [22, 23], which was also proven in the present 

study. Our results help to identify that technological rev-
olution may also contribute to the clinical outcome of cer-
vical stump cancer treatment. 

According to the 2012 ABS guidelines for locally 
advanced cervical cancer, the recommended minimum 
dose of HR-CTV D90% for patients with an intact uterus is  
80 Gy. However, there are no widely accepted criteria 
for patients with cervical stump cancers. Initially, we set 
a target dose of 80 Gy for the HR-CTV D90%; however, 
according to this standard, the actual dose was relatively 
low. Only four of the 12 patients who received 3D-IGBT 
and seven who received 2D-BT, met the initial goal. Our 
data analysis revealed that all patients who developed 

Fig. 3. Representative examples of schematic diagrams of the dose distribution for two patients who received A) 2D and B) 3D 
treatments 
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B
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Table 2. D90% of clinical target volume (CTV)  
and D2cm3 of organs at risk (OARs) in patients 
who received 2D/3D brachytherapy

Patient  
No.

CTV Bladder Rectum Sigmoid Small 
intestine

2D

D90% D2cm3

1 53.98 71.21 57.81 58.99 54.37 

2 97.90 121.60 76.00 81.90 62.67 

3 116.02 167.76 59.91 90.22 99.44 

4 90.81 168.88 73.78 83.93 183.48 

5 64.80 57.10 60.93 50.64 57.73 

6 101.26 187.88 109.65 55.93 180.46 

7 116.53 151.66 105.05 112.39 121.40 

8 83.86 150.96 65.19 86.82 72.17 

9 103.88 137.34 84.83 82.98 65.89 

10 124.56 173.82 128.39 52.28 176.09 

11 90.86 168.45 73.80 83.95 183.49 

12 91.41 153.25 64.11 81.77 58.24 

13 111.08 110.13 75.51 106.66 89.69 

3D 

D90% D2cm3
 

14 64.51 73.38 54.05 67.88 61.39 

15 77.44 71.05 55.84 70.40 53.83 

16 78.22 70.55 56.25 74.07 77.17 

17 67.61 81.51 64.07 67.48 65.41 

18 89.20 80.69 69.46 60.47 60.86 

19 85.03 87.77 69.55 71.25 79.23 

20 80.90 68.78 63.24 75.26 73.90 

21 74.24 74.83 62.16 54.47 52.89 

22 65.83 80.31 74.55 69.66 64.01 

23 77.08 85.62 75.16 57.38 57.35 

24 74.76 70.87 61.84 52.66 62.03 

25 82.99 88.32 60.62 72.54 68.12 

All units used are Gy in EQD2 

local recurrence received a target dose of < 75 Gy. If the 
goal was adjusted to 75 Gy, eight of the 12 patients who 
received 3D-IGBT and nine of those who underwent  
2D-BT would meet the goal. Therefore, 75 Gy may be an 
appropriate dose criterion for the HR-CTV of cervical 
stump cancer, and could provide supporting evidence for 
further development of dose criteria for the treatment of 
cervical stump cancer. 

One reason for obtaining a relatively low-dose in the 
CTV was the choice of reference points. Point A was de-
fined as a point 2 cm above the vaginal fornix and 2 cm 
from the uterine axis according to the ICRU-38 report, 
which is widely accepted as the reference point to de-
scribe brachytherapy dose in patients with cervical can-
cer. However, when the original anatomical structure of 
cervical stump cancer is destroyed, point A may underes-
timate the dose of OARs. In this study, different reference 
points were applied to limit doses of OARs, which might 
lead to a relatively low-dose in CTV. 

The current data show a higher exposure dose to 
OARs in 2D brachytherapy than in 3D-IGBT. This result is 
consistent with that of a previous study on cervical cancer 
with an intact uterine corpus [5]. The EMBRACE II study 
recommend a dose limit of 90 Gy for the bladder and  
75 Gy for the rectum in patients with an intact uterus [10]. 
Concerning these criteria, of the patients who received 
2D-BT, seven (58.3%) exceeded the bladder limit, and 
four (33.3%) exceeded the rectum limit, while all the pa-
tients who received 3D-IGBT met the constraint. In addi-
tion, the average doses to OARs in the 2D-BT group were 
significantly higher than those in the 3D-IGBT group. 
The above data show that 3D-IGBT might achieve better 
dose control in OARs than 2D-BT for cervical stump can-
cer. This effect further leads to a milder late toxicities of 
3D-IGBT, with fewer grade ≥ 2 late gastrointestinal and 
urinary toxicities. Moreover, no grade ≥ 3 acute or late 
toxicity was found in the 2D-BT and 3D-IGBT groups, 
indicating good protection of OARs in our study. Unfor-
tunately, chi-square test failed to demonstrate the signif-
icance of data, which may be attributed to the relatively 
small sample size. Nevertheless, the above evidence still 
suggests that 3D-IGBT, as opposed to 2D-BT, may be 
a better choice for the protection of OARs during radio-
therapy for cervical stump cancer. 

Tandem and ovoid or ring applicators are the most 
prominent applicators for cervical cancer. However, 
in clinical operations, due to changes in patient’s pel-
vic anatomy, it may be challenging to locate the cervix 
opening; therefore, the placement of an applicator could 
be problematic. For these patients, using cylinders may 
be a viable option; however, this may result in an in-
sufficient apical dose [24]. Interstitial implantation is 
generally performed in patients with large tumors or in 
advanced stages. Previous studies have shown that com-
bined intra-cavitary/interstitial brachytherapy can sig-
nificantly improve LC in locally advanced cervical cancer 
[25], while using interstitial implantation for advanced 
stage cervical stump cancer requires additional data for 
analysis. 

The main limitation of our study was that the long 
study period resulted in a wide variety of brachytherapy 

techniques, which hindered further analysis. In addition, 
this was a small sample retrospective study; the small 
sample size impacted the statistical analysis of some of 
the results, such as hematologic toxicity, reducing the re-
liability of the results. Moreover, not all fractions of 2D 
brachytherapy had reserved CT images, which may lead 
into a bias in the reconstruction results. However, our 
experience can guide the subsequent treatment of such 
patients. Further prospective, large-scale, multicenter 
clinical studies are required to validate the effectiveness 
of 3D-IGBT technique. 

Conclusions 
Compared with previous studies, we report a higher 

survival rate in patients with cervical stump cancer. Fur-
thermore, 3D brachytherapy showed better outcomes in 
late toxicity and, for dosimetry, 3D brachytherapy deliv-
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ered a lower dose to the bladder, rectum, sigmoid colon, 
and small intestine. 
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