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Purpose

The aim of this study is to evaluate the efficacy and toxicity of image-guided high-dose rate (HDR) interstitial brachytherapy (ISBT) for the reirradiation of cervical cancer within a previously irradiated area.



Methods and materials

Twenty-three consecutive patients with cervical cancer were reirradiated with curative intent using brachytherapy (BT) with or without external beam irradiation. The median biologically equivalent dose in 2-Gy fractions (EQD2) for reirradiation was 64.0 Gy (range: 31.3–95.1 Gy), and the median cumulative EQD2 (for primary treatment and reirradiation) was 152.4 Gy (range: 97.8–200.9 Gy). The average clinical target volume was 82.9 cm3 (range: 26.9–208.3 cm3), and the median treatment-free interval (TFI) was 13 months (range: 3–93 months).



Results

The median follow-up time was 19 months (range: 2–59 months). The complete response rate after reirradiation was 56.5%. The 1-, 2- 3-, and 4-year post-relapse survival (PRS) rates were 65.2%, 43.5%, 33.8%, and 27.1%, respectively. The median reirradiation EQD2 D2cc of rectum and bladder was 39.5 Gy (range = 14.6–96.2 Gy) and 52.1 Gy (range = 29.1–114.2 Gy). The median cumulative EQD2 D2cc of rectum and bladder was 115.0 Gy (range = 84.4–189.3 Gy) and 130.5 Gy (range = 95.5–173.5 Gy). During follow-up, nine (39.1%) patients had experienced grade 3 or 4 late toxicities. Grade ≥3 rectal toxicity occurred in three patients (13.0%). Grade ≥3 urinary toxicity occurred in five patients (21.7%). One patient (4.3%) had both grade ≥3 urinary and rectal toxicity. Tumor volume, TFI, tumor invasion organ number, and local control were significant prognostic factors adversely affecting OS.



Conclusions

For recurrent cervical cancer after radiotherapy, reirradiation of HDR-ISBT is feasible, even if the local tumor invasion is large, with a good chance of survival and acceptable side effects.
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Introduction

Cervical cancer is the fourth most common malignancy and the fourth leading cancer-related death in women worldwide (1). The recurrence rates of patients with IIA, IIB, IIIA, IIIB, IVA, and IVB stage cervical cancer were 21.2%, 27.8%, 40.9%, 44.7%, 64.3%, and 73.6%, respectively (2). A previous study reported that the recurrence rates of patients with stage IB, IIA, and IIB cervical cancer treated only by radiotherapy were 10%, 17%, and 23%, and the rates of patients treated by radiotherapy plus surgery respectively were 14%, 20%, and 29%, respectively (3). The 5-year survival rate for patients with cervical cancer who relapsed after radical surgery or radiotherapy was only 3.2%~13% (4, 5). The treatment of recurrent cervical cancer is challenging and mainly depends on the previous treatment and the site and extent of recurrence (2).

The retreatment of recurrent cervical cancer that develops in a previously irradiated field is a complex challenge for gynecologic oncologists (6). Surgery, which exhibits 5-year overall survival rates higher than 30%, could be a curative treatment option for patients who meet strict indications. However, surgery has been employed carefully because of a high rate of complications and positive surgical margins (7–10). In recent years, with the progress of radiotherapy technology and the development of computed tomography (CT)/magnetic resonance imaging (MRI)–guided brachytherapy (BT), the reirradiation of recurrent cervical cancer after radiotherapy has achieved a good curative effect, and the incidence of serious adverse reactions is low (11–15). Moreover, reirradiation can preserve the structure and function of the organ and thus improve the quality of life of the patients. Hence, reirradiation could be another potentially curative treatment option for recurrent cervical cancer after radiotherapy. However, there are few reports of reirradiation in patients with cervical cancer, and all of them are small sample studies. In addition, there are no recommendations in the literature for the reirradiation dose of interstitial brachytherapy (ISBT), either as a treatment alone or in combination with external beam radiation therapy (EBRT). This retrospective study aimed to evaluate the effectiveness and toxicity of high-dose rate (HDR)–ISBT as retreatment to develop clinical practice guidelines.



Materials and methods


Patients

A review of the database in the department of radiotherapy in the Second Hospital of Jilin University identified 23 patients who received HDR-BT reirradiation between November 2015 and August 2020 for a local recurrence (LR) occur within a previously treated volume, following radical or adjuvant RT for cervical cancer. Fifteen patients were not suitable for pelvic exenteration, and the others refused surgery for fear of surgical trauma. Twelve patients had LR identified by pathological examination, and the rest had LR confirmed by pelvic MRI and positron emission tomography (PET)/CT. Twelve patients were initially treated at other hospitals, and detailed doses of organs at risk (OARs) could not be obtained. When brachytherapy is used, radiation doses to the rectum and bladder should be limited to 65% and 75% of the tumor dose, respectively (16). The limit of the minimum dose delivered to 2 cm3 (D2cc) rectum and sigmoid colon was 70–75 Gy, and that of the bladder was 90 Gy (17). For patients who were unable to obtain an accurate dose from the bladder and rectum during primary brachytherapy, we uniformly calculated the D2cc at 70% of the prescribed dose.



External beam radiation therapy

During reirradiation, the tumor location of some patients was too far from the vulva, leading to the use of external radiation therapy when the metal needles could not reach. Conformal EBRT was delivered to the tumors with a 0.7-cm margin using high-energy 6-MV photons with 1.8- to 2-Gy fractions to total doses of 30.0–50.4 Gy. The local tumor is the target of EBRT. The medical linear accelerator that we used is Varian Varianix-4702.The radiotherapy positioning system was Varian Eclipse 13.5. One hundred percent of the prescribed dose of EBRT was considered while calculating doses delivered to the tumor and the OARs.



High-dose rate interstitial brachytherapy

HDR-ISBT–based reirradiation was performed using three-dimensional (3D) planning in all patients. All the patients have pelvic MRI before brachytherapy. The Ir192 HDR brachytherapy machine, Oncentra brachytherapy planning system, and metal needle implantation are from Elekta, Sweden. The HDR ISBT was performed twice a week, 4–7 fractions in total, and 6–7 Gy for each fraction. Because of the large tumor volume and/or wide scope of invasion, ISBT was performed by freehand metal needle placement under CT guidance, resulting in excellent dose coverage. The patient underwent lumbar anesthesia in the operating room. After receiving anesthetic drugs, the patient was transferred to the large-caliber CT room dedicated to the Radiotherapy Department through a transfer bed. The anesthesiologist accompanied the patients all time to monitor vital signs. First, an intrauterine tandem was implanted in the uterine cavity. Then, some parallel and oblique metal needles (length of 18 cm, diameter of 1.3 mm, Elekta) were inserted into the tumor and lateral extensions at different degrees angled to the vagina at a width and depth of approximately 10 mm as initial implantation. The insertion position and number of these oblique needles were decided by T2-weighted MRI (Figure 1) and gynecological examination. Vaginal packing with gauze was used to push away the rectum and bladder. Finally, through multiple CT scans, we repeatedly adjusted the direction and depth of the needles until all the needles were evenly distributed within the tumor. In the treatment of all patients, including those with rectal and bladder involvement, the final position of the needle should be as far beyond the depth of invasion as possible, 0–1 cm, to obtain good target volume and dose distribution of the paddle in subsequent treatment plans (Figure 2).




Figure 1 | Pelvic MRI before reirradiation, recurrent tumors are shown in red circles.






Figure 2 | Distribution of needles and dose curves.





Dose-volume-histograms analysis

3D plans were reported in high-risk clinical target volume (HR-CTV), defined as the cervix and the involved parametrium, vagina, vulva, urethra, pelvic wall, rectum, and bladder. The following dose–volume parameters were calculated for the HR-CTV and OARs (bladder and rectum): the percentage of the CTV receiving 100% of the prescribed dose (V100) and the dose that covered 90%, 98%, and 100% of the target volume (D90, D98, and D100, respectively). We calculated the D2cc of the rectum and bladder. The total doses (EBRT and HDR-BT) were recalculated as the biologically equivalent doses to 2-Gy fractions (EQD2) using the following equation: EQD2 = nd (d + α/β/2 Gy + α/β), where n = the number of fractions, d = dose (Gy) per fraction (assuming α/β = 10 Gy for tumor control, and α/β = 3 Gy for late normal tissue damage). For primary BT, the dose delivered by the two-dimensional (2D) treatment plan was calculated at point A and the rectum and bladder reference points, based on International Commission on Radiation Units and Measurements (ICRU)89 report (18).



Analysis of curative effect and toxicity after reirradiation

All time intervals were calculated from the final day of treatment. The tumor response was assessed 2 months after the reirradiation. The complete response (CR) was defined as the disappearance of the tumor, and the partial response (PR) was defined as a reduction of at least 30% in the sum of the maximum diameters of the tumor. Stable disease (SD) was defined as when none of the above conditions is applicable. Local control (LC) was defined as the length of time from the end of treatment to LR. The post-relapse survival (PRS) was calculated from the date of relapse diagnosis to the date of death for disease or the date of the last follow-up.

The bladder and rectum complications were scored using the Radiation Therapy Oncology Group Acute and Late Radiation Morbidity Scoring Criteria (19).



Statistical analysis

PRS curves were derived from Kaplan–Meier estimates and compared using the log-rank test. The influence of potential prognostic factors on the risk of failure was assessed using a Cox model. P-values<0.05 were considered statistically significant.




Results


Patient characteristics

Table 1 listed the detailed characteristics of patients. The median age of the patients at diagnosis was 50.5 years (range = 24–68 years). According to the International Federation of Gynecology and Obstetrics (FIGO) Cervical Cancer Staging 2009 standard (20), the clinical stage at the initial diagnosis was stages I to II in 17 patients and stages III to IV in six patients. Twenty-one patients had SCC, and two patients displayed non-SCC histologic finding. Seventeen (73.9%) patients had been treated with definitive radiotherapy and others had been treated with postoperative radiotherapy in primary radiotherapy. The median EQD2 calculated for Primary EBRT + BT was 92.0 Gy (range = 31.3–109.7 Gy). The median treatment-free interval (TFI) (between the end of primary radiotherapy and reirradiation) was 13 months (range = 3–93 months). Eleven patients (47.8%) were diagnosed with recurrence within 12 months of the initial radiotherapy. All patients had a performance status of 0 to 1, and the median (mean) tumor diameter at the time of recurrence diagnosis was 51.0(56.6) mm. the median (mean) HR-CTV at the time of reirradiation was 70.8 (82.9) cm3. Eleven patients had the number of tumor invasion organ including bladder, rectum, and pelvic wall greater than 1. The tumors of the other 12 patients did not invade the bladder, rectum, or pelvic wall.


Table 1 | Baseline characteristics of involved patients (N = 23).





Treatment outcome

There were 13 patients’ tumors that reached CR after radiotherapy, nine had PR, and one had SD (Table 2). The CR rate after reirradiation was 56.5% (13 of 23). The median follow-up time was 19 months (range = 2–59months). Six patients are alive with no evidence of disease (NED), from 33 to 59 months post-treatment (median = 48 months). One patient is alive with disease (AWD), receiving chemotherapy. Sixteen patients died. No patients were lost to follow-up. Eight patients received HDR-ISBT combined with EBRT reirradiation. Fifteen patients received HDR-ISBT alone (Table 2).


Table 2 | Treatment outcomes of involved patients.



The median EQD2 calculated for reirradiation was 64.0 Gy (range = 31.3–95.1 Gy), and the median cumulative EQD2 for primary treatment and reirradiation was 152.4 Gy (range = 97.8–200.9 Gy) (Table 2). The median D90, D98, and D100 were 37.8, 29.5, and 23.7 Gy in the re-radiotherapy planning, respectively. The median V100 was 93.4% (Table 2).

Tumor volume before reirradiation was found in six of the seven surviving patients was<80 cm3. The tumor invasion in 12 patients did not include the rectum, bladder, and pelvic wall, and the average follow-up time was 31.9 months (9–59 months). Five of them were NED, one was AWD, five were dead of oncologic disease (DOD), and one died due to cardiac sudden death. A total of 13 patients had CR in remission status after therapy, and the average follow-up time was 31.8 months. Among them, six were NED, one was AWD, three died due to LR or distant metastasis, two died due to complications of treatment, and one died due to cardiac sudden death. The treatment characteristics are detailed in (Supplemental Table 1).

The 1-, 2-, 3-, and 4-year PRS rates were 65.2% (95% CI = 42.3%–80.8%), 43.5% (95% CI = 23.3%–62.1%), 33.8% (95% CI = 15.6%–53.1%), and 27.1% (95% CI = 10.2%–47.3%), respectively. The survival curve of PRS after re-radiotherapy is shown in Figure 3.




Figure 3 | Survival curve of PRS after reirradiation in 23 patients with recurrent cervical cancer.





Dosage delivered to OARs and toxicity

The median primary RT EQD2 D2cc of rectum and bladder was 73.5 Gy (range = 22.8–93.1 Gy) and 80.2 Gy (range = 22.8–106.0 Gy) (Table 3). The median reirradiation EQD2 D2cc of rectum and bladder was 39.5 Gy (range = 14.6–96.2 Gy) and 52.1 Gy (range = 29.1–114.2 Gy), respectively. The median cumulative EQD2 D2cc of rectum and bladder was 115.0 Gy (range = 84.4–189.3 Gy) and 130.5 Gy (range = 95.5–173.5 Gy), respectively. During follow-up, nine (39.1%) patients had experienced grade 3 or 4 late toxicities (Table 3). Grade ≥3 rectal toxicity occurred in three patients (13.0%). Grade ≥3 urinary toxicity occurred in five patients (21.7%). One patient (4.3%) had both grade ≥3 urinary and rectal toxicity. The dosimetric parameters of the OARs and radiation-related toxic effects are provided in Supplemental Table 2.


Table 3 | Dosage delivered to OARs and toxicity.





Predictors of survival after reirradiation

We performed Cox model analysis to identify independent predictors of treatment outcome in patients receiving re-radiotherapy (Table 4 and Figures 4A–D). Cox model analysis identified four independent prognostic factors that predicted good outcomes: Tumor volume (P = 0.008, Table 4 and Figure 4A), TFI (P = 0.024, Table 4 and Figure 4B), tumor invasion organ number (P = 0.009, Table 4 and Figure 4C), and LC (P = 0.001, Table 4 and Figure 4D).


Table 4 | Univariate analysis of survival after reirradiation.






Figure 4 | Cox model analysis of independent predictors of treatment outcome in recurrence patients receiving re-radiotherapy [(A) HR-CTV, (B) TFI, (C) tumor invasion organ number (bladder, rectum, and pelvic wall), and (D) local control].



The statistically significant factors, including tumor volume, TFI, tumor invasion organ number, and LC, were included in the multivariate Cox risk ratio model. The results showed that, after adjusting for TFI, tumor invasion organ number and LC were the independent factors for patient survival. The risk of death in patients with TFI≦12 months was 4.694 times higher than patients with >12 months (HR = 4.694, 95% CI = 1.445–15.247, Table 4 and Figure 4B). The risk of death in patients with tumor invasion organ number≥1 was 3.708 times higher than patients with = 0 (HR = 3.708, 95% CI = 1.048–13.116, Table 4 and Figure 4C). The risk of death in patients with no-CR was 3.617 times higher than patients with CR (HR = 3.617, 95% CI =1.155–11.330, Table 4 and Figure 4D).




Discussion

For patients with recurrent cervical cancer in the original irradiation field, the possible efficacy and potential toxicity should be considered during treatment. Previous studies have shown that the 5-year OS of patients with recurrent cervical cancer after radiotherapy is only 1% if they do not receive any treatments (21). ISBT can generate favorable LC in recurrent tumors that cannot be adequately covered by ICBT (22). Recent reports have shown that HDR-ISBT re-radiotherapy has good disease control and acceptable complications (11–15). Therefore, ISBT had been applied to patients with recurrent cervical cancer in our department. In our study, the 1-, 2-, 3-, and 4-year PRS rates were 65.2%, 43.5%, 33.8%, and 27.1%, respectively, and the median dose of EQD2 for reirradiation was 64 Gy. The CR rate after reirradiation was 56.5%. Nine (39.1%) patients had experienced grade 3 or 4 late toxicities. Grade ≥3 rectal toxicity occurred in three patients (13.0%). Grade ≥3 urinary toxicity occurred in five patients (21.7%). One patient (4.3%) had both grade ≥3 urinary and rectal toxicity. The doses used in our study were comparable to those in the current literature (11–14). Some of the toxicity symptoms are associated with a large recurrence of the rectum, bladder, urethra, etc. Because of its wide recurrence range and wide irradiation range, the damage of adjacent normal tissues is serious. In addition, some patients failed to achieve CR after treatment, and the corresponding toxic symptoms may be related to tumor control or HDR dose, which is difficult to identify. Therefore, we reported all the toxic symptoms of the patients and counted them as the toxic reactions caused by the treatment, which resulted in more toxic reactions in our study than in other reports. It is difficult to compare these results because the study cohorts were heterogeneous in terms of histopathology, tumor size, location of recurrence, treatment method, and RT schedules.

The main difficulty with re-radiotherapy is that the surrounding normal tissue is near the tumor but cannot receive high doses of radiation. A recent study showed that ISBT could be administered by injecting biodegradable hydrogels to increase the distance between the target and adjacent normal tissue, thereby reducing normal tissue exposure and therapeutic toxicity (23).

In our retrospective study, we found that, for patients with LR of gynecological tumors after radiotherapy, the use of HDR ISBT can cure the patient with acceptable side effects. In particular, patients with small local tumor volume and uninvaded pelvic wall, rectum, and bladder have a better chance of cure. If the local tumor reaches CR after treatment, then a good prognosis is suggested. However, there are no published guidelines for the dose and normal tissue limits of relapsing pelvic radiotherapy for cervical cancer. Current literature reports are all small sample studies.

Liu et al. (24) reported that freehand ISBT resulted in D90 HR-CTV of 87 Gy or greater in 85.7% of patients; however, D90 HR-CTV of ICBT was 87 Gy or greater only in 6.7% of the cases, which are bulky tumors and/or parametrial extension (tumor size>5 cm) after external beam radiotherapy. In our study, the average CTV was 88.5 cm3 (range: 26.9–208.3 cm3), and the median percentage volume of 100% prescription dose was 93.1%. This result suggests that freehand ISBT has better dose–volume histogram parameters for large volume tumors than conventional ICBT.

Permanent interstitial brachytherapy (PIB) is also a viable and potentially durable treatment modality that can be used to treat recurrent pelvic malignancies in the field of previous irradiation. Feddock et al. (25) reported on PIB for the treatment of recurrent pelvic malignancies with 131Cs and 198Au as an isotope of PIB. The 2-year success rate for reirradiation using PIB was 67.3%. Grade 3 to 4 toxicities were observed in eight patients (16.7%). However, the limitation in this series is the fact that majority of recurrences in this series were small volume, with an area of 6 cm3. In our study, the average CTV was 88.5 cm3.

To gain some insight from patients who benefited from re-radiotherapy, we performed a retrospective analysis of disease-free patients after treatment. Only one of the six NED patients involved the rectum and pelvic wall, and all of the remaining patients excluded the bladder, rectum, and pelvic wall. Additional external radiotherapy was used in only one patient with rectum and pelvic wall involvement, whereas brachytherapy was used in all of the patients. The TFI was 13.8 months (7–23 months), the mean tumor volume was 77.5cm3 (39.7–136.9cm3), the mean EQD2 of reirradiation was 69.8 Gy (51.3–95.1 Gy), the mean EQD2 calculated for primary RT and reirradiation was 157.3 Gy (143.3–184.4 Gy), and the mean follow-up time was 32 months (20–46 months). One patient underwent transverse colostomy prior to reirradiation for rectal invasion. Hence, the rectal dose of this patient was not calculated. The average bladder and rectum doses of re-radiotherapy were 52.5 Gy (40.9–66.3 Gy) and 41.5 Gy (35.9–47.6 Gy), respectively. The median EQD2 calculated for primary RT and reirradiation of bladder and rectum were 136.0 Gy (90.5–148.8 Gy) and 120.0Gy (101.8–126.0 Gy), respectively. Two patients had a grade ≥3 urologic radiation response (two patients had a vaginal bladder fistula at 10 and 23 months, respectively), and one patient had a grade ≥3 gastrointestinal radiation response (1 patient had a colorectal fistula at 26 months after radiation) (Tables 1 and 2, supporting information). It has been reported that the cumulative dose of EQD2 in the bladder and rectum below 100 Gy is safe for HDR-BT reradiation (11). In our study, we found that, if the tumor could disappear, then the therapeutic toxicity caused by the cumulative dose of 136 and 120 Gy in the bladder and rectum was acceptable. If LC is poor, then serious complications may not occur before death.

Considering that HDR-ISBT reirradiation can lead to serious complications, selecting the individuals who would benefit from treatment is critical. Mabuchi et al. (14) suggested that tumor-free survival (>6 months), tumor diameter (<40 mm), and the initial FIGO staging (I–II) prognosis were good. The more the combined risk factors, the worse the prognosis and the lower the treatment benefit. In the study of Weitmann et al. (26), recurrence time > 2 years, initial tumor diameter ≤4cm, initial volume <15 cm3, no pelvic lateral wall invasion, volume before BT< 7.5 cm3, and the prescribed dose > 64 Gy were positive predictors. Mahantshetty et al. (13) suggested that patients who received >40-Gy EQD2 reirradiation dose and the interval between two radiotherapy sessions>25 months had a better prognosis. However, because of the sample size, these data were not statistically significant. Zolciak-Siwinska et al. (11) showed that the interval between initial RT and reirradiation ≤12 months and the tumor diameter > 3 cm had a poor prognosis.

Our results confirmed that tumor volume ≤ 80 cm3 before reirradiation, TFI >12 months, local tumor reaching CR after reirradiation, and no tissue invasion of pelvic wall, rectum, and bladder were the factors for a better prognosis. The dose level did not affect PRS. This observation may be due to the small size and heterogeneity of the study group or due to our higher prescribing dose. For patients with larger tumors and wider areas of invasion, we give higher doses, because we want to increase the local dose of the tumor to improve the LC rate, and the limitation of normal tissue is not too strict. Therefore, the prognosis of patients with the re-radiotherapy dose of > 64 Gy was worse. Further large-scale prospective clinical studies are needed to select suitable patients for HDR-ISBT reirradiation.



Conclusions

To sum up, our findings revealed that HDR-BT reirradiation is clinically feasible in patients with recurrent cervical cancer after radiotherapy, even if the local tumor invasion is large, there is a good chance of survival and an acceptable risk of complications. We suggest that the cumulative dose of EQD2 in the bladder and rectum can be relaxed to 136 and 120 Gy when ISBT re-radiotherapy is performed for recurrent cervical cancer with a chance of radical cure.
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