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Abstract: Cervical cancer is the fourth most common cancer in females worldwide. Patients with stage
III and IV cervical cancer based on the Federation of Gynecology and Obstetrics (FIGO) classification
have higher recurrence rates. Because of organs at risk (OAR) protection and the low indication rate
of salvage surgery, the choice of treatment is always challenging. Systemic chemotherapy is palliative
and can be performed in conjunction with surgery or radiotherapy; however, it has no significant
benefit to survival. Brachytherapy and stereotactic body radiotherapy (SBRT) are characterized by
extremely high radiation doses applied to tumor cells while sparing the normal tissues. Several
studies have investigated the efficacy of these technologies in recurrent cervical cancer and showed
promising results. The immune checkpoint inhibitors approach was also investigated and showed
promising results too. Herein, we report a case of a patient with cervical cancer that recurred five
months after adjuvant chemotherapy and concurrent chemoradiotherapy. The disease prognosis
after interstitial implantation brachytherapy (IIB) was determined. Then, the patient underwent
radioactive 125I-seed implantation combined with PD-1 inhibitor treatment. The patient exhibited a
partial response after seed implantation, and up to now, the duration of this partial response was
24 months.

Keywords: recurrent cervical cancer; iodine-125 seed implantation; PD-1; immune checkpoint
inhibitors; low-dose-rate

1. Introduction

Cervical cancer is the fourth most common cancer in females worldwide [1]. According
to the International Agency for Research on Cancer projections, 528,000 new cases occurred
in 2012, and in the same year, cervical cancer was responsible for 266,000 deaths, accounting
for 7.5% of all female cancer deaths. Its recurrence rates in patients with International
Federation of Gynecology and Obstetrics (FIGO) stages Ib, IIa, IIb, III, and IVa are 10%,
17%, 23%, 42%, and 74%, respectively, and 80% of cervical cancer recurrences occur within
two years after the initial treatment [2,3]. The organs at risk (OARs) are proximate to the
tumor site, and re-irradiation will increase the risk of damage to normal tissues [4]. Since
about 70% of patients with recurrent cervical cancer have undergone radiotherapy, the
treatment option is always challenging.

Selective anti-angiogenic therapy by tyrosine kinase inhibitors may represent a novel
therapeutic tool, which was used alone or in combination with chemotherapy [5]. The
vascular endothelial growth factor (VEGF) and the epidermal growth factor receptor (EGFR)
is the most commonly selected proangiogenic factors for anti-angiogenic therapy, and the
US Food and Drug Administration (FDA) has approved an anti-VEGF targeted therapy
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in combination with chemotherapy for patients with metastatic, persistent, or recurrent
cervical cancer, and several targeted therapies are still investigated [5,6].

Poly ADP-ribose polymerase (PARP) is an intracellular protein involved in the repair
of single-stranded DNA breaks, which was used by tumor cells to repair errors in DNA
replication in the setting of high mutational burden that is a hallmark of malignancy [7–9].
A phase I trial indicated that PARP inhibitor was safe and feasible [10].

Early reports have implicated PI3KCA somatic mutations suggesting that mTOR-
targeted agents should be explored in cervical cancer [11]. Programmed death-ligand
1 (PD-L1) inhibitor is an immune checkpoint inhibitor with high specificity for binding
to a programmed cell death 1 (PD-1) receptor. It was approved by the FDA for patients
with recurrent or metastatic cervical cancers [12]. Anti-cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4) is another target for therapy being studied in a variety of malignancies,
including cervical cancer [13,14]. Several phase I or II trials are now evaluating its safety
and efficacy in the treatment of advanced cervical cancer [5].

Radioactive 125I seed implantation (RISI) is a kind of low-dose-rate (LDR) brachyther-
apy, which was characterized by extremely high steep dose-fall off and was initially a
standard treatment option for men with localized prostate adenocarcinoma. A low-dose-
rate (LDR) with the computer tomography (CT) guidance and 3-dimensional (3D)-printing
non-coplanar template (PNCT) assistance, RISI can achieve an accurate dose delivery and
spare the normal tissues. Up to now, 3D PNCT-assisted RISI has presented promising
results in the salvage treatment of several kinds of recurrent tumors [15–18] and has been
referenced in the National Comprehensive Cancer Network guidelines for the management
of a locally recurrent rectal cancer [19]. Meanwhile, existing studies have preliminarily
confirmed the efficacy and safety of RISI in the treatment of cervical cancer [16,20,21].
Meanwhile, recent studies indicated that radiotherapy induces immunomodulatory ef-
fects [22–25]; therefore, we expect the combination of PD-1 immune checkpoint inhibitor
and RISI radiotherapy would improve prognosis compared with monotherapy and pre-
sented this case.

2. Materials and Methods

A 46-year-old woman with recurrent cervical cancer was referred to our hospital.
The patient was diagnosed with cervical cancer on 10 March 2018. Based on imaging
and pathologic examination, the patient was diagnosed with FIGO stage IIIB (T4N1M0)
cervical cancer. The tumor invaded the left urethra, and the patient had left kidney failure
with hydronephrosis. Initially, the patient received concurrent chemoradiotherapy (CCRT).
Before the treatment, the squamous cell carcinoma antigen (SCC-Ag) was 5.3 µg/L (normal
value: ≤1.5 µg/L). External beam radiotherapy (EBRT) and planning target volume (PTV)
included the primary tumor, cervix, uterine, upper vagina, and pelvic lymphatic drainage
area. The pelvic lymph node’s gross target volume (PGTVnd) includes the metastatic pelvic
lymph nodes, while the planning target volume-1 (PTV1) includes the parametrium lymph
nodes. The prescription dose of PGTVnd was 60 Gy, 2.14 Gy/28 f, and that of PTV1 was
60 Gy, 2.14 Gy/28 f. High-dose-rate (HDR) intracavitary brachytherapy was commenced
when EBRT was delivered. A prescription dose at point A involved 30 Gy/5 f, 2 f/w. About
30 mg of cisplatin was infused weekly during radiotherapy.

Due to vaginal bleeding, anemia, and hypothrombocytopenia, CCRT was terminated
within 84 days. After CCRT, the patient received adjuvant chemotherapy (ACT) for three
cycles (Docetaxel + Carboplatin) and presented grade 3 leukocyte reduction and grade
2 anemia. The SCC-Ag during ACT was 1.2, 1.2, and 1.3 µg/L (Figure 1). After the three
cycles, the tumor response was assessed as a partial response (PR) (Figure 2A–L).
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Figure 1. SCC-Ag level acquired before, during, and after treatment. 
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Figure 1. SCC-Ag level acquired before, during, and after treatment.

Approximately five months after the ACT, SCC-Ag increased to 1.6 µg/L (29 March
2019), and the MRI also hints at an increased focus and pelvic wall invasion, suggesting
tumor recurrence. Then, the patient underwent a template-assisted CT-guided biopsy that
diagnosed the recurrence of cervical cancer. Immunohistochemistry: Ki-67 (50%+), CK (+),
P40 (+), CD34 (−), and CD31 (−).

Upon the diagnosis of recurrent cervical cancer, the patient underwent HDR intersti-
tial implantation brachytherapy (IIB). The prescription dose was 36 Gy/6 Gy/6 f 2 f/w.
The actual completion of HDR-IIB was four fractions due to poor response. The MRI
(29 May 2019) scan after four times HDR-IIB hints at progressive disease (PD). The volume
of the tumor increased from 2.9 × 2.4 × 1.5 cm to 3.6 × 3.5 × 2.6 cm, and DWI-MRI
exhibited an irregular hyperintense signal. The SCC-Ag was 1.7 µg/L on 3 June 2019 and
1.3 µg/L on 19 June 2019. Based on the MRI and SCC-Ag results, IIB did not achieve a
curative effect as we expected.

Subsequently, the patient underwent ureteral stent placement on 13 June 2019 and re-
ceived CT-guided and 3-dimensional (3D)-PNCT-assisted radioactive 125I seed implantation
(RISI) (20 June 2019), combined with PD-1 inhibitor treatment (240 mg toripalimab q21d).
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Figure 2. (A,B) Magnetic resonance imaging taken before CCRT in T2-weighted sequence. (C,D) Magnetic resonance
imaging taken after CCRT and ACT in T2-weighted sequence. (E,F) Magnetic resonance imaging depicting the cervical
cancer recurrence after CCRT and ACT in T2-weighted sequence. (G,H) Magnetic resonance imaging depicting the
cervical cancer recurrence after CCRT, ACT, and HDR-IIB in T2-weighted sequence. (I,J): Magnetic resonance imaging
taken after 3D-PNCT assisted RISI in T2-weighted sequence. (K,L) Magnetic resonance imaging taken after 3D-PNCT
assisted RISI in T2-weighted sequence. (CCRT, concurrent chemoradiotherapy; ACT, adjuvant chemotherapy; HDR, High-
dose-rate; IIB, interstitial implantation brachytherapy; 3D, 3-dimensional; PNCT, printing non-coplanar templates; RISI,
radioactive 125I seed implantation). (M,N) Portion of pre-plan images. (O,P) Portion of real-time dose optimization images.
(Q,R) Portion of post-plan images. (S,T) 3D-PNCT assisted RISI reconstruction visualization for recurrent cervical cancer.
(U) Dose-volume histogram of 125I seeds. (3D, 3-dimensional; PNCT, printing non-coplanar templates; RISI, radioactive
125I seed implantation).
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The 3D-PNCT-assisted RISI was carried out following the process mentioned sub-
sequently. The patient received a CT simulation with contrast and 5-mm slice thickness
before RISI. Then, the CT simulation images were uploaded to the brachytherapy treatment
planning system (BT-TPS, KLSIRPS-3D; Beijing Tianhang Kelin Technology Development
Inc., Beijing, China) for pre-plan, target volume, and OAR delineation (Figure 2M–U). The
prescription dose was 110 Gy, and the pre-plan evaluation was GTV D90 = 144.5 Gy, GTV
V100 = 97.6%, and CTV D90 = 109.4, CTV V100 = 89.0%. The pre-plan dataset was used for
digital modeling and the printing of individualized 3D-PNCTs, which included the biologi-
cal surface characteristics of the seed implantation area, the X-axis and Y-axis laser lines, a
registration mark, and the information about the simulated needle path. RISI was carried
out under spinal anesthesia. When the patient and 3D-PNCT were re-set up, single-use
needles were inserted into the target lesion under CT guidance. A Mick applicator was
used to implant the seeds. After seed implantation, a CT scan was performed again to
check the distribution of actual 125I seeds in the targets, and additional seeds would be
implanted if the distribution of 125I seeds was not satisfactory. The CT image dataset was
transferred to the BT-TPS for post-planning dose evaluation [16,20]. The evaluated doses
were GTV D90 = 126.9 Gy, GTV V100 = 94.7%, and CTV D90 = 100.2 Gy, CTV V100 = 87.0%.

The injection of 240 mg toripalimab was performed for the first time one day after
seed implantation. After two cycles of PD-1 inhibitor treatment, the SCC-Ag was 0.7 µg/L
on 2 August 2019. Meanwhile, the MRI acquired on 2 August 2019 reported that the
tumor bed volume shrank from 3.6 × 3.5 × 2.6 cm to 3.1 × 3.3 × 2.6 cm, and the T2-
weighted image signal intensity decreased significantly, which was considered as a PR.
After that, the patient accepted another 15 cycles of PD-1 inhibitor treatment during the
next 15 months. At this stage, the highest level of SCC-Ag was 1.2 µg/L. Additionally, the
patient underwent six MRI scans and these MRIs hint at PR.

3. Results

After seed implantation and PD-1 inhibitor treatment, no evidence hints towards
tumor recurrence or metastasis up to now. The patient exhibited a complete response (CR)
after seed implantation. The duration of this CR was at least 24 months, meanwhile no
grade 3 or 4 serious adverse events occurred after RISI.

4. Discussion

The recurrence rates of cervical cancer are 10%, 17%, 23%, 42%, and 74% for FIGO
stages Ib, IIa, IIb, III, and IVa, respectively [2,3]. The main methods to treat recurrent
cervical cancer are surgery, systemic chemotherapy, SBRT, HDR brachytherapy, EBRT
(IMRT/VMRT), and chemotherapy; however, due to their dose limitation for OARs
and other reasons, EBRT and surgery are often not selected [26]. The indication of sal-
vage surgery is limited to only 1.5–7% of patients with recurrent disease [27]. Systemic
chemotherapy is basically palliative and can be performed in conjunction with surgery or
radiotherapy. However, according to the result of the Royal Marsden hospital, second-line
systemic therapy, including targeted agent monotherapy and chemotherapy, did not show
significant benefits for survival, the progression-free survival (PFS) for second-line therapy
was only 3.2 months, and the median overall survival (OS) was 9.3 months, meanwhile,
the objective response rate to second-line therapy was 13.2% [28]. Other studies also did
not show significant benefits for survival, which is still less than 12 months for most pa-
tients [3,29]. RISI is characterized by extremely high radiation dose applied to tumor cells
while sparing the normal tissues, so it might be a good selection. Initially, RISI is used to
treat primary prostate cancer [30–33]. Accumulating evidence showed its good efficacy in
various recurrent cancers, including rectal cancer, head and neck cancer, and pancreatic
cancer [17,34–38]. Moreover, our previous studies demonstrated that 3D-PNCT-assisted
CT-guided RISI is a safe, effective, and minimally invasive modality to treat recurrent
cervical cancer after radiotherapy [16,20]. Other centers showed similar results [21].
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According to our previous study [16], which included 111 lesions from 103 patients,
the response (complete response, CR/PR/stable disease, SD) of tumors after RISI was
99.1%. The local control (LC) for one year and three years was 87.4% and 75.1%, respectively.
For patients with D90 ≥ 130 Gy for one year and three years, the LC was 98.6% and 95.8%,
respectively. The PFS for one year and three years was 56.1% and 17.2%, respectively.
Additionally, the overall survival for one year and three years was 68.1% and 20.8%,
respectively; the median of the overall survival was 17 months. Radiation-related grade
2 early adverse events include nausea (1.0%), diarrhea (1.9%), and pollakiuria (1.0%).
Grade 3 early adverse events included diarrhea (1.0%), and there were no grade 4/5
early nor 2/3/4/5 later adverse events reported, except in two patients with rectovaginal
fistula (1.9%). SBRT is a novel technology with dose characteristics similar to RISI. SBRT,
with or without chemotherapy, was reported to treat recurrent or metastatic cervical cancers
with a 2-year LC rate of 43–82.5% [39,40] and a 5-year LC rate of 78.8% [40]. Meanwhile,
the 2-year and 5-year OS was 43–57.5% [39,40] and 32.9% [40], respectively. About 35%
of patients experienced mild acute toxicity rate during and three months after SBRT [39],
and 2–13% of patients had a fistula six months after SBRT (grade 4) [39,40]. All in all, the
sample size of SBRT for recurrent cervical cancers is small or assorted.

As an alternative, some researchers investigated the effect and toxicity of the HDR-
IIB technique. The objective response rate (ORR) was 100% to 76.9% [41–44], while the
CR rate was 59.6% to 100% [41–44]. According to various studies, the 1-year OS was
71% [41], the 2-year LC/PFS/OS was 51.3%/20%/60.8% [42], the 3-year LC/PFS/OS was
45%/42%/68% [43], and the 5-year LC/PFS/OS was 51.3%/20.0%/30–52% [41,42]. The
median OS after recurrence was 9.2 months to >60 months [41–45]. Recent studies also
showed that patients had longer OS. The frequency of grade 3/4 toxicities was 25% to
33% [41,42,44]. About 17.3% to 31.1% of patients exhibited any kind of fistula [41,42,44]. In
general, the sample size was also small and included different primary treatments.

From the Cancer Genome Atlas Network, detailed genomic analyses revealed the
amplification of programmed death-ligand 1/2 (PD-L1/2) in cervical cancer tissues, sup-
porting the immune checkpoint inhibitors approach [46], and it is related to poor clinical
prognosis [47–51]. The KEYNOTE-158 study is a multicohort, single-arm, open-label, phase
2 study assessing the pembrolizumab monotherapy in patients with a solid tumor, which
included 98 cervical cancer patients who progressed during the therapy or were intolerant
to one or more lines of standard therapy. The ORR was 12.2%, with three CR and nine PR.
All 12 responses were in 82 patients with PD-L1-positive tumors, with an ORR of 14.6%.
About 11 of 77 patients previously received one or more lines of chemotherapy for recur-
rent or metastatic diseases. In addition, 18 out of 98 patients, 15 out of 82 PD-L1-positive
patients, 13 of previously treated patients, and 3 of 15 PD-L1-negative patients had SD,
leading to a disease control rate of 30.6% in the total population and 32.9% in the PD-L1-
positive tumor population. The median OS and 1-year OS rates were 9.4 months/41.4%
and 11 months/47.3% for the total and PD-L1-positive tumor population. Twelve (12.2%)
patients experienced one or more grade 3 or 4 events [12]. When the patients were stratified
according to tumor mutational burden (TMB), the median OS was 16.7 months for patients
with high TMB and 9.4 months for patients without high TMB in the efficacy population
group [52]. In another phase I/II clinical trials of nivolumab monotherapy on 19 recurrent
or metastatic cervical cancer patients (NCT02488759), the ORR was 26.3% (ORR = 5, CR = 3,
PR = 2, SD = 8, PD = 6), the median OS was 21.9 months, the 1-year OS and 2-year OS were
77.5% and 49.8%, respectively [53]. Toripalimab is a humanized IgG4K monoclonal anti-
body specific for human PD-1; the international, double-blind, phase 3 trial (NCT03581786)
indicated that the addition of toripalimab to Gemcitabine-cisplatin (GP) chemotherapy as
a first-line treatment for patients with recurrent or metastatic nasopharyngeal carcinoma
provided superior prognosis compared to GP alone and with a manageable safety profile.
Median PFS for Toripalimab arm and placebo arm was 11.7 months versus 8.0 months, and
the hazard ratio (HR) = 0.52. Up to 18 February 2021, a 40% reduction in risk of death was
observed in the toripalimab arm (HR = 0.603) [54].
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It has been demonstrated that radiotherapy would influence the immune microenvi-
ronment and immune system [22,55–57]. Radiotherapy exerts its cytotoxic mitotic effects
on tumor cells through DNA damage. In the past, it was viewed as an immunosuppres-
sant [58,59]. Recent studies have demonstrated that radiotherapy will induce immunomod-
ulatory effects through the tumor microenvironment and upregulation of the inflammatory
cascade [22–25]. The ideal combination of immunotherapy and radiotherapy should over-
come the resistance mechanisms. Chemoradiation increases the PD-1 expression in cervical
cancers documented in recent studies [55–57], providing a rationale for immunotherapy
that included multimodality treatment. Several studies about recurrent or metastatic cer-
vical cancers are active (NCT03192059, NCT03277482, NCT03452332, and NCT03614949).
Our previous study indicated that the D90 < 130Gy was significantly associated with
shortened local control and OS, which were less than 40% and 20% at 24 months after
RISI [16]. Compared with a previous study, the addition of a PD-1 inhibitor may lead to
the superior LC and OS. Meanwhile, a PD-1 inhibitor may also eliminate potential distant
metastasis, which was an important pattern of PFS failure.

Moreover, the combination of the PARP inhibitor and radiotherapy may be a promis-
ing treatment strategy. As previously mentioned, PARP is an intracellular protein involved
in the repair of single and double-stranded DNA breaks [7,8], and radiotherapy exerts its
cytotoxic mitotic effects on tumor cells through DNA damage [58,59], so the combination
with a PARP inhibitor would sensitize the effect to DNA-damaging induced by radiation.
This sensitizing effect has been demonstrated in in vitro studies for both fraction radio-
therapy and continuous LDR radiotherapy [60–63]; meanwhile, some clinical studies have
investigated it [64,65].

5. Conclusions

PD-1 inhibitor maintenance therapy combined iodine-125 seed implantation may be a
promising therapeutic strategy for patients with recurrent cervical cancer.

Author Contributions: Conceptualization, J.W. and P.J.; methodology, Y.J. and P.J.; software, G.W.;
validation, J.W. and P.J.; formal analysis, G.W.; investigation, G.W.; resources, F.G., A.Q. and W.J.;
data curation, F.G., A.Q., W.J. and P.J.; writing—original draft preparation, G.W.; writing—review
and editing, P.J. and J.W.; visualization, G.W.; supervision, P.J. and J.W.; project administration, J.W.
and P.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cohen, P.A.; Jhingran, A.; Oaknin, A.; Denny, L. Cervical cancer. Lancet 2019, 393, 169–182. [CrossRef]
2. Pfaendler, K.S.; Tewari, K.S. Changing paradigms in the systemic treatment of advanced cervical cancer. Am. J. Obstet. Gynecol.

2016, 214, 22–30. [CrossRef] [PubMed]
3. Peiretti, M.; Zapardiel, I.; Zanagnolo, V.; Landoni, F.; Morrow, C.P.; Maggioni, A. Management of recurrent cervical cancer: A

review of the literature. Surg. Oncol. 2012, 21, e59–e66. [CrossRef]
4. Barney, B.M.; Petersen, I.A.; Dowdy, S.C.; Bakkum-Gamez, J.N.; Klein, K.A.; Haddock, M.G. Intraoperative Electron Beam

Radiotherapy (IOERT) in the management of locally advanced or recurrent cervical cancer. Radiat. Oncol. 2013, 8, 80. [CrossRef]
5. Cohen, A.C.; Roane, B.M.; Leath, C.A., 3rd. Novel Therapeutics for Recurrent Cervical Cancer: Moving Towards Personalized

Therapy. Drugs 2020, 80, 217–227. [CrossRef] [PubMed]
6. Liu, F.W.; Cripe, J.; Tewari, K.S. Anti-angiogenesis therapy in gynecologic malignancies. Oncology 2015, 29, 350–360.
7. Rabenau, K.; Hofstatter, E. DNA Damage Repair and the Emerging Role of Poly(ADP-ribose) Polymerase Inhibition in Cancer

Therapeutics. Clin. Ther. 2016, 38, 1577–1588. [CrossRef] [PubMed]
8. Lord, C.J.; Ashworth, A. PARP inhibitors: Synthetic lethality in the clinic. Science 2017, 355, 1152–1158. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(18)32470-X
http://doi.org/10.1016/j.ajog.2015.07.022
http://www.ncbi.nlm.nih.gov/pubmed/26212178
http://doi.org/10.1016/j.suronc.2011.12.008
http://doi.org/10.1186/1748-717X-8-80
http://doi.org/10.1007/s40265-019-01249-z
http://www.ncbi.nlm.nih.gov/pubmed/31939072
http://doi.org/10.1016/j.clinthera.2016.06.006
http://www.ncbi.nlm.nih.gov/pubmed/27368114
http://doi.org/10.1126/science.aam7344
http://www.ncbi.nlm.nih.gov/pubmed/28302823


Curr. Oncol. 2021, 28 4584

9. Boussios, S.; Karihtala, P.; Moschetta, M.; Abson, C.; Karathanasi, A.; Zakynthinakis-Kyriakou, N.; Ryan, J.E.; Sheriff, M.; Rassy, E.;
Pavlidis, N. Veliparib in ovarian cancer: A new synthetically lethal therapeutic approach. Investig. New Drugs 2020, 38, 181–193.
[CrossRef]

10. Thaker, P.H.; Salani, R.; Brady, W.E.; Lankes, H.A.; Cohn, D.E.; Mutch, D.G.; Mannel, R.S.; Bell-McGuinn, K.M.; Di Silvestro, P.A.;
Jelovac, D.; et al. A phase I trial of paclitaxel, cisplatin, and veliparib in the treatment of persistent or recurrent carcinoma of the
cervix: An NRG Oncology Study (NCT#01281852). Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2017, 28, 505–511. [CrossRef]

11. Boussios, S.; Seraj, E.; Zarkavelis, G.; Petrakis, D.; Kollas, A.; Kafantari, A.; Assi, A.; Tatsi, K.; Pavlidis, N.; Pentheroudakis, G.
Management of patients with recurrent/advanced cervical cancer beyond first line platinum regimens: Where do we stand? A
literature review. Crit. Rev. Oncol. Hematol. 2016, 108, 164–174. [CrossRef] [PubMed]

12. Chung, H.C.; Ros, W.; Delord, J.P.; Perets, R.; Italiano, A.; Shapira-Frommer, R.; Manzuk, L.; Piha-Paul, S.A.; Xu, L.; Zeigenfuss,
S.; et al. Efficacy and Safety of Pembrolizumab in Previously Treated Advanced Cervical Cancer: Results from the Phase II
KEYNOTE-158 Study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2019, 37, 1470–1478. [CrossRef] [PubMed]

13. Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 2012, 12, 252–264. [CrossRef]
[PubMed]

14. Topalian, S.L.; Drake, C.G.; Pardoll, D.M. Immune checkpoint blockade: A common denominator approach to cancer therapy.
Cancer Cell 2015, 27, 450–461. [CrossRef]

15. Wang, H.; Peng, R.; Li, X.; Wang, Y.; Jiang, Y.; Ji, Z.; Guo, F.; Tian, S.; Sun, H.; Fan, J.; et al. The dosimetry evaluation of 3D printing
non-coplanar template-assisted CT-guided 125I seed stereotactic ablation brachytherapy for pelvic recurrent rectal cancer after
external beam radiotherapy. J. Radiat. Res. 2021, 62, 473–482. [CrossRef]

16. Liu, Y.; Jiang, P.; Zhang, H.; Wang, J. Safety and efficacy of 3D-printed templates assisted CT-guided radioactive iodine-125 seed
implantation for the treatment of recurrent cervical carcinoma after external beam radiotherapy. J. Gynecol. Oncol. 2021, 32, e15.
[CrossRef]

17. Wang, L.; Wang, H.; Jiang, Y.; Ji, Z.; Guo, F.; Jiang, P.; Li, X.; Chen, Y.; Sun, H.; Fan, J.; et al. The efficacy and dosimetry analysis of
CT-guided (125)I seed implantation assisted with 3D-printing non-co-planar template in locally recurrent rectal cancer. Radiat.
Oncol. 2020, 15, 179. [CrossRef]

18. He, X.; Liu, M.; Zhang, M.; Sequeiros, R.B.; Xu, Y.; Wang, L.; Liu, C.; Wang, Q.; Zhang, K.; Li, C. A novel three-dimensional
template combined with MR-guided (125)I brachytherapy for recurrent glioblastoma. Radiat. Oncol. 2020, 15, 146. [CrossRef]

19. Benson, A.B., 3rd; Venook, A.P.; Bekaii-Saab, T.; Chan, E.; Chen, Y.J.; Cooper, H.S.; Engstrom, P.F.; Enzinger, P.C.; Fenton, M.J.;
Fuchs, C.S.; et al. Rectal Cancer, Version 2.2015. J. Natl. Compr. Cancer Netw. JNCCN 2015, 13, 719–728. [CrossRef]

20. Qu, A.; Jiang, P.; Sun, H.; Jiang, W.; Jiang, Y.; Tian, S.; Wang, J. Efficacy and dosimetry analysis of image-guided radioactive 125I
seed implantation as salvage treatment for pelvic recurrent cervical cancer after external beam radiotherapy. J. Gynecol. Oncol.
2019, 30, e9. [CrossRef]

21. Tong, L.; Liu, P.; Huo, B.; Guo, Z.; Ni, H. CT-guided (125)I interstitial brachytherapy for pelvic recurrent cervical carcinoma after
radiotherapy. OncoTargets Ther. 2017, 10, 4081–4088. [CrossRef] [PubMed]

22. Sharabi, A.B.; Lim, M.; DeWeese, T.L.; Drake, C.G. Radiation and checkpoint blockade immunotherapy: Radiosensitisation and
potential mechanisms of synergy. Lancet Oncol. 2015, 16, e498–e509. [CrossRef]

23. Dyer, B.A.; Feng, C.H.; Eskander, R.; Sharabi, A.B.; Mell, L.K.; McHale, M.; Mayadev, J.S. Current Status of Clinical Trials for
Cervical and Uterine Cancer Using Immunotherapy Combined with Radiation. Int. J. Radiat. Oncol. Biol. Phys. 2021, 109, 396–412.
[CrossRef]

24. Hallahan, D.; Kuchibhotla, J.; Wyble, C. Cell adhesion molecules mediate radiation-induced leukocyte adhesion to the vascular
endothelium. Cancer Res. 1996, 56, 5150–5155. [PubMed]

25. Twyman-Saint Victor, C.; Rech, A.J.; Maity, A.; Rengan, R.; Pauken, K.E.; Stelekati, E.; Benci, J.L.; Xu, B.; Dada, H.; Odorizzi, P.M.;
et al. Radiation and dual checkpoint blockade activate non-redundant immune mechanisms in cancer. Nature 2015, 520, 373–377.
[CrossRef] [PubMed]

26. Sardain, H.; Lavoue, V.; Redpath, M.; Bertheuil, N.; Foucher, F.; Levêque, J. Curative pelvic exenteration for recurrent cervical
carcinoma in the era of concurrent chemotherapy and radiation therapy. A systematic review. Eur. J. Surg. Oncol. J. Eur. Soc. Surg.
Oncol. Br. Assoc. Surg. Oncol. 2015, 41, 975–985. [CrossRef]

27. Terán-Porcayo, M.A.; Zeichner-Gancz, I.; del-Castillo, R.A.; Beltrán-Ortega, A.; Solorza-Luna, G. Pelvic exenteration for recurrent
or persistent cervical cancer: Experience of five years at the National Cancer Institute in Mexico. Med. Oncol. 2006, 23, 219–223.
[CrossRef]

28. McLachlan, J.; Boussios, S.; Okines, A.; Glaessgen, D.; Bodlar, S.; Kalaitzaki, R.; Taylor, A.; Lalondrelle, S.; Gore, M.; Kaye, S.; et al.
The Impact of Systemic Therapy Beyond First-line Treatment for Advanced Cervical Cancer. Clin. Oncol. 2017, 29, 153–160.
[CrossRef]

29. Tewari, K.S.; Sill, M.W.; Long, H.J., 3rd; Penson, R.T.; Huang, H.; Ramondetta, L.M.; Landrum, L.M.; Oaknin, A.; Reid, T.J.;
Leitao, M.M.; et al. Improved survival with bevacizumab in advanced cervical cancer. N. Engl. J. Med. 2014, 370, 734–743.
[CrossRef]

30. Sylvester, J.E.; Grimm, P.D.; Blasko, J.C.; Millar, J.; Orio, P.F., 3rd; Skoglund, S.; Galbreath, R.W.; Merrick, G. 15-Year biochemical
relapse free survival in clinical Stage T1-T3 prostate cancer following combined external beam radiotherapy and brachytherapy;
Seattle experience. Int. J. Radiat. Oncol. Biol. Phys. 2007, 67, 57–64. [CrossRef]

http://doi.org/10.1007/s10637-019-00867-4
http://doi.org/10.1093/annonc/mdw635
http://doi.org/10.1016/j.critrevonc.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/27931835
http://doi.org/10.1200/JCO.18.01265
http://www.ncbi.nlm.nih.gov/pubmed/30943124
http://doi.org/10.1038/nrc3239
http://www.ncbi.nlm.nih.gov/pubmed/22437870
http://doi.org/10.1016/j.ccell.2015.03.001
http://doi.org/10.1093/jrr/rraa144
http://doi.org/10.3802/jgo.2021.32.e15
http://doi.org/10.1186/s13014-020-01607-2
http://doi.org/10.1186/s13014-020-01586-4
http://doi.org/10.6004/jnccn.2015.0087
http://doi.org/10.3802/jgo.2019.30.e9
http://doi.org/10.2147/OTT.S139571
http://www.ncbi.nlm.nih.gov/pubmed/28860816
http://doi.org/10.1016/S1470-2045(15)00007-8
http://doi.org/10.1016/j.ijrobp.2020.09.016
http://www.ncbi.nlm.nih.gov/pubmed/8912850
http://doi.org/10.1038/nature14292
http://www.ncbi.nlm.nih.gov/pubmed/25754329
http://doi.org/10.1016/j.ejso.2015.03.235
http://doi.org/10.1385/MO:23:2:219
http://doi.org/10.1016/j.clon.2016.10.002
http://doi.org/10.1056/NEJMoa1309748
http://doi.org/10.1016/j.ijrobp.2006.07.1382


Curr. Oncol. 2021, 28 4585

31. Potters, L.; Morgenstern, C.; Calugaru, E.; Fearn, P.; Jassal, A.; Presser, J.; Mullen, E. 12-year outcomes following permanent
prostate brachytherapy in patients with clinically localized prostate cancer. J. Urol. 2008, 179, S20–S24. [CrossRef]

32. Stock, R.G.; Cahlon, O.; Cesaretti, J.A.; Kollmeier, M.A.; Stone, N.N. Combined modality treatment in the management of
high-risk prostate cancer. Int. J. Radiat. Oncol. Biol. Phys. 2004, 59, 1352–1359. [CrossRef]

33. Stock, R.G.; Cesaretti, J.A.; Stone, N.N. Disease-specific survival following the brachytherapy management of prostate cancer. Int.
J. Radiat. Oncol. Biol. Phys. 2006, 64, 810–816. [CrossRef] [PubMed]

34. Wang, H.; Wang, L.; Jiang, Y.; Ji, Z.; Guo, F.; Jiang, P.; Li, X.; Chen, Y.; Sun, H.; Fan, J.; et al. Long-Term Outcomes and Prognostic
Analysis of Computed Tomography-Guided Radioactive (125)I Seed Implantation for Locally Recurrent Rectal Cancer After
External Beam Radiotherapy or Surgery. Front. Oncol. 2020, 10, 540096. [CrossRef] [PubMed]

35. Shi, L.; Li, X.; Pei, H.; Zhao, J.; Qiang, W.; Wang, J.; Xu, B.; Chen, L.; Wu, J.; Ji, M.; et al. Phase II study of computed tomography-
guided (125)I-seed implantation plus chemotherapy for locally recurrent rectal cancer. Radiother. Oncol. J. Eur. Soc. Ther. Radiol.
Oncol. 2016, 118, 375–381. [CrossRef] [PubMed]

36. Jiang, Y.L.; Meng, N.; Wang, J.J.; Ran, W.Q.; Yuan, H.S.; Qu, A.; Yang, R.J. Percutaneous computed tomography/ultrasonography-
guided permanent iodine-125 implantation as salvage therapy for recurrent squamous cell cancers of head and neck. Cancer Biol.
Ther. 2010, 9, 959–966. [CrossRef]

37. Wang, H.; Wang, J.; Jiang, Y.; Li, J.; Tian, S.; Ran, W.; Xiu, D.; Gao, Y. The investigation of 125I seed implantation as a salvage
modality for unresectable pancreatic carcinoma. J. Exp. Clin. Cancer Res. CR 2013, 32, 106. [CrossRef]

38. Jiang, Y.; Ji, Z.; Guo, F.; Peng, R.; Sun, H.; Fan, J.; Wei, S.; Li, W.; Liu, K.; Lei, J.; et al. Side effects of CT-guided implantation of
(125)I seeds for recurrent malignant tumors of the head and neck assisted by 3D printing non co-planar template. Radiat. Oncol.
2018, 13, 18. [CrossRef]

39. Seo, Y.; Kim, M.S.; Yoo, H.J.; Jang, W.I.; Rhu, S.Y.; Choi, S.C.; Kim, M.H.; Kim, B.J.; Lee, D.H.; Cho, C.K. Salvage stereotactic body
radiotherapy for locally recurrent uterine cervix cancer at the pelvic sidewall: Feasibility and complication. Asia-Pac. J. Clin.
Oncol. 2016, 12, e280–e288. [CrossRef]

40. Park, H.J.; Chang, A.R.; Seo, Y.; Cho, C.K.; Jang, W.I.; Kim, M.S.; Choi, C. Stereotactic Body Radiotherapy for Recurrent or
Oligometastatic Uterine Cervix Cancer: A Cooperative Study of the Korean Radiation Oncology Group (KROG 14-11). Anticancer.
Res. 2015, 35, 5103–5110.

41. Da Silva, V.T.M.; Fortuna Diniz, A.P.; Martins, J.; Cursino, K.; Esteves, S.C.B.; Teixeira, J.C. Use of interstitial brachytherapy in
pelvic recurrence of cervical carcinoma: Clinical response, survival, and toxicity. Brachytherapy 2019, 18, 146–153. [CrossRef]
[PubMed]

42. Umezawa, R.; Murakami, N.; Nakamura, S.; Wakita, A.; Okamoto, H.; Tsuchida, K.; Kashihara, T.; Kobayashi, K.; Harada, K.;
Takahashi, K.; et al. Image-guided interstitial high-dose-rate brachytherapy for locally recurrent uterine cervical cancer: A
single-institution study. Brachytherapy 2018, 17, 368–376. [CrossRef]

43. Zolciak-Siwinska, A.; Bijok, M.; Jonska-Gmyrek, J.; Kawczynska, M.; Kepka, L.; Bujko, K.; Michalski, W. HDR brachytherapy for
the reirradiation of cervical and vaginal cancer: Analysis of efficacy and dosage delivered to organs at risk. Gynecol. Oncol. 2014,
132, 93–97. [CrossRef] [PubMed]

44. Mabuchi, S.; Takahashi, R.; Isohashi, F.; Yokoi, T.; Okazawa, M.; Sasano, T.; Maruoka, S.; Anzai, M.; Yoshioka, Y.; Ogawa, K.;
et al. Reirradiation using high-dose-rate interstitial brachytherapy for locally recurrent cervical cancer: A single institutional
experience. Int. J. Gynecol. Cancer Off. J. Int. Gynecol. Cancer Soc. 2014, 24, 141–148. [CrossRef] [PubMed]

45. Badakh, D.K.; Grover, A.H. Reirradiation with high-dose-rate remote afterloading brachytherapy implant in patients with locally
recurrent or residual cervical carcinoma. J. Cancer Res. Ther. 2009, 5, 24–30. [CrossRef]

46. The Cancer Genome Atlas Research Network. Integrated genomic and molecular characterization of cervical cancer. Nature 2017,
543, 378–384. [CrossRef]

47. Ghebeh, H.; Mohammed, S.; Al-Omair, A.; Qattan, A.; Lehe, C.; Al-Qudaihi, G.; Elkum, N.; Alshabanah, M.; Amer, S.B.;
Tulbah, A.; et al. The B7-H1 (PD-L1) T lymphocyte-inhibitory molecule is expressed in breast cancer patients with infiltrating
ductal carcinoma: Correlation with important high-risk prognostic factors. Neoplasia 2006, 8, 190–198. [CrossRef]

48. Hamanishi, J.; Mandai, M.; Iwasaki, M.; Okazaki, T.; Tanaka, Y.; Yamaguchi, K.; Higuchi, T.; Yagi, H.; Takakura, K.;
Minato, N.; et al. Programmed cell death 1 ligand 1 and tumor-infiltrating CD8+ T lymphocytes are prognostic factors of human
ovarian cancer. Proc. Natl. Acad. Sci. USA 2007, 104, 3360–3365. [CrossRef]

49. Thompson, R.H.; Kuntz, S.M.; Leibovich, B.C.; Dong, H.; Lohse, C.M.; Webster, W.S.; Sengupta, S.; Frank, I.; Parker, A.S.; Zincke,
H.; et al. Tumor B7-H1 is associated with poor prognosis in renal cell carcinoma patients with long-term follow-up. Cancer Res.
2006, 66, 3381–3385. [CrossRef]

50. Wu, C.; Zhu, Y.; Jiang, J.; Zhao, J.; Zhang, X.G.; Xu, N. Immunohistochemical localization of programmed death-1 ligand-1
(PD-L1) in gastric carcinoma and its clinical significance. Acta Histochem. 2006, 108, 19–24. [CrossRef]

51. Ohigashi, Y.; Sho, M.; Yamada, Y.; Tsurui, Y.; Hamada, K.; Ikeda, N.; Mizuno, T.; Yoriki, R.; Kashizuka, H.; Yane, K.; et al. Clinical
significance of programmed death-1 ligand-1 and programmed death-1 ligand-2 expression in human esophageal cancer. Clin.
Cancer Res. Off. J. Am. Assoc. Cancer Res. 2005, 11, 2947–2953. [CrossRef] [PubMed]

52. Marabelle, A.; Fakih, M.; Lopez, J.; Shah, M.; Shapira-Frommer, R.; Nakagawa, K.; Chung, H.C.; Kindler, H.L.; Lopez-Martin, J.A.;
Miller, W.H., Jr.; et al. Association of tumour mutational burden with outcomes in patients with advanced solid tumours treated

http://doi.org/10.1016/j.juro.2008.03.133
http://doi.org/10.1016/j.ijrobp.2004.01.023
http://doi.org/10.1016/j.ijrobp.2005.09.005
http://www.ncbi.nlm.nih.gov/pubmed/16309852
http://doi.org/10.3389/fonc.2020.540096
http://www.ncbi.nlm.nih.gov/pubmed/33552943
http://doi.org/10.1016/j.radonc.2015.10.026
http://www.ncbi.nlm.nih.gov/pubmed/26522058
http://doi.org/10.4161/cbt.9.12.11700
http://doi.org/10.1186/1756-9966-32-106
http://doi.org/10.1186/s13014-018-0959-4
http://doi.org/10.1111/ajco.12185
http://doi.org/10.1016/j.brachy.2018.11.002
http://www.ncbi.nlm.nih.gov/pubmed/30591409
http://doi.org/10.1016/j.brachy.2017.11.011
http://doi.org/10.1016/j.ygyno.2013.10.018
http://www.ncbi.nlm.nih.gov/pubmed/24161366
http://doi.org/10.1097/IGC.0000000000000028
http://www.ncbi.nlm.nih.gov/pubmed/24362719
http://doi.org/10.4103/0973-1482.48766
http://doi.org/10.1038/nature21386
http://doi.org/10.1593/neo.05733
http://doi.org/10.1073/pnas.0611533104
http://doi.org/10.1158/0008-5472.CAN-05-4303
http://doi.org/10.1016/j.acthis.2006.01.003
http://doi.org/10.1158/1078-0432.CCR-04-1469
http://www.ncbi.nlm.nih.gov/pubmed/15837746


Curr. Oncol. 2021, 28 4586

with pembrolizumab: Prospective biomarker analysis of the multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol.
2020, 21, 1353–1365. [CrossRef]

53. Naumann, R.W.; Hollebecque, A.; Meyer, T.; Devlin, M.J.; Oaknin, A.; Kerger, J.; López-Picazo, J.M.; Machiels, J.P.; Delord,
J.P.; Evans, T.R.; et al. Safety and Efficacy of Nivolumab Monotherapy in Recurrent or Metastatic Cervical, Vaginal, or Vulvar
Carcinoma: Results from the Phase I/II CheckMate 358 Trial. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2019, 37, 2825–2834.
[CrossRef] [PubMed]

54. Mai, H.Q.; Chen, Q.Y.; Chen, D.; Hu, C.; Yang, K.; Wen, J.; Li, J.; Shi, Y.R.; Jin, F.; Xu, R.; et al. Toripalimab or placebo plus
chemotherapy as first-line treatment in advanced nasopharyngeal carcinoma: A multicenter randomized phase 3 trial. Nat. Med.
2021, 27, 1536–1543. [CrossRef] [PubMed]

55. Dovedi, S.J.; Adlard, A.L.; Lipowska-Bhalla, G.; McKenna, C.; Jones, S.; Cheadle, E.J.; Stratford, I.J.; Poon, E.; Morrow, M.;
Stewart, R.; et al. Acquired resistance to fractionated radiotherapy can be overcome by concurrent PD-L1 blockade. Cancer Res.
2014, 74, 5458–5468. [CrossRef]

56. Deng, L.; Liang, H.; Burnette, B.; Beckett, M.; Darga, T.; Weichselbaum, R.R.; Fu, Y.X. Irradiation and anti-PD-L1 treatment
synergistically promote antitumor immunity in mice. J. Clin. Investig. 2014, 124, 687–695. [CrossRef]

57. Mayadev, J.S.; Enserro, D.; Lin, Y.G.; Da Silva, D.M.; Lankes, H.A.; Aghajanian, C.; Ghamande, S.; Moore, K.N.; Kennedy,
V.A.; Fracasso, P.M.; et al. Sequential Ipilimumab After Chemoradiotherapy in Curative-Intent Treatment of Patients With
Node-Positive Cervical Cancer. JAMA Oncol. 2019, 6, 92–99. [CrossRef]

58. Demaria, S.; Bhardwaj, N.; McBride, W.H.; Formenti, S.C. Combining radiotherapy and immunotherapy: A revived partnership.
Int. J. Radiat. Oncol. Biol. Phys. 2005, 63, 655–666. [CrossRef]

59. Levy, A.; Chargari, C.; Cheminant, M.; Simon, N.; Bourgier, C.; Deutsch, E. Radiation therapy and immunotherapy: Implications
for a combined cancer treatment. Crit. Rev. Oncol. Hematol. 2013, 85, 278–287. [CrossRef]

60. Koosha, F.; Eynali, S.; Eyvazzadeh, N.; Kamalabadi, M.A. The effect of iodine-131 beta-particles in combination with A-966492
and Topotecan on radio-sensitization of glioblastoma: An in-vitro study. Appl. Radiat. Isot. Incl. Data Instrum. Methods Use Agric.
Ind. Med. 2021, 177, 109904. [CrossRef]

61. Hintelmann, K.; Berenz, T.; Kriegs, M.; Christiansen, S.; Gatzemeier, F.; Struve, N.; Petersen, C.; Betz, C.; Rothkamm, K.;
Oetting, A.; et al. Dual Inhibition of PARP and the Intra-S/G2 Cell Cycle Checkpoints Results in Highly Effective Radiosensitiza-
tion of HPV-Positive HNSCC Cells. Front. Oncol. 2021, 11, 683688. [CrossRef] [PubMed]

62. Jonuscheit, S.; Jost, T.; Gajdošová, F.; Wrobel, M.; Hecht, M.; Fietkau, R.; Distel, L. PARP Inhibitors Talazoparib and Niraparib
Sensitize Melanoma Cells to Ionizing Radiation. Genes 2021, 12, 849. [CrossRef] [PubMed]

63. Waissi, W.; Amé, J.C.; Mura, C.; Noël, G.; Burckel, H. Gemcitabine-Based Chemoradiotherapy Enhanced by a PARP Inhibitor in
Pancreatic Cancer Cell Lines. Int. J. Mol. Sci. 2021, 22, 6825. [CrossRef]

64. Sim, H.W.; McDonald, K.L.; Lwin, Z.; Barnes, E.H.; Rosenthal, M.; Foote, M.C.; Koh, E.S.; Back, M.; Wheeler, H.; Sulman, E.P.; et al.
A randomized phase II trial of veliparib, radiotherapy, and temozolomide in patients with unmethylated MGMT glioblastoma:
The VERTU study. Neuro-Oncology 2021, 23, 1736–1749. [CrossRef]

65. Kozono, D.E.; Stinchcombe, T.E.; Salama, J.K.; Bogart, J.; Petty, W.J.; Guarino, M.J.; Bazhenova, L.; Larner, J.M.; Weiss, J.;
DiPetrillo, T.A.; et al. Veliparib in combination with carboplatin/paclitaxel-based chemoradiotherapy in patients with stage III
non-small cell lung cancer. Lung Cancer 2021, 159, 56–65. [CrossRef] [PubMed]

http://doi.org/10.1016/S1470-2045(20)30445-9
http://doi.org/10.1200/JCO.19.00739
http://www.ncbi.nlm.nih.gov/pubmed/31487218
http://doi.org/10.1038/s41591-021-01444-0
http://www.ncbi.nlm.nih.gov/pubmed/34341578
http://doi.org/10.1158/0008-5472.CAN-14-1258
http://doi.org/10.1172/JCI67313
http://doi.org/10.1001/jamaoncol.2019.3857
http://doi.org/10.1016/j.ijrobp.2005.06.032
http://doi.org/10.1016/j.critrevonc.2012.09.001
http://doi.org/10.1016/j.apradiso.2021.109904
http://doi.org/10.3389/fonc.2021.683688
http://www.ncbi.nlm.nih.gov/pubmed/34354944
http://doi.org/10.3390/genes12060849
http://www.ncbi.nlm.nih.gov/pubmed/34073147
http://doi.org/10.3390/ijms22136825
http://doi.org/10.1093/neuonc/noab111
http://doi.org/10.1016/j.lungcan.2021.06.028
http://www.ncbi.nlm.nih.gov/pubmed/34311345

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

