
Citation: Sherwani, Z.; Parikh, S.;

Yegya-Raman, N.; McKenna, K.;

Deek, M.; Jabbour, S.; Hathout, L.

Stereotactic Body Radiation Therapy

in Gynecologic Oligometastases: An

Effective but Underutilized

Approach. Cancers 2023, 15, 3526.

https://doi.org/10.3390/

cancers15133526

Academic Editors: Jan B. Vermorken

and Petr Szturz

Received: 14 April 2023

Revised: 1 July 2023

Accepted: 3 July 2023

Published: 7 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Review

Stereotactic Body Radiation Therapy in Gynecologic
Oligometastases: An Effective but Underutilized Approach
Zohaib Sherwani 1 , Shreel Parikh 1, Nikhil Yegya-Raman 2, Kelly McKenna 1, Matthew Deek 1, Salma Jabbour 1

and Lara Hathout 1,*

1 Department of Radiation Oncology, Rutgers Cancer Institute of New Jersey, Rutgers University,
New Brunswick, NJ 08901, USA; jabbousk@cinj.rutgers.edu (S.J.)

2 Department of Radiation Oncology, University of Pennsylvania, Philadelphia, PA 19104, USA
* Correspondence: lh547@cinj.rutgers.edu; Tel.: +1-(732)-253-3939

Simple Summary: Stereotactic body radiation therapy (SBRT) allows for the high-precision delivery
of a large dose of radiation to a small area. SBRT has shown overall survival benefits in a variety of
oligometastatic cancers in recent trials. However, prospective data in recurrent or oligometastatic
gynecologic cancer are limited. The current literature shows that SBRT in gynecologic oligometastases
is safe and effective, resulting in 2-year local control rates exceeding 80%. However, progression
outside of the radiated field remains a significant issue despite local control. This review discusses
the advantages, limitations, and future directions of SBRT in gynecologic oligometastases including a
discussion on the synergistic effects of combination with immunotherapy.

Abstract: Historically, the role of radiation in gynecological metastatic disease involved palliation
for pain or bleeding. Stereotactic Body Radiation Therapy (SBRT) has shown survival benefits in
oligometastatic disease from varying primary histologies in recent randomized trials. However,
gynecologic primary oligometastases have been underrepresented in these trials. Recent studies
across gynecological malignancy types have similarly shown favorable outcomes and acceptable
toxicities from treating recurrent or oligometastatic gynecologic cancer (ROMGC) patients with
definitive radiation therapy. The largest body of literature reported on the use of SBRT in ovarian
cancer, which was found to be an effective option, especially in the setting of chemo-resistant disease.
Despite the encouraging outcomes using SBRT in oligometastatic gynecologic malignancies, SBRT
remains underutilized given the lack of randomized studies studying ROMGC with long term follow-
up. While waiting for future prospective trials to establish the role of SBRT as the standard of care in
ROMGC patients, this review focuses on reporting the advantages and drawbacks of this technique
and examines the current literature to help guide patient centered treatment decisions.

Keywords: stereotactic body radiation therapy; oligometastases; gynecologic cancer; ovarian cancer;
cervical cancer; uterine cancer

1. Introduction

Stereotactic body radiation therapy (SBRT) is a promising technique in the local
treatment of oligometastatic disease with the delivery of high biologically equivalent
doses (BED) to small volumes of gross disease over a hypofractionated or abbreviated
schedule. While there is no universally accepted definition for the oligometastatic state, it
commonly refers to an intermediate state between locally advanced and widely metastatic
disease, defined as the presence of 1–5 metastases in which radical local treatment might
improve systemic control [1–4]. The maximum number of metastases that can be treated
is not agreed upon. In a consensus guideline recently published by ESTRO-ASTRO [5],
“the feasibility of safely delivering curative intent metastasis-directed radiation therapy
determines the maximum number of lesions and sites”. As a result, SBRT-directed local
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therapy to oligometastatic sites offers a potential for systemic control; and the number of
lesions treated are largely dependent on the safe administration of large doses of radiation.

The SABR-COMET phase II clinical trial randomized 99 patients with oligometastatic
cancer and multiple tumor types (lung, breast, prostate, etc.) in a 1:2 ratio to palliative
standard of care treatment versus Stereotactic Ablative Radiotherapy (SABR) to all metas-
tases plus standard of care. Patients must have had a controlled primary tumor and 1 to
5 metastases amenable to SABR. SABR improved median overall survival from 28 months
to 41 months and exhibited an overall favorable toxicity profile [1]. However, only 2 out
of the 99 total patients were reported to have a gynecologic primary. Several studies were
published over the last decade evaluating the role of SBRT in recurrent or oligometastatic
gynecologic malignancies. To our knowledge, no prospective randomized study specifically
evaluated the impact of SBRT in recurrent or oligometastatic gynecologic cancer (ROMGC).
Most studies were retrospective, single institutional, and did not differentiate between
primary malignancies. This review focuses on reporting the role of SBRT in ROMGC,
including the advantages and drawbacks from this technique, by examining the current
literature to guide radiation oncologists in patient-centered decision making.

2. SBRT in Ovarian Primary Oligometastases

Radiation was historically used to treat metastatic ovarian cancer in a palliative setting,
with a well-established efficacy in the treatment of pain and bleeding [6–8]. Local recurrence
within the abdomen or pelvis remained a significant factor contributing to poor prognosis
despite multiple courses of chemotherapy. Definitive intent treatment using involved field
radiation therapy (IFRT) resulted in modest benefits in overall survival and in-field disease
control [9,10]. Intensity-modulated radiation therapy (IMRT) was more promising, with
2-year local control (LC) and overall survival (OS) rates of 82% and 63%, respectively, in
refractory disease despite a median of three regimens of chemotherapy for recurrence
within the abdomen or pelvis [11]. More recently, the use of SBRT has been evaluated in
oligometastatic ovarian cancer.

A recent systematic review on SBRT in gynecologic malignancies [12] analyzed sixteen
studies including one prospective phase II trial, two prospective phase I trials and thirteen
retrospective reviews dating back to 2009. A total of 667 patients with 1071 oligometastatic
lesions from varying ROMGC histological subtypes were evaluated. More than half (57.6%)
of patients had primary ovarian oligometastases and 65.4% had a single lesion treated. Most
lesions that were treated were at nodal sites (64%) within the abdomen (44.2%) or pelvis
(18.8%) to a median BED10 of 50.7 Gy with response rates and local control exceeding 75%
and 80%, respectively. Despite the high local control rates, disease progression occurred
outside of the SBRT field. In addition, over half (56%) of the studies found no grade
3 or higher toxicities, suggesting that SBRT is well tolerated overall. Although this is
representative of a mixed cohort of primary malignancies, a significant portion of patients
in this review are from one retrospective review, the Multicenter Italian Trial in Ovarian
cancer and gynecologic (MITO) RT1 study, which specifically evaluated the role of SBRT in
ovarian primary oligometastases.

The MITO RT1 study is the largest retrospective review of ovarian primary oligometas-
tases treated with SBRT, including 261 patients with 449 oligometastatic lesions with a
median follow up of 22 months [13]. Most patients had a single lesion (55.9%) in abdominal
lymph nodes (65%) with a median size of 15.7 cc. Inclusion criteria included any site of
disease and up to five synchronous lesions. The most common histology was high-grade
serous in 71.3% of patients. All patients underwent chemotherapy prior to radiation and
88.2% were treated with SBRT while 11.8% were treated with single-fraction radiotherapy
(SRS). The median SBRT dose was 27 Gy (range 18–75) with a median BED10 of 48 Gy (range,
28–262.5). The most frequent SBRT prescriptions were 8 Gy × 3 fractions, 5 Gy × 5 fractions
and 9 Gy × 3 fractions. Complete response was achieved in 65.2% of patients, with a
2-year actuarial local control of 81.9%, 2-year progression-free survival of 15.4%, and 2-year
overall survival of 73.6%. On multivariate analysis, the following factors were identified as
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independent predictors for a higher likelihood of complete response and increased local
control: patients younger than 60 years old, planning target volume (PTV) < 18 cc, lymph
node disease and BED10 > 70. SBRT was well tolerated with 95.1% late toxicity-free survival.

Two other studies have reported comparable complete response rate with SBRT in
oligometastatic ovarian cancer. An Italian retrospective study reported their experience
with SBRT in 26 patients with 44 metastatic lesions [14]. Most patients had lymph node
metastases (63.6%) treated to a median total dose of 45 Gy (range, 36–60 Gy) in six fractions
(range, 4–8). After a median follow-up of 28.5 months, complete response was 59.1%, the
2-year local control was 92.9% and the median progression-free survival was 19 months.
No grade 3 or 4 toxicities were reported [14].

Similarly, a single-institution retrospective study by Lazzari et al. evaluated the efficacy
of SBRT in patients with oligometastatic ovarian cancer ineligible for surgery or systemic
therapy [15]. A total of 82 patients with 156 lesions were included and received a median
dose of 24 Gy in three fractions. Complete response was reported in 60% of patients after a
median follow-up of 17.4 months. The median systemic treatment-free interval after SBRT
was 7.4 months while the 2-year local progression-free survival was 68%. Most failures
(90%) were outside of the radiation field [15].

Overall, SBRT is an effective and well-tolerated treatment option for ovarian primary
oligometastases, with high rates of complete response and local control, as well as favorable
overall survival and low rates of late toxicity. Prospective studies are ongoing, including
the MITO RT3/RAD study (NCT04593381) [16], which is a multicenter prospective phase II
study evaluating SBRT for the treatment of oligometastatic, persistent or recurrent ovarian
cancer not amenable to surgery, local therapy and systemic therapy. SBRT is delivered in
one, three or five daily fractions to a total dose of 30–50 Gy to all sites of active metastatic
disease reported on imaging. The primary endpoint is a clinical complete response on a
per lesion basis which aims to complete enrollment and analysis in 2023.

While awaiting the results of prospective data, select patients with oligometastatic,
recurrent or persistent ovarian cancer should be considered for treatment with SBRT
especially in patients who are not candidates for surgery and systemic therapy.

3. SBRT in Non-Ovarian Gynecologic Primary Oligometastases

Most retrospective studies evaluating the role of SBRT in gynecologic malignancies
included multiple primary histologies; although ovarian cancer was studied most, cervical,
and uterine cancer were included as well [Table 1]. There are no trials to our knowledge
with significant numbers of patients with vaginal or vulvar primary oligometastases or
intracranial metastases, and thus will not be a focus of this review. Cuccia et al. reported the
outcomes of 40 patients with 60 extracranial oligometastases from gynecological cancers.
Metastases were from ovarian cancer (43%), endometrial cancer (41%), cervical cancer (13%)
and vaginal cancer (3%). Lymph node metastases were the most common site of radiation
(55.5%) and most patients had a single lesion (65%). SBRT was delivered to a total median
dose of 42 Gy (range, 24–70) and a median BED10 of 72 Gy10 (range, 48–180 Gy10). After
a median follow-up 27 months, the median local control was 19 months, the 2-year local
control rate was 100% and the 2-year progression-free survival was 23%.

In a retrospective study by Onal et al. [17], 29 patients with 35 oligometastatic cer-
vical cancer (72%) and ovarian cancer (28%) were treated with SBRT for either de novo
oligometastatic disease (24%) or oligoprogressive disease (76%). The 2-year local control
was 85% and disease progression occurred at a median time of 7.7 months after SBRT.
Complete response after SBRT was correlated with improved overall and progression-
free survival.
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Table 1. Recent studies in recurrent or oligometastatic gynecologic cancers treated with SBRT.

Year Authors Type of Study # Patients (n) # Lesions (n) MFU (Months) Outcomes Toxicity Progression

2018 Iftode et al. [14] R Ovarian n = 26 44 28.5
2yr LC 92.9%
2yr PFS 38%
2yr OS 92.7%

G2 = 11.3%
No ≥ G3

7.7% L
3.8% LD
50% D

2020 Kowalchuk et al. [18] R Ovarian n = 35 98 33.67
2yr LC 80%
2yr PFS 12%
2yr OS 60%

27 cases < G3
Single G5 duodenal

ulcer

17% L
32% LD
39% D

2018 Lazzari et al. [15] R Ovarian n = 82 156 17.4
2yr Local PFS 68%

2yr PFS 18%
2yr OS 71%

Acute G1 − G2 = 27%
Late G1 − G2 = 28%

No ≥ G3

3.5% L
5.5% LD
90% D

2020 Macchia et al. [13] R Ovarian n = 261 449 22
2yr LC 81.9%
2yr PFS 15.4%
2yr OS 73.6%

Acute G1 − G2 = 20.7%
Late G1 − G2 = 6.1%
2yr late toxicity free

survival = 95.1%.

18.1% L
84.6% LD/D

2022 Macchia et al. [19] R Cervical n = 83 125 14.5
2yr LC 61.8%
2yr PFS 28.9%

2yr OS 59%

Acute G1 − G2 = 18.1%
Late G1− G3 = 4.8%

Single G3 pain toxicity

38.2% L
71.1% LD/D

2020 Reddy et al. [20] R Uterine n = 27 61 16.9 1yr Local PFS 75.9%
1yr OS 65.4%

Total G1 − G2 = 29.6%
of which acute = 93.3%

& Late = 6.6%
No ≥ G3

7.4% L
74.1% LD

2020 Onal et al. [17] R
Ovarian n = 21
Cervical n = 8

Total = 29
35 15.3

2yr LC 84%
2yr PFS 18%
2yr OS 62%

G2 = 17%
No ≥ G3

11% L
84% D

2020 Aghdam et al. [21] R
Ovarian n = 10
Uterine n = 10

Total = 20
20 56

5yr LC 73%
5yr PFS 20%
5yr OS 56%

Single G3 MSK toxicity NR

2020 Reshko et al. [20] R

Ovarian n = 30
Cervical n = 20
Uterine n = 27
Vaginal n = 8

Vulva = 1
Total = 86

209 20 1yr LC 80%
1yr OS 70%

4.3% ≥ G2
Single G3 GU toxicity NR

2020 Yegya-Raman et al. [12] SR

Ovarian n = 384
Cervical n = 181
Uterine n = 74
Vaginal n = 3
Vulvar n =2

Other/NS = 23
Total = 667

1071 22 (range 4.6-54.6)
2yr LC 71–100%

2yr PFS 15.4–48.4%
2yr OS 57.5–85%

No ≥ G3 toxicity in
9/16 studies

Progression in
23.1–75% patients.

78.9–100% of
progression including

out-of-field component

2021 Cuccia et al. [22] R

Ovarian n = 17
Cervical n = 4
Uterine n = 17
Vagina n = 2

Total = 40

63 27
2yr LC 100%
2yr PFS 23%
2yr OS 70%

No acute or late ≥ G2
toxicity NR

R = retrospective, SR = systematic review, MFU = median follow up, LC = local control, PFS = progression free survival, OS = overall survival, L = local (in -field) progression,
LD = Local/distant (in & out-of-field) progression, D = distant (out-of-field) progression, NR = not reported, NS = not specified.
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SBRT has been evaluated in primary oligometastatic cervical cancer in the recently
published MITO RT2/RAD study [19] which represents the largest retrospective cohort of
patients with oligometastases from primary cervical cancer treated with SBRT. A total of
83 patients with 125 oligometastatic cervical cancer lesions were treated with SBRT. Most
patients had single (69.9%) pelvic (36.8%) lymph node (55.2%) disease treated to a total
dose of 35 Gy in five fractions with a median BED10 of 59.5 Gy. After a median follow-up
of 14.5 months, complete response was noted in 58.4% of lesions and in 55.4% of patients.
Interestingly, the authors noted significant improvements in local control, progression-free
survival and overall survival in patients who had complete response (CR), as opposed to
any other response (partial response (PR), stable disease (SD) or progression of disease (PD)).
Two-year local control was 89% for CR and 22.1% for PR/SD/PD, respectively. Two-year
progression-free survival was 42.5% for CR and 7.8% for PR/SD/PD, respectively. Two-
year overall survival was 68.9% for CR and 44.4% for PR/SD/PD, respectively. However,
no factors independently predicted for complete response.

While the MITO RT1 study demonstrated the effectiveness and tolerability of SBRT
for ovarian primary oligometastases, the MITO RT2/RAD study showed less favorable
outcomes in cervical primary oligometastases treated with SBRT, but still suggested a
promising avenue for further research in patients with comparatively unfavorable prog-
nostic factors. In fact, early evidence in patients with cervical cancer with supraclavicular
lymph node involvement without distant metastases showed that treatment with standard
fractionation led to long term disease control which helped provide early rationale for
selective targeting of oligometastatic disease with curative intent [23–25].

As for uterine cancer, most of the current data regarding uterine primary oligometas-
tases are from retrospective studies with mixed cohorts [21,22,26–30]. The only recent study
to our knowledge that exclusively included uterine primary oligometastases treated with
SBRT is a single-institution retrospective analysis including 27 patients with 61 biopsy-
proven lesions [20]. Most patients (74%) were treated for oligorecurrence and half (51.9%)
had adenocarcinoma. The authors reported favorable response in 80.3% of cases and a
median 1-year local progression-free survival rate of 75.9%, which was maintained at
3 years. The 1-year and 3-year overall survival rates were 65.4% and 28.7%, respectively.
Liver lesions were found to be associated with a less favorable response on multivariate
analysis, with only 37.5% of liver lesions with a favorable response. Tumor size < 3.8 cm
was associated with a favorable response in the univariate analysis, which trended towards
significance in the multivariate analysis.

The delivery of a high BED over a small volume with rapid dose fall off is an advantage
of SBRT, as seen in Figure 1. However, a limitation of SBRT is its inability to target the
adjacent, potentially clinically relevant, at-risk nodal echelon. It has been commonly
reported in the literature that despite local ablative radiation to oligometastatic sites,
disease progression varies widely, with rates ranging between 23.1% and 75%. Disease
progression outside of the radiated field remains the main site of progression and occurs
in 78.9–100% of cases [12]. Superior overall survival and progression-free survival have
been noted in early detection of oligometastatic lesions and complete response following
SBRT [12,17,31], which may suggest micrometastatic spread in the neighboring lymphatics
that is not clinically apparent at the time of evaluation, resulting in out-of-field progression
despite local ablative radiation.

Given the high rate of disease progression outside of the SBRT field, elective nodal
radiotherapy as metastasis-directed treatment was evaluated in a recently published land-
mark analysis [26], with a median follow up of 11.7 years. Definitive standard fractionation
2D/3D conformal radiation therapy (CRT) or IMRT including the entire at-risk nodal eche-
lon was delivered to 48 patients with gynecologic oligometastases, resulting in disease-free
survival and overall survival of 73 months and 200 months, respectively. Nodal sites
were treated to a median dose of 62 Gy to the gross tumor volume (GTV) in 2.0–2.2 Gy
per fraction with the clinical target volume (CTV) covering the adjacent nodal echelon
to a dose of 45–50 Gy in 1.8–2.0 Gy fractions. Fifty percent of patients in this cohort had
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recurrence after a median of 28 months, predominantly with an out-of-field component,
despite the extension of coverage to neighboring lymphatics. Interestingly, there was a
significant improvement in disease-free survival in patients receiving any chemotherapy
with radiation as opposed to radiation alone (93 months vs. 34 months, respectively). This
highlights the importance of systemic therapies in the treatment of oligometastatic disease.
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Figure 1. Clinical example of a patient with recurrent and oligometastatic high grade serous carcinoma
of the ovary following surgery and multiple lines of systemic therapy. (A) Patient was found to have
a hypermetabolic nodule medial to the left psoas muscle on positron emission tomography (PET)
compatible with metastatic disease. (B) Gross tumor volume (GTV) delineation of oligometastatic
nodule (red) with 0.5 mm planning tumor volume (PTV) radial expansion (orange). The treatment
plan for this patient was generated to deliver a dose of 3000 cGy in 5 fractions prescribed to the
PTV. The technique used in this plan is stereotactic body radiotherapy (SBRT) utilizing volumetric
modulated arc therapy (VMAT) with a 10 MV beam energy. The plan is prescribed to the PTV.
Axial (C) and coronal (D) images showing dose distribution. There is a max dose of 115.2% of the
prescription dose with the PTV. (E) Representative axial image of follow-up computed tomography
(CT) showing resolution of the treated nodule.
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4. Radiation and the Impact of the Tumor Microenvironment

Understanding the complex interplay between the tumor microenvironment (TME),
tumor stroma ratio (TSR), tissue hypoxia, and the effects of radiation therapy on cancer biol-
ogy is essential for developing effective treatment strategies. The TME and TSR play critical
roles in tumor progression, metastasis, and response to therapies, including radiation and
immunotherapy. TME is a complex milieu composed of a stroma of various cell types,
extracellular matrix (ECM) components, and signaling molecules that can promote tumor
growth, angiogenesis, and immune suppression [32]. The TSR reflects the proportion of
stromal tissue to cancerous tissue within a tumor, with a lower TSR indicating a more abun-
dant tumor stroma. A low TSR, defined as greater than 50% of stroma on hematoxylin and
eosin stains of surgical specimens, has shown a significant correlation with worse survival
and more advanced disease. A low TSR was also correlated with worse clinicopathologic
features in a wide variety of solid tumors including endometrial cancer in a systematic
review and meta-analysis, although this effect was not seen in early cervical cancer [33].

Hypoxia, a common feature of the TME, contributes to tumor progression, therapy
resistance, and immune modulation [34]. Hypoxia-driven angiogenesis results in abnormal,
leaky blood vessels, further perpetuating a pro-tumorigenic microenvironment. Hypoxia
can influence radiation response by reducing the effectiveness of ionizing radiation, as the
latter relies on the presence of oxygen to create cytotoxic reactive oxygen species (ROS)
that damage DNA [35–37]. In the case of SBRT, high doses of radiation can lead to more
significant endothelial cell damage, potentially exacerbating hypoxia and limiting the
efficacy of the treatment [38]. However, hypoxia-targeting strategies, such as combining
radiation therapy with anti-angiogenic agents, can help overcome these challenges and
enhance the therapeutic outcome [39].

SBRT, with the delivery of higher doses of radiation per fraction compared to standard
fractionation, can lead to more pronounced immune-stimulatory effects. Hypofractionated
regimens have been shown to modulate the tumor vasculature, potentially overcoming the
negative effects of tissue hypoxia on radiation response. SBRT can induce a strong abscopal
effect, wherein local radiation therapy results in the regression of distant, non-irradiated
tumor sites through systemic immune activation [40–44].

While SBRT has shown favorable local control in ROMGC, out-of-field progression
remains a significant cause of decreased overall survival. Additionally, radiation-induced
damage in SBRT has been shown to trigger the immune response via the release of tu-
mor antigen and damage-associated molecular patterns (DAMPs), causing the abscopal
effect [45,46]. Although this phenomenon has been cited in the literature for decades, it
has been only seen in case reports, pre-clinical and translational studies. The interactions
between SBRT and checkpoint inhibitors have shown synergistic effects, resulting in im-
provements in overall survival and objective response rates as well as demonstrating safety
in non-gynecologic advanced or metastatic cancers; however, data including gynecologic
malignancies are limited [47–49].

The interactions between the TME, TSR and tissue hypoxia significantly impacts the
response to radiation. The synergistic effects of combining radiation therapy, such as SBRT,
with immunotherapy, have shown promising results in enhancing treatment efficacy and
modulating the immune system to target cancer cells.

5. Immunotherapy in Gynecologic Malignancies

Chemotherapy has been a traditional systemic therapy for gynecologic malignancies
with platinum-based chemotherapies, along with paclitaxel or topotecan, used as standard
of care. The integration of targeted agents, such as bevacizumab, and immune checkpoint
inhibitors (ICI) like pembrolizumab, have demonstrated promising results in improving
overall survival and disease control in advanced or metastatic gynecologic malignancies.
However, the synergistic potential of combining SBRT with ICIs remains largely unexplored
in gynecologic cancers.
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Bevacizumab, a vascular endothelial growth factor (VEGF) inhibitor, in addition
to traditional chemotherapies, showed a significant improvement in overall survival in
metastatic, persistent or recurrent cervical cancer in the Gynecologic Oncology Group
(GOG) 240 phase III trial [50]. Moreover, immune checkpoint inhibitors have also shown
promise in oligometastatic disease. ICIs work by blocking the interaction between the
programmed death 1 (PD-1) receptor on T-cells and its ligand, programmed death receptor
ligand 1 (PD-L1) on cancer cells, an interaction which suppresses the immune response. By
blocking this interaction, checkpoint inhibitors allow T-cells to recognize and attack cancer
cells, thereby mounting an immune response.

Pembrolizumab, a PD-1 receptor antagonist, has shown efficacy in recent trials in
recurrent or metastatic endometrial cancer. The results of the KEYNOTE-028 study showed
an objective response rate (ORR) of 13% in PD-L1 positive locally advanced or metastatic
endometrial cancer [51]. The efficacy of pembrolizumab on PD-L1 positive tumors with
high levels of microsatellite instability (MSI-H) and mismatch repair deficiency (dMMR) on
a variety of primary advanced tumors types (the most common being endometrial, gastric
and small intestine) was evaluated in the Phase II KEYNOTE-158 study, which showed an
ORR of 30.8% with a median duration of response of 47.5 months [52]. The endometrial
cohort showed an ORR of 58% and a median OS of 23.5 months [53]. The double-blind
phase III KEYNOTE-826 [54] trial randomized patients with PD-L1 positive persistent,
recurrent or metastatic cervical cancer to receive pembrolizumab vs. placebo in addition
to standard of care chemotherapy with or without bevacizumab. Overall survival was
significantly improved with the addition of pembrolizumab as compared to placebo, with
a 2-year OS of 54.4% vs. 44.6% in 317 patients with PD-L1 combined positive score of 10 or
more. Additionally, ipilimumab, a cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
inhibitor, as well as nivolumab, another PD-1 receptor antagonist, have shown promise
in recurrent, persistent, or metastatic ovarian and cervical cancer [55,56]. Overall, the
current literature regarding immunotherapy in select patients with advanced or metastatic
gynecologic cancer shows moderate improvements in distant disease control without the
addition of SBRT. There is one prospective clinical trial to our knowledge that evaluated
SBRT with pembrolizumab in gynecologic malignancies.

The Phase II PRIMMO study [57] treated patients with persistent, recurrent or metastatic
cervical or endometrial cancer with pembrolizumab, SBRT and an immunomodulatory
five-drug cocktail of low-dose cyclophosphamide, aspirin, lansoprazole, vitamin D, and
curcumin starting 2 weeks before concurrent radioimmunotherapy. The study consisted
of 43 patients (cervical n = 18, endometrial n = 25) and the primary endpoint was the
immune-related objective response rate (irORR). The results showed 11.1% and 12.0%
irORR in the cervical and endometrial groups, respectively, but the median duration of re-
sponse was not reached. Interestingly, patients with response had a significantly increased
proportion of peripheral T-cells compared to non-responders. Although the toxicity was
acceptable, with 56% grade ≥3 treatment-related toxicity, the results of this study were only
modest. Our current understanding of the precise benefits of the synergy between SBRT
and ICIs in gynecologic malignancies is limited. There are several ongoing clinical trials
involving SBRT and ICIs, including atezolizumab in advanced or metastatic cervical cancer
(NCT03614949), and tremelimumab and durvalumab in recurrent or metastatic cervical,
vaginal, or vulvar cancers (NCT03452332).

In view of the current data, SBRT shows favorable local control in ROMGC, but pro-
gression outside of the radiated field remains the main site of recurrence. Current systemic
therapies including platinum-based chemotherapies with paclitaxel or topotecan, with or
without bevacizumab, along with immune checkpoint inhibitors such as pembrolizumab,
have shown promising results. More research is needed to maximize the potential benefits
of the synergistic immune-stimulating abscopal effects with SBRT. In the meantime, SBRT
has consistently shown efficacy and the potential to delay systemic therapies and should
be used where appropriate in select patients. As the landscape of cancer treatment evolves,
a multidisciplinary approach incorporating SBRT and ICIs could potentially redefine the
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management of advanced or metastatic gynecologic malignancies. Leveraging the com-
bined strength of both local control from SBRT and systemic immune response from ICIs
may pave the way for more effective and personalized treatment strategies in the future.

6. Novel Techniques, Dose Escalation and Safety in SBRT

Magnetic-resonance-guided radiation therapy utilization is rapidly expanding, provid-
ing intra-fraction visualization, adaptive re-planning and advanced motion management,
which has allowed the delivery of ultra-hypofractionated regimens. A recent Phase I clinical
trial from Washington University [58], Stereotactic MRI-Guided Online Adaptive Radiation
Therapy (SMART) trial, evaluated the safety and feasibility of MRI-guided adaptive SBRT
for ten patients with oligometastatic ovarian cancer to a dose of 35 Gy in five fractions
(BED10 59.5) with optional dose escalation up to 50 Gy in five fractions (BED10 100), pro-
vided organ-at-risk (OAR) constraints were met. Adaptive RT allows for real-time changes
to radiation plans as MRI guidance improves visualization of tumors and surrounding
OARs. The primary endpoint of this study was feasibility. The average on-table time was
69 and 54 min for plans that were adapted and not, respectively. This is comparable to
other radiotherapy procedures, like brachytherapy, and all plans were able to be executed.
Fifty-eight percent of fractions were adapted in this study, with the majority adapted for
reversal of OAR constraint violations, which mostly occurred in the abdomen or pelvis. A
single grade ≥3 toxicity was observed (duodenal ulcer). Local control at 3 months was 94%
and maintained at 1 year. Median PFS was 10.9 months and systemic therapy-free survival
was 11.5 months. Further research and technological advances in precision delivery of
higher BEDs, while maintaining OAR constraints, could theoretically lead to increased rates
and duration of local control, but the effect on overall survival from out-of-field progression
is still unknown. Many studies report that SBRT is very well tolerated, with predominantly
mild grade 1–2 gastrointestinal-related toxicities [13,14,17,18,22,26–29]. Grade 3–4 toxic-
ities were noted in 2.6–10% of patients within 7/16 studies in the systematic review by
Yegya-Raman et al. [12] that reported grade > 3 toxicities, and no grade 5 toxicities were
reported. Acute grade 3 toxicities included duodenal ulcer, esophagitis, hemorrhagic cysti-
tis, enterovaginal fistula and diarrhea. Late grade 3 toxicities included urethral stricture,
ileus, enterocolitis, and small bowl obstructions. Grade 4 toxicities included neutropenia,
hypokalemia, hyperbilirubinemia and late rectovaginal fistulas. However, Kowalchuck
et al. [18] noted a single grade 5 duodenal ulcer in a patient retreated with SBRT for out-of-
field recurrence to the porta hepatis (18 Gy in three fractions). Therefore, a second course
of SBRT in overlapping treatment areas should be considered with caution, especially in
abdominal and pelvic oligometastases. In the study by Cuccia et al. [22] 16 out of a cohort
of 40 patients with endometrial and ovarian oligometastases had a repeat course of SBRT
for synchronous or metachronous oligometastatic spread outside of the previously radiated
field. This study showed safety in the repeat course of SBRT with no grade ≥ 2 adverse
events. Repeat SBRT did not lead to a survival benefit when compared with patients who
developed immediate polymetastatic spread, in contrast to lung oligometastatic disease
from colorectal primary cancer with sequential oligometastases following SBRT receiving a
second course of SBRT, leading to a significantly longer cancer specific survival [59].

7. Conclusions

SBRT is a promising and rapidly evolving treatment option in ROMGC based on
multiple retrospective studies. SBRT has been shown to provide excellent local control in
gynecologic oligometastases, even in chemorefractory disease. The major limitation of SBRT
is progression outside of the radiated field. Given the high out-of-field recurrence rates, the
safety and efficacy of the combination of SBRT with chemotherapy and immunotherapy
is yet to be determined. Future prospective trials are required to elucidate the synergistic
effects between these treatments. Additionally, further studies are needed to assess the
potential for use of SBRT in oligometastatic gynecologic non-ovarian malignancies. While
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awaiting prospective trials, select patients with ROMGC should be considered for SBRT at
the discretion of the radiation oncologist in agreement with multi-disciplinary discussion.

Author Contributions: Conceptualization, L.H. and S.J.; writing—original draft preparation, Z.S.;
writing—review and editing, Z.S., S.P., N.Y.-R., S.J., M.D. and L.H.; Figure and Table, Z.S. and
K.M.; supervision, L.H. and S.J. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

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

References
1. Palma, D.A.; Olson, R.; Harrow, S.; Gaede, S.; Louie, A.V.; Haasbeek, C.; Mulroy, L.; Lock, M.; Rodrigues, G.B.; Yaremko, B.P.;

et al. Stereotactic Ablative Radiotherapy versus Standard of Care Palliative Treatment in Patients with Oligometastatic Cancers
(SABR-COMET): A Randomised, Phase 2, Open-Label Trial. Lancet 2019, 393, 2051–2058. [CrossRef] [PubMed]

2. Gomez, D.R.; Blumenschein, G.R.; Lee, J.J.; Hernandez, M.; Ye, R.; Camidge, D.R.; Doebele, R.C.; Skoulidis, F.; Gaspar, L.E.;
Gibbons, D.L.; et al. Local Consolidative Therapy versus Maintenance Therapy or Observation for Patients with Oligometastatic
Non-Small-Cell Lung Cancer without Progression after First-Line Systemic Therapy: A Multicentre, Randomised, Controlled,
Phase 2 Study. Lancet Oncol. 2016, 17, 1672–1682. [CrossRef] [PubMed]

3. Iyengar, P.; Wardak, Z.; Gerber, D.E.; Tumati, V.; Ahn, C.; Hughes, R.S.; Dowell, J.E.; Cheedella, N.; Nedzi, L.; Westover, K.D.; et al.
Consolidative Radiotherapy for Limited Metastatic Non-Small-Cell Lung Cancer: A Phase 2 Randomized Clinical Trial. JAMA
Oncol. 2018, 4, e173501. [CrossRef] [PubMed]

4. Ruers, T.; Punt, C.; Van Coevorden, F.; Pierie, J.P.E.N.; Borel-Rinkes, I.; Ledermann, J.A.; Poston, G.; Bechstein, W.; Lentz, M.A.;
Mauer, M.; et al. Radiofrequency Ablation Combined with Systemic Treatment versus Systemic Treatment Alone in Patients with
Non-Resectable Colorectal Liver Metastases: A Randomized EORTC Intergroup Phase II Study (EORTC 40004). Ann. Oncol. Off.
J. Eur. Soc. Med. Oncol. 2012, 23, 2619–2626. [CrossRef]

5. Lievens, Y.; Guckenberger, M.; Gomez, D.; Hoyer, M.; Iyengar, P.; Kindts, I.; Méndez Romero, A.; Nevens, D.; Palma, D.; Park,
C.; et al. Defining Oligometastatic Disease from a Radiation Oncology Perspective: An ESTRO-ASTRO Consensus Document.
Radiother. Oncol. 2020, 148, 157–166. [CrossRef]

6. Adelson, M.D.; Taylor Wharton, J.; Delclos, L.; Copeland, L.; Gershenson, D. Palliative Radiotherapy for Ovarian Cancer. Int. J.
Radiat. Oncol. Biol. Phys. 1987, 13, 17–21. [CrossRef]

7. Choan, E.; Quon, M.; Gallant, V.; Samant, R. Effective Palliative Radiotherapy for Symptomatic Recurrent or Residual Ovarian
Cancer. Gynecol. Oncol. 2006, 102, 204–209. [CrossRef]

8. Jiang, G.; Balboni, T.; Taylor, A.; Liu, J.; Lee, L.J. Palliative Radiation Therapy for Recurrent Ovarian Cancer: Efficacy and
Predictors of Clinical Response. Int. J. Gynecol. Cancer 2018, 28, 43–50. [CrossRef]

9. Albuquerque, K.; Patel, M.; Liotta, M.; Harkenrider, M.; Guo, R.; Small, W.; Ronald, P. Long-Term Benefit of Tumor Volume-
Directed Involved Field Radiation Therapy in the Management of Recurrent Ovarian Cancer. Int. J. Gynecol. Cancer 2016, 26,
655–660. [CrossRef]

10. Brown, A.P.; Jhingran, A.; Klopp, A.H.; Schmeler, K.M.; Ramirez, P.T.; Eifel, P.J. Involved-Field Radiation Therapy for Locoregion-
ally Recurrent Ovarian Cancer. Gynecol. Oncol. 2013, 130, 300–305. [CrossRef]

11. Chundury, A.; Apicelli, A.; Dewees, T.; Powell, M.; Mutch, D.; Thaker, P.; Robinson, C.; Grigsby, P.W.; Schwarz, J.K. Intensity
Modulated Radiation Therapy for Recurrent Ovarian Cancer Refractory to Chemotherapy. Gynecol. Oncol. 2016, 141, 134–139.
[CrossRef] [PubMed]

12. Yegya-Raman, N.; Cao, C.D.; Hathout, L.; Girda, E.; Richard, S.D.; Rosenblum, N.G.; Taunk, N.K.; Jabbour, S.K. Stereotactic Body
Radiation Therapy for Oligometastatic Gynecologic Malignancies: A Systematic Review. Gynecol. Oncol. 2020, 159, 573–580.
[CrossRef] [PubMed]

13. Macchia, G.; Lazzari, R.; Colombo, N.; Laliscia, C.; Capelli, G.; D’Agostino, G.R.; Deodato, F.; Maranzano, E.; Ippolito, E.;
Ronchi, S.; et al. A Large, Multicenter, Retrospective Study on Efficacy and Safety of Stereotactic Body Radiotherapy (SBRT) in
Oligometastatic Ovarian Cancer (MITO RT1 Study): A Collaboration of MITO, AIRO GYN, and MaNGO Groups. Oncologist 2020,
25, e311–e320. [CrossRef]

14. Iftode, C.; D’Agostino, G.R.; Tozzi, A.; Comito, T.; Franzese, C.; De Rose, F.; Franceschini, D.; Di Brina, L.; Tomatis, S.; Scorsetti, M.
Stereotactic Body Radiation Therapy in Oligometastatic Ovarian Cancer: A Promising Therapeutic Approach. Int. J. Gynecol.
Cancer 2018, 28, 1507–1513. [CrossRef] [PubMed]

15. Lazzari, R.; Ronchi, S.; Gandini, S.; Surgo, A.; Volpe, S.; Piperno, G.; Comi, S.; Pansini, F.; Fodor, C.; Orecchia, R.; et al. Stereotactic
Body Radiation Therapy for Oligometastatic Ovarian Cancer: A Step Toward a Drug Holiday. Int. J. Radiat. Oncol. Biol. Phys.
2018, 101, 650–660. [CrossRef]

16. MacChia, G.; Jereczek-Fossa, B.A.; Lazzari, R.; Cerrotta, A.; Deodato, F.; Ippolito, E.; Aristei, C.; Gambacorta, M.A.; Scambia, G.;
Valentini, V.; et al. Efficacy and Safety of Stereotactic Body Radiotherapy (SBRT) in Oligometastatic/Persistent/Recurrent Ovarian
Cancer: A Prospective, Multicenter Phase II Study (MITO-RT3/RAD). Int. J. Gynecol. Cancer 2022, 32, 939–943. [CrossRef]

https://doi.org/10.1016/S0140-6736(18)32487-5
https://www.ncbi.nlm.nih.gov/pubmed/30982687
https://doi.org/10.1016/S1470-2045(16)30532-0
https://www.ncbi.nlm.nih.gov/pubmed/27789196
https://doi.org/10.1001/jamaoncol.2017.3501
https://www.ncbi.nlm.nih.gov/pubmed/28973074
https://doi.org/10.1093/annonc/mds053
https://doi.org/10.1016/j.radonc.2020.04.003
https://doi.org/10.1016/0360-3016(87)90254-9
https://doi.org/10.1016/j.ygyno.2005.11.047
https://doi.org/10.1097/IGC.0000000000001139
https://doi.org/10.1097/IGC.0000000000000653
https://doi.org/10.1016/j.ygyno.2013.04.469
https://doi.org/10.1016/j.ygyno.2016.02.005
https://www.ncbi.nlm.nih.gov/pubmed/26876923
https://doi.org/10.1016/j.ygyno.2020.08.010
https://www.ncbi.nlm.nih.gov/pubmed/32917412
https://doi.org/10.1634/theoncologist.2019-0309
https://doi.org/10.1097/IGC.0000000000001324
https://www.ncbi.nlm.nih.gov/pubmed/30036231
https://doi.org/10.1016/j.ijrobp.2018.03.058
https://doi.org/10.1136/ijgc-2021-002709


Cancers 2023, 15, 3526 11 of 12

17. Onal, C.; Gultekin, M.; Oymak, E.; Guler, O.C.; Yilmaz, M.T.; Yuce Sari, S.; Akkus Yildirim, B.; Yildiz, F. Stereotactic Radiotherapy
in Patients with Oligometastatic or Oligoprogressive Gynecological Malignancies: A Multi-Institutional Analysis. Int. J. Gynecol.
Cancer 2020, 30, 865–872. [CrossRef]

18. Kowalchuk, R.O.; Waters, M.R.; Richardson, K.M.; Spencer, K.; Larner, J.M.; Irvin, W.P.; Kersh, C.R. Stereotactic Body Radiation
Therapy in the Treatment of Ovarian Cancer. Radiat. Oncol. 2020, 15, 108. [CrossRef]

19. Macchia, G.; Nardangeli, A.; Laliscia, C.; Fodor, A.; Draghini, L.; Gentile, P.C.; D’Agostino, G.R.; Balcet, V.; Bonome, P.; Ferioli, M.;
et al. Stereotactic Body Radiotherapy in Oligometastatic Cervical Cancer (MITO-RT2/RAD Study): A Collaboration of MITO,
AIRO GYN, and MaNGO Groups. Int. J. Gynecol. Cancer 2022, 32, 732–739. [CrossRef]

20. Reddy, A.V.; Mills, M.N.; Reshko, L.B.; Martin Richardson, K.; Kersh, C.R. Stereotactic Body Radiation Therapy in Oligometastatic
Uterine Cancer: Clinical Outcomes and Toxicity. Cancer Investig. 2020, 38, 522–530. [CrossRef]

21. Aghdam, N.; Repka, M.C.; McGunigal, M.; Pepin, A.; Paydar, I.; Rudra, S.; Paudel, N.; Pernia Marin, M.; Suy, S.; Collins, S.P.; et al.
Stereotactic Body Radiation Therapy: A Versatile, Well-Tolerated, and Effective Treatment Option for Extracranial Metastases
From Primary Ovarian and Uterine Cancer. Front. Oncol. 2020, 10, 572564. [CrossRef] [PubMed]

22. Cuccia, F.; Pastorello, E.; Vitale, C.; Nicosia, L.; Mazzola, R.; Figlia, V.; Giaj-Levra, N.; Ricchetti, F.; Rigo, M.; Attinà, G.; et al. The
Use of SBRT in the Management of Oligometastatic Gynecological Cancer: Report of Promising Results in Terms of Tolerability
and Clinical Outcomes. J. Cancer Res. Clin. Oncol. 2021, 147, 3613–3618. [CrossRef] [PubMed]

23. Lee, S.H.; Lee, S.H.; Lee, K.C.; Lee, K.B.; Shin, J.W.; Park, C.Y.; Sym, S.J.; Lee, J.-H. Radiation Therapy with Chemotherapy for
Patients with Cervical Cancer and Supraclavicular Lymph Node Involvement. J. Gynecol. Oncol. 2012, 23, 159–167. [CrossRef]
[PubMed]

24. Jeon, W.; Koh, H.K.; Kim, H.J.; Wu, H.-G.; Kim, J.H.; Chung, H.H. Salvage Radiotherapy for Lymph Node Recurrence after
Radical Surgery in Cervical Cancer. J. Gynecol. Oncol. 2012, 23, 168–174. [CrossRef] [PubMed]

25. Kim, J.-Y.; Kim, J.-Y.; Kim, J.H.; Yoon, M.S.; Kim, J.; Kim, Y.S. Curative Chemoradiotherapy in Patients with Stage IVB Cervical
Cancer Presenting with Paraortic and Left Supraclavicular Lymph Node Metastases. Int. J. Radiat. Oncol. Biol. Phys. 2012, 84,
741–747. [CrossRef]

26. Corrigan, K.L.; Yoder, A.; De, B.; Lin, L.; Jhingran, A.; Joyner, M.M.; Eifel, P.J.; Colbert, L.E.; Lu, K.H.; Klopp, A.H. Long-Term
Survival Following Definitive Radiation Therapy for Recurrence or Oligometastases in Gynecological Malignancies: A Landmark
Analysis. Gynecol. Oncol. 2022, 164, 550–557. [CrossRef]

27. Smile, T.; Reddy, C.A.; Qiao-Guan, G.; Amarnath, S.R.; Stephans, K.L.; Woody, N.M.; Balagamwala, E.H.; AlHilli, M.M.; Michener,
C.; Mahdi, H.; et al. Stereotactic Body Radiotherapy for the Treatment of Oligometastatic Gynecological Malignancy in the
Abdomen and Pelvis: A Single-Institution Experience. Int. J. Radiat. Oncol. 2020, 108, e169. [CrossRef]

28. Kataria, T.; Naga, P.; Banerjee, S.; Gupta, D.; Narang, K.; Tayal, M.; Bisht, S.S. CyberKnife Stereotactic Ablative Radiotherapy for
Recurrent or Oligometastatic Gynecological Cancers. South Asian J. Cancer 2021, 10, 107–111. [CrossRef]

29. Reshko, L.B.; Baliga, S.; Crandley, E.F.; Harry Lomas, I.V.; Richardson, M.K.; Spencer, K.; Bennion, N.; Mikdachi, H.E.; Irvin,
W.; Kersh, C.R. Stereotactic Body Radiation Therapy (SBRT) in Recurrent, Persistent or Oligometastatic Gynecological Cancers.
Gynecol. Oncol. 2020, 159, 611–617. [CrossRef]

30. Ito, M.; Kodaira, T.; Koide, Y.; Okuda, T.; Mizumatsu, S.; Oshima, Y.; Takeuchi, A.; Mori, T.; Abe, S.; Asai, A.; et al. Role of
High-Dose Salvage Radiotherapy for Oligometastases of the Localised Abdominal/Pelvic Lymph Nodes: A Retrospective Study.
BMC Cancer 2020, 20, 540. [CrossRef]

31. Laliscia, C.; Fabrini, M.G.; Delishaj, D.; Morganti, R.; Greco, C.; Cantarella, M.; Tana, R.; Paiar, F.; Gadducci, A. Clinical Outcomes
of Stereotactic Body Radiotherapy in Oligometastatic Gynecological Cancer. Int. J. Gynecol. Cancer 2017, 27, 396–402. [CrossRef]
[PubMed]

32. Hanahan, D.; Weinberg, R.A. Hallmarks of Cancer: The next Generation. Cell 2011, 144, 646–674. [CrossRef] [PubMed]
33. Wu, J.; Liang, C.; Chen, M.; Su, W. Association between Tumor-Stroma Ratio and Prognosis in Solid Tumor Patients: A Systematic

Review and Meta-Analysis. Oncotarget 2016, 7, 68954–68965. [CrossRef] [PubMed]
34. Vaupel, P.; Mayer, A. Hypoxia in Cancer: Significance and Impact on Clinical Outcome. Cancer Metastasis Rev. 2007, 26, 225–239.

[CrossRef]
35. Semenza, G.L. Hypoxia-Inducible Factors in Physiology and Medicine. Cell 2012, 148, 399–408. [CrossRef]
36. Carmeliet, P.; Jain, R.K. Angiogenesis in Cancer and Other Diseases. Nature 2000, 407, 249–257. [CrossRef]
37. Brown, J.M.; Wilson, W.R. Exploiting Tumour Hypoxia in Cancer Treatment. Nat. Rev. Cancer 2004, 4, 437–447. [CrossRef]
38. Song, C.W.; Lee, Y.-J.; Griffin, R.J.; Park, I.; Koonce, N.A.; Hui, S.; Kim, M.-S.; Dusenbery, K.E.; Sperduto, P.W.; Cho, L.C. Indirect

Tumor Cell Death After High-Dose Hypofractionated Irradiation: Implications for Stereotactic Body Radiation Therapy and
Stereotactic Radiation Surgery. Int. J. Radiat. Oncol. Biol. Phys. 2015, 93, 166–172. [CrossRef]

39. Wilson, W.R.; Hay, M.P. Targeting Hypoxia in Cancer Therapy. Nat. Rev. Cancer 2011, 11, 393–410. [CrossRef]
40. Barker, H.E.; Paget, J.T.E.; Khan, A.A.; Harrington, K.J. The Tumour Microenvironment after Radiotherapy: Mechanisms of

Resistance and Recurrence. Nat. Rev. Cancer 2015, 15, 409–425. [CrossRef]
41. Golden, E.B.; Chhabra, A.; Chachoua, A.; Adams, S.; Donach, M.; Fenton-Kerimian, M.; Friedman, K.; Ponzo, F.; Babb, J.S.;

Goldberg, J.; et al. Local Radiotherapy and Granulocyte-Macrophage Colony-Stimulating Factor to Generate Abscopal Responses
in Patients with Metastatic Solid Tumours: A Proof-of-Principle Trial. Lancet Oncol. 2015, 16, 795–803. [CrossRef] [PubMed]

https://doi.org/10.1136/ijgc-2019-001115
https://doi.org/10.1186/s13014-020-01564-w
https://doi.org/10.1136/ijgc-2021-003237
https://doi.org/10.1080/07357907.2020.1817483
https://doi.org/10.3389/fonc.2020.572564
https://www.ncbi.nlm.nih.gov/pubmed/33425723
https://doi.org/10.1007/s00432-021-03802-4
https://www.ncbi.nlm.nih.gov/pubmed/34545423
https://doi.org/10.3802/jgo.2012.23.3.159
https://www.ncbi.nlm.nih.gov/pubmed/22808358
https://doi.org/10.3802/jgo.2012.23.3.168
https://www.ncbi.nlm.nih.gov/pubmed/22808359
https://doi.org/10.1016/j.ijrobp.2012.01.070
https://doi.org/10.1016/j.ygyno.2021.12.022
https://doi.org/10.1016/j.ijrobp.2020.07.1364
https://doi.org/10.1055/s-0041-1731576
https://doi.org/10.1016/j.ygyno.2020.10.001
https://doi.org/10.1186/s12885-020-07033-7
https://doi.org/10.1097/IGC.0000000000000885
https://www.ncbi.nlm.nih.gov/pubmed/28114239
https://doi.org/10.1016/j.cell.2011.02.013
https://www.ncbi.nlm.nih.gov/pubmed/21376230
https://doi.org/10.18632/oncotarget.12135
https://www.ncbi.nlm.nih.gov/pubmed/27661111
https://doi.org/10.1007/s10555-007-9055-1
https://doi.org/10.1016/j.cell.2012.01.021
https://doi.org/10.1038/35025220
https://doi.org/10.1038/nrc1367
https://doi.org/10.1016/j.ijrobp.2015.05.016
https://doi.org/10.1038/nrc3064
https://doi.org/10.1038/nrc3958
https://doi.org/10.1016/S1470-2045(15)00054-6
https://www.ncbi.nlm.nih.gov/pubmed/26095785


Cancers 2023, 15, 3526 12 of 12

42. Shen, J.; Tao, Y.; He, L.; Guan, H.; Zhen, H.; Liu, Z.; Zhang, F. Clinical Application of Radiotherapy in Patients with Oligometastatic
Ovarian Cancer: A Sharp Tool to Prolong the Interval of Systemic Treatment. Discov. Oncol. 2022, 13, 82. [CrossRef] [PubMed]

43. Rodríguez-Ruiz, M.E.; Vanpouille-Box, C.; Melero, I.; Formenti, S.C.; Demaria, S. Immunological Mechanisms Responsible for
Radiation-Induced Abscopal Effect. Trends Immunol. 2018, 39, 644–655. [CrossRef] [PubMed]

44. Craig, D.J.; Nanavaty, N.S.; Devanaboyina, M.; Stanbery, L.; Hamouda, D.; Edelman, G.; Dworkin, L.; Nemunaitis, J.J. The
Abscopal Effect of Radiation Therapy. Future Oncol. 2021, 17, 1683–1694. [CrossRef]

45. Herrera, F.G.; Bourhis, J.; Coukos, G. Radiotherapy Combination Opportunities Leveraging Immunity for the next Oncology
Practice. CA Cancer J. Clin. 2017, 67, 65–85. [CrossRef]

46. Ashrafizadeh, M.; Farhood, B.; Eleojo Musa, A.; Taeb, S.; Rezaeyan, A.; Najafi, M. Abscopal Effect in Radioimmunotherapy. Int.
Immunopharmacol. 2020, 85, 106663. [CrossRef]

47. Luke, J.J.; Lemons, J.M.; Karrison, T.G.; Pitroda, S.P.; Melotek, J.M.; Zha, Y.; Al-Hallaq, H.A.; Arina, A.; Khodarev, N.N.; Janisch,
L.; et al. Safety and Clinical Activity of Pembrolizumab and Multisite Stereotactic Body Radiotherapy in Patients with Advanced
Solid Tumors. J. Clin. Oncol. 2018, 36, 1611–1618. [CrossRef]

48. Theelen, W.S.M.E.; Chen, D.; Verma, V.; Hobbs, B.P.; Peulen, H.M.U.; Aerts, J.G.J.V.; Bahce, I.; Niemeijer, A.L.N.; Chang, J.Y.; de
Groot, P.M.; et al. Pembrolizumab with or without Radiotherapy for Metastatic Non-Small-Cell Lung Cancer: A Pooled Analysis
of Two Randomised Trials. Lancet Respir. Med. 2021, 9, 467–475. [CrossRef]

49. Hammers, H.J.; Vonmerveldt, D.; Ahn, C.; Nadal, R.M.; Drake, C.G.; Folkert, M.R.; Laine, A.M.; Courtney, K.D.; Brugarolas, J.;
Song, D.Y.; et al. Combination of Dual Immune Checkpoint Inhibition (ICI) with Stereotactic Radiation (SBRT) in Metastatic
Renal Cell Carcinoma (MRCC) (RADVAX RCC). J. Clin. Oncol. 2020, 38, 614. [CrossRef]

50. Tewari, K.S.; Sill, M.W.; Penson, R.T.; Huang, H.; Ramondetta, L.M.; Landrum, L.M.; Oaknin, A.; Reid, T.J.; Leitao, M.M.; Michael,
H.E.; et al. Bevacizumab for Advanced Cervical Cancer: Final Overall Survival and Adverse Event Analysis of a Randomised,
Controlled, Open-Label, Phase 3 Trial (Gynecologic Oncology Group 240). Lancet 2017, 390, 1654–1663. [CrossRef]

51. Ott, P.A.; Bang, Y.-J.; Berton-Rigaud, D.; Elez, E.; Pishvaian, M.J.; Rugo, H.S.; Puzanov, I.; Mehnert, J.M.; Aung, K.L.; Lopez, J.;
et al. Safety and Antitumor Activity of Pembrolizumab in Advanced Programmed Death Ligand 1-Positive Endometrial Cancer:
Results From the KEYNOTE-028 Study. J. Clin. Oncol. 2017, 35, 2535–2541. [CrossRef] [PubMed]

52. Marabelle, A.; Le, D.T.; Ascierto, P.A.; Di Giacomo, A.M.; De Jesus-Acosta, A.; Delord, J.-P.; Geva, R.; Gottfried, M.; Penel,
N.; Hansen, A.R.; et al. Efficacy of Pembrolizumab in Patients with Noncolorectal High Microsatellite Instability/Mismatch
Repair-Deficient Cancer: Results From the Phase II KEYNOTE-158 Study. J. Clin. Oncol. 2020, 38, 1–10. [CrossRef] [PubMed]

53. O’Malley, D.M.; Bariani, G.M.; Cassier, P.A.; Marabelle, A.; Hansen, A.R.; De Jesus Acosta, A.; Miller, W.H.; Safra, T.; Italiano, A.;
Mileshkin, L.; et al. Pembrolizumab in Patients with Microsatellite Instability-High Advanced Endometrial Cancer: Results From
the KEYNOTE-158 Study. J. Clin. Oncol. 2022, 40, 752–761. [CrossRef] [PubMed]

54. Colombo, N.; Dubot, C.; Lorusso, D.; Caceres, M.V.; Hasegawa, K.; Shapira-Frommer, R.; Tewari, K.S.; Salman, P.; Hoyos Usta, E.;
Yañez, E.; et al. Pembrolizumab for Persistent, Recurrent, or Metastatic Cervical Cancer. N. Engl. J. Med. 2021, 385, 1856–1867.
[CrossRef]

55. Zamarin, D.; Burger, R.A.; Sill, M.W.; Powell, D.J.; Lankes, H.A.; Feldman, M.D.; Zivanovic, O.; Gunderson, C.; Ko, E.; Mathews,
C.; et al. Randomized Phase II Trial of Nivolumab Versus Nivolumab and Ipilimumab for Recurrent or Persistent Ovarian Cancer:
An NRG Oncology Study. J. Clin. Oncol. 2020, 38, 1814–1823. [CrossRef]

56. 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.J.; 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. 2019, 37, 2825–2834. [CrossRef]

57. De Jaeghere, E.A.; Tuyaerts, S.; Van Nuffel, A.M.T.; Belmans, A.; Bogaerts, K.; Baiden-Amissah, R.; Lippens, L.; Vuylsteke, P.;
Henry, S.; Trinh, X.B.; et al. Pembrolizumab, Radiotherapy, and an Immunomodulatory Five-Drug Cocktail in Pretreated Patients
with Persistent, Recurrent, or Metastatic Cervical or Endometrial Carcinoma: Results of the Phase II PRIMMO Study. Cancer
Immunol. Immunother. 2023, 72, 475–491. [CrossRef]

58. Henke, L.E.; Stanley, J.A.; Robinson, C.; Srivastava, A.; Contreras, J.A.; Curcuru, A.; Green, O.L.; Massad, L.S.; Kuroki, L.; Fuh, K.;
et al. Phase I Trial of Stereotactic MRI-Guided Online Adaptive Radiation Therapy (SMART) for the Treatment of Oligometastatic
Ovarian Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2022, 112, 379–389. [CrossRef]

59. Nicosia, L.; Cuccia, F.; Mazzola, R.; Ricchetti, F.; Figlia, V.; Giaj-Levra, N.; Rigo, M.; Tomasini, D.; Pasinetti, N.; Corradini, S.; et al.
Disease Course of Lung Oligometastatic Colorectal Cancer Treated with Stereotactic Body Radiotherapy. Strahlenther. Onkol. 2020,
196, 813–820. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s12672-022-00540-y
https://www.ncbi.nlm.nih.gov/pubmed/36006491
https://doi.org/10.1016/j.it.2018.06.001
https://www.ncbi.nlm.nih.gov/pubmed/30001871
https://doi.org/10.2217/fon-2020-0994
https://doi.org/10.3322/caac.21358
https://doi.org/10.1016/j.intimp.2020.106663
https://doi.org/10.1200/JCO.2017.76.2229
https://doi.org/10.1016/S2213-2600(20)30391-X
https://doi.org/10.1200/JCO.2020.38.6_suppl.614
https://doi.org/10.1016/S0140-6736(17)31607-0
https://doi.org/10.1200/JCO.2017.72.5952
https://www.ncbi.nlm.nih.gov/pubmed/28489510
https://doi.org/10.1200/JCO.19.02105
https://www.ncbi.nlm.nih.gov/pubmed/31682550
https://doi.org/10.1200/JCO.21.01874
https://www.ncbi.nlm.nih.gov/pubmed/34990208
https://doi.org/10.1056/NEJMoa2112435
https://doi.org/10.1200/JCO.19.02059
https://doi.org/10.1200/JCO.19.00739
https://doi.org/10.1007/s00262-022-03253-x
https://doi.org/10.1016/j.ijrobp.2021.08.033
https://doi.org/10.1007/s00066-020-01627-7

	Introduction 
	SBRT in Ovarian Primary Oligometastases 
	SBRT in Non-Ovarian Gynecologic Primary Oligometastases 
	Radiation and the Impact of the Tumor Microenvironment 
	Immunotherapy in Gynecologic Malignancies 
	Novel Techniques, Dose Escalation and Safety in SBRT 
	Conclusions 
	References

