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Abstract

Objective: To identify outcome differences between extended nodal radiotherapy (ENRT) with simultaneous integrated
boost (SIB) and stereotactic body radiotherapy (SBRT), performed with advanced radiotherapy techniques, both of
which were |8F-Fluoro-Deoxy-Glucose (FDG) PET/CT guided, for lymph-node (LN) relapses of gynecological tumors,
and to identify the most important determining factors.

Methods: Records of gynecologic patients treated in a single-institution with FDG PET/CT guided intensity-modulated
radiotherapy (IMRT), image-guided radiotherapy (IGRT), or SBRT, were reviewed, and only patients at first salvage
radiotherapy for LN relapses were considered. Local relapse-free- (LRFS), regional relapse-free- (RRFS), distant
metastasis-free- (DMFS), disease-free-(DFS) and overall-survival (OS), as well as acute and late toxicity (with CTCAE
v5.0 score), were determined.

Results: Fifty-eight patients (23 ENRT+SIB; 35 SBRT) treated for 178 LNs from February 2007-April 2023, were identified.
Median biological equivalent dose (BED10) delivered to PET-positive LNs was 76.5 Gy (Interquartile range-IQR- 74.4;78.7)
for ENRT, and 72 Gy (IQR 59.5;75.6) for SBRT. Median follow-up was 81.1(IQR 48.5; 117.2) and 37.0 (IQR 21.3; 58.4)
months for ENRT and SBRT, respectively. Thirty-six-month estimated LRFS was 90.2% for ENRT and 82.6% for SBRT;
RRFS was 69% and 63.4%, DMFS 26.1% and 44.3%, and OS 73.7% and 60.4%; no statistically significant differences were
found between the two groups (logrank test, p= 0.29). ENRT recorded more acute (p<0.033), but not late, toxicities.
Conclusions: ENRT+SIB and SBRT for gynecological LN tumor relapses obtain similar results in terms of disease-free
and OS, with fair toxicity. Prospective studies with higher patient numbers are needed.
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Introduction

The best therapeutic strategy for lymph-node (LN) metas-
tases from gynecological tumors remains undefined; the
few studies in the literature are heterogencous for both
sample characteristics and treatment techniques, despite
recent attempts to better focus analyses according to pri-
mary tumor.'”” Oligometastatic disease (OMD) treatment is
arousing increased interest after the addition of radiother-
apy to standard systemic therapy demonstrated increased
survival, and the possibility of delaying some systemic
treatments.®? Prospective studies are lacking for gyneco-
logic tumors, as reported in meta-analyses investigating the
role of local treatments in OMD.'%!! Fluoro-deoxy-glucose
(FDG) positron emission tomography (PET)/computed
tomography (CT) has good sensitivity, specificity, and
diagnostic accuracy for gynecological cancer LN recur-
rences,'>!* exploitable to identify LN recurrence site. A
large retrospective multi-institutional study comparing ste-
reotactic body radiotherapy (SBRT) to extended nodal radi-
otherapy (ENRT), for prostate cancer LN relapse observed
better metastasis-free survival (MFS) in patients with one
LN at recurrence after ENRT.!® No similar studies exist,
and the question is also of interest for gynecological tumors,
with a different, more aggressive biology. We compared
outcomes and toxicity in two groups of patients affected by
primary gynecological LN recurrence, treated with SBRT
on the FDG PET/CT positive LNs versus ENRT on the
interested chain with simultaneous integrated boost (SIB)
to the FDG PET/CT positive LN.

Material and methods

This retrospective study was performed according to the
Helsinki Declaration. Informed consent for treatment and
disease-related information publication was obtained from
all participants. The Ethics Committee 1 of the Lombardy
region approved the study (register number 43-2024,
ClinicalTrials.gov Identifier NCT06306170).

Endpoints of the study

The main objective of our study was to analyze the disease
control in terms of local relapse-free survival (LRFS),
regional relapse-free survival (RRFS), distant metastases-
free survival (DMFS), disease-free survival (DFS), and
overall survival (OS) in gynecological cancer patients pre-
senting disease recurrence only at the lymph node level
treated with two possible radiation therapies. Therapeutic
strategies included extended nodal radiotherapy (ENRT),
which delivers a prophylactic dose to the affected lymph
node areas (pelvic, para-aortic, mediastinal) thus also con-
sidering the circulating neoplastic cells (not observable by
PET), and stereotactic irradiation (SBRT) of the PET-
positive lymph node(s) only, to treat exclusively the signifi-
cant disease burden. Secondary endpoints were acute and

late toxicity of the two therapeutic strategies, and the iden-
tification of factors influencing outcomes in our cohort of
patients.

Inclusion and exclusion criteria

Records of gynecologic patients treated in our institution
since 2005 with intensity-modulated radiotherapy (IMRT),
image-guided radiotherapy (IGRT), or SBRT, and with
FDG PET/CT guided treatment planning were reviewed;
only patients at first salvage radiotherapy for LN relapses
were considered. Patients with a second relapse at the LN
level, as well as those with bone or visceral metastases,
were excluded.

The choice of radiation treatment type was made
according to the judgment of the treating physician, based
on the knowledge at the time of prescription and taking
disease burden and location into account.

Treatment, simulation, dose prescription,
planning, follow-up

Patients with no other reasonable therapeutic alternatives
(surgery or systemic therapy), whose cases were dis-
cussed in the multidisciplinary meeting, received the
indication of salvage radiotherapy. Median interval
between the last oncological treatment and salvage radio-
therapy was 8.5 (1.6-55.0) months. No concomitant or
adjuvant systemic treatment was planned. Further onco-
logical treatment was prescribed only in case of relapse
after radiotherapy.

Simulation CT was performed in supine position, using
immobilization systems specifically adapted for the site to
be treated, and treatment machine. CT section thickness
was 3 mm for helical TomoTherapy (TomoTherapy,
Accuray, Maddison, WI, USA) or RapidArc (Varian, Palo
Alto, CA, USA) treatments and 1.25 mm for CyberKnife
M6 (Accuray, Sunnyvale, CA, USA) treatments. Nodal
gross tumor volume (GTVN), of the PET/CT positive LN
was defined based on FDG PET/CT for both groups. Nodal
planning target volume (PTVN) was defined by isometri-
cally expanding GTVN by 5 mm for ENRT treatments,
and 3 mm for SBRT. Furthermore, for ENRT treatments,
the involved LN chain was defined as CTV (Clinical
Target Volume) and expanded by 7 mm, to generate the
chain PTV (LNPTV). Median dose delivered to LNPTV in
the ENRT group was 50.4 (40.05-50.4) Gy in a median of
28 (15-28) fractions, with SIB up to a median of 61.6
(44.4-65.5) Gy, corresponding to a BED (Biological
Effective Dose) of 76.5 (IQR: 74.4-78.7) Gy. In the SBRT
group, the median dose delivered was 40 (30-63.2) Gy
with a median of 5 (3-10) fractions and a median BED of
72 (IQR: 59.5-75.6) Gy. The differences in volume and
prescribed dose between ENRT and SBRT are evident in
Figure la and 1b.
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Figure I. a. 21-year-old patient with bilateral ovarian endometrioid adenocarcinoma, operated on and treated with chemotherapy
in 2008, relapsed in 2010, treated with two lines of chemotherapy with stable disease, irradiated in 201 | to the para-aortic lymph
node areas (ENRT) at TD of 50.4 Gy/ 28 fr with SIB to PET positive LNs at TD of 62.5 Gy (BED = 76.44 Gy) with controlled
disease, and with no further relapse. During treatment she presented G2 nausea, vomiting, fatigue, and later occasional G| anemia
for several years. b. 75-year-old patient with transitional cell ovarian adenocarcinoma operated on and treated with chemotherapy
in 2006, relapsed, treated with multiple lines of chemotherapy, then Olaparib from 11.2016 to 01.2019, with progressive disease.
Irradiated on the inter-aorto-caval lymph node at TD of 36 Gy / 3 fr (BED 79.2 Gy), she presented excellent local control (without
relapse at almost five years), but progression both loco-regional para-aortic, and peritoneal at three months after SBRT. She had no

acute or late toxicity.

Patients were evaluated every three to four months in
the first year, then every six months through the fifth year,
with blood chemistry tests, CT/magnetic resonance (MRI)/
PET and gynecological examination. Maximum values of
acute and late toxicity were classified according to
Common Terminology Criteria of Adverse Events
(CTCAE), v5.0.

Statistical analysis

To compare treatment groups with respect to demographic
and clinical variables Mann-Whitney and Fisher's exact
tests were applied for quantitative and qualitative varia-
bles, respectively. Local relapse-free survival (LRFS) was
defined as period from radiotherapy end to local relapse or

death; regional relapse-free survival (RRFS) as the period
from the treatment end to regional relapse, in the nodal
chain treated with ENRT, or the chain of which the SBRT
treated node was part, or patient's death; distant metasta-
sis-free survival (DMFS) as the time from treatment end to
distant recurrence, or death; disease-free survival (DFS) as
time from treatment end to any event (local, regional, dis-
tant relapse, death, whichever occurred first); overall sur-
vival (OS) as time from radiation end to patient death.
The reverse Kaplan-Meier method was used to compute
median follow-up and interquartile range. The Kaplan-
Meier method was used to estimate survival curves, and the
log-rank test to compare survival curves between groups.
Survival Trees were implemented to identify new cut-offs
for treatment volumes and doses distinguishing different
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Table I. The characteristics of the patients treated with radiotherapy to the entire involved lymph node area and simultaneous
integrated boost to PET positive lymph-nodes (ENRT+SIB) vs. only positive lymph nodes (SBRT).

Variables ENRT (n=23) SBRT (n=35) p-value
Age at diagnosis (median [IQR]) 60.44 [47.94, 67.02] 55.23 [51.79, 71.70] 0.489
Age at salvage RT (median [IQR]) 65.93 [52.55, 71.10] 67.25 [56.61, 74.60] 0.404
Histology (%) Endometrium 9 (39.1) 9 (25.7) 0.168
Cervix 2 (8.7) 10 (28.6)
Ovary 12 (52.2) 16 (45.7)
FIGO stage (%) | 6 (26.1) 9 (25.7) 0.590
Il 2(87) 8 (22.9)
11l Il (47.8) 13 (37.1)
\% 4(17.4) 5(14.3)
Surgery for primary tumor (%) no I (4.3) 5(14.3) 0.386
yes 22 (95.7) 30 (85.7)
RT for primary tumor (%) no 18 (78.3) 22 (62.9) 0.257
yes 521.7) 13 (37.1)
Chemotherapy for primary (%) no 3(13.0) 8 (22.9) 0.499
yes 20 (87.0) 27 (77.1)
PFS (median [IQR]) 19.01 [10.91, 30.36] 18.58 [9.95, 33.67] 0.855
Surgery at first relapse (%) no 21 (91.3) 25 (71.4) 0.099
yes 2 (8.7) 10 (28.6)
RT at first relapse (%) no 16 (69.6) 17 (48.6) 0.175
yes 7 (30.4) 18 (51.4)
CT at first relapse (%) no 6 (26.1) 13 (37.1) 0.410
yes 17 (73.9) 22 (62.9)
Previous RT to same volume (%) no 20 (87.0) 29 (82.9) 1.000
yes 3 (13.0) 6 (17.1)
Nr of metastases treated (%) | 8 (34.8) 29 (82.9) <0.001
2 I (4.3) 4(11.4)
3 3 (13.0) 2(5.7)
4 3(13.0) 0 (0.0)
=6 8 (34.8) 0 (0.0
Localization of LN metastases Pelvic 3 (13%) Il (31.4%) 0.185
Para-Aortic 15 (65.2%) 15 (42.9%)
Extra- 5(21.8%) 9 (25.7%)
Abdominal
GTVN (median [IQR]) 24.40 [9.35, 42.25] 4.30 [2.18, 10.42] <0.001
PTVN (median [IQR]) 89.40 [36.05, 124.45] 10.20 [6.10, 25.70] <0.001
BED (median [IQR]) 76.45 [74.40, 78.67] 72.00 [59.50, 75.60] 0.006

IQR, interquartile range; RT, Radiotherapy; FIGO, International Federation of Gynecology and Obstetrics; PFS, progression-free survival; LN, lymph
node; CT, chemotherapy; GTVN, Nodal Gross Tumor Volume; PTVN, Nodal Planning Target Volume; BED, biologically effective dose.

Values in bold indicate statistically significant differences.

prognostic groups.!” To avoid overfitting, the minimum
number of observations in any terminal node was limited to
10. Cox regression models were estimated to identify factors
associated with survival outcomes. Analyses were performed
with R statistical software (R Core Team 2023, version
4.3.1). In all analyses, the significance level was set at 5%.

Results

Demographic and treatment data

Fifty-eight patients treated from February 2007 to April
2023 in our institution with intensity-modulated

radiotherapy (IMRT), image-guided radiotherapy (IGRT),
or SBRT for pelvic or extra-pelvic first LN recurrence
from gynecologic tumors were identified. The patients
were divided into two groups: 23 (ENRT group) under-
went ENRT to the interested LN chain, and SIB to the
FDG PET/CT positive LNs; 35 (SBRT group) underwent
SBRT to LN recurrence. Table 1 summarizes patient
characteristics.

At the first LN recurrence, for which the patients under-
went the salvage treatment, the largest group (47.8%) of
the 23 patients with 131 LNs treated with ENRT presented
>3 positive LNs. In the SBRT group (35 patients with 47
LNs), most cases (82.9%) presented recurrence in a single



Fodor et al.

223

LN. In the ENRT group, 13.0% of cases were previously
irradiated on the same site, while in the SBRT group,
17.1%.

In the comparison of treatment volumes, the total vol-
ume of GTVN and PTVN of individual LNs receiving SIB
in the ENRT group, and SBRT in the other, were used.
Median GTVN for SIB was 24.4 cc and median PTVN
89.4 cc, while for SBRT, median GTVN and PTVN were
4.3 cc and 10.2 cc, respectively (p<<0.05). In the ENRT
group, SIB was not prescribed for four patients, who
received a uniform dose over the entire disease volume
because, in two cases, given the significant disease exten-
sion (precluding acceptable dose distribution and target
coverage) SIB would have exceeded dose limits for neigh-
boring organs at risk (OAR). In two other cases, SIB was
not prescribed as the patients had received chemotherapy
prior to radiotherapy (leading to a reduction in metabolic
activity and size of PET-positive LNs).

Endpoint analysis results

Median follow up for the ENRT group was 81.1 months
(IQR:48.5;117.2), for SBRT 37.0 months (IQR:21.3;58.4).

Given the different follow-ups in the two groups, the
estimate was made at 36 months, considered sufficient to
express the outcomes for OMD, and higher than most
median follow-ups published to date. Estimated 36-month
LRFS was 90.2% in ENRT group and 82.6% in SBRT
group (p=ns); RRFS was 69% vs 63.4%, respectively
(p=ns). DMFS was 26.1% vs 44.3% (p=ns); and DFS was
26.1% vs 32.2%, respectively (p=ns). Thirty-six-month
OS was 73.7% in the ENRT group and 60.4% in the SBRT
group, and globally not statistically different in the two
treatment groups (logrank test, p=0.29).

Differences in LRFS, RRFS, DMFS, DFS and OS were
also evaluated for patient groups classified by primary
tumor (endometrial, cervical, ovarian) generating the
metastases. No statistically significant difference was
observed between the groups for any survival outcome.

The analysis was repeated eliminating patients with >5
metastases (not oligometastatic) from the ENRT group, to
better homogenize the two groups: no statistically signifi-
cant differences were observed (See Figure 2 a-e).

Acute toxicity depended on treatment site and included:
diarrhea, nausea and vomiting, dysphagia, esophagitis and
gastralgia, cough, asthenia, with CTCAE v5.0 maximum
grade 2 (G2). Two patients presented hematological toxic-
ity (anemia and leukopenia). Only one presented G3 skin
erythema. For late toxicity, only one patient presented G3
toxicity (pelvic bone fracture) after pelvic radiotherapy. A
significant association emerged between treatment group
and genitourinary (GU), gastro-intestinal (GI, including
esophageal for mediastinal treatments), and other acute
toxicities (cutaneous, hematological, asthenia), with higher
toxicity grade in the ENRT group, as seen in Table 2, while

no significant association between treatment group and
late toxicity was observed.

There was no significant difference between groups
with GO+G1 (44 patients) vs G2+ G3 (14 patients) toxic-
ity, considering maximum acute toxicity experienced, with
respect to target volume (p-value= 0.07).

The best GTV cut-off value for disease control, identi-
fied on the basis of the Survival Tree analysis (ST), was
34.35 cc (see Figure 3). A total GTV<34.35 cc was pre-
sent in 65.2% of ENRT patients and 94.3% of SBRT
patients.

Expansion from GTVN to the PTVN was larger for
IGRT-IMRT treatments with ENRT and SIB, compared to
SBRT treatments. Therefore, predictive PTVN for treat-
ment response was also identified, and was 81.3
cc(p=0.011). Only 47.8% of ENRT patients presented a
PTV<81.3 cc vs 100% of SBRT patients.

The BED cut-off identified through the survival tree is
75.1 Gy (p=0.013), and 34.8% of ENRT-SIB patients were
treated with a BED <75.1 Gy, vs 74.3% of SBRT patients
(See Figure 4).

Age at diagnosis, histology (ovarian, endometrial, cer-
vical), FIGO stage, PFS (interval between primary tumor
diagnosis and metastasis), GTV (=34.35 vs <34.35), PTV
(=81.3 vs <81.3) and BED (<75.1 vs =75.1) were exam-
ined as potential risk factors for DFS in a univariate Cox
regression analysis. Larger tumor volume: GTV
(HR=3.6333; 95%CI: [1.7046,7.7441]; p=0.0008); and
PTV (HR=2.4242: 95%CI: [1.2015,4.8914]; p=0.0134),
and lower BED (HR=2.255; 95%CI: [1.1707, 4.3439];
p=0.0151), emerged as risk factors significantly associated
with DFS.

When entering all the abovementioned covariates into a
Cox multivariate model for DFS, but not PTV (associated
with GTV), in the model selected, using a backward
approach, only GTV (HR=4.6192; 95%CI: [2.088-
10.2188]; p=0.0002) and BED (HR=2.7002; 95%CI:
[1.3797-5.2847]; p=0.0037) were retained as significant
variables.

Discussion

Two treatment modalities for LN recurrence are available:
ENRT and SBRT. ENRT studies are older and small (12-50
patients). Grigsby et al.! retrospectively analyzed 20 para-
aortic LN relapsed cervical cancer patients reporting
hydronephrosis, lower extremity edema and neuropathic
sciatic pain, treated with conventional radiotherapy (RT);
all died within two years from disease progression. Longer
interval to relapse and a total dose >45 Gy improved
median survival. In 14 patients with para-aortic LN
relapse, all seven with Grisgby’s symptoms treated with
<45 Gy concurrent radio-chemotherapy (CCRT), were
dead within 1.5 years, while the seven patients without
symptoms, treated with full-dose, had a five-year OS of
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Figure 2. a. Overall survival, b. local relapse-free survival, c. regional relapse-free survival, d. distant relapse-free survival, e.
disease-free survival, in patients with up to 5 LN metastases in ENRT+SIB vs SBRT group.
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Table 2. Toxicities in ENRT+SIB and SBRT groups.

Toxicity Grade ENRT (n=23) SBRT (n=35) p-value
Acute GU (%) 0 18 (78.3) 35 (100.0) 0.007
I 3 (13.0) 0 (0.0
2 2 (8.7) 0 (0.0
Acute GI (%) 0 Il (47.8) 29 (82.9) 0.021
I 5(21.7) 3 (8.6)
2 7 (304) 3 (8.6)
Acute other (%) 0 16 (69.6) 32 (91.4) 0.033
I 5(21.7) 1 (2.9)
2 1 (4.3) 2 (5.7)
3 | (43) 0 (0.0)
Late, all 0 19 (82.6)  33(943)  0.193
toxicities (%) | 3(13.0) 1 (2.9)
2 0 (0.0) | 2.9)
3 I (4.3) 0 (0.0
Values in bold indicate statistically significant differences.
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Figure 3. Disease-free survival curves (DFS) estimated with

the Kaplan-Meier (KM) method, in the two GTV (Gross Tumor
Volume, nodal) groups of patients derived using ST analysis cut-
off value (p-value associated with logrank test is also reported).

100%.2 Predictive factors for local failure identified in 38
patients with endometrial adenocarcinoma treated with
ENRT to pelvic or para-aortic LN were: previous chemo-
therapy, <64.7 Gy SIB, grade 3 tumor, and <I year to
recurrence.’ In ovarian cancer patients with LN or isolated
extra-LN recurrence, better response to radiotherapy vs
chemotherapy (64% vs 16.7%) was observed, with lower
toxicity and no significant difference in OS and DFS.!3 Of
the 26 cervical cancer patients with para-aortic relapse,
only those treated with CCRT to para-aortic LNs presented
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Figure 4. Disease-free survival curves (DFS) estimated with
the Kaplan-Meier (KM) method, in the two BED (Biological
Effective Dose) groups of patients, derived using ST analysis
cut-off value (p-value associated with logrank test, is also
reported).

long-term DFS; patients treated with chemotherapy or
radiotherapy alone, or untreated, died.'® In 22 LN relapses
(including 10 supraclavicular LNs), with median 31.2
month follow-up, five-year DFS and OS was 32.7% and
30.7%, respectively.?’ Patients with <8 ng/dl squamous
cell carcinoma antigen and >18 months to LN recurrence,
had better OS. Treatment failure occurred in 63.6% of
patients, and three patients developed G3 toxicity.?’ With
2D hyperfractionated radiotherapy (two daily 1.2 Gy frac-
tions to total dose of 60 Gy) and concurrent chemotherapy
for para-aortic LN recurrence in 12 cervical carcinoma
patients, three-year OS was 19% and relapses >24 months
from primary treatment had better median survival.?! Two
patients had G3-4 hematologic toxicity, 50% G2 nausea.?!
The largest published study analyzed 50 patients with
para-aortic LN recurrence: 24 had 1-2 metastases, and 26
had =3. Three-year OS was 85.7% for CCRT, 66.7% for
surgery, 48.8% for chemotherapy, 41.3% for radiotherapy,
0 for best supportive care (p=0.014).2% Five-year OS was
37.5% in a recent study of 20 cervical cancer patients with
LN recurrence treated with CCRT or radiotherapy alone to
para-aortic or pelvic chain. Three-year OS for patients
with recurrence <9 months after primary treatment was
20%, and 70% for later recurrences.?

SBRT studies are more recent. MITO RT1, analyzing
results based on treated lesions rather than patients (as in
our analysis), observed a 24-month LRFS of 81.9% for
patients with oligometastatic/progressive disease from
ovarian tumors.* In the MITO-RT2/RAD study on
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oligometastases from cervical cancer,’ local control was
94.4% with median follow-up of 14.5 months, and 94.5%,
with the same median follow-up for oligometastases from
endometrial carcinoma.® Similar evidence emerged from
previous smaller studies.’*?> These results obtained
recently with modern techniques are superior to those
obtained with ENRT in the 2000s. In fact, Grigsby et al,' in
patients with para-aortic LN recurrence from cervical can-
cer, observed median survival of 8.7 months in the entire
group.

In our patient cohort estimated 36-month LRFS was
90.2% for ENRT and 82.6% for SBRT in line with modern
series.

MITO RT1 study identified a group of disease and ther-
apy characteristics predictive of better response to SBRT
for ovarian cancer: age <70 years, LN metastases, disease
volume (PTV < 18cc) and BED delivered (cut-off: 70
Gy).* Patients in our study had greater median GTV, and
median BED delivered was slightly higher in both groups.
The Cooperative Study of the Korean Radiation Oncology
Group (KROG 14-11) of SBRT for recurrent oligometa-
static uterine cervix cancer, in a patient group with numer-
ous LN metastases, observed a 32.9% five-year OS.?° Two
and five-year LRFS were 82.5 and 78.8%, respectively,
and BED>90 Gy(p=0.072), BED>69 Gy(p=0.059), and
longer DFS predicted marginally superior LC.2

The toxicity found for our stereotactic treatments, as
in the multi-institutional MITO studies,*® was low. ENRT
toxicity was as high as G2 in 30% of patients in the Lee
et al. study'® - still significantly lower than the toxicity
with chemotherapy. In another study toxicity was higher,
reporting G=3 in 21% of patients, due to large treatment
volumes and associated chemotherapy in 55% of
patients.? In our study only one acute G3 toxicity (skin
erythema), and one late G3 toxicity (bone fracture) were
detected.

An important limitation of our study, as of all published
ENRT studies for gynecological cancer LN relapses, is its
retrospective nature in a limited, single-institutional sam-
ple. Compared to recent SBRT studies, however, our anal-
ysis has the advantage of including only LN recurrences,
where an extensive treatment including the entire LN
chain could offer a benefit, given the extension by circulat-
ing tumors cells between LN.!%?’ To overcome the main
limitations (statistically different follow-ups and number
of lymph-nodes) the analysis was performed limiting the
follow-up to 36 months, and repeated, limiting the total
number of lymph-nodes to four.

To the best of our knowledge, this is the first study
reporting results in a cohort treated with both ENRT and
SBRT for LN relapses, in gynecological tumors. This
allows us to make an initial contribution in evaluating the
benefits in LC, OS and DFS for ENRT vs SBRT in LN
recurrences. As in the MITO RT studies, failure was
mainly distant, suggesting that hematogenous diffusion

predominates over lymphatic. In prostate cancer, however,
extensive treatments seem to lead to better disease con-
trol.!®2%82° Given the results achieved with similar samples
of prostate cancer patients*®?’ we are led to hypothesize
that the impact of the extensive treatment is lower in
gynecological patients. The results may be partially due to
the impact of 18F-FDG PET/CT, which correctly selected
the significant burden of disease.!?13-303!

The choice of the type of treatment was made according
to the judgment of the treating physician, taking disease
burden into account. Patients treated with SBRT had a
lower number of LN involved: only one LN for 82.9% of
patients treated with SBRT vs 34.8% for ENRT patients.
The patients with more than six positive LN represent one
third of patients treated with ENRT, while no patient
treated with SBRT had more than three synchronous
lesions. In consideration of the similar DFS achieved, it
could be hypothesized that ENRT compensated for the
greater disease burden, allowing good local and regional
control. This observation represents further data in support
of the previous hypothesis: good local and regional control
had no significant impact on distant disease control or OS,
a finding confirmed by multicenter MITO-AIRO Gyn
studies,*® and early ENRT studies.'*!¥2} No statistically
significant differences were observed when the analysis
was limited to OMD (=<5 LNs).

Another necessary observation concerns the prescribed
doses. Although a 70 Gy BED is considered sufficient?;
SABR COMET® demonstrated an increased survival with
ablative doses, in patients with different primary tumors
(prostate, breast, lung). This BED was not reached even in
the KROG 14-11 trial.?® Evidence of a dose effect also in
our cohort indicates the need to explore, when safely deliv-
erable, more aggressive treatments on positive LNs.

Radiotherapy has enabled treated patients to achieve a
systemic therapy-free interval, allowing, in some cases,
the subsequent reintroduction of systemic therapy upon
relapse.*® Alternatives to radiotherapy are: the most fre-
quent second look surgery, hadron therapy or the least used
radiofrequency ablation.’”3* Quality of life plays an
increasingly important role in the selection of oncological
treatments and, although not investigated in this particular
situation of LN recurrence, surgery can have a significant
impact in gynecological as well as other tumor loca-
tions.**3¥ This has paved the way for the use of radiother-
apy in LN recurrence, but the extension of the radiotherapy
fields remains to be investigated.

Conclusions

We can reasonably consider these two treatment modali-
ties as valid therapeutic options in LN oligometastatic
patients, obtaining good disease control with acceptable
toxicity. Stereotactic treatments would be preferable for
small volumes. Larger volumes will probably require
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ENRT. Prospective studies with adequate samples are nec-
essary to identify the treatment field extension and BED
values necessary for positive results in gynecological
tumor LN recurrences, for which (due to their specific
biology), it is impossible to automatically apply results
deriving from other tumor types.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Al

During the preparation of this paper the authors did not use any
generative Al and Al-assisted technologies in the writing
process.

Data availability

The data that support the findings of this study (anonymized indi-
vidual participant data) are available on request from the corre-
sponding author to researchers who provide a methodologically
sound proposal. Requests made to the corresponding author
(A.F.) will be evaluated by the Lombardy Territorial Ethics
Committee 1.

ORCID iDs

Andrei Fodor
Chiara L. Deantoni

https://orcid.org/0000-0002-9285-4390
https://orcid.org/0000-0002-3610-0316

References

1. Grigsby PW, Vest ML and Perez CA. Recurrent carcinoma of
the cervix exclusively in the paraaortic nodes following radia-
tion therapy. Int J Radiat Oncol Biol Phys 1994; 28: 451-455.

2. Singh AK, Grisgby PW, Rader JS, et al. Cervix carcinoma,
concurrent chemoradiotherapy, and salvage isolated par-
aaortic lymph node recurrence. Int J Radiat Oncol Biol Phys
2005; 61: 450-455.

3. Ho JC, Allen PK, Jhingran A, et al. Management of nodal
recurrences of endometrial cancer with IMRT. Gynecol
Oncol 2015; 139: 40-46.

4. Macchia G, Lazzari R, Colombo N, et al. A large, mul-
ticenter, retrospective study on efficacy and safety of
Stereotactic Body Radiotherapy (SBRT) in oligometa-
static ovarian cancer (MITO RT1 Study): A Collaboration
of MITO, AIRO GYN, and MaNGO Groups. Oncologist
2020; 25: e311-e320.

5. Macchia G, Nardangeli A, Laliscia C, 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.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Macchia G, Pezzulla D, Campitelli M, et al. Efficacy and
safety of stereotactic body radiation therapy in oligometa-
static uterine cancer (MITO-RT2/RAD): A large, real-world
study in collaboration with Italian Association of Radiation
Oncology, multicenter Italian trials in ovarian cancer, and
Mario Negri Gynecologic Oncology Group Groups. Int J
Radiat Oncol Biol Phys 2023; 117: 321-332.

Reshko LB, Baliga S, Crandley EF, et al. Stereotactic body
radiation therapy (SBRT) in recurrent, persistent or oligo-
metastatic gynecological cancers. Gynecol Oncol 2020;
159: 611-617.

Palma DA, Olson R, Harrow S, et al. Stereotactic ablative
radiotherapy for the comprehensive treatment of oligo-
metastatic cancers: long-term results of the SABR-COMET
Phase II randomized trial. J Clin Oncol 2020; 38: 2830-
2838.

Bergamini A, Bocciolone L, Fodor A, et al. Management
of recurrent ovarian cancer: when platinum-based regimens
are not a therapeutic option. /nt J Gynecol Cancer 2019; 29:
1431-1436.

Ryckman JM, Thomas TV, Wang M, et al. Local treatment
of the primary tumor for patients with metastatic cancer
(PRIME-TX): A meta-analysis. Int J Radiat Oncol Biol
Phys 2022; 114: 919-935.

Rim CH, Shin IS, Park S, et al. Benefits of local consolida-
tive treatment in oligometastases of solid cancers: a step-
wise-hierarchical pooled analysis and systematic review.
NPJ Precis Onc 2021; 5: 2.

Kitajima K, Murakami K, Yamasaki E, et al. Diagnostic
accuracy of integrated FDG-PET/contrast-enhanced CT in
staging ovarian cancer: comparison with enhanced CT. Eur
J Nucl Med Mol Imaging 2008; 35: 1912—-1920.

Sironi S, Buda A, Picchio M, et al. Lymph node metastasis
in patients with clinical early-stage cervical cancer: detec-
tion with integrated FDG PET/CT. Radiology 2006; 238:
272-279.

Park J-Y, Kim EN, Kim D-Y, et al. Comparison of the
validity of magnetic resonance imaging and positron emis-
sion tomography/computed tomography in the preoperative
evaluation of patients with uterine corpus cancer. Gynecol
Oncol 2008: 108: 486-492.

Vargo JA, Kim H, Choi S, et al. Extended field intensity
modulated radiation therapy with concomitant boost for
lymph node positive cervical cancer: analysis of regional
control and recurrence patterns in the positron emission
tomography/computed tomography era. Int J Radiat Oncol
Biol Phys 2014; 90: 1091-1098.

De Bleser E, Jereczek-Fossa BA, Pasquier D, et al.
Metastasis-directed therapy in treating nodal oligorecurrent
prostate cancer: a multi-institutional analysis comparing the
outcome and toxicity of stereotactic body radiotherapy and
elective nodal radiotherapy. Fur Urol 2019; 76: 732-739.
Therneau TM, Grambsch PM and Fleming TR. Martingale-
based residuals for survival models. Biometrika 1990; 77:
147-160.

Lee M, Kim SW, Lee SH, et al. Comparison of the effi-
cacy and toxicity between radiotherapy and chemotherapy
in nodal and isolated nonnodal recurrence of ovarian cancer.
Int J Gynecol Cancer 2011;21: 1032-1039.


https://orcid.org/0000-0002-9285-4390
https://orcid.org/0000-0002-3610-0316

228

Tumori Journal 1'11(3)

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Chou HH, Wanf CC, Lai CH, et al. Isolated paraaortic
lymph node recurrence after definitive irradiation for cer-
vical carcinoma. Int J Radiat Oncol Biol Phys 2001; 51:
442-448.

Jeon W, Koh HK, Kim HJ, et al. Salvage radiotherapy for
Lymph node recurrence after eadical surgery in cervical
cancer. J Gynecol Oncol 2012; 23: 168-174.

Kim JS, Kim JS, Kim SY, et al. Hyperfractionated radio-
therapy with concurrent chemotherapy for para-aortic
lymph node recurrence in carcinoma of the cervix. Int J
Radiat Oncol Biol Phys 2003; 55: 1247-1253.

Kubota H, Tsujino K, Sulaiman S, et al. Comparison of
salvage therapies for isolated para-aortic lymph node recur-
rence in patients with uterine cervical cancer after definitive
treatment. Radiat Oncol 2019:14: 236.

Uno T, Kanazawa A, Nemoto MW, et al. Radiation ther-
apy for extrapelvic lymph node recurrence after curative
treatment for cervical cancer. Anticancer Res 2019; 39:
891-895.

Iftode C, D’Agostino GR, Tozzi A, et al. Stereotactic body
radiation therapy in oligometastaticovarian cancer. Int J
Gynecol Cancer 2018; 28: 1507-1513.

Lazzari R, Ronchi S, Gandini S, et al. Stereotactic body
radiation therapy for oligometastatic ovarian cancer: a step
toward a drug holiday. Int J Radiat Oncol Biol Phys 2018;
101 (3): 650-660.

Park HJ, Chang AR, Seo Y, et al. Stereotactic body radio-
therapy for recurrent or oligometastatic uterine cervix can-
cer: a cooperative study of the Korean Radiation Oncology
Group (KROG 14-11). Antican Res 2015; 35: 5103-5110.
Fodor A, Cozzarini C, Fiorino C, et al. Oligometastatic
disease in prostate cancer, a continuously changing para-
digm: patient selection and treatment strategy. Trans! Canc
Research 2017; 6: S112-S116

Supiot S, Vaugier L, Pasquier D, et al. OLIGOPELVIS
GETUG P07, a multicenter phase II trial of combined high-
dose salvage radiotherapy and hormone therapy in oligor-
ecurrent pelvic node relapses in prostate cancer. Eur Urol
2021; 80: 405-414.

Fodor A, Brombin C, Deantoni CL, et al. Extended nodal
radiotherapy for prostate cancer relapse guided with

30.

31.

32.

33.

34.

35.

36.

37.

38.

[11C]-choline PET/CT: ten-year results in patients enrolled
in a prospective trial. Eur J Nucl Med Mol Imag 2024; 51
(2): 590-603.

Caobelli F, Alongi P, Evangelista L, et al. Predictive value
of 18F-FDG PET/CT in restaging patients affected by ovar-
ian carcinoma: a multicentre study. Eur J Nucl Med Mol
Imag 2016; 43: 404-413.

Signorelli M, Guerra L, Buda A, et al. Role of the integrated
FDG PET/CT in the surgical management of patients with
high-risk clinical early stage endometrial cancer: detec-
tion of pelvic nodal metastases. Gynecol Oncol 2009; 115:
231-235.

Dell’Anna T, Signorelli M, Benedetti-Panici P, et al.
Systematic lymphadenectomy in ovarian cancer at second-
look surgery: a randomised clinical trial. BrJ Cancer 2012;
107: 785-792

Barcellini A, Murata K, Fontana G, et al. The first real-
world study on the role of carbon ion radiotherapy for oligo-
metastatic, persistent, or recurrent (MPR) ovarian/fallopian
tube cancer, Clin Transl Radiat Oncol 2024, 47: 100781.
Barcellini A, Charalampopoulou A, De Cecco L, et al.
Ovarian cancer radiosensitivity: what have we understood
so far? Life 2023; 13: 6.

Arellano RS, Flanders VL, Lee SI, et al. Imaging-guided
percutaneous radiofrequency ablation of retroperitoneal
metastatic disease in patients with gynecologic malignan-
cies: clinical experience with eight patients. AJR 2010; 194:
1635-1638.

Kumar S, Long J, Kehoe S, et al. Quality of life outcomes
following surgery for advanced ovarian cancer: a systematic
review and meta-analysis. Int J Gynecol Cancer 2019; 29:
1285-1291.

Antonelli A, Palumbo C, Noale M, et al. Impact of surgical
approach on patient-reported outcomes after radical prosta-
tectomy: a propensity score-weighted analysis from a multi-
center, prospective, observational study (The Pros-IT CNR
Study). Urol Int 2019; 103: 8-18.

Rathod S, Livergant J, Klein J, et al. A systematic review of
quality of life in head and neck cancer treated with surgery
with or without adjuvant treatment. Oral Oncol 2015; 51:
888-900



