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Abstract

Background The development of new metabolic diagnostic imaging PET is changing the
history of metastatic prostate cancer (pCa), identifying situations of progression with a low
disease burden; radiation treatment of metabolically active oligometastatic sites has been
shown to be effective to prolong patient survival. In the scenario of oligometastatic disease
to pelvic lymph nodes there is no uniform consensus on treatment volumes and radiotherapy
doses to use.

Methods We retrospectively assessed a series of 50 patients treated from 2015 to 2021 at our
center who presented with recurrent pelvic lymph node pCa disease with 1-3 lymph-nodes
lateralized to one side of the pelvis. Patients were treated with intensity modulated Rapid
Arc radiotherapy (IMRT), limiting the treatment volume to the chain of the affected side only.
During the follow-up, the patients who presented a biochemical recurrence of the disease
were evaluated by PET.

Results The biochemical progression-free survival and the metastatic progression-free
survival were respectively 36% and 49% at 5 years. 22/50 patients presented a documented
recurrence on PET. Only one patient presented a relapse within the irradiated volume and
no patient presented a relapse on the contralateral pelvic lymph node chain. No patient had
gastrointestinal toxicity > grade 1 RTOG.

Conclusion Treatment of patients with oligorecurrent (1-3 lesions) pelvic pCa, limiting the
volume of irradiation to only one side of the affected lymph node chain, results in good
biochemical disease control and presents a low risk of neoplastic contralateral progression.
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Introduction

About half of patients (pts) treated with curative intent (surgery
or radiotherapy) for early-stage pCa experience biochemical
recurrence within 10 years [1].

The free interval (time to biochemical progression of the disease
after the first treatment), the PSA doubling time (PSADT) and the
absolute value reached by the PSA at the time of relapse are known
as predictive factors on the survival of these pts [2].

Similarly, the number and location of metastatic lesions have an
impact on survival [3].

The modern metabolic radiological investigations (choline PET,
PSMA-PET, FLUcivolone PET) are able to discriminate pts who
have a relapsed disease in a limited number of sites (metastatic
oligorecurrent ) from those who have a situation of disseminated
disease (polymetastatic) [4, 5].

The main sites of pCa oligometastases are located in the bone and
lymph node, particularly in the pelvis [6, 7].

Hormone therapy (HT) has been a cornerstone in the treatment
of metastatic pCa for many years [8] but in the situation of
oligometastatic disease it has recently been shown that the
treatment of secondary lesions with surgery or radiation therapy is
able to provide an advantage on biochemical disease-free survival
(bDFS) and overall survival (OS), in particular in the situation of
pelvic lymph node oligorecurrence [9, 10].

The radiotherapy (RT) treatment schedules used for pelvic
oligorecurrent disease differ in the size of the irradiated volume,
the dose delivered and the number of fractions, and are defined
as elective nodal radiotherapy (ENRT) and stereotactic body
radiotherapy (SBRT).

In the last decade several retrospective studies of SBRT and
ENRT have been published, identifying at least five types of
treatment covering progressively increasing lymph node volumes
(Involved node SBRT, Involved site SBRT, Involved field RT,
ENRT, super extended ENRT) [11].

To date, no prospective studies have compared the results
obtained with these different RT modalities, nor is there a
consensus on doses and treatment volumes to use.

In the case of nodal progression limited to one side of the pelvic
lymphatic chain, it is not clear whether the reduction in the
treatment volume to the hemi-pelvis affected by the disease may
be burdened by a significant rate of contralateral metastatic lymph
node progression.

At our center we started treating pts who presented with a
lateralized nodal oligorecurrent disease in the pelvis from 2015
using a treatment schedule and volume similar to that subsequently
described by Soldatov in 2018 and currently defined as Involved
field RT [12].

In our series of pts, treated uniformly for doses and volumes and
with long follow-up, we have retrospectively evaluated the sites
of nodal recurrence identified during the follow-up, using the
currently available biomolecular investigations, with the primary
objective of assessing the recurrence rate on the contralateral
pelvic volume compared to the irradiated one.

Secondly, we have studied bDFS and free from metastatic
progression (DMES) and their correlation with known risk factors
such as the Gleason score, the PSADT at the beginning of RT and
the value reached by PSA at the time of radiotherapy.

Materials and Methods

From January 2015 to January 2021, 50 pts between the ages of
50 and 85 years were treated at our center with ENRT (involved
field RT). The study flow chart is summarized in Figure 1. The
treated pts all had pelvic lymph node disease oligo recurrence
(1-3 lesions) limited to one side of the lymph node chains after

a primary radical treatment (radical prostatectomy or RT). The
characteristics of the group under analysis (age, primary treatment,
number of secondary lymph node, hormonal therapy, Gleason
score, PSA values, PSA doubling time) are summarized (Table 1).

Diagnostic imaging before treatment

Metastatic lesions were identified by choline PET or 68 Ga PSMA-
PET. Until 2018, the only diagnostic modality available was
choline PET (cPET); in the following period both methods were
used. The minimum PSA threshold value used for carrying out
the cPET was 1.5ng / mL; the minimum PSA threshold value for
performing PSMA PET was 0.5ng / mL.

Treatment volumes and doses

The lymphatic regions treated included the obturator, internal,
external and common iliac (up to including the iliac bifurcation)
ipsilateral lymph nodes with respect to the site of the lesions;
the presacral lymph nodes were included only if radiologically
involved. In pts not previously irradiated to the prostatic fossa and
with nodal recurrence below the bifurcation of the common iliac
chain, the treatment volume was extended to include the prostatic
fossa as well. The delivered dose was 45Gy in 25 fractions with
Rx 6Mv and IMRT-Rapid arc technique on the precautionary
volume (lymph nodes chains with or without prostatic bed); the
metabolically active and evident nodal lesions were irradiated with
simultaneous Integrated Boost (SIB) up to the dose of 56.25Gy.

PSA testing and HT

All pts underwent a PSA test almost one month before starting
radiation treatment. PSADT was calculated using the dosages
performed in the last 6 months before salvage radiation. HT with
monthly LHRh analogue administration concomitant with RT and
for a duration of 1 year was associated in all pts who had reached a
PSA value > 1.5ng / mL. After the end of RT the pts were followed
quarterly for the first 2 years, subsequently every 6 months. In
HT treated pts in which the primary treatment was surgery, the
state of biochemical relapse (BR) of the disease was defined, after
the suspension of hormonal treatment, by two dosages of PSA
increasing beyond the threshold of 0.2ng / ml. In HT treated pts
in which the primary treatment was radiotherapy, the threshold
for defining the BR state was defined by two increases above the
value of 2ng/ml. In non HT treated pts, the state of BR was defined
by two increases in the PSA value beyond the value measured at
the beginning of RT, regardless of the type of primary treatment
performed (surgery or RT).

Diagnostic imaging after treatment

In case of BR during follow-up, pts were re-evaluated with a new
cPET / PSMA PET performed at least 4 months after the end of the
treatment. In the case of metabolic progression of the disease, the
patient was considered to be in clinical relapse (CR). Pts diagnosed
with CR were divided into four groups (Figure 2):

(a) Ipsilateral progression out-field: appearance of one or more
metastatic lymph nodes at the upper or lower levels respect to the
irradiated chains, including the lombo-aortic chain.

(b) Ipsilateral progression in-field: appearance of one or more
metastatic lymph node lesions within the irradiated volume.

(c) Contralateral progression: appearance of one or more lesions
along the pelvic chains contralateral to those irradiated, including
presacral lymph nodes when not irradiated.

(d) Distant progression: appearance of one or more lesions outside
the pelvic and lombo-aortic lymph node chains.
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Figure 1. Progressing Flow-chart of the study. Pts who had pelvic lymph node recurrence (1-3 lateralized lymph nodes) post RT or post surgery

were treated with salvage involved field ENRT. Pts who showed a biochemical progression of the disease during the follow-up underwent re-

evaluation PET in order to identify the site of disease progression.

Statistical Analysis

Variables were preliminarily tested for normal distribution with
the Shapiro-Wilk’s W test and data were expressed as mean +
standard deviation (SD) when normally distributed, as median
and interquartile range (IQR) when not normally distributed.
Continuous variables with non-normal and normal distribution
were analyzed by Mann-Whitney U test and t-test for unpaired
samples, respectively, as appropriate. Differences in categorical
variables were analyzed by 2 or Fisher’s test, as appropriate.
Dichotomous variables were analyzed by non parametric binomial
test.

Survival statistics (progression-free survival, distant metastasis-
free survival and overall survival) were acquired in relation to
the number of patients and calculated by the method proposed by
Kaplan and Meier. For comparison of survival distribution, the
log-rank test was used.

The level of statistical significance was set at p <0.05. The
calculations were performed using SPSS (IBM SPSS Statistics —
Version 21).

Results

Data were analyzed from 50 pts. The mean follow-up time was 37
months (minimum 6 month, maximum 90 months).

Survivals and recurrence

bDFS and DMFS after 60 months were 36% and 49% respectively
(Figure 3 and 4); OS after 60 months was 86%. A total of 22/50
(44%) patients had a CR assessed by PET during follow-up time.
Among these patients, 10 showed an omolateral pelvic or lombo
aortic nodal recurrence and 12 were classified as distant metastatic
(outside the pelvic and lombo aortic nodes). One patient presented
a solitary nodal relapse inside the irradiated volume. None of
the pts showed a secondary recurrence in the contralateral not
irradiated pelvis (p=0.000).

Correlations with risk factors

Pts with CR showed a greater value of PSA at the start of ENRT
than those without (4.63.8 ng/ml vs 1.91.7 ng/ml, p=0.02). Fixing
a PSA doubling time (PSA_DT) threshold of 6 months, patients
were then divided in two groups : above and until the 6 months
threshold. The comparison of the bDFS among the two groups
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Table 1. Clinical and biochemical feature of the analyzed group.

Age (years) 55 82
PSA pre-RT (ng/mL) 5.4

PSADT (months) 2

Gleason score 6 9
LHRh : yes

LHRh : no

First treatment Surgery : 40 pts

Number lymph nodes One : 40 pts

10.4

24.5

68.4+7
3+4
8+5
8+1

30 pts

20 pts

Radiotherapy : 10 pts

Two-Three : 10 pts

PSA pre-RT : PSA value before starting salvage radiotherapy; PSADT : PSA doublig time at the diagnosis of pelvic lymph node
relapse; LHR : triptorelin or leuprorelin for the duration of one year from the beginning of the RT.

showed a significant difference in favor of lower PSADT (log rank
p=0.039, Figure 5). There was no significant difference in terms
of bDFS and DMFS in function of the number of metastatic lymph
nodes (one lymph node vs two-three lymph nodes: log-rank p=0.56
and 0,39 respectively) and in function of Gleason score (GS 6-7
versus GS 8-10 : log rank p=0,77 and 0,96 respectively).

Discussion

In the last decade, interest in the treatment of oligometastatic

Figure 2. Sites of recurrence assessed by PET during follow-up.
A : ipsilateral progression out the irradiated nodal chain. B :
ipsilateral progression in the irradiated nodal chain. C : contralateral
progression compared to irradiated nodal chain. D : progression
outside pelvic or lumboaortic nodal volumes (distant metastases).

oncological disease, first described by Hellman and Weichselbaum
in 1995 [13], is constantly increasing, in particular as regards pCa
[10].

The development of the ultrasensitive method for the PSA assay
and a more sophisticated metabolic diagnostic imaging have
allowed the early detection of metastatic localizations of the
disease.

To date, the criteria used to define an oligometastatic state in
pCa are not very congruent with each other, in particular in the
numerical and location definition of secondary localizations
[14, 15]; more homogeneous are criteria for the subdivision
into different groups of disease (de novo oligometastatic,
oligorecurrent, oligoprogressive, oligopersistent), depending on the
time factor and the treatments already received by the patient [16,
17].

The numerical increase in cases of pCa detected in the
oligometastatic phase, expression of a situation with a lower
neoplastic load and a better prognosis, has led to a series of studies
aimed at evaluating the potential effectiveness of treatments
targeted not only at the site of the primary cancer (when present)
[18], but also to the sites identified as oligometastatic (Metastasis
Directed Therapy, MTD), obtaining positive results on survival
compared to hormone therapy alone [19-21].

In the case of oligorecurrent pelvic disease, two different
therapeutic oncological philosophies can be identified: only
the treatment of metabolically active lesions with SBRT or the
precautionary treatment of lymphatic regions considered to be at
greater risk of further neoplastic progression with ENRT.

In the case of SBRT the treatment is short, between 1-6 sessions,
with total doses with doses normally between 24-48Gy [22-23]. In
the case of ENRT the treatment is extended to cover also the pelvic
nodal stations and lasts at least 5 weeks with doses ranging from
45-50Gy on the precautionary volume and 56-66Gy on metastatic
sites [24, 25].

The few retrospective comparisons between these treatment
modalities seem to demonstrate a superiority of the ENRT, at the
expense of its greater toxicity [26, 27].

In order to identify which patients can benefit from this type of
RT, adequate selection criteria are important, currently based on
the number and location of the secondary lesions [28, 29].

In 2017 Jereczek-Fossa et al. [22] treated a series of 94 patients
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Figure 3. Kaplan Meier curve. bDFS at five years : 36%.
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Figure 5. Kaplan Meier curve. bDFS at five years as a function of
PSADT above and until the 6 months threshold. Log rank p=0.039.

with isolated nodal recurrence at a dose of 24Gy in 3 fractions
on a Planning Target Volume (PTV) generated by an expansion
margin of 2-3 mm in addition to the Gross Tumor Volume (GTV),
obtaining a PFS rate of 22.6% at 2 years.

Kneebone et al. [30] in 2018 reported a series of 57 patients
irradiated with a SBRT focused on a double PTV treated with
Simultaneous Integrated Boost (SIB): 30Gy in 3fraz or 50Gy in 5
fractions on the PET positive nodal sites (high dose Clinical Target
Volume-CTV) and 24Gy in 3 fractions or 30Gy in 5 fractions on
a low-dose CTV obtained from a previous volume expansion for 1
cm along the vascular axis, resulting in a 75% rate of biochemical
recovery after a median follow-up of 16 months.

In consideration of the high relapse rates found in treatments
with volumes limited only to the positive PET sites, probably
due to an underestimation of the neoplastic load by biomolecular
investigations, were also proposed treatments aimed at covering a
more extensive lymph nodal volume.

Soldatov et al. [12] in 2018 treated a series of 108 patients with
standard fractionation up to about 50Gy on a CTV including the
pelvic lymphatic chain ipsilateral with respect to the site of the
nodal recurrence up to the upper iliac bifurcation with a boost on
the PET positive sites up to a dose of about 60Gy, obtaining a rate

MTS.PF Survival

Time (months)

Figure 4. Kaplan Meier curve. DMFS at five years : 49%.

of biochemical recurrence of 43.5% at 18 months.

Kirste et al. [31] in 2021 on a multi-institutional series of 394
patients compared those treated only in the site of positive PET
(204 cases) with the remaining 190 treated on a precautionary
volume extended to cover the prostate bed, the bilateral pelvic and
or paraortic lymph nodes, obtaining a bDFS at 3 years significantly
longer in the second group.

Supiot et al. [32] in the Oligopelvis - GETUG P07 trial treated
the pelvic lymph node stations, contoured according to the RTOG
guidelines [33], and modified according to the indications of the
GETUG group [34], including the common iliac, external and
internal iliac, obturator and presacral pelvic chains in addition to
the prostate fossa in cases not previously irradiated, at the dose of
54Gy in 30 fractions on the pelvic volume with SIB at 66Gy on
evident PET nodal lesions, obtaining a BFS rate of 46% at 3 years.
Lepinoy et al. [35] in 2019 used a super-extended volume
(including nodal stations above the iliac bifurcation) on a series
of 27 patients reporting good treatment tolerance as well as a
significantly better 3-year time to failure compared to a group
treated with only pelvic ENRT.

From the results of a 2021 review, Pinkawa et al. [27] suggested
preferring ENRT treatment over SBRT in situations of
oligorecurrent lymph node disease in consideration of the best
rates of metastatic progression-free survival.

De Bleser et al. [26] in 2019, on a large retrospective multi-
institutional study comparing ENRT and SBRT in patients with up
to 5 nodal lesions, found a significant reduction in the rate of loco-
regional relapses in favour of ENRT.

The main criticisms against the ENRT techniques concern their
potential toxicity due to the greater volume irradiated, the longer
duration of treatment and the possibility for SBRT to be easily
repeated on any new metastatic localizations that appeared during
the follow-up [23].

Some decision-making criteria used today to select which patients
can benefit most from an ENRT treatment are based on the number
and location of metastatic lesions (1-3 lesions) associated with a
"favorable" asset of the disease evaluated with PSA DT, risk class
of the disease onset, PSA value at relapse [36].

Since in the experiences of SBRT the pattern of disease relapse
appears to involve more frequently the regions adjacent to the
irradiated sites [37, 38], unlike ENRT treatments [39], and in order
to minimize the risk of GI and GU side effects, a treatment method
similar to that described by Soldatov in 2018 was adopted at our
center from 2015 [12].

In our experience, a consecutive series of 50 patients who
presented a metabolically documented recurrence of primary
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operated or irradiated prostate cancer and limited to 1-3 lateralized
nodal lesions in the pelvic nodes, were treated with the ENRT
technique limited to the ipsilateral lymphatic chains with respect
to the site of the secondary adenopathies.

The maximum threshold of three secondary locations for
proposing treatment was defined on the retrospective experiences
available for the treatment of oligometastatic disease [40, 41], and
on prospective randomized phase 2 trials already started [18-20].
The choice of associating OT only to patients with PSA> 1.5ng /
ml, was evaluated considering that at the time of implementation
of the treatment (2015) it did not yet exist a unanimous attitude in
the hormonal manipulation in association with salvage radiation.

In 2020 Spratt et al. [42] demonstrated that prolonged hormonal
treatment can be detrimental to survival in patients who have a
PSA <1.5ng / ml at the time of relapse, since it has comforted us in
our therapeutic choice.

The treatment compliance was excellent (no patient experienced
acute and late GU and GI toxicities > 1 according to RTOG) [43].
The bDFS e DMFS at five years were 36% and 49% respectively,
aligned to literature data.

In our series a greater PSA value at the start of RT correlate
significantly with the probability to develop a clinical disease
progression during time (p=0.02).

Similarly, the PSDAT was found to correlate with the probability
to develop clinical disease recurrence (p=0.039).

None of the patients showed during follow-up a cPET / PSMA-
PET progression localized only in the contralateral pelvic level not
irradiated.

We are aware that the retrospective nature and the limited number
of cases however limit the results of this study.

Conclusion

The PSADT remains a significant predictor of the risk of
disease progression. The lack of detection of nodal localizations
contralateral to the irradiated volume appears to be useful for
considering a "limited" CTV as a good compromise between
focused treatments and extended treatments. Among patients with
relapsed ipsilateral disease, only one patient experienced a relapse
within the irradiated volume. In our opinion, this is a further
significant finding, also in consideration of the relatively low dose
of radiotherapy used on the precautionary volume. It suggests that
in subgroups of patients with low risk of metastatic progression
and low cancer burden, treatment potentially more toxic with large
volumes and/or dose escalation may not be necessary in order to
improve loco-regional control of the disease.
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