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Abstract

Background Nodal pelvic/retroperitoneal recurrent pros-
tate cancer (PCa) after primary therapy can be treated with
salvage lymph node dissection (salvage-LND) in order to
delay disease progression and offer cure for a subset of pa-
tients. Whether adjuvant radiotherapy (ART) in affected
regions improves the outcome by elimination of residual
tumour burden remains unclear.

Methods A total of 93 patients with exclusively nodal PCa
relapse underwent choline-positron-emission tomography-
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computed-tomography-directed pelvic/retroperitoneal sal-
vage-LND; 46 patients had surgery only and 47 patients
received ART in regions with proven lymph node metasta-
ses. In case of subsequent prostate specific antigen (PSA)
progression, different imaging modalities were performed
to confirm next relapse within or outside the treated region
(TR). Mean follow-up was 3.2 years.

Results Lymphatic tumour burden was balanced between
the two groups. Additional ART resulted in delayed relapse
within TR (5-year relapse-free rate 70.7%) versus sur-
gery only (5-year relapse-free rate 26.3 %, p<0.0001). In
both treatment arms, time to next relapse outside the TR
was almost equal (median 27 months versus 29.6 months,
p=0.359). With respect to the detection of the first new le-
sion, regardless if present within or outside the TR, 5 years
after the treatment 34.3 % of patients in the group with addi-
tional ART were free of relapse, versus 15.4 % in the surgery
only group (p=0.0122). ART had no influence on the extent
of PSA reduction at latest follow-up compared to treatment
with surgery only.

Conclusion ART after salvage-LND provides stable local
control in TR and results in overall significant improved
next-relapse-free survival, compared to patients who re-
ceived surgery only in case of nodal PCa-relapse.

Keywords Prostate cancer relapse - Salvage lymph
node dissection - Adjuvant radiotherapy - Lymph node
metastases - Salvage radiotherapy
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Adjuvante Strahlentherapie nach Salvage-
Lymphadenektomie beim nodalen
Prostatakarzinomrezidiv im Vergleich zur alleinigen
Salvage-Lymphadenektomie

Zusammenfassung

Hintergrund Das nodal positive Prostatakarzinom(PCa)-
Rezidiv nach Primértherapie kann durch eine Salvage-
Lymphadenektomie (Salvage-LND) therapiert werden. Der
Krankheitsprogress wird aufgehalten und selektionierte
Patienten erhalten eine zweite Chance auf eine Kuration.
Ob eine adjuvante Strahlentherapie (ART Eradikation von
verbleibenden Tumorzellen in der betreffenden Region) die
Tumorfreiheitsrate verbessert, ist ungeklért.

Material und Methoden Insgesamt 93 Patienten mit einem
ausschlieflich nodalen PCa-Rezidiv wurden nach Diag-
nostik mittels Cholin-Positronenemissionstomographie/
Computertomographie einer Salvage-LND unterzogen;
46/93 Patienten wurden ausschlieBlich operiert, 47/93 Pa-
tienten erhielten zusétzlich eine ART. Im Fall einer PSA-
(prostataspezifisches-Antigen)-Progression wurde durch
bildgebende Verfahren das nichste Rezidiv innerhalb oder
aullerhalb der behandelten Region (TR) diagnostiziert. Der
mittlere Beobachtungszeitraum lag bei 3,2 Jahren.
Ergebnisse Die Anzahl der Lymphknotenmetastasen war
in den zwei Gruppen gleichverteilt. Eine zusétzliche ART
bewirkte ein verzogertes Auftreten von neuen Metastasen
in der TR (metastasenfreies 5-Jahres-Uberleben 70,7 %)
im Vergleich zur alleinigen Salvage-LND (metastasen-
freies 5-Jahres-Uberleben 26,3 %; p<0,0001). Der Zeit-
punkt bis zur Diagnose von Metastasen auflerhalb der TR
war in beiden Behandlungsarmen nicht signifikant unter-
schiedlich (27 Monate versus 29,6 Monate; p=0,359). Un-
abhingig von der Lokalisation der neuen Metastasen lag
das metastasenfreie 5-Jahres-Uberleben bei Patienten mit
einer Kombinationstherapie bei 34,3 %, bei Patienten mit
alleiniger Operation hingegen bei 15,4% (p=0,0122). Die
zusétzliche Strahlentherapie verursachte, verglichen mit
einer alleinigen Operation, keinen signifikanten Unter-
schied beziiglich der PSA-Wert-Reduktion am Ende des
Beobachtungszeitraums.

Schlussfolgerung Eine zusitzliche ART bewirkt eine sta-
bile lokale Tumorkontrolle in der behandelten Region und
resultiert in einem signifikant verldngerten metastasenfreien
Uberleben verglichen mit einer alleinigen Salvage-LND
beim nodalen Prostatakarzinomrezidiv.

Schliisselworter Prostatakarzinomrezidiv - Salvage-
Lymphadenektomie - Adjuvante Strahlentherapie -
Lymphknotenmetastasen - Salvage-Radiotherapie

Abbreviations

ART Adjuvant radiotherapy

AHT Antihormonal therapy

CI Confidence interval

CT Computed tomography

CTV Clinical target volume

IGRT Image-guided radiotherapy
IMRT Intensity-modulated radiotherapy

LN Lymph nodes

LNM Lymph node metastases

MRI Magnetic resonance imaging

PET/CT Positron emission tomography/computed
tomography

PCa Prostate cancer

PSA Prostate-specific antigen

PTV Planning target volume

Salvage-LND  Salvage lymph node dissection

SD Standard deviation
Sup Supplement
TR Treated region

Radical prostatectomy (RP) and radiotherapy (RT) are the
standard treatment options for clinically localized prostate
cancer (PCa) [10, 13, 23, 33]. However, recurrence after
surgical removal of the prostate is well described. Accord-
ing to the level of prostate-specific antigen (PSA), Gleason
score and TNM stage, biochemical relapse after RP ranges
from 10-53%, most of them (95%) occurring within the
first 5 years [4, 6, 12, 32]. Different recurrence patterns
are known; (1) evidence of local recurrence in the pros-
tatic fossa; (2) locoregional pelvic lymph node metastases
(LNM), (3) distant metastases (LNM, soft tissue, bone) and
(4) a combination of local and distant recurrence [14]. Cho-
line positron emission tomography/computed tomography
(PET/CT) has been shown to be a valuable tool to local-
ize recurrent PCa, especially to detect lymph node (LN)
involvement at the regional level with high accuracy [19,
27]. Salvage-RT is the mainstay therapy in the setting of
recurrence of tumour in prostatic fossa, offering the poten-
tial of cure [3, 22, 26, 31]. Conversely, patients with distant
metastases and/or regional limited pelvic LNM are treated
with antihormonal therapy (AHT) regardless of the exact
site of recurrence. AHT causes serious side effects and is of
limited benefit due to the development of castration-resis-
tant PCa and therefore serves merely as palliative therapy
[1, 15].

Recently our group demonstrated that salvage lymph
node ablation, either done by surgery or high precision RT,
is an effective alternative strategy instead of AHT. Salvage
lymph node dissection (salvage-LND) is able to defer can-
cer progression and offers for a subset of patients the chance
of cure [17, 28, 29, 34]. However the role of adjuvant radio-
therapy (ART) after salvage-LND has been shown to be
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feasible but its impact on local control, disease progression
and pattern of failure has not been evaluated in detail. The
rationale for ART is to eliminate possible residual tumour
cells after choline-PET/CT-directed surgery. Although cho-
line PET/CT has high specificity for detection of LNM, the
lesion-based sensitivity of choline PET/CT is limited due to
limited spatial resolution of PET/CT scanners [19, 27].

The aim of the current retrospective analysis was to eval-
uate the influence of ART after choline-PET/CT-directed
salvage-LND concerning local tumour control (next relapse
in treated region) and time to detection of new lesions out-
side of the treated region (TR) versus surgery only.

Materials and methods
Patients

A total of 93 patients with PCa recurrence (PSA >0.2 ng/
ml after RP, PSA 2 ng/ml above the nadir after RT in two
consecutive measurements) and a choline-PET/CT positive
for LNM (["'C]-choline or ["8F]-fluoroethylcholine PET/
CT) were treated with pelvic and/or retroperitoneal salvage-
lymphadenectomy at Freiburg Hospital from 2005-2013.
Inclusion criteria were verification of biochemical recur-
rence, presence of [!'C]-choline- or ['®F]-fluoroethylcho-
line-PET/CT-positive LNM (regardless of number) without
detectable bone or visceral metastases, Charlson Comorbidity
Index <2, age <80 years. Antihormonal therapy, if adminis-
tered beforehand, had to be discontinued for at least 8 weeks.
All patients underwent additional bone scintigraphy to con-
firm exclusion of skeletal metastases. Regular PSA follow-up
periods after salvage-LND were every 3 months, in case of
rising PSA level every 8 weeks. Choline PET/CT, CT, MRI or
bone scintigraphy was performed in case of PSA progression
(two consecutive PSA-level rises). A new relapse within the
TR was defined by the detection of at least one new lesion in
the field of surgery or surgery plus ART, respectively. Relapse
outside the TR was defined by the detection of at least one
new lesion outside the field of surgery or surgery plus ART,
respectively. ART was not performed for the following rea-
sons in 46 patients: either because patients refused treatment
(19/46), attending physicians did not follow our recommen-
dation (12/46), the radiation port was considered too large so
that the risk of toxicity would have been disproportionately
high according to the individual situation (5/46), previous
pelvic radiotherapy had been performed (5/46), or in case of
rapid cancer progression (5/46).

All procedures followed were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975 (in its most recently amended
version). All patients gave signed written consent with
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respect to this experimental therapy and retrospective analy-
sis. The local review board reviewed and approved the study
(No. 135/12_130160). Follow-up of overall 93 patients was
amean 38.9 months (SD 29.3) and a median of 28.7 months.

Choline PET/CT and image interpretation

Depending on the availability of the radionuclides, whole
body [!"C]-choline/['*F]-fluoroethylcholine PET/CT were
performed using routine in-house acquisition protocols
including orally and intravenous contrast-enhanced CT.
Board certified nuclear medicine specialists and radiolo-
gists: HCR (7 years’ experience in reading choline PET/CT
and experience in nuclear medicine, 14 years’ experience
in diagnostic radiology), GW (5 years’ experience in read-
ing choline PET/CT and experience in nuclear medicine)
and TK (6 years’ experience in diagnostic radiology) inde-
pendently evaluated PET/CT studies, bone scans, CT and
MRI scans using a PACS workstation (AGFA HealthCare,
Aachen, Germany). Different findings were resolved by
consensus reading.

Salvage lymph node dissection

According to the affected regions directed by choline PET/
CT (pelvic left/right and/or retroperitoneal) salvage-LND
was performed. Salvage-LND included complete removal
of lymphatic and fatty tissue of pelvic or retroperitoneal
regions. All salvage-LNDs were performed by the same
surgeon (WSS).

Histopathology of LNM

LNs were laminated longitudinally; a central slice was
completely embedded in paraffin. Hematoxylin and eosin
staining was used for primary diagnosis in morphologically
clear cases. If required, immunohistochemistry (cytokera-
tins, PSA. DAKO, Glostrup, Denmark) was used to verify
macro- or micrometastases.

Adjuvant radiotherapy

Pelvic and/or retroperitoneal great vessels served as guidance
to define the clinical target volume (CTV). An approximately
8-10 mm margin around the vessels was drawn to define the
CTV. Planning target volume (PTV) was 5-7 mm around the
CTV. The cranial border of the retroperitoneal LN region was
the renal vessels and the inferior border the aortic bifurca-
tion. The cranial border of a pelvic region (left/right) was the
aortic bifurcation. The external and internal iliac contours,
including obturator node-subregion, were connected on each
slice, carving out bowel loops and bladder. Presacral LN were
included (inferior to S3), while the posterior border was the
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Table 1 Data from 93 salvage lymph node dissections from 93 patients with nodal recurrent prostate cancer

Variables Value

Salvage-LND only

(n=46)

Salvage-LND + ART
(n=47)

p-value (95 %CI)

Age at salvage-LND (years)

Mean/SD/median

Time from primary therapy to salvage-LND (years)
Mean/SD/median

Regions affected with LNM (histopathology)
Pelvic only (n) 28/46
Retroperitoneal only (1) 2/46
Pelvic and retroperitoneal (7) 16/46
Number of lymph nodes removed per surgery
Mean/SD/median/range

Number of removed LNM per surgery
Mean/SD/median/range

PSA at salvage-LND (ng/ml)
Mean/SD/median

65.87/6.47/65.0

5.16/3.45/4.56

65.81/5.66/66.0

4.34/3.03/4.17

0.959 (~2.55 t0 2.43)

0.226 (—2.15 10 0.52)

33/47 0.388
5/47 0.434
9/47 0.106

30.30/21.17/25.5

8.52/12.42/3.5

12.02/32.23/3.70

31.40/16.71/31.0 0.785 (—6.92 t0 9.13)

9.20/13.92/4.0 0.809 (—4.88 t0 6.23)

8.30/14.43/3.0 0.474 (—13.96 to 6.54)

ART adjuvant radiotherapy, Salvage-LND salvage lymph node dissection, SD standard deviation, LNM lymph node metastases, PS4 prostate

specific antigen

anterior sacrum and anterior border approximately 10 mm
anterior to the anterior sacral bone. The inferior border of the
pelvic CTV was the top of the femoral heads, which represent
the bony landmark for the inguinal ligament. Bowel, blad-
der and bone had been carved out in every slice to fulfill the
following dose constraints: small bowel V45 Gy <250 ml,
V50 Gy <100 ml; rectum V50 Gy <50%, bladder V55 Gy
<50% [9, 20]. Volumes of prior irradiation were excluded.
LN regions were treated five times a week with 1.8 Gy/
fraction up to a mean dose of 49.7 Gy with 3D conformal
irradiation or intensity-modulated radiation therapy (IMRT;
Table 2). The patients’ positioning was controlled using
cone-beam CT (image-guided radiotherapy, IGRT). Due to
dose constraints in adjacent normal tissues (small bowel,
colon) the shrinking field technique in terms of dose escala-
tion >45 Gy to involved LN regions was performed in 11
of 47 cases. If imaging suggested presence of local recur-
rence (12 of 47 patients), based on MRI and choline PET/CT
findings, the prostate fossa received dose escalation (mean
69.2 Gy). Linear accelerators with 6 and 10 MV photons were
used equipped with electronic portal imaging.

Statistical analysis

Descriptive statistics was done by calculating means, medi-
ans and standard deviations (SD). Kaplan—Meier method
was used to estimate time to next relapse within and/or
outside the TR and to estimate cancer-specific survival. To
analyze predictors for next relapse in the TR, univariate and
multivariate Cox regression analysis was performed. Con-
tinuous variables were compared with a two-sided unpaired
t-test. The y* test was used for analyzing contingency
tables. The level of significance was indicated by a p-value

<0.05. PSA reduction in percent was calculated as follows:
100—[PSA (ng/ml) at end of follow up % 100/PSA (ng/ml)
at salvage-LND]. All statistics were done with SPSS v19
(IBM Corp. Armonk, NY, USA).

Results

Detailed information about primary PCa stage from
93 patients are shown in Table S1. Data from 93 choline-
PET/CT-directed salvage-LNDs are presented in Table 1.
Variables from salvage-LND obtained from patients with
surgery only (n=46) and those who had additional ART
(n=47) are listed separately. Data about 47 ARTs with
respect to age of patients, regions, total dose and concurrent
RT of the prostatic fossa are given in Table 2. Figure Sup.1A
shows a representative choline PET/CT from a patient with
LNM in the right obturator region in September 2012. Fig-
ure Sup.1B shows a choline PET/CT of the same patient
in October 2013 after salvage-LND and ART of the pelvic
regions. A representative IMRT-boost plan is shown in Fig-
ure Sup.1C. This patient received local boost irradiation up
to a total dose of 56.6 Gy.

Univariate and multivariate proportional hazard regres-
sion model predicting the risk of next relapse within the
treated region after different local treatments (surgery only
versus surgery with ART) is shown in Table 3.

Figure la shows the Kaplan—Meier estimation of time to
next relapse within the TR after either salvage-LND only
or salvage-LND with ART. Median time to detectable next
relapse in the TR after salvage-LND was 10 months. Prob-
ability for 5-year next-relapse-free survival in the TR after
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Table 2 Data from 47 adjuvant radiotherapies (ART) from 47 patients
Variables

Value

Age at adjuvant radiotherapy (vears)

Mean/SD/median 64.7/5.85/65.0

Time from salvage lymph node dissection to ART (months)
Mean/SD/median/range 2.76/1.72/2.30/8.4-0.8
Regions for ART, n (%)

Pelvic right only 2/46 (4.3)

Pelvic left only 5/46 (10.9)

Pelvic only 27/47 (57)
Retroperitoneal only 5/47 (11)

Pelvic and retroperitoneal 15/47 (32)

Cases with dose escalation on involved 11/47 (23.4)

region, n (%)
Dose of escalation (Gy): mean/SD/median 8.18/1.48/9.0
Method of adjuvant radiotherapy

3D-conformal radiotherapy, n (%) 27/47 (57.5)

IMRT 7 (%) 20/47 (42.5)

Concurrent radiation of prostatic fossa, 12/47 (25.5)

n (%)

Total dose for radiation of prostatic fossa (Gy)

Mean/SD/median/range 69.2/2.238/70.2/64.8—
70.2

Duration of adjuvant radiotherapy (months)

Mean/SD/median/range 1.42/0.34/1.37/0.3-2.4

Dose per day of pelvic or retroperitoneal 1.8

ART (Gy)

Total dose for pelvic or retroperitoneal ART (Gy)

Mean/SD/median/range 49.7/8.3/50.4/45.0-59.4

SD standard deviation, ART adjuvant radiotherapy, /MRT intensity-
modulated radiotherapy

salvage-LND and ART was 70.7 versus 26.3% for surgery
only.

Median time to next relapse outside of the TR was not
significantly different between patients who received sur-
gery only (29.6 months) and those who were treated with
additional ART (27.0 months; p-value=0.359; Fig. 1b).

Regarding the 46 patients who received salvage-LND
only, median time to detection of next relapse within TR
(9.9 months) or outside TR (29.6 months) was not signifi-
cantly different (p=0.425; Fig. 1c).

Time to next relapse with the focus on the location of
the lesions from patients who had combination therapy is
shown in Fig. 1d. Median time to detection of new lesions
outside the TR was 27 months, whereas the 5-year next-
relapse-free survival in the TR was 70.7 % (Fig. 1d).

Time to next relapse, regardless within or outside the
TR, was significant different between the two cohorts
(»=0.0122). In patients with additional ART, the next
relapse was detected 17 months later than in the cohort of
patients with surgery only (1 month for salvage-LND vs.
27 months for salvage-LND and ART; Fig. le).

Time to next relapse of all 93 patients taken together was
amedian 21.6 months (Fig. 1¢). Median cancer-specific sur-
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Table 3 Univariate and multivariate proportional hazard regression
analysis predicting a new relapse in treated region

Next relapse in treated region—all patients (n=93)

Variable Univariate Multivariate
HR (95% CI); HR (95% CI);
p-value p-value

PSA at salvage-LND (ng/ml) 1.01 (0.99- 0.99 (0.98-
1.01); 0.136 1.00); 0.285

Number of LNM from salvage-  1.03 (1.01— 1.04 (1.00—

LND (n) 1.05); 0.001 1.08); 0.050

Localisation of LNM

Pelvic + retroperitoneal versus  2.28 (1.14— 1.29 (0.43—

pelvic only 4.57); 0.020 3.91); 0.643

Retroperitoneal only versus 1.12 (0.33— 1.64 (0.46—

pelvic only 3.79); 0.861 5.79); 0.444

Adjuvant radiotherapy

ART versus no ART 0.19 (0.09— 0.16 (0.07—
0.41); <0.0001 0.38); <0.0001

Gleason score (6—10) 1.21 (0.96— 1.21 (0.95-
1.53); 0.113 1.56); 0.128

T stage at primary therapy

T3 versus T2 1.38 (0.67— 0.99 (0.46—
2.84); 0.381 2.11); 0.969

T4 versus T2 1.68 (0.21- 5.39 (0.59—
13.4); 0.623 48.6); 0.134

PSA at primary therapy (ng/ml)  1.01 (1.00- 0.99 (0.98—
1.01); 0.062 1.01); 0.751

Time from primary therapy to 1.04 (0.95- 1.00 (0.89—

salvage-LND (months) 1.15); 0.397 1.13); 0.969

PSA prostate-specific antigen, Salvage-LND salvage lymph node
dissection, LNM lymph node metastases, ART adjuvant radiotherapy

vival was not significantly different between the two treat-
ment arms (p=0.819; Fig. 1f). Cancer-specific survival for
all 93 patients was a median 102.2 months (Fig. 1f).

Frequency of LNM in pelvic regions was similar in the
two cohorts (salvage-LND only 61%, salvage-LND and
ART 70%, p-value=0.388; Table 2). Regions (pelvic, ret-
roperitoneal, pelvic and retroperitoneal) of histological
proven LNM from patients who had salvage-LND only are
shown in Fig. 2a. The regions of the leading lesions of the
next relapse in 33 cases after salvage-LND only are shown
in Fig. 2b; 40% (13/33) of those patients again exhibited a
relapse in pelvic regions with LNM.

The locations of histologically proven LNM from
47 patients who received additional ART are shown in
Fig. 2c. The pattern of next relapse after surgery and ART
in 23 cases is shown in Fig. 2d. Only 4% developed recur-
rent pelvic LNM again and 9% pelvic and retroperitoneal
LNM again. The proportion of patients with a new recurrent
pelvic LNM was significantly different (p-value=0.0009)
between the two cohorts: surgery only 57.6% (19/33) vs.
combination therapy 13 % (3/23).

The extent of PSA reduction in percent after salvage-
LND only or after salvage-LND and ART is shown in
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Fig. 1 a Time to next relapse
detected within the treated region
(TR) from 46 patients who
received salvage lymph node
dissection (salvage-LND) only
compared to 47 patients who
received salvage lymph node
dissection with adjuvant radio-
therapy (salvage-LND and ART).
b Time to next relapse detected
outside the TR from 46 patients
who received salvage-LND only
compared to 47 patients who
received salvage-LND combined
with ART. ¢ Time to next relapse
detected either within or outside
the TR from 46 patients who
received salvage-LND only. d
Time to next relapse detected
either within or outside the TR
from 47 patients who received
salvage-LND and ART. e Time
to next relapse, regardless if
detected within or outside the TR,
from 46 patients who received
salvage-LND only compared to
47 patients who received salvage-
LND with ART. Time to next
relapse, regardless if detected
within or outside the TR from all
93 patients. f Cancer-specific sur-
vival of 46 patients who received
salvage-LND compared to 47 pa-
tients who received salvage-LND
and ART and cancer-specific
survival from overall 93 patients
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Free of next relapse [%] 81.2 41.1 34.3 Free of death [%] 100 96.8 77.8
Subjects at risk [n] 28 9 4 Subjects at risk [n] 43 21 7
Number of events [n] 8 19 20 Number of events [n] 0 1 4
-Iapse (all pa- All patients
Free of next relapse [%] 62.7 38.4 23.3 Free of death [%)] 100 89.5 79
Subjects at risk [n] 44 17 7 Subjects at risk [n] 79 40 20
Number of events [n] 31 45 50 Number of events [n] 0 6 10
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Fig. 2 a Illustration of the dis-
tribution (pelvic, retroperitoneal,
pelvic and retroperitoneal) of
histologically proven lymph node
metastases (LNM) obtained from
salvage lymph node dissection
(salvage-LND) only. Numbers in
coloured circles in the according

° N1 Lymph node metastases (LNM)
° M1 Lymph node metastases (LNM)

° Bone metastases (leading lesion)

Distribution of lymph node metastases
- histological proven
from salvage lymph node dissection

Localisations of next relapse after
salvage lymph node dissection only

regions represent LNM distribu-
tion from patient 1-46. Pie chart
shows the overall regional distri-
bution of LNM. b Illustration of
lesion distribution of 33 events of
next relapses after salvage-LND
detected by imaging. Numbers

in coloured circles indicate the
leading lesion of patients 1-46.
Pie chart shows the overall
distribution of next relapse after
salvage-LND. *Combinations:
pelvic LNM and/or retroperito-
neal LNM and/or bone metastases
and/or miscellaneous M1 LNM.
¢ [llustration of the distribution
(pelvic, retroperitoneal, pelvic
and retroperitoneal) of histo-
logically proven LNM obtained
from salvage-LND followed by
adjuvant radiotherapy (ART).
Numbers in coloured circles in
the according regions represent
LNM distribution from patients
1-47. Pie chart shows the overall
distribution of lesions prior to
salvage LND and ART.

d Illustration of lesion distribu-
tion of 23 events of next relapses
after salvage-LND and ART.
Numbers in coloured circles
indicate the leading lesions of
patients 1-47. Pie chart shows
the overall distribution of next
relapses after surgery and radio-
therapy. +Combinations: pelvic
LNM and/or retroperitoneal LNM
and/or bone metastases and/or
miscellaneous M1 LNM

Locations of LNM
from n = 46 patients

Locations of
n = 33 events
of next relapses

B LNM pelvic only 28/46 (61%)

B LNM pelvic and retroperitoneal 16/46 (35%)
I LNM retroperitoneal only 2/46 (4%)

I LNM pelvic only 13/33 (40%)
B LNM pelvic and retroperitoneal 6/33 (18%)
Il Bone metastases only 3/33 (9%)

a

Fig. 3a, b. Overall, 30 of 46 (65.2%) individuals after
salvage-LND only and 33 of 47 (70.2%) patients after
combination therapy showed PSA reduction at the latest
follow-up. The proportion of patients with PSA reduction
under AHT at the end of follow-up was not significantly dif-
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I LNM retroperitoneal only 1/33 (3%)
[ Combinations * 10/33 (30%)

b

ferent between patients who were treated with surgery only
(17/30; 56.7%) and those who had combination therapy
(63.6%; p-value=0.614).

ART after salvage-LND resulted in no to mild toxicity
(no grade 3 or 4 according to CTAE Ceriteria 4.0; [7]). The
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Fig. 2 Continued o N1 Lymph node metastases (LNM)

o M1 Lymph node metastases (LNM)

° Bone metastases (leading lesion)

° Local recurrence

Distribution of lymph node metastases Localisations of next relapse after
- histological proven salvage lymph node dissection
from salvage Iymph node dissection and adjuvant radlotherapy

Locations of
n =23 events
of next relapses

Locations of LNM
from n = 47 patients

I LNM pelvic only 33/47 (70%)
I LNM pelvic and retroperitoneal 9/47 (19%)

[ LNM retroperitoneal only 6/23 (26%)

.
I LNM retroperitoneal only 5/47 (11%) I LNM pelvic and retroperitoneal 2/23 (9%)

|

—

Bone metastases only 5/23 (22%)

LNM pelvic only 1/23 (4%)
Combinationst 9/23 (39%)

spectrum of adverse events and toxicity, respectively, at lat-  life of this experimental approach was recently published by
est follow-up was almost equal to those before start of ART.  Jilg et al. [18].
A detailed description of toxicity, side effects and quality of
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Fig. 3 Reduction of prostate-
specific antigen (PS4) in percent

Salvage lymph node dissection only

n = 46 patients
Mean follow up:3.2 years

Salvage lymph node dissection
& adjuvant radiotherapy

at the end of follow-up compared 3000 — ' No AHT
to PSA level (ng/ml) at the time
of salvage lymph node dissec- I AHT
tion for 46 patients who received = 2000 — . Chemotherapy
surgery only (a) and those 47 =
men who received additional 3 1000
radiotherapy (b). Blue bars: no 2
antihormonal therapy at the end %
of follow up (No AHT), orange = 10 L
bars: antihormonal therapy at _g T
the end of follow-up (4HT), red < 0
bars: chemotherapy at the end of =
follow-up (chemotherapy) c
2 25 |
3]
E]
S
g
< -50
[
o
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-100 —
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6000
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= } Chemotherapy
o
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n = 47 patients
Mean follow up:3.2 years

Discussion

To the best of our knowledge this is the first study that ana-
lysed the effect of adjuvant radiotherapy after salvage-LND
in case of nodal recurrent PCa in detail. We were able to
demonstrate a “salvage of salvage strategy” due to the fact
that about 45 % of our patients had prior to extended lymph
node dissection and ART a previous salvage radiotherapy
of the prostatic fossa because of a first biochemical relapse.

@ Springer

Removing of LNM in case of nodal relapse has been per-
formed and studied at different sites in Europe, but subse-
quent adjuvant ART is even more experimental [17, 24, 30,
34]. However similar to the situation of primary high risk
PCa presence of micrometastases in adjacent tissue right in
the neighbourhood of resected primary cancer or LNM may
be the origin of the next relapse. This consideration forms the
base of this approach of ART after salvage-LND. Early RT in
the setting of high-risk PCa after RP (pT3, R1) turned out to
improve biochemical and clinical disease-free survival [2, 4,
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13, 35, 36]. In addition adjuvant RT in primary node-positive
PCa patients after RP resulted in excellent long-term outcome
concerning biochemical recurrence-free survival and cancer-
specific survival [8]. The role of pelvic irradiation versus
prostate only in case of primary RT for aggressive advanced
PCa remains controversial. Although the RTOG 9413 trial
showed for whole pelvic RT a statistically significant benefit
over prostate only (4-year progression-free-survival 54 vs.
47%, p=0.02), in the long-term analysis this advantage was
no longer present [25]. Whether those previous results from
RT/salvage-RT in different PCa stages can be translated into
the ART of nodal recurrent PCa remains to be determined.

We were able to show that ART had a significant influence
on local control (next relapse) in the treated region. Men who
received ART after surgery exhibited robust local 5-year next-
relapse-free survival of 70.7 % versus salvage-LND only with
26.3% (Fig. la). Unfortunately we could not show that ART
after salvage LND has an influence on the timepoint of detec-
tion of distant lesions (outside on the TR; Fig. 1b). It seems
that distant metastatic placement had already taken place
when ART was performed, but has not been detected by cho-
line PET/CT. Consequently at a certain disease status, tumour
progression seems irreversible in the majority of patients and
may not be influenced by aggressive local therapy like sur-
gery in combination with ART. In our univariate analysis we
could show that ART and number of histological LNM were
independent predictors for the next relapse within the treated
region (Table 3). The fact that the number of histologically
confirmed LNM was not significantly different in the two
groups (Table 1) suggests that patients with high lymphatic,
unfavourable tumour-burden were equally distributed in both
groups, corroborating the crucial role of ART.

The current analysis shows that ART has no significant
influence on PSA response and PSA reduction (Fig. 3a,
b) at the end of follow-up, respectively; this is in concor-
dance with the findings of our group obtained by a previ-
ous analysis of a subset of both cohorts [17]. Furthermore,
this confirms the observation that PSA reaches its limit as
a valid marker in progressive advanced PCa [21]. Interest-
ingly in our former analysis ART did not have a significant
influence on overall clinical progression (detection of new
metastases regardless of the location [17]). Probably due to
the currently larger number of patients and due to the sub-
classification into next relapse within and outside the TR we
have now been able to show that ART in the lymph node
dissected region is able to provide tumour control.

Several groups investigated the efficacy of salvage irra-
diation of recurrent LNM [5, 11, 16, 28]. Picchio et al. [28]
for example showed that 20 of 47 patients who received
helical tomography with simultaneous integrated boost RT
exhibited metabolic response confirmed by choline PET/
CT. Because of inhomogeneity and different endpoints it

is difficult to compare results from irradiation alone versus
surgery only or combination of salvage-LND with ART.

Limitations

The number of analysed patients per treatment group was
relatively low. Our analysis is based on a single centre expe-
rience and data acquisition including retrospective evalua-
tion of two treatment strategies; only a treatment-arm with
ART is missing. Inhomogeneity of the whole cohort con-
cerning intermitted AHT and salvage RT prior to salvage-
LND was present.

Conclusion

ART after salvage-LND provides stable local control in
the TR and results in overall significantly improved next-
relapse-free survival, compared to surgery only. Prerequi-
sites of such interdisciplinary salvage therapy concepts are
modern functional imaging techniques like PET/CT, stan-
dardized surgery approaches with thorough experience in
salvage surgery and modern radiotherapy concepts includ-
ing IGRT and IMRT. Prospective randomized trials are war-
ranted to confirm these initial encouraging results in order
to show that such interdisciplinary salvage therapy strate-
gies really have the potential to prolong initiation of merely
palliative AHT and offer the chance of cure to a subset of
patients with nodal recurrent PCa.
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