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Abstract

Robot-assisted imaging-guided sentinel lymph node biopsy is a novel technique
that has not been widely investigated in testicular germ cell tumor (GCT).
Current staging strategies have poor accuracy for prediction of occult metastatic
disease in clinical stage I GCT. Feasibility studies have used 99mTc-nanocolloid
staining during laparoscopic procedures. The RAISN trial is investigating robot-
assisted lymph node resection guided by indocyanine green fluorescence imaging.
This new diagnostic approach is potentially more precise and easier to apply, and is
widely available. Confirmation of its utility could change the management of newly
diagnosed GCT by reducing overtreatment and treatment-related toxicity.
� 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Most patients with a diagnosis of testicular cancer initially
present with clinical stage I disease [1]. Among these
patients, depending on testicular histology, 20–50% experi-
ence recurrence during active surveillance because of occult
metastatic disease [2]. Although the overall long-term sur-
vival for patients with testicular cancer is very favorable,
chemotherapy- and radiotherapy-induced long-term
lsevier B.V. on behalf of Eur
org/licenses/by/4.0/).
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toxicity is associated with a higher incidence of side effects
such as cardiovascular events and secondary malignancies
[3–5]. Risk-adapted strategies that are based on histological
findings for the primary specimen have been adopted to
reduce the overall burden of adjuvant treatment. However,
these strategies have low sensitivity and specificity and still
lead to overtreatment in 50–70% of patients receiving adju-
vant chemotherapy [2]. Therefore, there is a need to
improve diagnostic procedures to ultimately reduce the risk
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Table 1 – Studies that investigated laparoscopic radioguided sentinel biopsy in testicular cancer

Study Patients SN
detection
rate (%)

Tumors
detected

aCTx Follow-up
(mo)

Recurrences

Satoh 2005 [6] 22 95 2 2 20 2 (SN-negative)
Brouwer 2011 [7] 10 100 1 1 21 0
Blok 2019 [8] 27 93 3 4 64 0

aCTx = adjuvant chemotherapy; SN = sentinel node
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of progression from occult metastatic disease while mini-
mizing overtreatment.

Pilot studies investigating sentinel lymph node (SLN)
diagnosis using radioactive tracers in testicular cancer have
shown high sensitivity (�90%; Table 1). In 2005, Satoh et al
[6] described radionuclide-labeled lymph node staging in
testicular cancer via SLN biopsy. In addition to orchiectomy,
the authors performed technetium-guided laparoscopic sen-
tinel node resection. The SLN detection rate was 95%. Two
patients had positive SLNs and were treated with two cycles
of adjuvant bleomycin, etoposide, and cisplatin (BEP)
chemotherapy. Over follow-up of 20 mo, two relapses
occurred in patients who previously had negative SLN biop-
sies. These false-negative findings were attributed to detec-
tion error.

In 2011, Brouwer et al [7] conducted a study that used
single-photon emission computed tomography (SPECT)/-
computed tomography (CT) and a c-camera for
image-guided laparoscopic SLN biopsy in ten patients with
testicular cancer. The SLN detection rate was 100%, and one
SLNharbored tumor. The patientwas treatedwith four cycles
of BEP. No relapses were observed during 21mo of follow up.

A later study by Blok et al [8] included 27 patients with
stage I testicular cancer who underwent 99Tc-guided laparo-
scopic SLN biopsy using the previously published technique.
The SLN detection rate was 93% and tumor-positive biopsies
were observed in three patients who were successfully trea-
ted with chemotherapy. All of these studies have shown that
mapping of SLNs in patients with clinical stage I testicular
germ cell tumor (GCT) is feasible. Furthermore, the high neg-
ative predictive values mean that adjuvant treatment can
potentially be avoided by all patients with tumor-negative
SLNs. The consistent results from these studies justify fur-
ther investigation of SLN staging in testicular GCT.

RAISNwill be the first trial to use indocyanine green (ICG)
as a nonradionuclide staining technique for SLN dissection in
patients with testicular GCT. The use of free ICG has certain
limitations and some advantages in comparison to radionu-
clide or hybrid tracers. Tc-nanocolloid or hybrid ICG-Tc-
nanocolloid facilitates preoperative SLN localization using
lymphoscintigraphy and SPECT/CT. For intraoperative guid-
ance, the radionuclide emits a signal that can be traced with
a c-probe. Hybridization between the Tc-nanocolloid and
ICG does not seem to alter the biological performance of
the radionuclide and allows better intraoperative optical
guidance thanks to ICG fluorescence [9]. Previous studies
used a radionuclide tracer, and it is unknown if the same
results can be expected with free ICG, although several stud-
ies in gynecological malignancies have demonstrated the
noninferiority of free ICG in comparison to radioligand-
guided SLN detection [10,11]. Although a study using a
hybrid ICG-Tc-nanocolloid tracer would have been feasible
in our department, we consciously decided against this after
thorough deliberation. First, a hybrid ICG-radioactive tracer
limits greatly the workflow of the procedure. Tc-nanocolloid
must be injected at least several hours before surgery and
lymphoscintigraphy or SPECT/CT represents an additional
diagnostic intervention. In the setting of newly diagnosed
testicular cancer, for which many diagnostic procedures
are performed within a short time, this would negatively
impact patient recruitment. As SLN staging is not standard-
ized in testicular cancer, there is no imperative need for a
comparative study with Tc-nanocolloid. Furthermore, our
aim is to develop a strategy with wide reproducibility.
Almost every urology department performs laparoscopic
and robotic surgery, but not every hospital has a nuclear
medicine department. The use of free ICG for SLN staging
has already been established in uterine cancer [12]. ICG also
reliably marks SLNs during lymph node staging in gastric
cancer [13] and colorectal cancer (Delphi consensus recom-
mendation) [14].

The primary objective of the RAISN trial is to establish a
precise and reliable tool for nodal staging in clinical stage I
testicular GCT. Our hypothesis is that surgical escalation from
inguinal orchiectomy to an additionalminimally invasive SLN
biopsy is associated with substantial benefits that outweigh
the inherent surgical risks. By potentially reducing the need
for adjuvant chemotherapy and pre-empting relapses via
immediate robot-assisted retroperitoneal lymph node dissec-
tion (RPLND) for patients with positive SLNs, the RAISN strat-
egy holds promise for reducing the need for systemic therapy.
Moreover, patients with negative SLNs may opt for less bur-
densome surveillance protocols, alleviating the psychological
strain associated with prolonged monitoring.

The RAISN study protocol was approved by the ethics
committee of Düsseldorf (project number 2023-2328).
2. Study design

RAISN is a single-center, phase 2, prospective clinical study
(Fig. 1). Patients must fulfill the following eligibility criteria:

- An unambiguous, clinically confirmed testicular tumor

on palpation and sonography with or without elevation
of the tumor markers AFP and/or b-hCG.
- No evidence of thoracoabdominal metastasis on preoper-
ative CT staging.
- Age �18 yr.

- The patient can communicate with the investigator with-

out any problems or restrictions and can fulfill the study
requirements.



Fig. 1 – Study design.
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- The patient can understand and sign the patient declara-
tion and consent form without any problems or
restrictions.

We defined the following ineligibility criteria:
- Previous scrotal or retroperitoneal surgery for an indica-
tion other than GCT.
- Previous chemotherapy.
- Previous radiotherapy to the retroperitoneum.
- Allergy to ICG or iodine (ICG solution contains sodium
iodide).
- Low general health status or a life-threatening illness.

- A mental illness.

Fig. 2 – Patient positioning for surgery (right-sided).

Fig. 3 – Sentinel lymph node with fluorescence camera.
The recruitment phase will last 12–24 mo and the aim is
to recruit 27 patients. The first evaluation and analysis of
the results will begin after 24 mo of follow-up for the last
patient included. The full follow-up period will be 5 yr,
resulting in an overall study duration of 7 yr. RAISN is being
conducted in the Department of Urology at Düsseldorf
University Hospital.

3. Protocol overview

Patients with a clinically evident testicular tumor (tumor
marker elevation, sonography, palpation findings) undergo
preoperative thoracoabdominal CT imaging. If no metastatic
disease is detected on staging CT, the patient can be
included in the study. In addition to standard therapy (radi-
cal inguinal orchiectomy), study patients undergo robot-
assisted fluorescence-guided SLN biopsy during the same
surgery, which is performed as follows. The patient is posi-
tioned in the nephrectomy position (Fig. 2). After trocar and
instrument placement, the anatomic plane between the
colon and the kidney is carefully dissected and the colon
is mobilized medially. At this step the posterior peritoneum
is left unopened to maintain intact lymphatic pathways. ICG
solution is then injected trans-scrotally into the parench-
yma of the testis surrounding the tumor. The retroperito-
neal space is then explored using the infrared camera, and
ICG migration through the lymphatic vessels is carefully



E U R O P E A N U R O L O G Y O P E N S C I E N C E 6 6 ( 2 0 2 4 ) 5 5 – 5 958
observed (Fig. 3). The first lymph node marked by the ICG
fluorescence signal is deemed the SLN. If more than one
lymph node is marked simultaneously, all marked lymph
nodes are deemed SLNs. The harvested SLN(s) are sent for
immediate frozen section evaluation. Inguinal orchiectomy
is performed while awaiting results for the SLN biopsy. If
the biopsy is negative, the procedure is completed. If the
SLN biopsy shows vital tumor, there is evidence of clinical
stage IIA and a unilateral template RPLND is performed.
Before the surgery, the patient is informed about the possi-
bility of template RPLND if a positive SLN is detected. After
the procedure, all patients undergo surveillance and do not
receive adjuvant systemic treatment. Serum and tissue
samples are stored in a biobank for further analysis. After
completion of follow-up for all patients, clinical and mole-
cular analyses of the biobank material will be performed.
The results could provide new information on risk stratifica-
tion for clinical stage I GCT that could guide future treat-
ment strategies in this setting.

The surgeon performing the intervention must have
already carried out at least 20 robot-assisted RPLND proce-
dures in patients with testicular GCT (including operations
after chemotherapy) to guarantee consistent surgical qual-
ity and safety.
4. Sample size calculation and study endpoints

The primary study objective is to prove that RAISN has sen-
sitivity of �90% in nodal staging of clinical stage I GCT for
correct identification of patients who have occult metastatic
disease. The sample size is a consequence of aiming for sen-
sitivity of at least 90%, which was justified on the basis of
the exceptionally high sensitivity observed in prior studies.
Given that RAISN is more surgically invasive than standard
inguinal orchiectomy, we decided that demonstration of
very high sensitivity is crucial to justify this escalation in
surgical intervention.

On the basis of epidemiological follow-up data for semi-
noma and nonseminoma, overall sensitivity of 73.6% was
calculated for the risk-adapted approach [2] in which
patients are categorized as having low or high risk, with
surveillance for the low-risk group and adjuvant chemother-
apy for the high-risk group.

The sample size calculation was based on the following
data [15]. The prevalence of nonseminoma versus semi-
noma is 37% versus 63%. In the nonseminoma group, 27%
of cases are classified as high risk, and 50% of these patients
experience metastasis during follow-up, compared to 17%
in the low-risk group. In the seminoma group, 70% are con-
sidered at high risk, and 32% of these patients experience
metastasis, compared to only 12% in the low-risk group.
The sample size was calculated using the OneSamplePro-
portion.Equality option in R TrialSize version 1.4 (https://
cran.r-project.org/web/packages/TrialSize/index.html).
According to calculations, a sample size of 27 patients will
demonstrate better sensitivity of at least 90% over the
risk-adapted approach (sensitivity of 73.6%) with power of
80% at a significance level of a = 0.05. Sensitivity is deter-
mined on the basis of true-positive and false-negative
results. All sentinel lymph nodes with tumor detection are
to be evaluated as true positives. The number of false-
negative results is determined as the number of patients
who suffer a relapse by the 2-yr follow-up assessment. As
the minimum follow-up is 2 yr, all patients will have data
for this assessment.

According to reports indicating that the incidence of occult
metastatic disease among patients with clinical stage I GCT is
21% [2], we anticipate that five patients will have occult
metastatic disease (95% confidence interval 1.08–8.91). The
low number of patients expected to have metastasis poses a
challenge in calculating the sample size for the trial. Conse-
quently, a single false-negative result will mean that the pri-
mary endpoint cannot be achieved if patientswithmetastasis
are encountered at the anticipated number in a sample size of
27. In the event of false-negative results, we have defined the
following decision rules. If a single false-negative result is
observed during follow-up, the sample size will be extended
to 48 patients (ten expected patients with occult metastatic
disease). If two false-negative results are observed, the sam-
ple size will be extended to 96 patients. The extended sample
sizes can be realistically recruited within a time frame of
2–3 yr. If three or more false-negative results occur, the trial
will be stopped.

Secondary endpoints are progression-free survival and
the added value of assessing prognostic markers at clinical
and molecular levels (primary tumor and metastases). Fur-
ther endpoints will be perioperative and long-term compli-
cations according to the European Association of Urology
and Clavien-Dindo classification schemes, health-related
quality of life, mental health, and the proportion of patients
with postoperative retrograde ejaculation. There are no
discontinuation criteria defined for the study.
5. Conclusions

RAISN is the first trial of ICG-guided, minimally invasive SLN
staging in patients with clinical stage I testicular GCT. This
new approach will potentially be able to detect occult
metastasis and thus may identify patients who could avoid
adjuvant treatment. The RAISN trial will evaluate the diag-
nostic accuracy and oncological efficacy of an SLN-based
surveillance strategy in patients with clinical stage I testic-
ular GCT.
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