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Abstract: Penile cancer (PeCa) is a rare urological malignancy characterized by significant geographic
variations in both incidence and mortality rates. Due to its rarity and the consequent lack of randomized trials,
current management is based on retrospective studies and small prospective trials. In addition, the diagnostic
pathways and treatment strategies exhibit substantial heterogeneity, differing significantly between less
developed and well-developed countries. The prognosis of PeCa is determined by the presence and extent of
regional lymph node (LN) involvement. Therefore, early detection and treatment of LN metastasis is
paramount to ensure better outcomes. In recent decades, the overall survival for PeCa has increased, mainly
due to advancements in imaging techniques and risk stratification. We aim to provide an overview of the
current role of PET CT imaging in the management of patients with PeCa.
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1. Introduction

Penile cancer (PeCa) is a rare urological malignancy with significant geographic variations in
incidence and mortality [1]. Squamous cell carcinoma (SCC) accounts for approximately 95% of PeCa;
however, sarcoma, melanoma, and basal cell carcinoma are also reported [1,2]. Due to its rarity and
the consequent lack of randomized trials, current therapy is based on retrospective studies and small
prospective trials. In addition, the diagnostic pathways and therapeutic management options are
heterogeneous and vary significantly between poor and well-developed countries [1,3,4]. However,
over the past decades, the overall survival (OS) of PeCa has increased, mainly due to significant
improvements in imaging and risk stratification [5].

The presence and extent of regional lymph nodes determine the prognosis of PeCa. Thus, early
detection and treatment of lymph node (LN) metastasis is paramount to ensure better outcomes [4].
Noninvasive N and M staging currently relies on ultrasonography, computed tomography (CT), and
magnetic resonance imaging (MRI). These imaging techniques, however, are not sufficiently robust
in detecting inguinal metastases, with 20-25% of ¢NO patients harboring occult metastasis [4,5].
Positron emission tomography (PET) combined with CT may provide additional anatomic and
metabolic information for staging and assessing treatment response. It is currently used in the
management of several malignancies, such as lung or head-neck cancers, that are mainly SCC, similar
to PeCa [6,7]. PET imaging using '8F-fluorodeoxyglucose (FDG) relies on the increased cellular
uptake of glucose and FDG, particularly in malignant cells and other tissues characterized by
heightened glycolytic activity [8].

The role of PET imaging in penile cancer has not been adequately explored. Our aim is to assess
the current role of PET/CT imaging in the management of patients with PeCa.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Material and Method

An extensive non-systematic literature search of the Scopus, PubMed/MEDLINE, and Web of
Science™ databases was conducted to identify recent manuscripts published between 2013 and 2023
related to PET/CT imaging of primary PeCa. Key search words included “penile cancer, “penile
squamous cell carcinoma,” “PET CT,” “18 FDG,” “lymph nodes,” “clinically node negative,”
“clinically node positive,” and “enlarged nodes.” There were no filters for language. Studies that
evaluated pediatric/congenital malignancies, secondary penile cancers, case series with <5 patients,
or not exclusive to primary PeCa were excluded (N=28). The manual investigation of citations within
identified articles was also performed (N=4). The systemic standards, including impact factor and
citation frequency, were considered when citing other review studies.

VZaTi

3. Results
3.1. Role of PET-CT for T Staging in Penile Cancer

Physical examination, including palpation, has traditionally been and remains the cornerstone
for evaluating the extent of the primary tumor (T stage). In addition, imaging plays a crucial role
when considering penile preservation surgery. In the detection of corpora cavernosa invasion,
ultrasound exhibits a sensitivity of 97% and a specificity of 99%, whereas MRI shows a sensitivity of
74% and a specificity of 99% [9].

In a Brazilian study that included 53 patients, a higher pSUVmax was observed in more
advanced tumors (pT1b and above) and with poorer differentiation compared to less aggressive
lesions (p < 0.019). Several pathological features, such as dartos infiltration, lamina propria, or
perineural invasion, were associated with increased FDG uptake [10]. Although almost all PeCa
present a certain degree of FDG uptake, small lesions can be missed due to limited spatial resolution
and urine leakage that can mask the tumor [11]. Due to these limitations, PET/CT cannot be
recommended for the initial T stage.

In summary, when considering organ-sparing treatment for PeCa patients, ultrasound with
Doppler emerges as the preferred method for detecting corporal invasion. MRI can also be
considered as an alternative [11] de Vries et al. In surgically treated patients, an uptake appearing
within the foreskin or shaft may be regarded as a residual or recurrent tumor as opposed to an
artifact, which may be amenable for surgery [11]. In a small case series of 13 patients, Musi et al
demonstrated that local recurrences can be safely treated with salvage surgery, either by local
excision or laser ablation, without compromising oncological control of the disease [12]. However,
the data is insufficient to establish the role of PET/CT in assessing the primary tumor in initial and
recurrent scenarios.

3.2. Role of PET-CT in the Management of Clinically Node-Negative PeCa

The presence and extent of regional inguinal lymph nodes (ILN) metastases are regarded as the
most important prognostic indicator for determining long-term survival in men with invasive PeCa
[4,5,13]. Furthermore, node-negative (cNO) patients still have a 13—16% chance of harboring occult
metastases, whereas node-positive (cN+) patients have a 20-40% chance of being metastasis-free [14].

Several studies assessed the use of FDG PET/CT to detect inguinal involvement in PeCa patients
with non-palpable lymph nodes initially classified as node-negative (cNO). Salazar et al used PET/CT
imaging in a mixed cNO and cN1 cohort of 53 patients. With an SUVmax cut-off of 6.5, they reported a
sensitivity of 77% and a specificity of 78% when compared to histopathologic results after inguinal
lymph node dissection (ILND) [1]0). A recent study investigated 18F-FDG PET/CT for ILN staging
in cNO-only patients (n=41) and reached a patient-based sensitivity and specificity of 80% and 68%,
respectively, similar to the results of Salazar et al. [15]. Although the sensibility of these new studies
is higher than that reported by a meta-analysis of seven trials conducted by Sadeghi et al and
colleagues in 2012 of only 57% per groin, none of these studies explicitly compared FDG PET/CT with
other imaging modalities, such as ultrasound, that present a similar accuracy to PET/CT in this
clinical scenario [16].
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Jakobsen et al evaluated the diagnostic accuracy of sentinel node biopsy (SNB) combined with
preoperative 18F-FDG PET/CT in a cohort of 61 cNO PeCa patients. They reported a combined FDG
PET/CT-SNB sensitivity of 94.4% (95% confidence interval [CI] 81-99%) per groin and a false-negative
rate of 5.6% (95% CI 1-19%) per groin [17]. Despite promising results and a low rate of adverse events
after SNB, the false-negative SNB is still relatively high, suggesting that more trials are needed to
demonstrate the clinical utility of this combined diagnostic approach. The incorporation of
fluorescence imaging into the SNB procedure utilizing the hybrid fluorescence and radioactive tracer
indocyanine green (ICG)-99mTc-nanocolloid has been demonstrated to improve intraoperative
localization of sentinel nodes in PeCa [18]. As observed in other cancers, a high 18F-FDG uptake in
the primary tumor frequently leads to decreased uptake in regional nodes, suggesting that PET
imaging assessment in node-negative patients should be conducted post-primary tumor removal to
enhance the likelihood of LN detection. However, this approach is hindered by elevated costs and an
increased risk of false positive rates due to postoperative inflammation [19].

In conclusion, in ¢NO, although FDG PET/CT reveals a significant negative predictive value
(NPV), it cannot replace the invasive nodal staging due to its inadequate sensitivity (particularly
regarding micrometastasis) and specificity (i.e., in discriminating between (post)inflammatory and
metastatic lymph nodes).

3.3. Role of PET-CT in the Management of Clinically Node-Positive PeCa

Palpable lymphadenopathy warrants prompt evaluation, as the risk of metastasis is high (45-
80%) [4]. Although early treatment of lymph node involvement has been shown to positively impact
survival, clinically nodal disease at diagnosis does not warrant an immediate ILND since ~50% of
patients present inflammatory swelling instead of metastatic spread [4,20]. PET/CT demonstrates a
strong diagnostic performance in this context, as shown in Figures 1 and 2.

Figure 1. A. A 37-year-old man with stage T2 penile squamous cell carcinoma. 18FDG PET/CT shows
12 mm SUVmean 2 suspect left inguinal lymph node (Arrow). Histology revealed a metastasis of PeCa
without extracapsular extension. B. A 61-year-old man with stage T1 penile squamous cell carcinoma.
18FDG-PET/MR shows 40x26 mm SUVmax 7 positive left inguinal lymph node. Histology revealed a
metastasis of PeCa without extracapsular extension.

Figure 2. A 71-year-old man with stage pT1 pN1 penile squamous cell carcinoma in terms of follow-
up shows no evidence of positive pelvic lymph nodes (A) or inguinal lymph nodes (B).
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In a recently published meta-analysis that evaluated 12 studies [4]79 patients), the pooled
sensitivity of 18F-FDG PET/CT was 0.87 (95% confidence interval [CI], 0.79-0.92), and the pooled
specificity was 0.88 (95% CI, 0.79-0.93) [21]. These results are better than those reported in the meta-
analysis conducted by Sadeghi et al in 2012 [16]. These differences could be related to the use of SUV
cutoff points since this methodology was not used in the previous analysis, which was based
exclusively on qualitative analysis [10].

Salazar et al demonstrated that the semiquantitative PET/CT parameters (pSUVmax and
nSUVmax) may have a prognostic value. Their cohort reported that a pSUVmax of 16.6 was the best
predictor for OS (p =0.0001), followed by a nSUVmax of 6.5 (p = 0.019) [10]. Although these PET
parameters are already used in other squamous cancers, these results should be carefully considered,
with further evaluations being necessary to consolidate these findings in this clinical setting [22,23].

In cases where an inguinal biopsy is not always feasible due to patient refusal or the risk of
damaging the femoral vessels, FDG PET/CT can be a useful tool in assessing the nature of a suspicious
lesion. Zhang and colleagues reported that in a cohort of 48 cN1 patients, FDG PET/CT detected more
malignant diseases than CT or MRI in 33% of cases and treatment was changed after PET/CT results
in 57% of patients [24].

Primary surgery is not recommended in the case of fixed, bilateral, or large nodal illness due to
the poor prognosis [4]. A multimodal approach, including neoadjuvant chemotherapy followed by
consolidative surgery, is recommended in cases with complete or partial response. In this setting, the
impact of neoadjuvant treatments may be assessed by PET/CT. Ottenhof et al reported the safety and
efficacy of chemoradiotherapy (CRT) as the primary treatment for nonmetastatic patients with
large/inoperable primary tumors and large palpable nodes in a prospective, single-center, single-arm
study [25]. In their cohort of 33 patients, the impact of CRT was assessed using 18F-FDG PET/CT.
Thirteen patients (39%) achieved a complete response, whereas 73% exhibited a partial response,
enabling 27% of patients to undergo salvage surgery. Despite the authors reporting only short-term
outcomes (2-year OS of 46%), these results are promising, considering the reported less than 20% 5-
year survival rate for this cohort with a poor prognosis [4,20]. Nevertheless, the elevated FDG uptake
in most primary penile tumors and LN metastases indicates that FDG PET/CT is a valuable tool for
staging. penile cancer [5].

In order to increase the diagnostic accuracy of PET/CT, Mascia et al. reported the results of
64(I)dichloride (64Cu(II)ClI2) as a new PET tracer for evaluation of nodal disease in PeCa in a phase
2 clinical trial [26]. The authors had a small sample size of only 6 PeCa patients; the detection rate was
83.3% (5/6) with an area under the curve of 0.775. Although 64Cu(II)CI2 is an effective and well-
tolerated tracer, more trials are needed to confirm its utility in the management of node-positive PeCa
patients. Moreover, in a pilot study aimed at preoperative assistance, 11 histologically confirmed
PeCa patients underwent staging [68Ga]Ga-FAPI-46 PET/CT before surgery. The histologically
confirmed lymph node regions exhibit significantly elevated FAPI uptakes (SUVmax 17.9 (16.4 —
23.5)), with no instances of false-positive FAPI uptake, potentially enabling the detection of occult LN
metastases [27].

3.4. Role of PET CT in the Management of Pelvic Lymph Nodes and Distant Metastasis

The literature regarding the impact of PET CT on the detection and management of pelvic LN
and metastasis is scarce and mainly comprised of case presentations or retrospective series. In the
aforementioned study by Zhang and collaborators, the sensitivity and specificity of FDG PET/CT
were 85% and 86%, respectively, for all metastatic sites, including lymph nodes, lung, liver, bone,
brain, using histopathology or follow-up imaging as a reference [24]. Ottenhof et al reported that in
their cohort of 61 high-risk PeCa patients, PET/CT demonstrated a sensitivity of 85% for pelvic LN
staging (specificity of 75%, NPV 90%, and a PPV of 65%) and a PPV of 93% for the detection of distant
metastases, suggesting that FDG PET/CT imaging should be used in the initial diagnosis of PeCa to
avoid futile treatment of patients with distant metastases [6].

3.5. Role of PET CT in Follow-Up After Treatment
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Local or nodal recurrences usually occur within 2-3 yr of primary treatment. This suggests a
rigorous follow-up schedule for the first two years, followed by less intense follow-up for at least five
years [4,11],. Current guidelines recommend that PET/CT may be an alternative to CT or MRI for
imaging follow-up after definitive treatment [4,28]. In comparison to other imaging tests, PET/CT is
usually more costly, and its availability may be a limiting factor in some countries [29]. Another
drawback of PET/CT for systemic staging is that it is frequently conducted without intravenous
contrast, which makes measuring the extent of visceral metastases difficult [20].

4. Conclusions

18F-FDG PET imaging plays a pivotal role in the management of clinically node-positive penile
cancer patients and may serve as an independent prognostic factor for survival in this population. In
addition, PET/CT can assist in surgical planning and evaluating chemotherapy response. Integrating
18F-FDG PET/CT into future staging algorithms has the potential to guide more precise and stage-
appropriate therapeutic strategies.
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