Orebro Studies in Medicine 358

< &

<, &
%0 NN

DOMINIK GLOMBIK

Penile cancer: Diagnosis, prognosis, and treatment



Author: DOMINIK GLOMBIK
Title: Penile cancer: Diagnosis, prognosis, and treatment

Publisher: Orebro University, 2026
www.oru.se/publikationer

Print: Orebro University, Repro 05/2026
Cover image: The cover image was generated using artificial intelligence (Al).

ISSN: 1652-4063
ISBN: 978-91-7529-784-2 (print)
ISBN: 978-91-7529-785-9 (pdf)



Abstract

The aim of this thesis is to optimise the clinical management and
prognostic evaluation of penile cancer (PeCa) by investigating its
long-term consequences and treatment-related morbidity, as well as
by evaluating current surgical strategies and novel biomarker-based
approaches for accurate lymph node staging.

In Paper I, nationwide register data demonstrated that patients with
PeCa face a two- to threefold increased risk of developing second
HPV-associated malignancies in the oral cavity, oropharynx, and anal
canal, highlighting the need for improved surveillance and preventive
measures. In Paper II, population-based analyses demonstrated that
morbidity following lymph node dissection remains substantial over
time, with significantly elevated risks of infectious complications per-
sisting for more than five years and thromboembolic events for up to
three years postoperatively, underscoring the importance of long-term
complication awareness. In Paper III, an evaluation of a panel of 14
soluble immune checkpoint proteins (sICs) for predicting lymph
node metastases (LNM) revealed limited clinical utility due to low
sensitivity and modest accuracy. However, four inhibitory sICs (IDO,
TIM-3, CD80, and CTLA-4) were significantly elevated in patients
with PeCa compared to cancer-free controls, suggesting tumour-in-
duced systemic immunosuppression. In Paper IV, dynamic sentinel
node biopsy (DSNB) was shown to effectively detect LNM while
maintaining favourable morbidity, although a false-negative rate of
14.5% was observed during a median follow-up of 34 months. Com-
plications, predominantly mild to moderate, occurred in 14.8% of
groins and were directly associated with higher lymph node yields,
emphasizing the critical importance of precise and targeted excision
of true sentinel nodes.

Keywords: biomarkers, complications, dynamic sentinel node biopsy,
human papillomavirus, immune checkpoint proteins, inguinal lymph
node dissection, penile cancer, prognostic factors
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Introduction

Penile cancer is a rare malignancy with a global incidence of 0.8 per
100,000 men (1). Although the incidence remains low in most West-
ern countries, higher incidence rates have been reported in parts of
South America, Africa, and Asia (2). In Sweden, the incidence has in-
creased over the past two decades and now exceeds 2 per 100,000
men, corresponding to approximately 140 new cases annually (Figure
1) (3). Despite a relatively high mean age at diagnosis of 72 years, the
disease also affects younger men, with approximately one quarter of
patients diagnosed before the age of 60 (4, 5).

Squamous cell carcinoma (SCC) constitutes more than 95% of cases
and most commonly arises on the glans penis or inner prepuce (6).
Although uncommon, the treatment of penile cancer is associated
with substantial morbidity, limiting overall quality of life with the
greatest impact on voiding and sexual functions (7, 8). Prognosis is
strongly influenced by the presence and extent of inguinal lymph
node metastases. Patients with localised disease have the most favour-
able outcomes, with a five-year cancer-specific survival of up to 96%,
which decreases rapidly to only 37% in patients with advanced nodal
disease (N3) (9).

Early diagnosis, accurate staging enabling the detection of microme-
tastases, and timely treatment are essential to improve survival and
guarantee the best possible quality of life.

Penile cancer: Diagnosis, prognosis, and treatment 11
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Figure 1. Age-standardised incidence rates. Penile cancer, males, all ages.
Data are from the Global Cancer Observatory (10).

Aetiology and pathogenesis

The aetiology of penile cancer is multifactorial. Established risk fac-
tors include human papillomavirus (HPV) infection, chronic inflam-
matory conditions, phimosis, and tobacco smoking (2). Conversely,
circumcision performed early in life and HPV vaccination are consid-
ered protective. The protective effect of early circumcision is likely
achieved through the prevention of phimosis, a known risk factor for
chronic inflammation (11). HPV vaccination reduces the incidence
and persistence of high-risk HPV infections, subsequently reducing
the burden of HPV-associated cancers in the population (12, 13).

Currently, two independent pathways are considered in penile carcin-
ogenesis: an HPV-associated pathway and an HPV-independent path-
way driven predominantly by chronic inflammation (14, 15).

In addition, approximately 30% of penile cancer precursor lesions,
i.e., penile intraepithelial neoplasia (PeIN), progress to invasive can-
cer if left untreated (16). However, when identified and successfully
treated, progression rates decrease markedly to only 2-7% (17, 18).

HPV-associated pathway of penile carcinogenesis

HPV is the most common oncogenic virus worldwide and is esti-
mated to contribute to approximately 5% of the global cancer burden

12 DOMINIK GLOMBIK
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(19). It is the most common sexually transmitted virus, particularly
among sexually active young adults. Nearly all sexually active individ-
uals are infected at some point during life. In most cases, the infection
is transient and cleared spontaneously by the immune system within
1-2 years (20). Persistent infection with high-risk HPV types, how-
ever, may induce the malignant transformation of infected epithelial
cells. Among the oncogenic HPV types, HPV16 and HPV18 are the
most clinically important and the most frequently detected in HPV-
associated cancers. In penile cancer, HPV16 is also the most common
high-risk genotype, responsible for almost 70% of HPV-positive cases,
followed by the less prevalent HPV18, HPV31, HPV33, and HPV45
genotypes (21, 22).

HPV infections are associated with several cancer types such as ano-
genital (penile, anal canal), head and neck (oral cavity, oropharyn-
geal), and gynaecological (cervical, vaginal, vulvar) malignancies (23).
In cervical cancer, HPV is detected in virtually all tumours and consti-
tutes the dominant aetiological factor. In penile cancer, HPV DNA
has been identified in up to 50% of cases, with the highest prevalence
observed in basaloid and warty subtypes. HPV positivity is also more
commonly seen in PeIN than in invasive penile cancer, supporting its
role in early malignant transformation (14, 24, 25).

HPV-associated tumours appear to represent a biologically distinct
subgroup characterised by specific histology, a lower risk of metasta-
ses, and an improved response to treatment (26, 27). Several studies
have reported a better prognosis for patients with HPV-associated pe-
nile cancer, with improved cancer-specific survival compared with
HPV-negative penile cancer (28). Different immune escape mecha-
nisms utilised by HPV-negative tumour cells may contribute to the
worse prognosis observed in these patients (29).

The implications of HPV infection may extend beyond the primary
penile tumour. Persistent infection and possible cross-infection across
multiple anatomic sites raise the possibility of subsequent HPV-associ-
ated cancers. This association is well established in women with cervi-
cal cancer, whereas the corresponding risk in men with penile cancer
remains less clearly defined (30, 31). A better understanding of this is-
sue may have implications for surveillance, patient counselling, and

Penile cancer: Diagnosis, prognosis, and treatment 13



preventive strategies, since most precancerous and early-stage cancers
caused by HPV can be treated successfully.

HPV-independent pathway of penile carcinogenesis

In addition to HPV infection, chronic inflammatory conditions repre-
sent an important pathway in penile carcinogenesis. Disorders such as
lichen sclerosus, lichen planus, and balanoposthitis are frequently im-
plicated (32). While inflammation is a protective host response to in-
fection or tissue injury, unresolved inflammation may become
chronic and lead to further tissue damage.

Chronic inflammation promotes a tissue microenvironment that fa-
vours malignant transformation (33). Persistent inflammatory signal-
ling may lead to oxidative stress, DNA damage, aberrant tissue remod-
elling, increased cellular proliferation, and impaired apoptosis. Over
time, this may result in genomic instability and the accumulation of
mutations that favour the emergence of tumour cell clones with
growth and survival advantages. Non-resolving inflammation is there-
fore recognised as an enabling characteristic of carcinogenesis (34). It
is estimated that approximately 25% of all cancers are caused by infec-
tions and chronic inflammation (35).

Impact of the immune system and immune checkpoint proteins

The immune system plays a critical role in the recognition and elimi-
nation of malignant cells through the anti-tumour immune response.
This process involves both the innate and adaptive immune systems
working together to detect and eliminate transformed cells. Tumour-
associated antigens released from cancer cells are captured and pro-
cessed by antigen-presenting cells, predominantly dendritic cells,
which migrate to the lymphoid organs and present these antigens to
naive T cells. This interaction leads to the activation and clonal expan-
sion of tumour-specific CD8" cytotoxic T cells, which are key media-
tors of anti-tumour immunity. The entire process is illustrated by the
cancer-immunity cycle (Figure 2) (36).

14 DOMINIK GLOMBIK
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Figure 2. The cancer-immunity cycle illustrating the seven steps of anti-tumour
immune response. Al-generated image.

During cancer development, tumour cells acquire mechanisms that
enable them to escape immune recognition and elimination. One im-
portant mechanism by which tumours evade anti-tumour immunity
is through the modulation of immune checkpoint pathways that reg-
ulate T-cell activation and immune tolerance (37).

Immune checkpoint proteins can be broadly classified into stimula-
tory and inhibitory molecules. Stimulatory checkpoint proteins en-
hance T-cell activation, proliferation, and survival. Examples of such
molecules include glucocorticoid-induced tumour necrosis factor re-
ceptor-related protein (GITR) as well as cluster of differentiation 27
(CD27), CD28, and CD137. These receptors provide co-stimulatory
signals that support effective immune responses against tumour cells
(38).

In contrast, inhibitory checkpoint proteins suppress T-cell activation
and help maintain immune homeostasis. Key inhibitory checkpoint
molecules include B- and T-lymphocyte attenuator (BTLA), indoleam-
ine 2,3-dioxygenase (IDO), lymphocyte-activation gene 3 (LAG-3),
herpes virus entry mediator (HVEM), programmed cell death protein
1 (PD-1), programmed cell death ligand 1 (PD-L1), PD-L2, T-cell im-
munoglobulin and mucin domain 3 (TIM-3), CD80, and CD152
(CTLA-4). Activation of these inhibitory pathways can suppress T-cell
proliferation and cytotoxic activity, ultimately weakening anti-tu-
mour immunity (Figure 3) (39).

Penile cancer: Diagnosis, prognosis, and treatment 15



Tumours can exploit this immune regulatory system to escape im-
mune-mediated destruction. A primary strategy involves the up-regu-
lation of inhibitory immune checkpoint proteins. For example, tu-
mour cells often overexpress PD-L1 and PD-L2, which bind to PD-1
on CD8" T cells, leading to reduced proliferation and cytotoxic activ-
ity. At the same time, tumours may down-regulate stimulatory im-
mune checkpoint proteins, required for full T-cell activation. There-
fore, clinical outcomes are likely determined by the balance between
stimulatory and inhibitory immune checkpoint signalling within the
tumour microenvironment.

Most previous research investigating the impact of immune check-
point proteins in cancer development has been based on tissue-level
analyses. These studies primarily focus on the expression pattern
within the tumour and have provided valuable insights into tumour—
immune interactions and correlations between immune checkpoint
expression and clinical outcomes. Increased expression of inhibitory
checkpoint proteins in tumour tissue has been associated with adverse
clinicopathological features and poorer outcomes in several malig-
nancies, including melanoma, urinary bladder, kidney, pancreatic,
and lung cancers. In penile cancer, increased expression of PD-L1 has
been associated with inguinal lymph node metastases and more ag-
gressive disease (40-42). In addition, high expression of several inhibi-
tory immune checkpoint proteins was observed in the primary tu-
mour in patients with advanced penile cancer (29, 43). This indicates
that tumour expression of immune checkpoint proteins may possess
value as prognostic biomarkers in penile cancer.

Tissue-based evaluations have traditionally been used to predict prog-
nosis in penile cancer patients. While informative, these approaches
are relatively invasive, so less invasive alternatives, such as blood-based
analyses, are desirable. More recently, soluble forms of immune
checkpoint proteins have emerged as a topic of interest. Compared
with their membrane-bound counterparts within tumour tissue, these
soluble proteins can be detected in body fluids, including blood
(plasma and serum). Importantly, many of these soluble molecules re-
tain biological activity and can interact with their corresponding re-
ceptors or ligands, potentially modulating systemic anti-tumour
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immunity. This capability suggests that soluble immune checkpoint
proteins could reflect not only the local tumour microenvironment
but also the broader immune status of the patient (44).

The use of liquid biopsy to detect soluble immune checkpoint pro-
teins offers several advantages. It is minimally invasive compared with
tissue biopsy, allows repeated sampling over time, and can provide
dynamic information on tumour—-immune interactions, treatment re-
sponse, and emerging tumour recurrence. Such an approach may
prove valuable for early detection, prognostication, and treatment
monitoring. However, in penile cancer, studies examining soluble im-
mune checkpoint proteins remain limited, and their prognostic value
is still largely unexplored. Expanding research in this area could pro-
vide a tool for the personalised management of penile cancer patients.

Figure 3. Receptor—ligand interactions of different immune checkpoint pro-
teins on an antigen presenting cell (APC)/tumour cell and a T cell. Inhibitory
checkpoints are marked with red square arrows and stimulatory checkpoints
with green arrows. Al-generated image.

Penile cancer: Diagnosis, prognosis, and treatment 17



Staging

Penile cancer can often be treated successfully if it is localised or
when metastases are discovered early before spreading beyond the in-
guinal lymph nodes. Initial diagnosis is based on the physical exami-
nation of the penis and palpation of regional lymph nodes, followed
by biopsy if the diagnosis is uncertain. Imaging is reserved for pa-
tients with a suspicion of invasive cancer (=cT1) or if pathological in-
guinal lymph nodes are suspected (cN+) or confirmed (pN+) (6).

The stages of penile tumours are determined according to the Union
for International Cancer Control (UICC) TNM Classification system,
which was updated to its 9th edition in 2025 (Table 1, Figure 4) (45).
The 9th edition contains no changes in penile cancer staging com-
pared with the 8th edition of the UICC TNM Classification system
which was introduced in 2017 (46).

Penile cancer follows a stepwise dissemination pattern, initially affect-
ing the inguinal lymph nodes, where the sentinel nodes are located,
followed by the pelvic lymph nodes prior to systemic dissemination
(47, 48). The presence and extent of lymph node metastases is the
most important prognostic factor and fundamentally determines both
the treatment strategy and survival (28, 49). Most patients with penile
cancer are diagnosed with localised disease, but approximately 14% of
patients will present with clinically suspicious inguinal lymph nodes
(cN+). Nevertheless, approximately 20-25% of patients without clini-
cally suspicious inguinal lymph nodes (cN0) harbour occult metasta-
ses, as current imaging lacks sensitivity to detect micrometastases
(=2mm), and no validated predictive biomarkers are yet available (49,
50). Additional surgical staging is therefore warranted.

Traditionally, most patients have been referred to diagnostic inguinal
lymph node dissection (ILND), a procedure associated with morbid-
ity rates of 35% to 70% (51-53). Hence, a major challenge is to cor-
rectly select patients for therapeutic lymph node dissection. If all pa-
tients undergo diagnostic ILND, approximately 80% will be
overtreated, with a risk of severe adverse effects on quality of life and
without any survival benefits. However, in patients with lymph node
metastases, delayed surgery is associated with worse outcomes (49).

18 DOMINIK GLOMBIK



To address the shortcomings of diagnostic ILND, dynamic sentinel
node biopsy (DSNB) was introduced as a minimally invasive ap-
proach intended to selectively identify the first draining lymph
node(s) from the primary tumour (47, 54). This represented a major
step forward in correctly selecting patients who would benefit from
lymph node dissection while avoiding unnecessary untoward conse-
quences in the majority of clinically node-negative patients. Thera-
peutic lymph node dissection, due to its considerable morbidity,
could be reserved only for patients with confirmed lymph node me-
tastases (pN+).

Currently, clinically node-negative patients (cNO) are stratified into
risk groups based on histopathological features of the primary tu-
mour as these are central to estimating the risk of lymph node metas-
tases (Table 2) (50, 55).

For primary tumours with a low risk of lymph node metastases, sur-
veillance with physical examination of the regional lymph nodes is
recommended. For intermediate- and high-risk tumours (=pT1G2)
without evidence of regional or distant metastases on computed to-
mography (CT) and ultrasound (US) with the option of fine-needle
aspiration cytology (FNAC) of any suspicious inguinal lymph nodes,
surgical nodal staging with DSNB is recommended (6, 56).

Penile cancer: Diagnosis, prognosis, and treatment 19



Table 1. TNM classification of penile tumours (9th edition).

Primary tumour (T)

Clinical/pathologic stage definition

™ Primary tumour cannot be assessed
TO No evidence of primary tumour
Tis PelIN (Carcinoma in situ)
Ta Non-invasive localised squamous cell carcinoma, including verrucous carcinoma
T1 Tumour invades subepithelial connective tissue
Tla Tumour invades subepithelial connective tissue without lymphovascular invasion or
perineural invasion and is not poorly differentiated (i.e. not grade 3)
Tib Tumour invades subepithelial connective tissue with lymphovascular invasion or

perineural invasion, or is poorly differentiated
T2 Tumour invades corpus spongiosum with or without urethral invasion
T3 Tumour invades corpus cavernosum with or without urethral invasion
T4 Tumour invades other adjacent structures

Regional lymph nodes (N)

Clinical stage definition

cNX  Regional lymph nodes cannot be assessed

¢NO  No palpable or visibly enlarged inguinal lymph nodes

cN1 Palpable mobile unilateral inguinal lymph node

cN2  Palpable mobile multiple or bilateral inguinal lymph nodes

c¢N3  Fixed inguinal nodal mass or pelvic lymphadenopathy, unilateral or bilateral

Pathologic stage definition

pNX Regional lymph nodes cannot be assessed

pNO  No regional lymph node metastasis

pN1  Metastasis in 1 or 2 unilateral inguinal lymph nodes

pN2 Metastases in more than 2 unilateral inguinal lymph nodes or in bilateral inguinal lymph nodes

pN3  Metastasis in pelvic lymph node(s), unilateral or bilateral, or extranodal extension of regional
lymph node metastasis

Distant metastasis (M)

Mo No distant metastasis
M1 Distant metastasis, including lymph node metastasis outside the regional lymph nodes
(inguinal and pelvic nodes), as well as visceral or bone metastasis

Histopathological grading (G)

GX Grade of differentiation cannot be assessed
Gl Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated or undifferentiated

PelN = Penile Intraepithelial Neoplasia

20 DOMINIK GLOMBIK



Table 2. Risk categories for regional lymph node metastases based on patho-
logic stage and grade.

Pathologic stage Risk group Risk of lymph node metastases
pTa, pTlaGl Low risk <6%

pT1laG2 Intermediate risk 6-8%

2 pT1bG2 High risk 22-30%

Dynamic sentinel node hiopsy (DSNB)

The European Association of Urology (EAU) — American Society of
Clinical Oncology (ASCO) guidelines as well as the Swedish national
guidelines consider DSNB the gold standard staging procedure for
clinically node-negative patients (cNO) with intermediate- and high-
risk primary tumours (=T1G2) (6, 56). The sensitivity of this mini-
mally invasive staging procedure is reportedly up to 95% when per-
formed at high-volume centres (57). Compared with ILND, DSNB is
associated with fewer and less severe complications, and it confers a
better prognosis than surveillance alone (58-60).

The DSNB protocol includes preoperative US of both groins with the
option of FNAC of any suspicious inguinal lymph nodes and lym-
phoscintigraphy using 99mTc-nanocolloid. Dynamic lymphoscintig-
raphy is acquired for the first 10 min after tracer administration, fol-
lowed by early (15 minutes) and late (90 minutes) static planar images
and SPECT/CT (90-120 minutes) for the precise anatomical localisa-
tion of sentinel nodes. Intraoperatively, patent blue dye is injected in-
tradermally at the penile base to facilitate the optical identification of
sentinel nodes in the surgical field. Sentinel nodes are then identified
using a handheld gamma probe in combination with visual inspec-
tion and palpation (48, 61, 62).

US with FNAC on indication has become an integral part of the
DSNB algorithm to avoid false-negative (FN) cases of nodal metastasis
caused by tumour blockage. Furthermore, in the case of a positive US
with FNAGC, the ipsilateral therapeutic ILND can be performed at an
earlier stage, reducing the need for further DSNB by 10-13% (63, 64).

Penile cancer: Diagnosis, prognosis, and treatment 21



Management of primary tumour

The main objective in the management of primary tumours is com-
plete excision with negative surgical margins. Concurrently, maximis-
ing the preservation of penile length and glans epithelium, when on-
cologically safe, is of high priority to maintain good voiding ability,
sexual function, and cosmetic appearance (65-67). The choice be-
tween an organ-sparing strategy and penectomy (partial or total) is
mainly dictated by the histopathological stage and grade, tumour size,
and anatomical location. However, the patient's body constitution or
fear of local recurrence may lead them to opt for more radical treat-
ment.

Organ-sparing treatment

For non-invasive disease (PeIN, Ta) and early-stage invasive tumours
(T1, T2), organ-sparing approaches are considered the gold standard
(Figure 4). These procedures include circumcision, local excision,
glans resurfacing, and glansectomy with or without neoglans recon-
struction using a split-thickness skin graft. While organ-sparing tech-
niques yield excellent functional and cosmetic outcomes, they are as-
sociated with a higher risk of local recurrence compared with more
radical penectomy. However, no negative impact on overall or metas-
tasis-free survival has been observed (63, 68).

Topical chemotherapy with S-fluorouracil or topical immunotherapy
with imiquimod are viable, well-established options for patients with
PelN lesions who prefer non-surgical treatment (6, 56). Surgical inter-
vention, such as glans resurfacing or local excision, may still be indi-
cated for disease refractory to topical agents. Careful patient selection
and rigorous, long-term follow-up are mandatory when opting for or-
gan-sparing treatment (17, 69).

Non-organ-sparing treatment

In locally advanced penile cancer (proximally located T2, T3, and T4)
or when organ-sparing surgery is not anatomically feasible, non-or-
gan-sparing treatments are required (Figure 4). These include partial
penectomy and total penectomy with perineal urethrostomy. The

22 DOMINIK GLOMBIK



choice between a partial and total penectomy largely depends on the
ability to preserve a functional penile stump for voiding while secur-
ing negative surgical margins. Selected patients undergoing partial pe-
nectomy can be offered neoglans reconstruction with the use of a
split-thickness skin graft. Occasionally, a patient’s choice of non-or-
gan-sparing surgery driven by a desire for greater oncological cer-
tainty with lower risk of local recurrence needs to be considered.

While surgical resection with wide margins provides the most reliable
local oncological control, the traditional recommendation of a broad
surgical margin is no longer considered mandatory. Contemporary
evidence demonstrates that much narrower margins are oncologically
safe, provided that complete excision with histologically negative
margins is achieved (70-72). Consequently, organ-sparing techniques
should be prioritised whenever clinically and anatomically feasible, as
penectomy is associated with a profound impact on patients’ quality
of life, body image, and sexual function.

Figure 4. T-stages of primary tumour according to the 9th edition of the TNM
Classification system. Al-generated image.

Penile cancer: Diagnosis, prognosis, and treatment 23



Management of lymph node metastases

For patients with confirmed regional metastasis, timely lymph node
dissection is of paramount importance. Early surgical resection is crit-
ical to prevent further lymphatic spread or systemic dissemination
and remains the key to achieving optimal therapeutic outcomes and
long-term survival. Cancer-specific survival decreases drastically from
96% in pNO to 80%, 66%, and 37% in pN1, pN2, and pN3 stages, re-
spectively (9). The extent of lymph node dissection is guided by the
burden of nodal involvement owing to a predictable pattern of meta-
static spread.

Inguinal lymph node dissection (ILND)

Historically, ILND has served as the cornerstone of both the staging
and treatment of regional lymph nodes in penile cancer. For clinically
node-negative patients (<NO) with high-risk primary tumours, a modi-
fied ILND can be utilised as a staging procedure to identify occult
metastases and reduce the severe morbidity associated with radical
ILND (73). Despite the limited anatomical extent of the modified
ILND compared with the radical ILND, the complication rates re-
main substantial. Consequently, DSNB has largely superseded modi-
fied ILND and is now the recommended, minimally invasive staging
procedure for cNO patients (Figure 5).

Currently, a radical ILND is strictly indicated when metastatic disease
is confirmed by US with FNAC in patients with clinically suspicious
inguinal lymph nodes or by a positive DSNB (6, 56). In the therapeu-
tic setting, the procedure aims for the timely, radical excision of the
inguinal lymph nodes as cure can be achieved only before metastatic
spread beyond regional lymph nodes.

Fluorodeoxyglucose positron emission tomography/computed to-
mography (FDG-PET/CT) has demonstrated high sensitivity (87%)
and specificity (88%) in detecting pelvic metastases and systemic dis-
semination (74). Consequently, the Swedish national guidelines have
been updated to recommend FDG-PET/CT for all patients with con-
firmed lymph node metastases (pN+) prior to a final treatment deci-
sion (56). The EAU-ASCO guidelines strongly recommend FDG-
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PET/CT for staging the pelvis and detecting distant metastases in clin-
ically node-positive patients (cN+) (6).

Pelvic lymph node dissection (PLND)

The total number of ipsilateral inguinal lymph node metastases and
the presence of extranodal extension (ENE) are two established pre-
dictors of pelvic nodal involvement (75, 76). Therefore, the Swedish
national guidelines recommend an ipsilateral PLND when two or
more pathological inguinal lymph nodes, or ENE (pN3) are detected
(56). This contrasts with the EAU-ASCO guidelines, which recom-
mend ipsilateral PLND only in cases of ENE or when three or more
ipsilateral inguinal lymph node metastases are present (6). Cross-over
metastases from the inguinal lymph nodes to the contralateral pelvic
lymph nodes are extremely rare and supported by only limited evi-
dence (77).

Figure 5. Metastatic dissemination of penile cancer. The surgical template of
modified ILND is outlined by a blue dashed line and radical ILND by a red
dashed line. Al-generated image.
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Lymph node dissection complications

Despite its curative intent, lymph node dissection is associated with
significant morbidity, with reported complication rates ranging from
35% to 70% (51, 52, 78).

Early postoperative complications and risk factors

The majority of early complications associated with ILND are wound
related. The most frequently reported adverse events include wound
infection, dehiscence, skin-flap necrosis, lymphocele, and seroma for-
mation (51, 52, 79). While limited data are available regarding PLND
in penile cancer, complications generally follow a similar profile of
wound-related events, alongside an elevated risk of thromboembo-
lism (75).

The risk of developing postoperative complications is influenced by
several patient-specific and surgical factors, such as high body mass in-
dex (BMI), low overall physical status, prolonged operating time, bi-
lateral dissection, and a higher number of excised lymph nodes (80).
Furthermore, the presence of bulky nodal disease (c<N3) strongly cor-
relates with increased surgical complexity and a higher risk of adverse
events (81).

Late-occurring complications

Late-occurring complications can be equally debilitating. Lymphoe-
dema of the lower extremities and genitalia is the most prevalent
chronic condition, arising from impaired lymphatic drainage and se-
verely impacting daily functioning (81). Moreover, patients with lym-
phoedema are highly susceptible to recurrent skin and soft tissue in-
fections, such as erysipelas, cellulitis, and lymphangitis (79).
Additionally, due to the nature of the extensive surgery and underly-
ing malignancy, these patients remain at an increased risk of deep
vein thrombosis (DVT) and pulmonary embolism (PE) for several
months postoperatively (79, 82, 83).
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Preventive measures

To mitigate the high morbidity, several preventive measures are essen-
tial. Intraoperatively, antibiotic prophylaxis and meticulous tissue
handling are crucial. Postoperatively, pharmacologic DVT prophy-
laxis and early mobilisation are essential. Furthermore, compression
stockings are routinely used to minimise the development of both
lymphoedema and thromboembolism (84, 85).

Chemotherapy

For patients with advanced regional disease, and particularly in pN3
disease, surgery alone often fails to achieve long-term survival (86,
87). In these cases, a multimodal approach integrating systemic chem-
otherapy is essential to downstage the tumour burden, eradicate early
micrometastases, and facilitate curative surgery.

According to the Swedish national guidelines, chemotherapy is indi-
cated in eligible patients presenting with two or more unilateral
lymph node metastases, ENE, or a lymph node metastasis measuring
=3 cm. Patients requiring PLND qualify by definition for neoadju-
vant chemotherapy. The recommended regimen consists of four cy-
cles of paclitaxel, ifosfamide, and cisplatin (TIP) (56).

Studies evaluating perioperative oncological therapy in advanced pe-
nile cancer are scarce, often retrospective in nature, and limited by
small cohorts. Nevertheless, the existing evidence strongly supports its
use. A recent nationwide Swedish study demonstrated a 37% lower
risk of disease-specific mortality among patients receiving periopera-
tive oncological treatment compared to untreated eligible patients
(88). Furthermore, patients who achieve an objective response to
chemotherapy administered with curative intent show significantly
improved survival outcomes, with reported reductions in mortality
risk of up to 75% compared with non-responders (89).

Surgical innovations and centralisation of care

To reduce wound-related morbidity, minimally invasive techniques
such as robot-assisted video endoscopic inguinal lymphadenectomy
(RA-VEIL) have been introduced. Compared with the traditional

Penile cancer: Diagnosis, prognosis, and treatment 27



open approach, RA-VEIL is associated with significantly lower rates
of wound-related complications. However, these benefits come at the
expense of longer operating times and a steep learning curve (90).

Given the multimodal nature of DSNB and the substantial complica-
tion profile of radical ILND, there is a strong rationale for centralis-
ing the management of this rare cancer. Highly specialised, high-vol-
ume centres with multidisciplinary expertise and well-coordinated
perioperative pathways are better equipped to ensure optimal onco-
logical and functional outcomes without unwarranted variations in
care (91-94).

In Sweden, this rationale has driven a major reorganisation of penile
cancer care over the past decade. To ensure equitable and high-quality
treatment nationwide, a weekly national multidisciplinary team
(MDT) conference was established in 2013, mandating the review of
all newly diagnosed cases and relapses. Subsequently, in 2015, cura-
tive penile cancer surgery was centralised to two national tertiary re-
ferral centres: Orebro University Hospital and Skdne University Hos-
pital in Malmo. This centralisation aimed to improve adherence to
clinical guidelines, reduce surgical morbidity, and facilitate clinical
research. In 2017, a standardised cancer patient pathway was intro-
duced to streamline the diagnostic process, reduce waiting times, and
guarantee equal access to optimal care regardless of the patient’s place
of residence (56, 88).
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AIMS

The overall aim of this thesis is to improve the clinical management
and outcomes of patients with penile cancer. This is pursued by evalu-
ating the risk of second HPV-associated malignancies, assessing the
risks of treatment-related morbidity, exploring novel biomarkers of
nodal dissemination, and optimising surgical staging. The specific
aims of the individual papers are listed below.

Paper |

To investigate whether patients diagnosed with penile cancer are at an
increased risk of developing a second HPV-associated cancer, specifi-
cally oral cavity, oropharynx, or anal cancers.

Paper Il

To evaluate the incidence and risk of infections and thromboembolic
complications following inguinal and pelvic lymph node dissection
in patients with penile cancer, and to identify clinical and pathologi-
cal predictors of these adverse events.

Paper lll

To explore the clinical utility of a panel of 14 soluble immune check-
point proteins as predictive biomarkers for detecting lymph node me-
tastases in penile cancer, and to assess their potential as systemic indi-
cators of tumour-induced immunomodulation by comparing their
plasma concentrations with those of cancer-free controls.

Paper IV

To determine the sensitivity and false-negative rate of dynamic senti-
nel node biopsy for detecting occult inguinal lymph node metastases,
and to assess the incidence and predictors of postoperative complica-
tions within a centralised, tertiary referral setting.
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Patients and methods

This thesis is based on four complementary studies utilising both ret-
rospective and prospective designs to address different aspects of pe-
nile cancer. Papers I and II are large, retrospective register studies uti-
lising data from the Penile Cancer Data Base Sweden (PenCBaSe), a
high-quality, population-based research database generated by record
linkages between the National Penile Cancer Register (NPECR) and
six other national healthcare and sociodemographic registries. Paper I
investigates the incidence and risk of second HPV-associated cancers
among patients diagnosed with penile cancer. Paper II evaluates the
long-term risk of infectious and thromboembolic complications in
penile cancer patients undergoing lymph node dissection. Paper III is
a translational biomarker study assessing the predictive value of solu-
ble immune checkpoint proteins in plasma from penile cancer pa-
tients and cancer-free controls. Finally, Paper IV is a retrospective
clinical cohort study evaluating the sensitivity and complication risk
of dynamic sentinel node biopsy (DSNB) performed at a national ter-
tiary referral centre.

Papers | and lI: Population-based register studies

Study design and population

Papers I and II are retrospective, population-based cohort studies uti-
lising the comprehensive coverage of the Swedish national registries.
The population in Paper I comprised all patients with a penile cancer
diagnosis registered in the NPECR between 2000 and 2012. The study
aimed to investigate the risk of developing a second HPV-associated
malignancy. Paper II focused on a surgical sub-cohort consisting of
all patients undergoing ILND, with or without PLND, to evaluate
long-term morbidity with a specific focus on infectious and thrombo-
embolic complications (Figure 6).
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Penile cancer cases in PenCBaSe,
year of diagnosis 2000-2012
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Figure 6. Flowchart illustrating the number of penile cancer patients in the
PenCBaSe database together with the number of eligible penile cancer patients
(cases) who underwent inguinal lymph node dissection (ILND) and their
matched penile cancer-free controls.

Data collection and registries

PenCBaSe was generated by utilising the unique Swedish personal
identity number to accurately cross-link the records from the NPECR
with the National Patient Register, the Swedish Cancer Register, the
Cause of Death Register, the Register of the Total Population, the Swe-
dish Prescribed Drug Register, and the Longitudinal Integration Data-
base for Health Insurance and Labour Market Studies (LISA). Overall,
1698 penile cancer patients diagnosed between 2000 and 2012 were in-
cluded in PenCBaSe, along with six penile cancer-free controls for each
patient, matched by sex, age, and county of residence.

The NPECR was initiated in 2000 to monitor and improve the quality
of penile cancer care in Sweden. To date, more than 4000 patients
with penile cancer have been reported to the NPECR, representing,
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to our knowledge, the largest population-based quality register for pe-
nile cancer in the world. The NPECR contains information on date of
diagnosis, county of residence, tumour characteristics according to

the TNM classification, location and size of the tumour, primary
treatment, lymph node management, and follow-up data. However,
HPV status is not routinely registered. Data quality in the NPECR is
generally high with respect to completeness, timeliness, comparabil-
ity, and validity. Its completeness was 95% between 2000 and 2023
when compared with the Swedish Cancer Register (5, 95).

The Swedish Cancer Register was founded in 1958 and contains data
on all new cases of cancer, as reporting by all healthcare providers is
mandated by law (96).

The National Patient Register was founded in 1964; however, com-
plete national coverage was achieved for inpatient hospital care in
1987 and for outpatient care provided by both private and public
caregivers in 2001. Primary care visits are not covered by the register
(97).

The Swedish Prescribed Drug Register was founded in 2005 and
holds information on all prescribed drugs dispensed by pharmacies,
excluding drugs administered within hospitals. All details regarding
Anatomical Therapeutic Chemical (ATC) codes, drug names, pack

sizes, strengths, and dates of prescription and dispensation are in-
cluded (98).

For Paper I, linkage with the Swedish Cancer Register enabled the
identification of primary malignancies with a known HPV associa-
tion, specifically, cancers of the oral cavity, oropharynx, and anal ca-
nal, in men with and without penile cancer. In addition, incidence
rates in the general male population were estimated for these HPV-as-
sociated malignancies based on information provided by the National
Board of Health and Welfare (99).

For Paper II, linkage with the National Patient Register allowed for

the capture of specific International Classification of Diseases (ICD)

codes associated with infectious complications (e.g., infections of the
lower limbs, groins, genitalia, and trunk, as well as various septic
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conditions) and venous thromboembolic events. Additionally, the
prescription of anticoagulants, assessed via specific ATC codes
through the Prescribed Drug Register, was used as a surrogate marker
of thromboembolic events occurring >30 days postoperatively.

Statistical analysis

In Paper I, Cox proportional hazards regression models were used to
calculate hazard ratios (HRs) to examine the risk of HPV-associated
cancers in patients with penile cancer compared with penile cancer-
free controls. Furthermore, standardised incidence ratios (SIRs) were
calculated to quantify the relative risk of these second malignancies.
The observed number of second HPV-associated cancers in the study
cohort was compared with the expected number within the general,
age- and calendar period-matched Swedish male population.

In Paper II, the net probability of experiencing an adverse event of inter-
est over time was estimated using the Kaplan-Meier method, with indi-
viduals censored at the time of death, emigration, or end of follow-up
(31 December 2012). Subsequently, univariable and multivariable Cox
proportional hazards regression models were applied to assess the effects
of specific clinical, pathological, and sociodemographic predictors on the
risk of experiencing these adverse events. The evaluated predictors in-
cluded age, calendar period, comorbidity, marital status, education, cT
and cN stage, tumour grade, and type of lymph node dissection (ILND
with or without PLND). The results were presented as HRs with 95%
confidence intervals (CIs).

Paper llI: Translational biomarker study

Study design and population

Paper III is a cross-sectional study with the primary objective of ex-
ploring the clinical utility of a panel of 14 soluble immune check-
point proteins as predictive biomarkers of lymph node metastases.
The study population consisted of patients prospectively enrolled in
the Penile Blood and Urine Study (PenBUS). The PenBUS cohort
comprises both men referred to Orebro University Hospital between
2019 and 2024 for suspected penile cancer, and a control group of
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cancer-free patients who underwent transurethral resection of the
prostate for benign prostatic hyperplasia between 2021 and 2024. All
patients with concurrent malignancies, autoimmune disorders, or on-
going immunomodulatory therapy were excluded. After applying the
inclusion criteria, the final cohort comprised 284 penile cancer pa-
tients and 45 controls. To validate our results, the penile cancer co-
hort was further stratified based on the date of inclusion in a training
set (7 =202; January 2019-April 2022) and a test set (z = 82; May
2022—July 2024) (Figure 7).

Men with suspected penile cancer

N=316
Excluded due to:
Benign lesions (n=9)
Concurrent malignancies (n=11) [

Autoimmune disorders (n=7)

Immunomodulatory therapy (n=5)

.

Final study population of eligible
penile cancer cases

n=284

Training set Test set

n= 202 n=82

Figure 7. Flowchart outlining the study design with the inclusion and exclusion
criteria.

Data collection and lahoratory procedures

Clinicopathological data, including age, date of diagnosis, tumour
characteristics (TNM), and HPV status, were extracted from medical
records. Preoperative blood samples were collected from all patients
and processed to obtain plasma, which was subsequently analysed us-
ing a bead-based multiplex immunoassay platform (Luminex Tech-
nology, Austin, TX, USA). This methodology employs color-coded
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microspheres conjugated with capture antibodies specific to each tar-
get protein, enabling simultaneous detection and quantification of
multiple analytes within a single sample. Following incubation with
plasma, target proteins bind to their respective antibody-coated beads.
The Luminex instrument uses laser flow cytometry to identify each
bead and quantify the associated fluorescence signal, thereby allowing
reproducible and sensitive measurement of multiple soluble proteins
in parallel (Figure 8). Using this approach, plasma levels of ten inhibi-
tory immune checkpoint proteins, i.e., B- and T-lymphocyte attenua-
tor (BTLA), indoleamine 2,3 dioxygenase (IDO), lymphocyte activa-
tion gene 3 (LAG-3), herpes virus entry mediator (HVEM),
programmed cell death protein 1 (PD-1), programmed cell death lig-
and 1 (PD-L1) and PD-L2, T-cell immunoglobulin and mucin do-
main 3 (TIM-3), CD80, and cytotoxic T-lymphocyte-associated protein
4 (CTLA-4/CD152), as well as four stimulatory proteins, i.e., glucocor-
ticoid-induced tumour necrosis factor receptor-related protein
(GITR), CD27, CD28, and CD137, were simultaneously quantified.

Multiplex Luminex Assay for 14 Inmune Checkpoint Proteins

Centrifuge & Luminex Bead Assay
Prepare Plasma

s m S5GL%

i Fluorescent Antibody Beads
—- Plasma )
Red Blood w
Cells

14 Immune Checkpoint Proteins
Blood Sample Collection == Plasma Isolation == Multiplex Luminex Assay PD-1, PD-L1, CTLA-4, BTLA,
LAG-3, HVEM, CD137, etc.

Figure 8. Workflow of multiplex Luminex assay for quantification of immune
checkpoint proteins. Peripheral blood is centrifuged to separate plasma from
red blood cells. The isolated plasma is then incubated with a panel of fluores-
cently labelled antibody-coated beads, each specific for a distinct immune
checkpoint protein. Following binding, the bead—analyte complexes are ana-
lysed using a Luminex instrument, which detects bead identity and fluores-
cence intensity to enable simultaneous quantification of multiple targets. Al-
generated image.
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Statistical analysis

Only proteins detectable in >50% of samples were included in further
analyses, leading to the exclusion of PD-L1. Data were Box—Cox trans-
formed to approximate normality. Differences in the plasma concen-
trations of the soluble immune checkpoint proteins between the pe-
nile cancer cohort and the cancer-free controls, as well as between
patients with and without lymph node metastases, were assessed us-
ing Welch’s #-tests or ANOVA for continuous variables. Categorical
variables were analysed using Chi-square or Fisher’s exact tests. Multi-
ple testing was adjusted for using the Benjamini-Hochberg false dis-
covery rate procedure. To evaluate their predictive potential for
lymph node metastases, a logistic regression model was developed in
the training set and subsequently validated in the test set. Model per-
formance was evaluated using accuracy, balanced accuracy, sensitivity,
specificity, positive predictive value (PPV), negative predictive value
(NPV), and the area under the curve (AUC) with corresponding 95%
CIs.

Paper IV: Retrospective clinical cohort study

Study design and population

Paper IV is a retrospective clinical cohort study evaluating the diag-
nostic accuracy and morbidity of DSNB. The final study population
comprised 229 penile cancer patients presenting with at least one clin-
ically node-negative (cNO) groin, who underwent a total of 461 DSNB
procedures at Orebro University Hospital, one of Sweden’s two na-
tional tertiary referral centres for penile cancer (Figure 9).

Patients were recruited from Orebro University Hospital and Stock-
holm South General Hospital (in charge of penile cancer care in the
Stockholm-Gotland region) between January 2015 and September
2024. The start of the inclusion period explicitly aligns with the na-
tional centralisation of curative penile cancer surgery in Sweden. For
all included patients, the indication for DSNB was established at the
national MDT conference and subsequently confirmed by a special-
ised urologist during the preoperative consultation.
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Patients with at least one ¢cNO groin scheduled for
DSNB in accordance with the national MDT
conference recommendation between
January 2015 — September 2024

n =230

Exclusion due to follow-up <30 days

n=1

Patients included in the analysis of early
complications

n=229

461 groins undergoing DSNB

1 bilateral procedure in 204 patients (408 groins)
1 unilateral procedure in 15 patients (15 groins)
2 bilateral procedures in 8 patients (32 groins)
1 bilateral and 1 unilateral procedure in 2 patients (6 groins)

Figure 9. Flowchart depicting the study cohort, number of dynamic sentinel
node biopsy (DSNB) operated groins and exclusion criteria.

Data collection and DSNB algorithm

Comprehensive clinical, surgical, pathological, and follow-up data
were retrieved through structured reviews of medical records by an
experienced urologist. The standardised DSNB algorithm began with
a preoperative groin US, performed approximately one week prior to
surgery, with the option of FNAC for any suspicious inguinal lymph
nodes. Subsequently, lymphoscintigraphy utilising a 99mTc-nanocol-
loid tracer was performed according to either a one- or two-day proto-
col. This was followed by SPECT/CT imaging to ensure precise ana-
tomical localisation of the sentinel nodes. Intraoperatively, patent
blue dye was injected intradermally at the penile base to facilitate op-
tical identification of the lymphatic drainage. The sentinel nodes were
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then identified and excised using a combination of a handheld
gamma probe, visual inspection, and palpation.

Postoperative complications and follow-up

All postoperative adverse events were recorded per groin and graded
according to the modified Clavien-Dindo (CD) classification system,
further categorised into early (<30 days) or late (>30 days) complica-
tions (100, 101). In cases where an ILND was performed in the con-
tralateral groin, systemic complications were assigned to the DSNB
procedure only if a concurrent local DSNB-related complication was
present. Furthermore, groins that underwent a completion ILND fol-
lowing a positive DSNB were included in the early complication anal-
ysis but excluded from the late complication analysis.

For analysis, complications were grouped as mild (CD I), moderate
(CD 1II), or severe (CD III and IV). Severe complications were defined
as those requiring radiological intervention under local anaesthesia
(CD Illa), surgical intervention under general anaesthesia (CD IIIb),
or admission to the intensive care unit (CD IV).

Follow-up was conducted in accordance with the recommendations
of the Swedish national guidelines (56). The initial postoperative fol-
low-up visit was generally conducted at our tertiary institution,
whereas subsequent follow-up was managed at either Orebro Univer-
sity Hospital (18%) or Stockholm South General Hospital (82%).

Statistical analysis

The false-negative (FN) rate was calculated per groin using the stand-
ard formula: (FN / (true positive + FN)) X 100. Any regional nodal
recurrence on the side of a negative DSNB procedure, in the absence
of a concurrent local primary tumour recurrence, was classified as an
FN event. Continuous variables were presented as means with stand-
ard deviations (SDs) or as medians with interquartile ranges (IQRs).
Categorical data were analysed using chi-square tests while differences
in continuous variables (e.g., BMI) were assessed utilising Welch’s #-
test. All tests were two-sided, and p < 0.05 was considered statistically
significant.
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Results

Paper I: Risk of second HPV-associated cancers

The final study cohort comprised 1634 patients with penile cancer
and 9804 penile cancer-free controls. During the follow-up period, a
total of six men in the penile cancer cohort were subsequently diag-
nosed with a second HPV-associated malignancy: four men (0.26%)
with oral cavity cancer, one (0.06%) with oropharyngeal cancer, and
one (0.06%) with anal cancer. In the control group, the correspond-
ing numbers were ten (0.10%), two (0.02%), and three (0.03%), re-
spectively.

When comparing the risk between the two groups, patients with pe-
nile cancer demonstrated an approximately two- to threefold in-
creased risk of developing a subsequent HPV-associated cancer. Spe-
cifically, the HRs were 2.84 (95% CI 0.89-9.06) for oral cavity cancer,
3.66 (95% CI 0.33-40.39) for oropharyngeal cancer, and 2.34 (95% CI
0.24-22.47) for anal cancer (Figure 10).

Anal cancer
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Oropharyngeal cancer
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Oral cancer
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Hazard ratio and 95 % CI

Figure 10. Hazard ratios (HRs) and 95% confidence intervals (95% Cls) for se-
lected HPV-associated cancers in patients with a history of penile cancer com-
pared with matched penile cancer-free controls.

Penile cancer: Diagnosis, prognosis, and treatment 39



A separate analysis comparing the incidence of these specific malig-
nancies in penile cancer patients with the Swedish male general popu-
lation yielded a similar pattern of increased risk. The SIRs were 2.38
(95% CI 0.64-6.09) for oral cavity cancer, 1.62 (95% CI 0.02-8.99) for
oropharyngeal cancer, and 1.65 (95% CI 0.02-9.16) for anal cancer
(Figure 11).
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Figure 11. Standardised incidence ratios (SIRs) and 95% confidence intervals
(95% Cls) for selected HPV-associated cancers in patients with a history of pe-
nile cancer compared with the Swedish male general population.

Although the absolute number of events was small, reflecting the rar-
ity of both penile cancer and these specific subsequent malignancies,
both analytical approaches consistently indicated an elevated risk of
second HPV-associated cancers in this patient population.
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Paper II: Long-term infectious and thromboembolic complications
following lymph node dissection

The final study population comprised 364 patients with penile cancer
who collectively underwent 657 ILNDs, matched with 2152 penile
cancer-free controls.

Compared with the matched control cohort, patients who underwent
ILND demonstrated a significantly increased risk of experiencing
postoperative infectious events. This elevated risk persisted for more
than § years postoperatively. The HRs at 12, 36, and 66 months post-
operatively were 8.60 (95% CI 5.16-14.34), 4.02 (95% CI 2.65-6.09),
and 1.93 (95% CI 1.11-3.38), respectively (Figure 12). In multivaria-
ble analyses, the presence of palpable nodal disease (cN+) was the
only independent predictor of these subsequent infectious events,
with the risk increasing proportionally with a higher cN stage.
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Figure 12. Net probability of infectious events in patients with penile cancer
and matched penile cancer-free controls, 2000—2012.
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Similarly, an elevated risk of thromboembolic events was observed
and persisted for 36 months postoperatively. The HR for experiencing
a thromboembolic event was the highest during the first year, at 13.51
(95% CI 6.53-27.93) at 12 months, and remained elevated at 2.12
(95% CI 1.07-4.20) at 36 months (Figure 13). Notably, this prolonged
risk corresponded closely to the observed increased prescription rate
of anticoagulants within the penile cancer cohort during the first
postoperative years. Regarding predictors of thromboembolic events,
a significant association was observed specifically with bulky nodal
disease (cN3 stage). Interestingly, the addition of a PLND, performed
in 108 (29.7%) of the patients undergoing ILND, did not confer any
further risk of either infectious or thromboembolic events.
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Figure 13. Net probability of thromboembolic events and prescription of antico-
agulants in patients with penile cancer and matched penile cancer-free con-
trols, 2000—2012.

Paper llI: Soluble immune checkpoint proteins as predictive
biomarkers for lymph node metastases

Among the 284 penile cancer patients included in the final study co-
hort, pathologically confirmed lymph node metastases (pN+) were
present in 24.1% of the training set (# = 45) and 35.9% of the test set
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(n = 28). No statistically significant clinicopathological differences, in-
cluding age, BMI, TNM stage, and HPV status, were observed be-
tween these two sets.

Initially, the plasma levels of 14 soluble immune checkpoint proteins
were measured in all patients and controls. However, PD-L1 was ex-
cluded from further analyses as it fell below the predefined detection
threshold (>50% of samples), being undetectable in 96% of the sam-
ples. Consequently, a logistic regression model was developed in the
training set to predict the presence of lymph node metastases based
on the plasma concentrations of the 13 detectable soluble immune
checkpoint proteins. In the training set, the model achieved an over-
all accuracy of 77.5% (95% CI 70.9-83.3) and a balanced accuracy of
54.1%. While the model demonstrated a high specificity of 99.3%, its
sensitivity was notably low at 8.9%. Upon validation in the test set,
the model's performance declined, yielding an accuracy of 62.2%
(95% CI 50.8-72.7), a sensitivity of 17.9%, and a specificity of 85.2%.
The area under the curve (AUC) was 67.1% (95% CI 58.0-76.3) in the
training set and 54.2% (95% CI 40.3-68.0) in the test set, indicating
limited generalisability and poor overall predictive capacity for identi-
fying lymph node metastases (Table 3, Figure 14).

Table 3. Results of the prediction model for lymph node metastases based on
13 soluble immune checkpoint proteins in penile cancer patients divided into
training and test sets.

Accuracy % Balanced PPV % NPV % Sensitivity %  Specificity %
Dataset (95% CI) ACC % (95% CI) (95% Cl) (95% Cl) (95% ClI)
Training set 775 80.0 77.5 8.9 99.3
(n=202) (70.9-83.3) s (31.4-97.2)  (75.9-79.1) (2.5-21.2) (96.1-99.9)
Test set 62.2 385 66.7 17.9 85.2
(n=82) (50.8-72.7) oL (183-63.3)  (62.1-71.2) (6.1-36.9) (72.9-93.4)

ACC = Accuracy, Cl = Confidence interval, NPV = Negative predictive value, PPV = Positive predictive value
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Figure 14. Area under the curve (AUC) for the proposed lymph node metasta-
ses prediction model, built using the training data and validated on the test
data.

To further explore the model’s limited predictive performance, the
plasma levels of the 13 detectable soluble immune checkpoint pro-
teins were compared between patients with and without lymph node
metastases within the training set. No statistically significant differ-
ences were observed for any of the analysed proteins, nor did stratifi-
cation by pT stage, tumour grade, or HPV status reveal any significant
differences.

However, in a secondary sub-analysis comparing plasma levels be-
tween the penile cancer cohort and the 45 cancer-free controls, four
inhibitory soluble immune checkpoint proteins, specifically IDO,
TIM-3, CD80, and CTLA-4, were detected at significantly higher
mean concentrations in patients with penile cancer.
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Paper IV: Diagnostic accuracy and morbidity of dynamic sentinel
node biopsy

During follow-up of the 229 penile cancer patients included in the fi-
nal study cohort, primary tumour recurrence occurred in 21 patients.
Ten of these patients underwent repeat DSNB, performed either bilat-
erally (# = 8) or unilaterally (z = 2) due to a prior unilateral ILND.
Consequently, the 229 patients underwent a total of 239 DSNB sur-
geries, which collectively comprised 461 operated groins (DSNB pro-
cedures). Of these 239 surgeries, 20 (8.3%) were performed after the
primary tumour surgery (delayed DSNB). The overall median length
of stay was one postoperative day (IQR 1-1). Delayed DSNB was
mostly performed as day surgery, with a median length of stay of zero
days (IQR 0-1). Baseline demographic, clinical, and surgical charac-
teristics of the cohort are presented in Table 4.

A total of 1064 lymph nodes were excised, corresponding to a median
of two sentinel nodes (IQR 1-3) per groin. Metastases were detected
in 60 lymph nodes (5.6%), involving 51 groins (11.1%) across 44 pa-
tients (19.2%). Notably, micrometastases (<2 mm) accounted for 55%
of the positive lymph nodes.

Over a median follow-up of 34 months (IQR 13-57), the overall FN
rate per groin was 14.5%, accounting for cNO groins correctly up-
staged by preoperative US with positive FNAC (i.e., metastases de-
tected prior to the surgical step of DSNB but within the DSNB stag-
ing algorithm). A unilateral FN DSNB was observed in 10 patients.
Two of these FN events occurred 5 and 9 months, respectively, after a
repeat DSNB performed for a primary tumour recurrence. In the re-
maining eight patients, who had undergone a single DSNB surgery,
nodal recurrences were detected at 5, 7, 10, 12, 13, 19, 25, and 43
months postoperatively, and were therefore classified as FN proce-
dures. The 2-year probability of a negative DSNB procedure becom-
ing false-negative was estimated at 29.
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Table 4. Patient, tumour,

and surgical characteristics.

Patient characteristics

Patients, n 229
Surgeries, n 239
Age, years, median (IQR) 71(63-77)
BMI, kg/m?, mean (SD)* 27.3(4.5)
Obese BMI 230, n (%) 53(23.1)
Diabetes, n (%) 53 (23.0)
Smoking status, n (%)

Never 105 (45.9)

Former 91 (39.7)

Current 33 (14.4)
ASA, n (%)

1 124 (54.1)

2 71 (31.0)

3 28 (12.2)

4 6(2.6)
pT-stage, n (%)

PeIN 13 (5.7)

T1 101 (44.1)

T2 73 (31.9)

T3 42 (18.3)
Grade, n (%)

Gl 27(11.8)

G2 116 (50.7)

G3 73 (31.9)
HPV-positive, n (%)? 116 (50.7)
Follow-up, months, median (IQR) 34 (13 -57)
Surgical characteristics and outcomes
DSNB procedures, n 461
Primary tumour surgery, n (%)

Organ-sparing 151 (65.9)

Amputation 78 (34.1)
Number of removed LNs, n 1064
Number of removed LNs per groin, median (IQR) 2(1-3)
Number of pathologic LNs, n (%) 60 (5.8)
Delayed DSNB, n (%) 20 (8.4)
2-day protocol, n (%) 136 (56.9)
Length of stay, postoperative days, median (IQR) 1(1-1)
Length of stay - delayed DSNB, postoperative days, median (IQR) 0(0-1)
Readmission, n (%) 33(13.8)

! Missing information n = 1, ?Missing informationn = 6

IQR = Interquartile Range, BMI = Body Mass Index, SD = Standard Deviation, ASA = American Society
of Anaesthesiologists (ASA) Physical Status Classification System, pT = Pathological Tumour stage, HPV
= Human papillomavirus, DSNB = Dynamic Sentinel Node Biopsy, LN = Lymph Node
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DSNB-related complications occurred in 14.8% of the operated groins
(68/461). The vast majority of these were early complications (<30
days), which constituted 849% of all adverse events and were predomi-
nantly classified as mild to moderate (CD grades I-II). Severe early
complications were predominantly classified as CD grade IIla, pri-
marily requiring ultrasound-guided drain placements under local an-
aesthesia for lymphoceles, combined with antibiotic therapy in cases
of infection (Table 5). Late complications (>30 days) were rare, occur-
ring in only 2.6% of the groins (11/418), with infectious events being
the most common manifestation (72.7%) (Table 6). Overall, readmis-
sions due to postoperative complications occurred in 33 patients
(13.8%), most commonly for intravenous (i.v.) antibiotic therapy.

When evaluating risk factors for postoperative morbidity, the lymph
node yield was the only variable significantly associated with an in-
creased complication rate. Complications were observed in 24.1% of
groins where three or more lymph nodes were excised (7 = 162), com-
pared with 9.4% in groins where one or two lymph nodes were ex-
cised (7 =299) (p <0.001). Age, ASA physical status, BMI, smoking,
and diabetes showed no significant association with DSNB-related
morbidity.

Table 5. Summary of 57 early postoperative complications in 461 groins.

Complication Groins, n (%) Treatment Treatment, n (%) Clavien-Dindo
Wound infection 15(3.3)
Antibiotics (oral) 8(53.3) Il
Antibiotics (i.v.) 7 (46.7) 1}
Lymphocele 12 (2.6)
Drainage 8(66.7) |
US drain 4(33.3) llla
Infected lymphocele 29 (6.3)
Drainage + Antibiotics (oral) 2(6.9) 1l
Drainage + Antibiotics (i.v.) 5(17.2) 1l
US Drain + Antibiotics (oral) 2(6.9) llla
US Drain + Antibiotics (i.v.) 19 (65.5) Illa
Surgical intervention + Antibiotics (i.v.) 1(3.4) b
Sepsis 1(0.2)
Antibiotics (i.v.) 1(100.0) IVa

i.v. = intravenous, US = Ultrasound
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Table 6. Summary of 11 late postoperative complications in 418 eligible groins.

Complication Groins, n (%) Treatment Treatment, n (%) Clavien-Dindo
Lymphocele 1(0.2)
US drain 1(100.0) llla
Infected lymphocele 4(1.0)
Drainage + Antibiotics (i.v.) 2 (50.0) 1]
US Drain + Antibiotics (i.v.) 2 (50.0) llla
Erysipelas 4(1.0)
Antibiotics (oral) 4(100.0) I
Lower extremity lymphoedema 2(0.5)
Conservative 2(100.0) |

i.v. = intravenous, US = Ultrasound
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Discussion

The overall aim of this thesis was to optimise the clinical manage-
ment of patients with penile cancer by mapping long-term oncologi-
cal and surgical risks on a population-based level, evaluating the diag-
nostic accuracy and morbidity of DSNB, and exploring the potential
of novel, non-invasive predictive biomarkers obtained from liquid bi-
opsies. Because penile cancer is a rare disease in which patient survival
decreases dramatically once metastatic spread has occurred, historical
treatment strategies have often prioritised survival at any cost. Conse-
quently, these approaches have frequently led to aggressive interven-
tions, resulting in significant overtreatment, severe physical and psy-
chological stigmatisation, and lifelong morbidity. By combining
robust national registry data with translational research on prospec-
tively collected samples and rigorously evaluated clinical cohorts, the
findings of this thesis highlight the ultimate clinical challenge of
achieving an optimal balance between maximising oncological con-
trol and preserving the patient’s long-term quality of life.

The HPV burden and the risk of second malignancies

A fundamental aspect of penile cancer survivorship is understanding
the long-term risks associated with the disease's viral aetiology. De-
spite the rarity of penile cancer, it shares a common aetiology with
several much more prevalent malignancies through HPV, the most
common sexually transmitted infection globally (102). Approximately
50% of all penile cancers are directly related to oncogenic HPV types
(primarily HPV16 and 18) (22, 24). In Paper I, we found indications
that men diagnosed with penile cancer have an approximately two- to
threefold increased risk of developing a second HPV-associated cancer
in the oral cavity, oropharynx, or anal canal later in life. Although
these findings are based on small numbers yielding wide confidence
intervals, our risk assessment utilised two distinct analytical ap-
proaches that produced consistent estimates.

These results align well with the results of previous large population-
based studies. For instance, Suk et al. demonstrated that the overall
risk of developing any HPV-associated cancer is significantly higher
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following a primary HPV-associated malignancy compared with a
non-HPV-associated one. Specifically for penile cancer patients, they
reported a twofold increased risk of subsequent oropharyngeal cancer,
which corresponds closely with the estimates in Paper I (31). Studies
by Nelson and Lai and by Neumann et al. have also shown an ele-
vated risk of HPV-associated malignancies in patients who previously
had an HPV-associated anogenital cancer (103, 104). In addition,
pooled results of a systematic review and meta-analysis by Gilbert et
al. demonstrated that penile cancer patients are at an increased risk of
oropharyngeal cancer, yielding estimates broadly in line with our re-
sults (105).

The underlying mechanism of this increased risk is likely multifacto-
rial. Firstly, the inability of the individual’s immune system to clear
the acquired oncogenic virus can lead to persistent infections across
multiple susceptible anatomical sites. Secondly, behavioural risk fac-
tors, such as the number of sexual partners and specific sexual prac-
tices, may contribute to the virus exposure in different anatomical re-
gions (106). Whether driven by biological susceptibility or
behavioural risk, these patients carry a lifelong elevated risk.

Although the absolute number of second cancers was relatively low in
our cohort (only six patients in the penile cancer group developed a
second HPV-associated cancer), the elevated relative risk has im-
portant clinical implications for follow-up. Currently, the surveillance
of penile cancer patients focuses predominantly on local and regional
recurrences. Our findings underscore the potential need for a broader
clinical approach to enable the early detection of other premalignant
lesions, alongside targeted preventive measures such as smoking cessa-
tion. Furthermore, these findings provide strong scientific support for
gender-neutral HPV vaccination programs. This highly effective, safe,
and relatively simple preventive measure has the potential to drasti-
cally reduce the incidence of both primary penile cancer and the sub-
sequent burden of second HPV-associated malignancies (12, 13).

Long-term morbidity following lymph node dissection

Lymph node status remains the single most important prognostic fac-
tor in penile cancer (5). Historically, radical ILND has been the
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standard of care for both diagnosis and therapy, as early and radical
excision of lymph node metastases drastically improves cancer-specific
survival compared with delayed intervention. In fact, 3-year cancer-
specific survival declines from 849% to a mere 35% if ILND is deferred
until nodal disease becomes clinically palpable during follow-up (49).
However, this survival benefit must be weighed against the risk of
substantial overtreatment, given that occult lymph node metastases
are present in only 20-25% of clinically node-negative patients (6, 50).
Moreover, this extensive procedure is associated with substantial mor-
bidity, with complication rates reaching up to 70% (52, 107).

The majority of previous publications have primarily focused on early
postoperative complications occurring within the first 30 days. When
assessed, late complications were usually defined as any adverse event
emerging beyond this initial 30-day period; however, knowledge re-
garding true long-term complications has remained limited.

Paper II demonstrated that surgical morbidity is present not only
during the early postoperative period but extends several years into
the future. To capture this long-term burden, we utilised a popula-
tion-based approach relying on high-quality Swedish national regis-
tries with exceptional coverage, validity, and the ability to link data
using the unique personal identity number. Our results showed that
the overall risk of infectious and thromboembolic events one year af-
ter ILND was 8 and 13 times higher, respectively, compared with a
penile cancer-free control group. Furthermore, men undergoing
ILND faced a significantly elevated risk of infectious complications
for more than five years postoperatively. Additionally, an elevated risk
of thromboembolic events persisted for up to three years, correspond-
ing closely to the observed increased prescription rate of anticoagu-
lants in this cohort during the first postoperative years.

These findings align with and complement other large series evaluat-
ing the morbidity of lymph node dissection. Gopman et al. observed
that 55.4% of patients undergoing ILND experienced at least one
postoperative complication, with wound infections being the most
common (52). Similarly, Stuiver et al. reported an overall complica-
tion rate of 58% following ILND, with wound infections occurring in
43% of patients (51). Recently, Jeanne-Julien et al. identified early
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complications in 69% of patients operated with radical ILND, noting
lymphocele formation as the most common early complication and
leg lymphoedema as the most common late complication (107).

While a substantial proportion of reported early complications are
wound related, mainly due to the nature of the open dissection, lym-
phoedema remains the most prevalent late-onset adverse event. This is
because the extirpation of the lymph nodes results in a chronic dis-
ruption of the lymphatic drainage from the lower extremities and
genitalia. This diminished lymphatic drainage can, in turn, predis-
pose patients to recurrent erysipelas and cellulitis.

Regarding thromboembolic complications, it is well established that
patients with underlying malignancies are generally at greater risk,
with the highest risk occurring during the first year following the can-
cer diagnosis (108). In accordance with our findings, Blom et al.
found that the relative risk seems to decrease considerably two years
after diagnosis but remains elevated compared with cancer-free indi-
viduals (109). Furthermore, surgery itself represents an independent
risk factor for this severe complication. A series of previous studies
have reported rates of thromboembolic events between 4% and 14%
after ILND for penile cancer (82, 83, 110).

The nodal stage of the disease is also a critical factor, as a higher nodal
stage inherently increases the complexity, extent, and duration of sur-
gery. Our results indicate that the presence of palpable metastases
(cN+) predicts an increased risk of infectious events, while bulky
nodal disease (cN3) is a predictor of thromboembolism.

To mitigate these surgical risks, minimally invasive techniques such as
video-endoscopic inguinal lymphadenectomy (VEIL) and robot-as-
sisted VEIL (RA-VEIL) are increasingly being explored. While recent
meta-analyses demonstrate that these approaches yield similar onco-
logical outcomes and significantly reduce early wound complications
compared with open ILND, they fail to decrease lymphatic-related
complications (e.g., lymphoceles and lymphoedema) (90, 111). This
highlights that lymphatic morbidity is inherently tied to the number
of lymph nodes harvested and the unavoidable disruption of the lym-
phatic vessels, regardless of the surgical access route.
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Ultimately, early radical lymph node dissection remains the gold
standard for the treatment of patients with confirmed regional metas-
tases. However, these compelling long-term morbidity data provide a
powerful argument against using ILND for purely diagnostic pur-
poses in cNO patients, underscoring the absolute necessity of less inva-
sive surgical staging methods.

Strengths and limitations of register-bhased studies

The central strength of the epidemiological findings in this thesis lies
in the population-based design facilitated by the Swedish national
healthcare registries. The high coverage, longitudinal data, and ability
to link records seamlessly for detailed analyses minimise selection bias
and provide a representative reflection of clinical reality, yielding re-
sults that are highly generalisable to everyday practice. However, reg-
ister-based research inherently relies on the variables available within
the databases, which introduces certain limitations.

A primary limitation in Paper I was the lack of information on con-
firmed HPV status, precluding the assessment of subsequent cancer
risks stratified by HPV status. This may have resulted in the dilution
of the observed associations. Furthermore, information on other es-
tablished risk factors for HPV-associated cancers, such as smoking his-
tory and specific sexual practices, was unavailable in the registries,
limiting our ability to control for these confounders.

Similarly, Paper II carries limitations related to a lack of detailed clin-
ical data. First, even though modified ILND is associated with less
postoperative morbidity compared with radical ILND, both proce-
dures are classified under the same intervention code in the Swedish
registers. However, modified ILND is strictly a diagnostic procedure
and should be complemented with radical ILND if metastases are
found. Moreover, with the introduction of DSNB, the number of
ILND procedures performed in the purely diagnostic setting has de-
clined dramatically. Second, while we were able to adjust for multiple
factors potentially associated with an increased risk of infections and
thromboembolism, no information was available on smoking, BMI,
and specific oncological treatments in the utilised dataset.
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Dynamic sentinel node hiopsy: Balancing diagnostic accuracy and
surgical morbidity

Given the high morbidity associated with diagnostic ILND, the lim-
ited sensitivity of current imaging modalities for detecting occult
lymph node metastases, and the lack of validated predictive bi-
omarkers, invasive lymph node staging remains indispensable (6, 52,
112). DSNB, a minimally invasive staging procedure, has become the
recommended approach for ¢NO intermediate- and high-risk penile
cancer (=T1G2) (6, 56). In Paper IV, we evaluated the performance of
DSNB within the framework of a national tertiary referral centre. The
results demonstrated that DSNB effectively detects nodal dissemina-
tion, identifying metastases in 11.1% of the evaluated groins, corre-
sponding to 19.2% of patients. This ultimately spares more than 80%
of cNO patients from the untoward consequences of an unnecessary
ILND. Moreover, more than half of the positive lymph nodes were
micrometastases, underscoring the clinical relevance of DSNB as a
staging procedure.

A central finding in Paper IV was the highly favourable morbidity
profile of DSNB compared with diagnostic ILND. During the entire
follow-up period, DSNB-related complications occurred in 14.8% of
groins and were predominantly mild to moderate (CD I-II), such as
lymphoceles, wound infections, or infected lymphoceles manageable
with conservative or minor interventions. The vast majority of these
events occurred within 30 days of surgery. However, interpreting
complication severity using standard grading systems warrants cau-
tion in this setting. Although some events were classified as CD IlIa,
these primarily involved US-guided lymphocele drainage under local
anaesthesia. While meeting the formal criteria for a severe complica-
tion, the actual clinical burden was limited, with several cases man-
aged entirely in an outpatient setting. Consequently, categorically
grouping all CD III-IV events as severe overestimates the true mor-
bidity of DSNB, as genuine high-severity complications (CD IIIb-1V)
were exceedingly rare in our cohort.

Nevertheless, we identified a critical association between the surgical
extent and morbidity: when three or more lymph nodes were excised
(35% of groins), the complication rate surged significantly from 9.4%
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to 24.1%. These findings are consistent with the findings of Wever et
al., who identified the number of removed lymph nodes as a main
predictor of postoperative complications, reporting complication
rates in line with our results (58). A similar trend was also previously
reported by Dimopoulos et al (113). Our data therefore provide a
compelling argument for targeted dissection restricted solely to true
sentinel nodes. Removing additional lymph nodes unnecessarily di-
minishes the primary advantage of the method and exposes the pa-
tient to increased surgical risks.

Despite its advantages, DSNB is not without limitations. In our co-
hort, we observed an FN rate of 14.5% over a median follow-up of 34
months. To interpret the FN rate accurately, it must be contextualised
within our stringent DSNB algorithm. In our centralised pathway, all
patients routinely undergo preoperative groin US, with the option of
FNAC for any suspicious lymph nodes. Contemporary data indicate
that this systematic approach can effectively filter out approximately
10-13% of patients with detectable metastases, directing them straight
to therapeutic ILND and reducing the number of true-positive DSNB
procedures (63, 64). Furthermore, our extended follow-up success-
fully captured very late nodal recurrences, occurring up to 43 months
postoperatively. Inherently, studies with longer follow-up periods de-
tect more late nodal recurrences, decreasing the apparent DSNB accu-
racy over time, despite comparable early performance. Hence, direct
comparisons of FN rates between series require careful interpretation.

A recent systematic review and meta-analysis evaluating the diagnos-
tic accuracy of DSNB reported a pooled sensitivity of 87% across 28
studies, highlighting both the overall value of DSNB and the hetero-
geneity in reported diagnostic performance (114). For instance, a
high-quality contemporary study by Wever et al. evaluated DSNB per-
formed in 644 penile cancer patients with a median follow-up of 23
months, reporting an FN rate of 8.3% (58). Given that two of our FN
events occurred more than 24 months postoperatively, differences in
follow-up duration are likely to contribute to inter-study variability.
Methodological differences play a similar role. In the DaPeCa-1 trial,
Jakobsen et al. assessed 222 penile cancer patients undergoing DSNB;
however, groin US with FNAC on indication was not applied
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systematically to all cNO patients, but rather selectively. As a result, a
proportion of metastases that could have been detected prior to sur-
gery were instead identified during DSNB and counted as true posi-
tives, artificially lowering the apparent FN rate to 10.8% (59). In a dif-
ferent series approach, Lam et al. performed US groin assessment in
all 264 penile cancer patients, but FNAC-positive patients still pro-
ceeded to DSNB and were subsequently included in the FN calcula-
tions, resulting in an exceptionally low FN rate of 5% (60).

Our findings underscore that a certain FN risk is an unavoidable com-
promise when attempting to escape the severe morbidity of diagnos-
tic ILND. For DSNB to function safely, high surgical volume, multi-
disciplinary expertise, and an extremely vigilant, long-term clinical
surveillance program are required in order to effectively balance on-
cological control with the preservation of the patient’s quality of life.

The fundamental strengths of this study include its large cohort,
standardised DSNB protocol within a centralised, multidisciplinary-
driven pathway, and comprehensive medical record review that incor-
porated follow-up data from the referring hospitals. Furthermore, the
extended follow-up enabled the detection of late nodal recurrences,
alongside detailed complication reporting utilising CD grading with
early and late stratification. However, certain limitations must be
acknowledged, primarily its retrospective design and the potential for
heterogeneity in postoperative surveillance outside the tertiary centre.
Selection bias is also a possibility, as follow-up data were primarily
available from two hospitals (Orebro University Hospital and Stock-
holm South General Hospital). This could potentially skew the esti-
mates of DSNB positivity and the FN rate if true-positive cases are un-
derrepresented, whereas FN cases are likely captured due to the
mandatory national MDT reviews and subsequent referrals for salvage
ILND to a tertiary centre.

Beyond surgical staging: Soluble immune checkpoint proteins as
predictive biomarkers for lymph node metastases

Although DSNB has substantially refined the staging of ¢NO penile
cancer, it remains an invasive surgical procedure. The ultimate clini-
cal goal is to develop highly sensitive, non-invasive tools to more
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accurately stratify patients. This would reduce unnecessary surgical in-
terventions for patients at low risk of metastatic spread, while ensur-
ing that high-risk patients with aggressive tumours receive definitive
treatment without unwarranted delay. In Paper III, we explored the
potential of liquid biopsies in penile cancer by evaluating a broader
panel of soluble immune checkpoint proteins as predictive bi-
omarkers of lymph node metastases. Soluble immune checkpoint pro-
teins have emerged as promising non-invasive biomarkers in various
malignancies, but their prognostic role in penile cancer has not previ-
ously been investigated (44).

To investigate their predictive capacity for lymph node metastases, we
analysed plasma samples from 284 penile cancer patients. The cohort
was divided into a training set (z = 202) for model development and
an independent test set (1 = 82) for validation. Our logistic regression
model, which incorporated 13 detectable soluble immune checkpoint
proteins, demonstrated limited clinical utility in predicting lymph
node metastases. Although the model achieved high specificity in the
training set (99.3%), its sensitivity was very low (8.9%), resulting in
only modest overall accuracy (77.5%). The model’s performance de-
clined further when validated in the independent test set, highlight-
ing its limited predictive reliability. Incorporating established clinico-
pathological variables, such as pT stage and tumour grade, provided
only a modest improvement in sensitivity, and the overall predictive
capacity remained insufficient for clinical application. Furthermore,
no significant differences in the plasma levels of soluble immune
checkpoint proteins were observed between patients with and with-
out confirmed lymph node metastases. These results indicate that cir-
culating systemic levels of soluble immune checkpoint proteins alone
may not adequately reflect the local immune dynamics that drive
metastatic progression to regional lymph nodes.

Our findings contrast with those of previous studies evaluating solu-
ble immune checkpoint proteins in other solid malignancies. For ex-
ample, research in renal cell carcinoma, pancreatic adenocarcinoma,
and osteosarcoma has demonstrated significant correlations between
elevated soluble immune checkpoint proteins, such as TIM-3, BTLA,
and PD-L1, and advanced disease, tumour progression, or reduced
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survival (115-117). These discrepancies may be attributed to methodo-
logical differences, including variations in assays and detection tech-
niques. Alternatively, they suggest that circulating immune check-
point protein profiles reflect tumour aggressiveness in a cancer-
specific manner, indicating that biomarker signatures cannot be uni-
versally applied across different tumour types.

Despite the limited value in predicting regional metastases, Paper III
provided important pathophysiological insights into tumour-induced
immunomodulation. Compared with penile cancer-free controls, pa-
tients with penile cancer exhibited significantly higher plasma con-
centrations of four inhibitory soluble immune checkpoint proteins
(IDO, TIM-3, CD80, and CTLA-4). These inhibitory immune check-
points are key regulators that limit immune activation, and their con-
current elevation suggests a distinct shift towards a systemic immuno-
suppressive environment. This indicates that penile tumours exploit
multiple immune regulatory pathways to evade immune surveillance,
and that this systemic immunomodulation likely occurs early in dis-
ease development, independent of metastatic tumour burden.

The discrepancy between our liquid biopsy-based findings and previ-
ous tissue-based studies, where biomarkers such as PD-L1 are fre-
quently overexpressed and associated with adverse outcomes, under-
scores key methodological differences (40-42, 118). Circulating
immune checkpoint profiles are strongly influenced by systemic in-
flammation and individual immune variability, which may prevent
them from accurately reflecting the local immune interactions occur-
ring within the tumour microenvironment. Notably, the absence of
detectable PD-L1 in our cohort likely reflects the detection limits of
the multiplex assay rather than a true biological absence.

The methodological strength of Paper I1I is reinforced by its rela-
tively large cohort size, inclusion of a cancer-free control group, and
use of both a training set and an independent test set to validate the
prediction model. However, the study was primarily limited by the
small absolute number of lymph node-positive cases, which restricted
statistical power and contributed to class imbalance. Ultimately,
while the profiling of soluble immune checkpoint proteins cannot
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currently replace surgical staging, combining these liquid biopsies
with targeted tissue-based assessments may be crucial for clarifying
their prognostic value and guiding the development of future tar-
geted immunotherapeutic strategies in penile cancer.
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Ethical considerations

All research within this thesis was conducted in accordance with the
Declaration of Helsinki. The studies (Papers I-IV) have all been eval-
uated and approved by the Swedish Ethical Review Authority.

Papers I, I, and IV are retrospective in nature. Papers I and II are
based on data from Swedish national health and quality registries.
Written information regarding the Swedish quality registries, includ-
ing the National Penile Cancer Register (NPECR), is provided to all
patients diagnosed with penile cancer, offering them the opportunity
to opt out of data registration. Because the datasets provided to the re-
searchers for these studies were pseudonymised, the requirement for
explicit informed consent from the individuals in the study cohorts
was waived by the Ethical Review Authority. Paper IV is a retrospec-
tive study based on pre-existing data extracted from medical records.
No additional clinical examinations or treatments were performed on
the included patients.

Paper III is based on a prospectively enrolled patient cohort with in-
clusion completed in 2022. For this study, all included patients re-
ceived comprehensive oral and written information about the project
and provided written informed consent prior to participation.

While collecting data from medical records and national registries
carries a theoretical risk of violating personal privacy and integrity,
we mitigated this by strictly limiting data extraction to information
directly relevant to the study objectives. We consider this risk to be
minimal, as all identifiable data were handled with extreme caution
and strict confidentiality. Furthermore, all analyses in Papers I-IV
were performed on pseudonymised data, and the results are presented
exclusively at a group level, precluding the identification of any indi-
vidual patient. Given the high median age at diagnosis in penile can-
cer, a proportion of the included patients were already deceased at the
time of data analysis, further motivating the register-based approach
without re-consenting,.

Regarding physical risks, Paper III required blood samples in order
to analyse immune checkpoint proteins. Although blood sampling
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may cause mild, temporary discomfort, this was minimised by pre-
dominantly drawing the research samples in conjunction with rou-
tine clinical blood tests, thereby avoiding additional needle sticks.

We conclude that these projects posed no risk to the participants’
physical health. The potential clinical and scientific benefits of ob-
taining concrete, generalisable results far outweigh the minor theoret-
ical risks to privacy. These studies are essential for evaluating estab-
lished clinical practices as well as potential future diagnostic and
therapeutic modalities. Because the analyses were conducted retro-
spectively or after a follow-up period, the findings may not directly or
immediately benefit the individual participants.

Nevertheless, the impact of this research extends beyond merely con-
tributing to updated clinical guidelines. By advancing our under-
standing of risk stratification, novel predictive biomarkers, and long-
term surgical morbidity, these studies pave the way for a more person-
alised approach to patient care. Ultimately, this work has the poten-
tial to spare future patients from unnecessary, high-risk surgical inter-
ventions, optimise postoperative surveillance, and significantly
improve both the long-term clinical management and quality of life
of men facing penile cancer.
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Conclusions

The findings of this thesis contribute to a deeper understanding of the
long-term consequences of penile cancer and its treatment, while also
evaluating and exploring methods for improved nodal staging. The
specific conclusions are as follows:

Paper |

Based on nationwide register data, our findings indicate that patients
with penile cancer are at increased risk of developing a second HPV-
associated cancer, particularly in the oral cavity, oropharynx, and anal
canal. While the rarity of these cancers warrants larger studies with
extended follow-up, an improved understanding of this risk is crucial
for reducing subsequent morbidity and mortality through targeted
monitoring and preventive strategies.

Paper I

Although lymph node dissection remains the gold standard for treat-
ing regional metastases, it is associated with a substantial and pro-
longed morbidity burden. Population-based data reveal that the risk
of infectious and thromboembolic events remains significantly ele-
vated for more than five and three years postoperatively, respectively.
Improved awareness of these long-term adverse events is essential for
early detection and intervention.

Paper Il

A panel of 14 soluble immune checkpoint proteins demonstrated lim-
ited clinical utility for predicting lymph node metastases due to low
sensitivity and modest accuracy. However, four inhibitory soluble im-
mune checkpoint proteins (IDO, TIM-3, CD80, and CTLA-4) were
found at significantly higher levels in penile cancer patients than in
cancer-free controls. This suggests that systemic immunosuppression
is associated with tumour presence, independent of metastatic bur-
den. Future studies assessing larger cohorts and integrating both tis-
sue-based and soluble immune checkpoint proteins are warranted to
clarify their prognostic significance.
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Paper IV

Within a centralised, multidisciplinary care pathway, DSNB proved
highly effective, sparing more than 80% of clinically node-negative
patients from the severe morbidity of diagnostic ILND. DSNB-related
morbidity was generally low, with high-severity complications being
exceptionally rare. However, a higher lymph node yield was directly
associated with increased morbidity, strongly underscoring the criti-
cal importance of the targeted excision of true sentinel nodes. The ob-
served false-negative rate of 14.5% needs to be interpreted within the
context of the diagnostic algorithm and follow-up duration.
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Future perspectives

Despite significant advances in the diagnostics and treatment of pe-
nile cancer, the key mechanisms driving tumour initiation, progres-
sion, and metastatic dissemination remain elusive. A major clinical
challenge persists in the detection of occult lymph node metastases, as
currently available imaging modalities lack sufficient sensitivity (112).
Consequently, clinically node-negative patients continue to be strati-
fied into risk groups based solely on the histopathological features of
the primary tumour (6, 119).

However, the present risk-stratification model, in which surgery re-
mains the cornerstone of both diagnostics and treatment, requires an
overhaul. While DSNB offers high sensitivity and significantly re-
duces morbidity compared with diagnostic ILND, there is a clear
need to further optimise diagnostic accuracy and minimise complica-
tion rates (114). Clinical data suggest a direct correlation between the
number of excised lymph nodes and the risk of postoperative compli-
cations (58, 113). The fundamental principle of DSNB is to selectively
identify and excise only the true primary draining lymph nodes from
the primary tumour. Yet, precisely differentiating true sentinel nodes
from secondary draining lymph nodes remains a clinical challenge,
often resulting in the excision of multiple nodes. Refining the in-
traoperative identification of true sentinel nodes is therefore a crucial
area for future optimisation.

Rapid progress in molecular biology and the genetic mapping of tu-
mours offers hope for the discovery of more precise prognosticators.
Current research is increasingly shifting focus toward minimally inva-
sive molecular diagnostics, exploring the possibilities of liquid biop-
sies, and evaluating the significance of soluble immune checkpoint
proteins and circulating tumour DNA (ctDNA) (120-122). The ability
to utilise these biomarkers for non-invasive monitoring, early detec-
tion of occult metastases, and real-time assessment of tumour dynam-
ics could profoundly transform the management of penile cancer.

Identifying such novel biomarkers to accurately stratify patients with
aggressive disease and an increased risk of lymph node metastases is of
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utmost importance. It would improve survival outcomes while simul-
taneously avoiding the decline in quality of life associated with surgi-
cal overtreatment. Furthermore, integrating precise molecular staging
into the current stepwise diagnostic approach could prevent delays in
identifying patients who would benefit from more aggressive treat-
ment and neoadjuvant oncological therapy, ensuring that the ideal
therapeutic window is not missed.

In addition to advances in molecular research, a broader preventive
perspective is necessary. An improved understanding of the risks of
second cancers related to persistent HPV infection and cross-infection
may reduce subsequent morbidity and mortality. The adoption of
gender-neutral HPV vaccination policies (already implemented in sev-
eral countries including Australia, the United States, Portugal, Swit-
zerland, and the Nordic countries) represents a bold, highly effective
long-term strategy to fundamentally reduce the global burden of
HPV-associated diseases (123, 124).
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Popularvetenskaplig sammanfattning

Peniscancer ar en ovanlig cancerform som i Sverige drabbar omkring
150 man arligen. Sjukdomens prognos och patientens 6verlevnad ar
starkt kopplade till huruvida tumoren har spridit sig till lymfkort-
larna i ljumskarna. Att med hog precision faststalla lymfkortelstatus
ar darfor helt avgorande for valet av behandling. Samtidigt utgor
denna diagnostik en stor klinisk utmaning, eftersom dagens bilddia-
gnostik (som datortomografi eller ultraljud) saknar tillracklig kanslig-
het for att uppticka mikroskopiska metastaser.

Historiskt har rutinen varit att utfora en diagnostisk lymfkortelutrym-
ning (ILND) i ljumskarna pa patienter med f6rhojd risk for sprid-
ning. Ingreppet ar dock forknippat med betydande komplikationer.
For att forstd omfattningen av detta utvirderade vi den langsiktiga
sjukligheten efter denna typ av kirurgi med hjilp av nationella regis-
terdata. Resultaten pavisade att risken for infektiosa komplikationer
ar signifikant forhojd i 6ver fem ar postoperativt, och risken for trom-
boemboliska handelser (blodproppar) kvarstar i upp till tre ar. Om
alla patienter rutinmassigt skulle genomga diagnostisk lymfkortelut-
rymning innebar det att cirka 80 procent 6verbehandlas, med risk for
betydande komplikationer helt utan onkologisk vinst.

For att identifiera patienter med regional spridning som har nytta av
lymfkortelutrymning, och samtidigt minimera 6verbehandling, ut-
fors en minimalinvasiv kirurgisk stadieindelning med hjalp av dyna-
misk sentinel node-biopsi (DSNB). Metoden identifierar den eller de
forsta lymfkortlarna som tar emot lymfa frin tuméromradet (port-
vaktskortlarna) med hjilp av sparaimne. DSNB har hog precision och
farre biverkningar an diagnostisk lymfkortelutrymning (ILND). Vid
var utvardering av DSNB-metoden, vid ett av Sveriges tva nationella
centra for peniscancer, kunde resultaten bekrafta att metoden ar kans-
lig med lag risk for komplikationer och besparar 6ver 80 procent av
patienterna ett mycket mer omfattande kirurgiskt ingrepp (lymfkor-
telutrymning) och dess biverkningar. Emellertid noterades en falskt
negativ andel pa 14,5 procent, vilket indikerar att det finns utrymme
att ytterligare optimera den diagnostiska precisionen. Vidare fram-
kom att risken for lokala komplikationer okar i takt med antalet

66 DOMINIK GLOMBIK



bortopererade lymfkortlar, vilket starkt understryker vikten av strikt
kirurgisk precision.

Humant papillomvirus (HPV) ar en central orsak till sjukdomen och
ligger bakom cirka 50 procent av alla peniscancerfall. Ett viktigt spar i
avhandlingen har darf6r varit att undersoka sambandet mellan penis-
cancer och risken att senare i livet utveckla andra HPV-associerade
maligniteter. Genom att analysera data frin svenska kvalitets- och hil-
soregister framkom att patienter med peniscancer loper en 2-3 ganger
okad risk att drabbas av cancer i munhdla, svalg och analkanal. Denna
kunskap ir av stor betydelse f6r utformningen av kliniska uppfolj-
ningsprogram och understryker vikten av det langsiktiga folkhalsoar-
betet med konsneutral HPV-vaccination.

Ett centralt mél inom onkologin ér att utveckla minimalinvasiva dia-
gnostiska metoder for att mer triffsikert identifiera patienter med tu-
morspridning i ett tidigt skede och samtidigt minimera behovet av ki-
rurgiska ingrepp. I sokandet efter sadana metoder utforskade vi
konceptet med sa kallade flytande biopsier (/iguzd biopsies) genom att
analysera 14 16sliga immuncheckpoint-proteiner i plasma frin 284 pe-
niscancerpatienter. Resultaten visade dock att en panel bestdende av
dessa proteiner saknar tillracklig precision for att identifiera lymfkor-
telmetastaser och dirmed inte kan komplettera eller ersatta den nuva-
rande kirurgiska stadieindelningen med DSNB. Diremot observera-
des signifikant hogre nivaer av fyra dimpande 16sliga
immuncheckpoint-proteiner (IDO, TIM-3, CD80 och CTLA-4) hos
patienter med peniscancer jamfort med cancerfria kontroller. Detta
tyder pa att tumoren satter igang en immunhamning redan tidigt i
sjukdomsforloppet, oberoende av tumdrborda eller férekomst av me-
tastaser.

Sammantaget bidrar denna avhandling till en fordjupad forstéelse for
peniscancerns langsiktiga konsekvenser, bade gallande kirurgins mor-
biditet och risken for andra HPV-associerade tumorer. Resultaten be-
kriftar vardet av DSNB f6r att minska kirurgisk sjuklighet, samtidigt
som de belyser begransningarna i dagens diagnostik och utforskar im-
munologiska biomarkorer som ett framtida steg mot en mer precis
och individanpassad vard.
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