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Summary 

In spite of the increase of knowledge on Peyronie’s disease (PD) over the past decades, there 
is no curative treatment. Patients currently have to depend on symptomatic medical or 
surgical treatment. Chapter 1 summarises the most recent American and European 
guidelines and discusses the clinical picture, epidemiological and historical aspects, and 
describes current views on pathophysiology, pathogenesis and therapeutic options. 

Chapter 2 gives an overview of nonsurgical treatments for PD and reflects on future 
developments. It includes a wide literature search on nonsurgical treatment of PD through 
the ages. In considering publications up until 2018, we found 48 nonsurgical interventions: 
11 external, 12 intralesional, 7 topical and 22 oral. Four of these treatments were used in 
two of the aforementioned ways. Today, collagenase from clostridium histolyticum is the 
only drug approved by the US Food and Drug Administration and the European Medicines 
Agency for the treatment of PD. All other nonsurgical treatments are off label. Unfortunately 
CCH was recently removed from the Asian, Australian and European markets for reasons 
that seem to have nothing to do with safety or efficacy.

Overall, oral medical treatments are thought to be effective in only the early phase of PD, 
before plaque hardening and calcification occur. According to the current European 
guidelines, oral steroids, vitamin E and tamoxifen should be avoided. The remaining drugs 
for off label use are pentoxifylline, a phosphodiesterase 5-inhibitor or arginine. There is, 
however, no generally-accepted early treatment for PD, before even considering the 
possibility of prevention. The vast majority of the existing treatments are aimed at correcting 
the curvature, which is one of the complications of the disease. Nowadays surgery is of very 
limited value in, for example, patients with peptic duodenal ulcers, pulmonary tuberculosis 
or anus carcinoma. More effective nonsurgical treatments have replaced this surgery. 
However, this approach is unfortunately not yet the case for PD. Surgery for PD is 
whatsoever a defeat of our therapeutic ingenuity, so the search for new, well-tolerated and 
effective medical therapy - oral drugs in the acute and intralesional agents in the more 
chronic phase - has to continue. In the end, the management of patients with PD will 
improve, with fewer of them needing surgery. In that respect, we strongly recommend close 
collaboration between urologists and non-surgical experts in fibrotic diseases.

Chapter 3 summarises the long-term outcomes of surgical interventions on the course of 
sexual function. The International Index of Erectile Function (IIEF) scores of new patients 
with PD were collected at first presentation between 2007 and 2016. In 2016, data was 
complemented by a questionnaire that included the IIEF. A total of 170 patients (56.1 per 
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cent) responded with a mean follow up of 5.3 ± 3.7 years. The development of sexual 
function, satisfaction with the treatment and specific treatment outcomes (e.g. loss of penile 
sensitivity and shortening) were determined in conservatively- and surgically-treated 
patients. Of 170 patients, 93 were treated conservatively and 77 underwent surgical 
treatment, including 56 Nesbit corrections, 13 ‘plaque’ incisions and grafting (PIG) and 8 
penile prostheses. Within the surgically treated group, more patients treated with PIG were 
dissatisfied (61.5 per cent) compared with Nesbit (30.9 per cent) and penile implant (50.0 
per cent). Penile rigidity and sensitivity loss were higher in patients treated with PIG. 
Patients who received an implant were often troubled by hindered intromission due to a 
floppy glans. IIEF scores on the domain intercourse satisfaction at presentation were lower 
in surgically-treated patients than in the conservative group. Compared with the base line, 
orgasmic function and sexual desire decreased in the entire cohort. The conservatively-
treated group showed a decline in erectile function, orgasmic function, sexual desire and 
intercourse satisfaction. On the contrary, overall satisfaction in the surgically-treated group 
had increased. At follow-up, no differences were seen in sexual function between surgically- 
and conservatively-treated patients in all IIEF domains. Overall, we concluded that after 
surgical treatment of PD, sexual function improves to a level equal to that of untreated 
patients. However, results varied between the different interventions in as much as patients 
after PIG reported high dissatisfaction rates compared with those undergoing a Nesbit 
procedure or a penile implantation.

For many homosexual men, penile erection is of utmost importance and is directly linked 
to self-esteem and body image. Seven years post-diagnosis, we had three in-depth interviews 
with a 52-year-old homosexual man suffering erectile dysfunction and a relatively mild 
curvature causing devastating psychological effects. Chapter 4 discusses these effects in 
relation to the limited literature, as well as the conceptions of homosexual men on social 
media. It shows that the psychological effects in homosexual PD patients could be more 
extensive than in heterosexual patients, even in mild cases. 

PD, Dupuytren’s, and Ledderhose’s diseases (DD and LD) are related fibroproliferative 
disorders characterized by abnormalities in the connective tissue of the tunica albuginea 
of the penis, the palm of the hand and the sole of the foot, respectively. Coexistent prevalence 
rates of these diseases have only been described in a few small populations. Chapter 5 
reports on a large population and raises awareness in surgeons treating DD. Patients 
diagnosed as having DD were recruited from outpatient clinics in the northern part of the 
Netherlands from 2007 to 2016. Patients and plastic surgeons completed questionnaires 
concerning demographics, clinical characteristics, the coexistence of LD and/or PD, and 
other factors. For 730 men with DD, the surgeons reported a prevalence rate of PD of 7.8 
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per cent and 16.1 per cent for those with LD. The participants themselves reported 
prevalence rates of 8.8 per cent for PD and 22.0 per cent for LD. In the DD cohort, the 
prevalence of PD was lower than that described in the literature. The prevalence of LD 
corresponded with the already existing rates. However, both were underreported by plastic 
surgeons, which signifies the need for increased awareness, recognition and referral to a 
urologist when the conditions are bothersome or symptomatic.

Previously, our research group presented the association of a single nucleotide polymorphism 
(SNP) rs4730775 at the WNT2 locus on chromosome 7, by comparing allele frequencies 
of 11 SNPs that had previously been associated with DD between 111 men with PD and 
healthy controls. More recently, it was shown that the two disorders aggregate within 
families and several genetic risk variants were shown to be associated with both diseases. 
However, much is still unknown regarding the genetic predisposition of PD. Chapter 6 
presents the first ever genome-wide association study (GWAS) for PD. SNPs within three 
loci were found to be genome-wide significantly associated with PD. One of the hits 
(rs2402177) was a regulatory variant in WNT2, a gene that we previously also identified as 
a PD risk locus.  This hit and the other two identified loci on chromosome 15 were shown 
to be associated with DD. Due to the small sample size (n=354 PD cases), we unfortunately 
did not have much validity. New data of approximately 36,000 individuals that were 
genotyped using the same genotyping chip as our PD cases will soon become available. 
This will allow for a GWAS of higher quality and less loss of SNPs.

In Europe and the United States of America, verteporfin (Visudyne; VP) is registered and 
used in treating macular degeneration. Research shows that VP decreased the expression 
of fibrotic genes in fibroblasts collected from nodules of patients suffering from DD, possibly 
by deactivating transcription in the Yes Activated Protein (YAP) pathway. To analyse the 
effect of VP on myofibroblasts cultured from PD ‘plaque’, we took biopsies of five patients. 
By immunostaining, the presence of the pathologic myofibroblasts was determined. After 
culturing cells, VP was dispensed in starvation medium for 24 and 48 hours, and messenger 
(m)RNA levels of COL1A1, ACTA2, COL5A1, EDA-FN, LOXL2, CCN2, SER-PINH1, 
PLOD2, and YAP were quantified and compared with controls with real-time polymerase 
chain reaction. The pathologic phenotype of cells isolated from PD ‘plaque’ was confirmed 
with baseline immunostainings that showed considerable levels of a-smooth muscle actin, 
being a marker for the presence of myofibroblasts. The mRNA ratios of all the genes related 
to fibrosis (COL1A1, etc.) except YAP decreased significantly after treatment with VP within 
24 and 48 hours. These results, described in chapter 7, suggest inhibition of fibrosis in the 
YAP cascade, downstream of YAP. 



Summary and general discussion

107

8

General discussion

Diagnostics seem to be satisfactory, but undoubtedly a clearer assessment will improve 
both monitoring and researching PD. In the past, most medical treatments were proposed 
on a trial and error basis. Others were recommended because they were used in (possible) 
related diseases and a few were based on a specific pathophysiological mechanism. Today, 
intralesional collagenase injection therapy probably has some additional value. There is 
also growing interest in oral therapies with pentoxifylline, PDE-5-inhibitors and 
antioxidants, which are sometimes combined with surgery or mechanical appliances. A 
recent review suggests a serious role for penile stretching devices, but also points out that 
more research is needed.

“Who is the best candidate for which type of surgery?” and “how can we counsel properly?” 
are the most important questions for patients as well as clinicians. These questions are 
particularly raised by poor satisfaction rates, and even dissatisfaction regarding the current 
treatments based on European guidelines. For future research, it is important to use patient-
rated outcome measures (PROMs) to measure the results of our interventions adequately. 
A PROM is not more than a clinical endpoint, which measures whether the patient is helped 
or harmed. However, comparing different techniques and options (surgical or non-surgical 
ones), often without having done an initial comparison between different groups, remains 
problematic. If one follows guidelines, patients undergoing non-surgical treatments will 
be different from patients undergoing, for example, a Nesbit procedure. They are different 
from PD patients, who are candidates for ‘plaque’ incision and grafting (PIG) or even the 
insertion of an inflatable penile prosthesis (IPP). The major issue remains the varied severity 
of PD.

Difficult vaginal intromission is a common complaint for PD patients as well as their 
partners. Our results show that patients who had prosthesis surgery experienced more 
intromission problems (87.5%) compared with those who had undergone other 
interventions. This could be due to a so-called floppy glans. Another disappointing result 
is that, contrary to data from literature, 50 per cent of our patients with an IPP stated they 
would not be willing to undergo the same procedure again. 

According to a leading expert, there are serious difficulties regarding randomized, placebo-
controlled, double blind investigations into PD patients: “clinics on their own cannot 
produce the numbers it takes and there is no established standard of care to use as a control.” 
(1) In addition, he states that most patients are reluctant to be treated by a placebo due to 
fear, and the practical and ethical limitations are generally significant. 
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To answer the research questions more extensively, one needs to collect all the data regarding 
the patients in both pre- and postoperative state (pathological history, psychological aspects, 
sexual preferences and presence of a partner or not etc.). Meticulous methods and patience 
are the main components of a successful endeavor. Ultimately, the main goals are prevention 
and the replacement of surgery by less invasive interventions or drug therapy. 

We found a high prevalence of PD in DD patients. We advise that handsurgeons who treat 
DD be aware of concomitant PD and its sometimes devastating psychological consequenses. 
In daily life, most PD patients feel too embarrassed to report their sexual complaints. This 
raises the question of whether plastic surgeons need to actively ask their DD patients for 
symptoms of PD. In our opinion, they do not have to go into detail, but they can propose 
a referral to a competent urologist. 

We performed the first ever GWAS for PD patients. Unfortunately, the analysis did not 
have much power. New Lifelines data will allow for a GWAS of higher quality, which we 
will publish in the near future. The Lifelines biobank is an international recourse for health 
research, consisting of data and samples collected from a cohort study in the northern part 
of the Netherlands. This also means that our group will carry out a new GWAS for DD 
using this same new Lifelines data and will perform a meta-analysis of DD with other 
cohorts to identify additional DD loci. This will provide opportunities to find more SNPs 
associated with PD, including the overlap of PD with DD. This research will probably 
provide a more comprehensive understanding of the landscape of genetic factors responsible 
for the development of PD. (2) In addition, such research will likely better define the links 
between malignant and benign urologic conditions, such as PD, and will ultimately facilitate 
risk stratification, screening and the treatment of PD patients. (3)

We need researchers with cutting-edge skills in three areas: tissue engineering, 
computational biology and epigenetics. It could then be possible to find a biomarker for 
PD. In DD, the International Dupuytren Data Bank (IDDB) aims to identify predictive 
laboratory biomarkers of DD severity to facilitate the identification of a molecular target 
for drug development. The IDDB is an independent research project that uses crowdsourcing, 
new web technology and open access research. Similar initiatives from urologists or even 
collaboration with the IDDB could pave the way for more successful PD research. 

In addition, we looked at the promising compound Verteporfin. This drug already has an 
important and registered place in the treatment of macular degeneration. Recently, it also 
appeared to have additional value in oncology. Given some overlapping pathways in 
oncological and fibrotic processes, we looked at the protein expression in cell cultures of 
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‘plaques’ from PD patients. Verteporfin proved to have an anti-fibrotic effect. Dose-response 
studies, the optimal route of administration and clinical studies must show its true value 
for PD patients. 

Conclusive remarks

There is a serious lack of knowledge about PD, so researchers can take a leading role in this 
field. Biologists, geneticists, plastic surgeons, psychologists and urologists must join forces 
to effectively investigate the disease. In general, urologists treat the curvature, but not the 
disease that caused it. The deformity, however, is a complication of the larger problem of 
PD. In the past, research was entirely deferred to urologists, who understandably focused 
on technical aspects. Most of them still tell their patients that the only options are either a 
surgical procedure or a ‘wait and see’ policy. Because PD is a chronic systemic disorder, 
investigators should use a chronic disease research model and this should be patient-guided, 
focusing on subsets of PD severity and quality of life, and using biomarkers to guide 
individualized treatments. This research typically is longitudinal and open-ended. 

The aforementioned options would increase the patient’s understanding of his or her 
condition. The differences in expectations and options must always be properly discussed 
and recorded. To get a representative impression of their wishes and assessments, it would 
be a great advantage if patients with PD could come together in a formalized setting. As in 
DD patients, such an organization could help to understand what is really important and 
how patients can be helped in the best way. 
In science, one tries to make objective even the most subjective feelings. Quality of life 
measurements, however, do not correlate well with those of curvature severity. The former 
reflects what patients feel, think and believe. Collaboration with patients is not only 
important in determining the research agenda within a particular PD field, but also in the 
design and execution of future projects. The patient must be at the heart of our research 
and, as a urology resident, I am convinced that my discipline should be a leading one in 
this initiative, particularly as urologists have the closest contact with PD patients. We 
undoubtedly also need statisticians and experts in genetics, epidemiology, cell biology and 
medical engineering.

Papers usually have intriguing starting points, but there is often a notable methodological 
and clinical bias in study designs. “We mix what we know with what we think and in worst 
cases what we hope or believe,” as Levine already stated. (1) It is also important to publish 
research with negative results. Researchers who do so will not be remembered for a 
spectacular breakthrough treatment, but still deserve credit for addressing sensitive issues. 
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Long-term outcomes regarding PD treatments have been stagnant for decades because the 
focus has been on managing the complications. Progress requires shifting the goal from 
treating the curvature to finding and treating the systemic basis of PD. Multidisciplinary 
research groups should develop protocols to assess multimodal treatments, such as 
combining pharmacotherapy, stretching devices and/or surgery. Researchers have to 
collaborate both nationally and internationally. 
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