Prevalence of erectile dysfunction at different time points in male patients with cancer: a systematic review and meta-analysis of longitudinal studies
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Introduction 
Erectile dysfunction (ED), defined as the inability to achieve and/or maintain a sufficient erection to allow satisfactory sexual intercourse [1], is one of the most common sexual dysfunction in men and might result from psychological, neurologic, hormonal, arterial or cavernosal impairment or the combination of these factors [2]. ED is associated with a wide range of physical and psychological adverse health impacts including anxiety, low mood and reductions in personal and couple’s quality of life that, in turn, may worsen the sexual function [3]. In particular, ED is reported as one of the most distressing consequences of cancer diagnosis and treatment in men [4], especially in pelvic cancers [5]. Owing to advancing therapeutic options, life expectancy in cancer patients is increasing, and therefore, quality of life, including sexuality, is of increasing importance for this population. Moreover, considering the long-lasting therapies and sequelae, it is of paramount importance to understand the course of sexual functions not just immediately after the treatment but in a long term cancer survivorship. Therefore, longitudinal design studies have been conducted to facilitate follow-up of sexual outcomes among cancer survivors. In this paper, we summarise the study-level longitudinal ED prevalence for cancer patients along different time points and assess the moderator effects on heterogeneity of those study-level prevalence observations.
Material and methods
Search strategy
We searched four electronic databases – Medline, Cinhal, PsychInfo and Embase – targeting reports published until 1st of February 2022. The following search strategy was used: (“erectile dysfunction" OR "erectile function" OR "sexual dysfunction" OR "sexual function" OR “impotence”) AND (“cancer” OR “solid cancer” OR “neoplasia” OR “tumor” OR “solid tumor” OR “Sarcoma” OR “Carcinoma” OR “Lymphoma” OR “Colon carcinoma” OR “Prostate cancer” OR “Lung cancer” OR “Skin cancer” OR “Liver cancer” OR “Bone cancer” OR “Pancreas cancer” OR “Brain cancer” OR “Head cancer” OR “Neck cancer” OR “Kidney cancer” OR “Renal Cancer” OR “Thyroid cancer” OR “Neuroblastoma” OR “Wilms’ Tumor” OR “Retinoblastoma” OR “Posterior uveal melanoma” OR “Hodgkin OR “Non-Hodgkin ” OR “Rhabdomyosarcoma” OR “Osteogenic Sarcoma” OR “Ewing’s Sarcoma” OR “Angiosarcoma” OR “Chondrosarcoma”).
The references of retrieved articles together with the proceedings of relevant conferences were hand-searched in order to identify other potentially eligible studies for inclusion in the analysis missed by the initial search or any unpublished data. 
The literature search, assessment of inclusion and exclusion criteria, quality of studies and extraction of data were independently undertaken and veriﬁed by two investigators (TX, DP). The results were then compared and, in case of discrepancies, a consensus was reached with the involvement of a third senior investigator (LS). There was no language restriction.
Type of studies, inclusion and exclusion criteria
All retrospective or prospective studies reporting the prevalence of ED in male patients with cancer and using a validated tool for the detection of ED (e.g. the International Index of Erectile Function, IIEF-5) with at least two measurements. We excluded studies that did not meet the inclusion criteria.
Data extraction and statistical analyses
Statistical analyses based on these data were performed using R (version 3.6.1) [6]. Heterogeneity of these 32 studies across different time points was assessed by the I2 metric by a random-effects MA model and taking as measure of high heterogeneity if I2 >50% or p<0.05 for testing the Chi2-distributed Q statistic [6]. In case of high heterogeneity of prevalence of ED at different time points across studies, we conducted meta analyses which were divided into the following two parts: (1) compared odds of ED for male cancer patients at the first observation time after cancer treatment to that at cancer diagnosis time, adjusting for any potential moderators using a manual meta-regression model building procedure; we used logit or log(Odds) transformed ED prevalence (i.e., log[prevalence/(1-prevalence)]) across primary studies to assure that the transformed prevalence satisfies the model assumption of normally distributed dependent variable, while we presented our findings in the scale of odds of ED by exponentiating regression coefficient estimates;  (2) summarised prevalence of ED for different cancers at various time points in a table: if there are more than one primary studies available for a cancer (i.e., n>1), a random-effect MA model was used and a forest plot for this cancer categorised by time points was given, otherwise (i.e., n=1), only the prevalence estimate reported by the original primary study was presented for this cancer. 
Results
The electronic search yielded 2419 studies that were assessed for inclusion in the review. Of those, 141 were potentially eligible and subsequently scrutinised in full text (Figure 1).
Excluded studies
Amongst the relevant studies, 109 failed to meet the inclusion criteria and were excluded from this review mainly due to the lack of validated tools used to assess ED, the lack of data on ED prevalence and the non-longitudinal nature of the study.
Included studies, their quantities and overall heterogeneity
The 32 studies included a total of 5,657 participants. The majority of the studies (n=11) were conducted in North America, 9 in Europe, 8 in Asia, 2 in Middle East, 1 in Oceania and 1 in South America. The most affected sites were: prostate (19 studies), rectum (8) and testis, bladder, penis, lung and multiple sites (1 each). 
The 32 studies included in the meta-analysis were all longitudinal studies of ED prevalence among cancer patients with ED prevalence data at minimum two time points available, including one observation at cancer diagnosis and one to six observations at various time points during follow-up period after cancer treatment. Some of these time points reported by primary studies are mean values of patient observation time. Contingency table for count of included primary studies cross tabulated by time (in month) and observation sequence during follow-up period is given in Table 1. 
The median quality of the studies was 4.9 (range: 3-7), indicating an overall good quality of the studies, according to the NOS.
 We found a high degree of overall heterogeneity of ED prevalence of male cancer patients at different time points and across studies: I2=96%; Q (degree of freedom = 84) = 1874, p<0.0001.
Comparing ED prevalence of male cancer patients at cancer diagnosis and at the first observation time after cancer treatment 
The factors “time” and “cancer site” turned out to be significant in both the univariate and multivariate meta regression. The regression coefficient table for the final multivariate meta regression model is given in Table 2, with coefficient estimates exponentiated to get odds ratio estimates. The R2 value is 42% for this meta regression model, meaning that 42% of the between-study heterogeneity was explained by “time” and “cancer site”. Reference levels for “time” and “cancer site” are set to be “time points at cancer diagnosis” and “prostate cancer” respectively in the multivariate meta regression model. The exponential of regression coefficient estimates are given in Table 2 to present estimated odds ratio in comparing non-reference levels of “time” and “cancer site” to their reference levels on ED. The significant findings are stated as follows. The odds of study-reported ED at the first observation time after cancer treatment is 2.44 (95% C.I. 1.72 to 3.47) times of that at cancer diagnosis adjusting for other covariates; the odds of study-reported ED for rectum cancer patients is 2.66 (95% C.I. 1.71 to 4.14) times of that for prostate cancer patients adjusting for other covariates; the odds of study-reported ED for bladder cancer patients is 10.22 (95% C.I. 3.83 to 27.28) times of that for prostate cancer patients adjusting for other covariates; the odds of study-reported ED for lung cancer patients is 5.55 (95% C.I. 1.90 to 16.21) times of that for prostate cancer patients adjusting for other covariates; the odds of study-reported ED for multiple cancer patients is 13.30 (95% C.I. 4.00 to 44.29) times of that for prostate cancer patients adjusting for other covariates.
Summarising prevalence of ED at different time points for different male cancer patients
Forest plots of ED prevalence at different time points for prostate (Figure 2) and rectum (Supplementary 1) cancers are given. In Table 3, we synthesised prevalence estimates at different time points for different cancers including those cancers for which we have collected data of only one primary longitudinal study.
Discussion
[bookmark: _Hlk106908797]People living with and beyond cancer is increasing worldwide and this population often undergoes treatment that may have consequences on short or long term quality of life and morbidity [7]. Predominant cancer treatments (i.e. surgery, chemotherapy, or radiation therapy) include different approaches and strategies based on tumour characteristics and patient health status, but in general, all require a recovery period. Besides the treatment, the diagnosis may also strongly impact the psychological health of the patient resulting both in impaired ability of relationship and reaction to the disease [8]. Sexual health and, in particular erectile function, is a bio-psychosocial process that involves the coordination of psychological, endocrine, vascular, and neurological systems and, thus, is one of the most affected aspects in male cancer survivors depending on a wide range of physiological and personal factors [9]. Regardless of the severity, the restoration of erectile and sexual function represents also a key element in returning to normality after cancer care. As expected, we found an overall high heterogeneity of study reports for prevalence of ED of cancer patients (I-square =96%). It reflects the wide range of factors that could affect erection including psychological components, treatment types, cancer sites and the general health status. We found that “having cancer treatment or not” is an important factor to explain the overall heterogeneity: the mean of reported prevalence/odds of ED for cancer patients at diagnosis is significantly lower than that at the first observation time after treatment adjusting for covariates. This means that cancer treatment would increase the probability of ED for cancer patients. It is well known that operative procedures directly affect sexual function especially in prostate cancer, where the incidence of post-operative ED ranged from 14% to 90%, although with robotic techniques, the reported incidence is lower, ranging from 7% to 33% [10]. Moreover, also the impact of radiotherapy has been described with a reported incidence of ED of 34% at 1 year and 57% at 5.5 years, regardless of the mode of radiation delivery (external beam, brachytherapy or both) [11]. However, despite this in a study of 41 physicians working in the field of radiation oncology only 4.9% of the participants reported routinely exploring sexual health issues in 61–80% of their patients. Thirty-one point seven percent of the doctors suspected sexual problems in about half of their patients but did not raise the issue [12]. 
We found that “cancer site” is another factor that contributes to the within-stage heterogeneity significantly. That means patients with different cancer sites tend to have different probability of ED (e.g., compared with patients with cancer site “prostate”, patients with cancer sites “rectum”, “bladder” and “lung” and “multiple” have significantly higher probability of ED). In addition, context and personal factors should be considered. First of all, the importance of the role of the partner has to be taken into account [13]. In fact, often, the diagnosis of cancer changes the partnership dynamics and for this reason, the attention of health workers should be focused on the couple more than the individual cancer survivors. Moreover, the threat of disease recurrence, early death, and bodily disfigurement, as well as economic, employment, and insurance concerns, play a crucial role on the well being of the male cancer patient [14] and, thus, it is essential to consider psychological aspects and take care of them also. At the very least, these aspects should be addressed by physicians for men without partners in order to not hinder the possibility of starting a relationship. 

The therapeutic armamentarium for cancer survivors with ED is similar and follows the same treatment algorithm as for patients with ED in general. Commonly after radical prostatectomy, penile rehabilitation is offered as part of post-operative recovery. However, not the same can be said regarding the other types of cancer surgery. After assessing the cardiovascular risk, addressing the lifestyle changes and risk factor modifications, the initial approach to treating ED can be made with oral therapy (PDE5Is). If that fails, alternative options, vacuum devices, topical/intraurethral Alprostadil and intracavernosal injection with Alprostadil should be discussed with the patients. If none of the above is successful after reassuring adequate use, re-trial and combinations, a penile prosthesis can be discussed with the cancer survivor in selected cases.

Limitations of our analysis include the inherent limitations from the included studies. Due to the small number of primary studies that provide complete clinical and biological (e.g. serum testosterone or estradiol levels) features of the participants, we were not able to run some meta-regression analyses using well-known independent risk factors for ED (such as dyslipidemia, hypertension, diabetes mellitus and depression) as moderators of our findings. 

Conclusion
We found that the overall heterogeneity of study reports for prevalence of ED of cancer patients is high. We found that “have cancer treatment or not” is an important factor to explain the overall heterogeneity: the mean of prevalence/odds of ED for cancer patients at diagnosis is significantly lower than that at first observation time after treatment adjusting for covariates. This means that cancer treatment would increase the probability of ED for cancer patients. We also found that “Cancer Site” is a factor that contributes to the overall heterogeneity significantly adjusting for covariates. That means patients with different cancer sites tend to have different probability of ED. 
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Figures legend
Figure 1: PRISMA flow-chart
Figure 2: Forest plot for prevalence of ED for prostate cancer.
Supplementary 1: Forest plot for prevalence of ED for rectum cancer.
Supplementary 1 continued: Forest plot for prevalence of ED for rectum cancer.



















Table 1: Contingency table for count of included primary studies cross tabulated by time (in month) and observation sequence during follow-up period

	
	Observation sequence

	Follow-up month 
	1st obs.
	2nd obs.
	3rd obs.
	4th obs.
	5th obs.
	6th obs.

	0
	1
	0
	0
	0
	0
	0

	3
	1
	0
	0
	0
	0
	0

	6
	6
	0
	0
	0
	0
	0

	12
	9
	6
	0
	0
	0
	0

	18
	0
	0
	1
	0
	0
	0

	21
	1
	0
	0
	0
	0
	0

	23.5(mean)
	1
	0
	0
	0
	0
	0

	24
	5
	0
	3
	1
	0
	0

	36
	1
	0
	0
	1
	0
	0

	36.8(mean)
	1
	0
	0
	0
	0
	0

	48
	0
	0
	0
	1
	2
	0

	60
	1
	2
	0
	0
	1
	1

	69
	1
	0
	0
	0
	0
	0

	96
	0
	0
	0
	0
	0
	1

	116.58(mean)
	1
	0
	0
	0
	0
	0

	Missing
	3
	1
	0
	0
	0
	0

	Total
	32
	9
	4
	3
	3
	2







Table 2: Regression coefficient table for multivariate meta regression analysis

	Regression  Coefficient
	Level
	Exponential of coefficient estimate
	95% C.I. 
	P-value

	
	
	0.5758122
	(0.43619402, 0.7601198)
	<.0001 ***

	Time
	1st obs. time after treatment
	2.4412359
	(1.71787074, 3.4691974)
	<.0001 ***

	Cancer site
	Rectum 
	2.6621536
	(1.71252269, 4.1383753)
	<.0001 ***

	
	Bladder
	10.2237684
	(3.83125024, 27.2823319)
	<.0001 ***

	
	Lung
	5.5517395
	(1.90169727, 16.2075276)
	0.0017 **

	
	Penis
	0.3403083
	(0.08236183, 1.4061094)
	0.1365

	
	Testis 
	0.5644353
	(0.21581969, 1.4761728)
	0.2436

	
	Multiple 
	13.3038150
	(3.99599873, 44.2921796)
	<.0001 ***










Table 3: Estimated prevalence of ED at different time points for different male cancer patients

	
	
	Prostate
	Rectum
	Bladder
	Lung
	Penis
	Testis
	Multiple

	At diagnosis
	
	0.3667 (0.3108,0.4264), n=19
	0.6122 (0.3376,0.8302), n=8
	0.8571 (0.8009, 0.8995), n=1
	0.7400 (0.6021, 0.8426), n=1
	0.0263 (0.0016,0.3096), n=1
	0.3776 (0.3186,0.4404), n=1
	0.9375 (0.8234,0.9797), n=1

	
	0
	
	
	
	
	
	
	0.9111 (0.7859,0.9662), n=1

	
	3
	
	0.7959 (0.6607, 0.8865), n=1
	
	
	
	
	

	
	6
	0.5100 (0.3599,0.6582), n=3
	0.9829 (0.9342, 0.9957), n=1
	
	0.9000 (0.6021, 0.8426), n=1
	
	0.2838 (0.1929, 0.3964), n=1
	

	
	12
	0.5548 (0.4617,0.6442), n=9
	0.7957 (0.4759,0.9435), n=4
	
	
	
	0.2364 (0.1662, 0.3246), n=1
	0.9778 (0.8584,0.9969), n=1

	
	18
	
	
	
	
	
	0.1833 (0.1045, 0.3015), n=1
	

	
	21
	
	0.7674 (0.6193, 0.8701) , n=1
	
	
	
	
	

	
	23.5
	
	
	
	
	0.4444 (0.2400,0.6696), n=1
	
	

	
	24
	0.6110 (0.5191,0.6957), n=8
	
	
	
	
	0.1600 (0.0932, 0.2610), n=1
	

	
	36
	0.3830 (0.1609, 0.6677), n=1
	0.8214 (0.6362, 0.9237), n=1
	
	
	
	
	

	
	36.80
	0.7500 (0.5741,0.8698), n=1
	
	
	
	
	
	

	
	48
	0.6061 (0.4122,0.7715), n=2
	
	
	
	
	0.2537 (0.1640, 0.3709), n=1
	

	
	60
	0.5944 (0.4731,0.7052), n=5
	
	
	
	
	
	

	
	69
	0.5897 (0.4986, 0.6751), n=1
	
	
	
	
	
	

	
	96
	
	
	
	
	
	0.3056 (0.1780, 0.4721), n=1
	

	
	116.58
	0.6591 (0.5860, 0.7253), n=1
	
	
	
	
	
	

	
	Unknown time 1
	0.6304 (04839, 0.7564), n=1
	0.5455 (0.4469,0.6406), n=1
	0.9337 (0.8891, 0.9611), n=1
	
	
	
	

	
	Unknown time 2
	0.8214 (0.6362,,0.9237), n=1
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