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Abstract

Background: Patients with cancer are treated with chemotherapeutics that cause
adverse effects, including erectile dysfunction (ED).

Objectives: We investigated erectile function in rats after the administration of anti-
cancer agents based on data retrieved through mining of the US Food and Drug Admin-
istration (FDA) Adverse Event Reporting System (AERS) database.

Materials and methods: The statistical signal strength for the association between
anticancer drugs and ED was calculated using the reporting odds ratio (ROR). A drug-
event combination was detected when the lower limit of the 95% confidence interval
(Cl) of the ROR exceeded 1.00. Rats were administered anticancer agents detected in
the FDA AERS analysis. Erectile function was assessed using intracavernous pressure
(ICP) and mean arterial pressure (MAP) analysis after electrical stimulation of the cav-
ernous nerve. Statistical significance was determined using Welch’s t-test or two-way
ANOVA.

Results: Melphalan (L-PAM; ROR = 4.72, 95% Cl = 2.78-8.00), vincristine (VCR;
ROR = 247, 95% Cl = 1.54-3.97), docetaxel (DTX; ROR = 2.25, 95% C| = 1.28-
3.95), methotrexate (MTX; ROR = 1.96, 95% Cl| = 1.39-2.75), and doxorubicin (DOX;
ROR = 1.82, 95% Cl = 1.07-3.19) enhanced ED risk. L-PAM and MTX decreased the
ICP/MAP ratio 1 week after administration. VCR and DOX decreased erectile func-
tion 4 weeks after administration. DTX decreased erectile function at all assessed time
points.

Discussion and conclusion: Certain anticancer agents should be considered risk fac-
tors for ED.

Our results provide possible treatment strategies for maintaining erectile function in

cancer survivors, including careful erectile function monitoring after treatment.

KEYWORDS
anticancer agent, erectile dysfunction, risk factor, US Food and Drug Administration Adverse
Event Reporting System
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1 | INTRODUCTION

Numerous patients with cancer are treated with various chemother-
apeutic agents. The National Cancer Institute has reported over
13.7 million cancer survivors in the United States (nearly 5% of the
total US population), and this is projected to substantially increase
by 31%, up to 20.3 million, by 2026.1 However, the consequences of
cancer and its treatment, including the risk of recurrence, other con-
comitant chronic diseases, and persistent adverse effects, significantly
affect the physical function and quality of life of patients.2=> Only a
few studies have investigated the effect of anticancer agents on erec-
tile function. For instance, Mols et al. reported that 42% of adult male
patients treated with oxaliplatin (L-OHP) complain of erectile issues.
It is, therefore, necessary to identify the anticancer agents that nega-
tively affect erectile function in cancer survivors.

Data mining, a useful method for identifying novel and potential
drugs that may cause adverse events (AEs), is used by regulatory agen-
cies and the pharmaceutical industry to screen large databases and
select drug-AE pairs for further clinical review.” The US Food and
Drug Administration (FDA) Adverse Event Reporting System (AERS)
database is a rich resource of such data that serves as a powerful plat-
form for identifying risk signals of potential association between drugs
and AEs.”10 In this study, we investigated erectile function following
the administration of anticancer agents to rats using data retrieved by
mining the FDA AERS database. We investigated the influence of anti-
cancer agents in vivo through sex hormone and intracavernous pres-
sure (ICP) measurement to identify potential target agents, namely,
melphalan (L-PAM), methotrexate (MTX), vincristine (VCR), docetaxel
(DTX), and doxorubicin (DOX).

2 | MATERIALS AND METHODS

2.1 | Data sources

Data were retrieved from the FDA AERS database.” Duplicate case
report forms and missing data on drug names or AEs were omitted by
applying the FDA recommendation of adopting the most recent case

number.1!

2.2 | Reorganizing drug names

The FDA AERS database accurately identifies and aggregates all case
reports for each marketed drug. All drug name variants (including
generic names, names outside the United States, misspellings, and
dosage descriptions as originally entered in the FDA AERS database)
were consolidated into the common name. Spelling errors were
detected and carefully confirmed by experienced pharmacists. The tar-
get drugs comprised 33 cytotoxic anticancer drugs, which were search-

able in the medical database DrugBank.1?
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Definition of AEs

AEs in the AERS database were coded using preferred terms (PTs)
among the Medical Dictionary for Regulatory Activities (MedDRA)
terms.’® The PT “Erectile dysfunction (ED)” was selected as the target
AE.

2.4 | Signal detection

A statistically significant association with an AE was detected as a

signal.?14

The statistical signal strength of the association between
anticancer drugs and ED was calculated using the reporting odds
ratio (ROR) as the indicator. The ROR was calculated by identifying
case reports in the FDA AERS database. A signal for a drug-event
combination was detected when the lower limit of the 95% confi-
dence interval (Cl) of the ROR exceeded 1.00. We added a single
count to all cells in the corresponding 2 x 2 table. SAS 9.4 soft-
ware was used to analyze the data (SAS Institute, Inc., Cary, NC,

USA).

2.5 | Animals and treatment protocol

Twelve-week-old male Wistar/ST rats (Japan SLC Inc., Hamamatsu,
Japan) were used in all experiments (total 314 rats). All experimental
protocols were approved by the ethics review board of Nagoya City
University and conducted in accordance with institutional standards
for the care and use of animals (H25-P-09). The rats (n = 8-12/group;
total 168 rats) were administered anticancer agents at doses used
to treat rat models in previous studies.”>"2° L-PAM (3 mg/kg, intra-
venously, iv.) and MTX (20 mg/kg, intraperitoneally, i.p.) were injected
onday 1 (Figure 3A) while VCR (0.1 mg/kg, i.v.), DTX (5 mg/kg, iv.), DOX
(3 mg/kg, iv.), and saline (Control, iv.) were injected on days 1, 8, 15,
and 22 (Figure 4A). Erectile function was measured following 1-, 2-,and
4-week treatment periods. In the Control, VCR, DTX, and DOX groups,
erectile function was also assessed after 4 weeks of treatment as well
as after a subsequent 4-week rest period in which no treatments were
administered (n = 8/group, total 32 rats). Additionally, endothelial func-
tion was measured following a 4-week treatment period in the Control,
VCR, DTX, and DOX groups (n = 8-10/group; total 34 rats). Other rats
(n = 4/group; total 24 rats) were administered anticancer agents at the
same doses. Finally, rats in the Control, L-PAM and MTX groups fol-
lowing 1 week of treatment, as well as those in the Control, VCR, DTX
and DOX groups following 4 weeks of treatment, were administered
tadalafil (a phosphodiesterase 5 (PDE-5) inhibitor; 10 mg/kg, p.o.)?! at
least 1 h before assessment of erectile function (n = 8/group, total 56
rats). Blood was collected weekly from the tail vein before administra-
tion of anticancer agents. After coagulation and centrifugal separation
at 800 xg for 20 min at 4°C, the serum samples were stored at -80°C

until analysis.
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Measurement of biological parameters

The testosterone level was measured using a testosterone ELISA kit
(Enzo Biochem, Inc., Farmingdale, NY, USA). The luteinizing hormone
(LH) level was measured using a luteinizing hormone EIA Kit (Cay-
man Chemical, Ann Arbor, MI, USA). All measurements were per-
formed according to the recommended protocols. The absorbance was
measured using a multifunctional plate reader (Nivo 3S; PerkinElmer,
Waltham, MA, USA). All biological parameters were analyzed by Fuiji-
film Vet Systems Co., Ltd. (Chofu, Tokyo, Japan).

2.7 | Examination of erectile function

ICP was measured using electrical stimulation, as previously
reported.?2-2* Briefly, the rats from each group (n = 6-12) were
anesthetized using isoflurane (Mylan, Canonsburg, PA, USA). The
carotid artery was cannulated for the continuous monitoring of
the mean arterial pressure (MAP), and the left crus of the corpus
cavernosum was cannulated using a 23-G needle for continuous ICP
monitoring. The pressure transducer was connected via an amplifier
to a data acquisition board (PowerlLab 2/26; ADInstruments Pty. Ltd.,
Bella Vista, Australia). Stainless steel bipolar wire electrodes (Unique
Medical, Osaka, Japan) and a pulse generator (Nihon Kohden, Tokyo,
Japan) were used for penile stimulation under the following conditions:
1 min at 5V, 1-16 Hz, and a square wave duration of 5 ms. Erectile
function was evaluated using the maximum ICP/MAP ratio, as ICP is

influenced by systemic arterial pressure.?®

2.8 | Endothelial function analysis

Endothelial function was measured using isometric tension, as previ-
ously reported (n = 11).22-24 Briefly, the CC strips were equilibrated
for a minimum of 60 min in an aerated organ bath containing Kreb’s
solution (119 mM NaCl, 4.6 mM KCI, 1.5 mM CaCl,, 1.2 mM MgCl,,
15 mM NaHCOg3, 11 mM D-glucose, and 1.2 mM NaH,PO,4) at 37°C
with 5% CO,. The resting force for tissues was set to 500 mg, and
changes in isometric tension were recorded using a force transducer
(Nihon Kohden) connected to a data acquisition board (PowerLab
4/26). Relaxant experiments were conducted using strips pretreated
with 10 uM noradrenaline (NA; Sigma Aldrich, MO, USA); the relaxant
effect was induced by acetylcholine (ACh; Wako Pure Chemical Indus-
tries) and sodium nitroprusside (SNP; Sigma Aldrich). Cumulative dose
(10719 to 104 M) response curves were obtained for ACh and SNP

using different tissue specimens.

2.9 | Real-time quantitative polymerase chain
reaction (QRT-PCR)

gRT-PCR analysis was performed as previously reported.2® Total RNA
was extracted from CC samples (n = 6) after ICP measurement using
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RNAiso Plus (TaKaRa, Shiga, Japan) according to the manufacturer’s
instructions. Using a ReverTra Ace-a kit (Toyobo, Osaka, Japan), 1 ug
of total RNA was reverse-transcribed into cDNA, which served as the
template for qRT-PCR performed using the KAPA SYBR Fast gPCR
Kit (Roche, Pleasanton, CA, USA). The primer sequences are shown in
Table S1. Amplification and detection were performed using the ABI
7300 system (Applied Biosystems). The thermal cycler conditions were
as follows: 50°C for 2 min; 95°C for 10 min; 40 cycles each at 95°C
for 15 s and 60°C for 1 min; 15 s for 95°C, 15 s for 60°C, and 15 s for
95°C to analyze the dissociation curve. Primer specificity was verified
via analysis of the dissociation curve. Target gene expression was quan-
tified relative to -actin expression using the comparative C+ method.

All measurements were performed in triplicate.

2.10 | Statistical analyses

Results are expressed as box-and-whisker plots. Statistical signifi-
cance was determined using F-test and Welch'’s t-test in EZR on R
commander ver 1.41.2¢ Statistical significance in the dose-response
curve for ACh and SNP was determined using two-way analysis of
variance (two-way ANOVA). Results with a p < 0.05 were considered

statistically significant.

3 | RESULTS

3.1 | Data collection and cleaning

Figure 1 presents the flowchart for data collection and cleaning. The
FDA AERS database stores 5,597,295 case reports received by the
FDA from the first quarter of 2004 through the first quarter of 2014.
After omitting duplicate case report forms, as well as missing data
for drug names or adverse reactions, 4,330,807 case reports were
included in analysis. The number of case reports with ED events dur-
ing the study period was 8046. After narrowing down the cases to men

FDA AERS database

Extracting data from the first quarter of 2004 to the second quarter of 2014

|

5,597,295 reports

Omitting duplicate reports
and reports containing missing data of drug name and adverse reactions (22.6%)

212,856 reports

Extracting data of
males using anti-cancer drugs

4,330,807 reports

Extracting data of
Erectile Dysfunction

8,046 reports

FIGURE 1 Flowchart of data collection and cleaning. The US Food
and Drug Administration (FDA) Adverse Events Reporting System
(AERS) database stores 5,597,295 reports received by the FDA from
the first quarter of 2004 through the first quarter of 2014

190 reports
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Cytotoxic anti-cancer agent ED ado\tzge ROR RORCL RORCL Reported Odds Ratio (ROR)
(33 types) event Lower Upper 5412 4 6 8 10 12
Melphalan 15 3,794 4728 2.78 8.00 g —
Ifosfamide 4 1,779 2.55 0.95 6.87
Vincristine 19 9,159 2478 1.54 3.97 G
Docetaxel 13 6,724 2258 1.28 3.95 g
Methotrexate 43 27,639 1.96 § 1.39 275 =
Doxorubicin 14 8,762 1858 1.07 3.19
Vinblastine 1 745 1.51 0.21 10.75
Temozolomide 4 3,452 1.30 0.48 3.51
Cytarabine 6 5,880 1.15 0.51 2.59
Paclitaxel 6 5,906 1.14 0.51 2.58
Oxaliplatin 8 9,087 0.98 0.48 2.00
Etoposide 6 6,837 0.98 0.44 221
Irinotecan 5 6,381 0.87 0.36 2.12
Vinorelbine 1 1,329 0.84 0.12 6.01
Fluorouracil 8 10,857 0.82 0.40 1.66
Mitoxantrone 1 1,441 0.78 0.11 5.54
Gemcitabine 5 7,552 0.73 0.30 1.79
Bleomycin 1 1,541 0.72 0.10 5.18
Cyclophosphamide 7 14,079 0.54 0.25 1.15
Carboplatin 4 8,285 0.53 0.20 1.43
Capecitabine 4 8,840 0.50 0.18 1.34
Cisplatin 3 12,298 0.26 0.08 0.82 &
Pemetrexed 1 4,383 0.25 0.04 1.79
Fludarabine 1 5,023 0.22 0.03 1.56
FIGURE 2 Erectile dysfunction (ED) incidence in men using anticancer drugs, as identified using data the US Food and Drug Administration

(FDA) Adverse Events Reporting System (AERS) database. Signal of drug-event combination (§) detected when the lower limit of the 95%

confidence interval (Cl) of reporting odds ratio (ROR) exceeded 1.00

using anticancer drugs, 212,856 reports remained and were analyzed
in this study. The number of case reports on ED events during the study
period was 190.

3.2 | Anticancer drugs with significant risk signals
associated with ED

During signal detection for all drugs, a significant risk signal was not
detected between 38 anticancer agents and ED (data not shown).
Figure 2 presents the anticancer drugs with a higher risk of causing
ED than other anticancer agents. Significant signals were detected
for five of the 38 cytotoxic anticancer agents using the ROR. Specif-
ically, L-PAM (ROR = 4.72, 95% Cl = 2.78-8.00), VCR (ROR = 2.47,
95% Cl = 1.54-3.97), DTX (ROR = 2.25, 95% Cl| = 1.28-3.95), MTX
(ROR = 1.96, 95% Cl = 1.39-2.75), and DOX (ROR = 1.82, 95%
Cl = 1.07-3.19) were determined to be associated with enhances
risk of ED compared to other anticancer drugs. That is, ifosfamide,
vinblastine, temozolomide, cytarabine, paclitaxel, oxaliplatin, etopo-
side, irinotecan, vinorelbine, fluorouracil, mitoxantrone, gemcitabine,
bleomycin, cyclophosphamide, carboplatin, capecitabine, cisplatin,
pemetrexed, and fludarabine showed no significant risks (ROR Cl lower
limit < 1.00), whereas busulfan, cladribine, dacarbazine, dactinomycin,
daunorubicin, epirubicin, eribulin, idarubicin, mitomycin, nelarabine,

pentostatin, procarbazine, and vindesine had no reports of ED.

3.3 | Biological parameters

Table 1 presents the data pertaining to biological parameters of the
rats. The liver function parameters, renal function parameters, and lipid
levels did not significantly differ between the L-PAM, MTX, VCR, and
DTX groups (p > 0.05). However, following 4 weeks of treatment in the
DOX group, blood urea nitrogen (BUN), creatinine, total cholesterol,
triglyceride and high-density lipoprotein cholesterol were significantly
increased (p < 0.01).

34 | Sex hormones

Figures 3B-C and 4B-C show the sex hormone transition. Results
reveal no significant difference in the LH level between any of the
study groups. Meanwhile, the testosterone level was observed to sig-
nificantly decrease in the DOX group from 3 to 4 weeks of treatment
(p < 0.5) and tended to decrease in the MTX group at 1 week, however,
this result was not significant (p < 0.10).

3.5 | Erectile function

Figures 3D-G and 4D-I show erectile function in rats after anticancer

agent administration. Figure 3D shows representative tracings of the
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FIGURE 3 Study of the effects of melphalan (L-PAM) or methotrexate (MTX) administration in rats. (A) Experimental design: in the Control
group, rats were injected with saline. In the L-PAM group, rats were injected with L-PAM (3 mg/kg, intravenously [iv.]; day 1). In the MTX group,
rats were injected with MTX (20 mg/kg, intraperitoneally [i.p.]; day 1). Rats were submitted to erectile function testing in vivo at the predetermined
timepoints. (B) Luteinizing hormone (LH) and (C) testosterone levels after L-PAM or MTX administration. Erectile function of rats after L-PAM
administration. (D) Representative tracings of the changes in intracavernous pressure (ICP) and arterial pressure (AP) during electrical stimulation
(16 Hz) of the cavernous nerve in the Control and L-PAM rats at 1, 2, and 4 weeks. (E) Erectile function according to the ICP/mean AP (MAP) ratio.
Erectile function of rats after MTX administration. (F) Representative tracings of the changes in ICP and AP during electrical stimulation (16 Hz) of
the cavernous nerve in the Control and MTX rats at 1, 2, and 4 weeks. (G) Erectile function according to the ICP/MAP ratio. Data are presented as
box-and-whisker plot (n = 6-12); §p < 0.10, *p < 0.05, and **p < 0.01 vs. each group using Welch’s t-test

changes in ICP and arterial pressure (AP) during electrical stimulation
of the cavernous nerve in the L-PAM group. The ICP in the L-PAM
group at 1 week appeared to be significantly lower than that in the
Control group, whereas it was similar in both groups at 2 and 4 weeks.
The L-PAM group at 1 week exhibited a significantly lower ICP/MAP
ratio than the Control group at 8 and 16 Hz (p < 0.05; Figure 3E). Addi-
tionally, the MTX group exhibited a significantly lower ICP/MAP ratio
at 1 week compared to that of the Control group at 16 Hz (p < 0.05;
Figure 3G).

Meanwhile, the VCR group exhibited a significantly lower ICP/MAP
ratio at 4 weeks compared to the Control group at 8 and 16 Hz
(b < 0.05; Figure 4E). Additionally, the ICP/MAP ratio in the VCR group
following 4 weeks of treatment and subsequent 4 weeks of rest, with-
out injections, was significantly lower than that of the Control group at
2,4,8,and 16 Hz (p < 0.05).

The DTX group showed a decrease in the ICP/MAP ratio at all
periods compared to the Control group at 16 Hz (p < 0.05; Figure 4G).
Similarly, the ICP/MAP ratio in the DTX group following 4 weeks of

injection and 4 weeks of rest was significantly lower than that of the
Control group at 8 and 16 Hz (p < 0.05; Figure 4G).

The DOX group exhibited a significantly lower ICP/MAP ratio at
4 weeks than the Control group at all stimulation levels (p < 0.05; Fig-
ure 4l1). The ICP/MAP ratio in the DOX group following 4 weeks of
treatment and 4 weeks of rest was significantly lower than that of the
Control group in all Hz (p < 0.05; Figure 41).

Figure 5 shows erectile function in rats treated with tadalafil. The
ICP/MAP ratio in the Control + Tad tended to increase compared to
the Control group at 1, 2, and 16 Hz (p < 0.10). Similarly, the ICP/MAP
ratio in the L-PAM + Tad rats was significantly increased compared to
the L-PAM group at 16 Hz (p < 0.05). The ICP/MAP ratio in the MTX +
Tad also tended to increase compared to the MTX group at 1 and 16 Hz,
however these results did not reach statistical significance (p < 0.10)
(Figure 5D).

The ICP/MAP ratio in the Control + Tad was significantly increased
compared to the Control group at 2, 8, and 16 Hz (p < 0.05). The
ICP/MAP ratio in the VCR + Tad did not differ compared to the VCR
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group (p > 0.05). The ICP/MAP ratio in the DTX + Tad tended to
increase compared to the DTX group at 16 Hz, however this result was
not significant (p < 0.10). The ICP/MAP ratio in the DOX + Tad did not
differ changed compared to the DOX group (p > 0.05) (Figure 5F).

3.6 | Endothelial function

Figure 6 shows the relaxation responses of the NA-pretreated rat CC
strips to increasing concentrations of ACh and SNP in the Control,
VCR, DTX, and DOX group at 4 weeks. The VCR, DTX, and DOX groups
exhibited significantly lower responses to ACh than the Control group
(p < 0.01). The SNP responses at 10710 to 10~* M did not significantly
differ between the groups (p > 0.05).

3.7 | mRNA expression analysis

eNOS and nNOS mRNA expressions were not altered in the L-PAM
group (p > 0.05; Figure 7A); however, the NADPH oxidase mRNA
expression was significantly increased in this group (p < 0.05; Fig-
ure 7A). Although eNOS and nNOS mRNA expressions were signifi-
cantly decreased in the MTX group (p < 0.01; Figure 7B), the NADPH
oxidase-4 mRNA expression significantly increased (p < 0.05). Simi-
larly,eNOS and nNOS mRNA expressions were significantly decreased
in the VCR group at 4 weeks (p < 0.01; Figure 7C), while NADPH
oxidase-2 and -4 expression was significantly increased at the same
time point (p < 0.01). eNOS and nNOS mRNA expressions were signif-
icantly decreased in the DTX group at all periods (p < 0.01; Figure 7D),
however, the expression of NADPH oxidase-2 and -4 mRNA was only
significantly increased at 4 weeks (p < 0.01). Finally, eNOS and nNOS
mRNA expressions were significantly decreased in the DOX group at 1
and 4 weeks (p < 0.01; Figure 7E), whereas the expression of NADPH
oxidase -1 and -2 mRNA was significantly increased (p < 0.05).

4 | DISCUSSION

In this study, by analyzing information retrieved from the FDA AERS
database we identified five cytotoxic anticancer agents (L-PAM, VCR,
DTX, MTX, and DOX) that significantly increase the risk of ED. More-
over, we found that these anticancer agents affect erectile function
in rats. L-PAM and MTX decrease the ICP/MAP ratio 1 week after
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administration, whereas no change was observed after 2 and 4 weeks
of treatment. These two drugs are used to treat patients with multiple
myeloma undergoing hematopoietic cell transplantation. Following
administration of L-PAM and MTX to rats on day 1, high doses of both
temporarily decreased erectile function and testosterone levels.2”:28
However, L-PAM also injures Leydig cells and decreases testosterone
level, which are essential for erectile function.2? Therefore, it may be
necessary to carefully monitor erectile function during treatment with
L-PAM. To further investigate the mechanism of the observed ED, we
also measured the mRNA expression of specific enzymes associated
with oxidative stress in the corpus cavernosum. Both L-PAM and MTX
were found to upregulate oxidative stress through increasing NADPH
oxidase in the corpus cavernosa. Additionally, the expression of eNOS
and nNOS mRNA decreased in MTX rats. These factors have all been
reported to cause tissue damage through increasing inflammation.3°
However, further analysis of the protein levels is required to verify
these findings. Nevertheless, changes in NO production should be
monitored in patients administered L-PAM and MTX. Moreover, in
this study, administration of tadalafil, a 5 PDE-5 inhibitor, effectively
increased the erectile function in rats and, thus, may represent an
effective treatment option to counter ED in patients administered
these anticancer agents.

Both VCR and DOX are used in the cyclophosphamide, hydroxy-
daunorubicin (DOX), oncovin (vincristine), and prednisone or pred-
nisolone (CHOP) chemotherapeutic protocol for malignant lymphoma
and pediatric tumors.3* VCR and DOX did not affect erectile function
until after 2 weeks of treatment, and significantly decreased erectile
function by 4 weeks. An infamous adverse effect of VCR is peripheral
neuropathy,3? which can damage the cavernous nerve. Meanwhile,
DOX induces cardiotoxicity,>®> which is accelerated in androgen
receptor knock-out mice.3* In our study, both VCR and DOX increased
oxidative stress and decreased eNOS and nNOS mRNA expression.
Moreover, assessment of endothelial function using isometric
tension analysis revealed that VCR and DOX administration for
4 weeks decreased the response to ACh; however, no significant
change was noted in the response to SNP. These results indicate
that VCR and DOX do not affect smooth muscle relaxation of the
corpus cavernosum but rather increased relaxation via endothe-
lial NO, causing endothelial dysfunction. Hence, these functional
disorders may alter the manifestations of ED. Moreover, considering
that DOX also decreased testosterone levels, it is expected to also

decrease libido in patients. Further, DOX caused renal dysfunction and

FIGURE 4 Study of the effects of vincristine (VCR), docetaxel (DTX), or doxorubicin (DOX) administration in rats. (A) Experimental design: in
the Control group, rats were injected with saline. In the VCR group, rats were injected with VCR (0.1 mg/kg, intravenously [iv.]; days 1, 8, 15, and
22).Inthe DTX group, rats were injected with DTX (5 mg/kg, iv.; days 1, 8, 15, and 22). In the DOX group, rats were injected with DOX (3 mg/kg, i.v.;
days 1, 8, 15, and 22). Rats were submitted to erectile function testing in vivo at the predetermined timepoints. (B) Luteinizing hormone (LH) and
(C) testosterone levels after VCR, DTX, or DOX administration. Erectile function of rats after VCR administration. (D) Representative tracings of
the changes in intracavernous pressure (ICP) and arterial pressure (AP) during electrical stimulation (16 Hz) of the cavernous nerve in the Control
and VCRrats at 1, 2, and 4 weeks. (E) Erectile function according to the ICP/mean AP (MAP) ratio. (F-G) Erectile function of rats after DTX
administration. (F) Representative tracings of the changes in ICP and AP during electrical stimulation (16 Hz) of the cavernous nerve in the Control
and DTX rats at 1, 2, and 4 weeks. (G) Erectile function according to the ICP/MAP ratio. Erectile function of rats after DOX administration. (H)
Representative tracings of the changes in ICP and AP during electrical stimulation (16 Hz) of the cavernous nerve in the Control and DOX rats at 1,
2, and 4 weeks. (1) Erectile function according to the ICP/MAP ratio. Data are presented as box-and-whisker plot (n = 6-12); §p < 0.10, *p < 0.05,

and **p < 0.01 vs. each group using Welch'’s t-test
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FIGURE 5 Study of the effects of tadalafil (Tad) following administration of melphalan (L-PAM), methotrexate (MTX), vincristine (VCR),
docetaxel (DTX), or doxorubicin (DOX) to rats. (A), (B) Experimental design: Control group, rats were injected with saline; L-PAM and L-PAM + Tad
groups, injected with L-PAM (3 mg/kg, intravenously [iv.]; day 1); MTX and MTX + Tad groups, injected with MTX (20 mg/kg, intraperitoneally [i.p.];
day 1); VCR and VCR + Tad groups, injected with VCR (0.1 mg/kg, intravenously [iv.]; days 1, 8, 15, and 22); DTX and DTX + Tad groups, injected
with DTX (5 mg/kg, i.v.; days 1, 8, 15, and 22); DOX and DOX + Tad groups, injected with DOX (3 mg/kg, i.v.; days 1, 8, 15, and 22). Tadalafil

(10 mg/kg) was administered at least 1 h before erectile function measurements. Rats were subjected to erectile function testing in vivo at the
predetermined timepoints. Erectile function of rats after L-PAM and MTX administration and Control with tadalafil. (C) Representative tracings of
the changes in intracavernous pressure (ICP) and arterial pressure (AP) during electrical stimulation (16 Hz) of the cavernous nerve in rats. (D)
Erectile function according to the ICP/mean AP (MAP) ratio. Erectile function after VCR, DTX, and DOX administration and Control with tadalafil.
(E) Representative tracings of the changes in ICP and AP during electrical stimulation (16 Hz) of the cavernous nerve. (G) Erectile function
according to the ICP/MAP ratio. Data are presented as box-and-whisker plots (n = 8); §p < 0.10, *p < 0.05, and **p < 0.01 vs. each group using

Welch'’s t-test
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FIGURE 6 Analysis of isometric tension in vincristine (VCR), docetaxel (DTX), or doxorubicin (DOX) administered rats. (A) Experimental
design: Control group, injected with saline; VCR group, injected with VCR (0.1 mg/kg, intravenously [iv.]; days 1, 8, 15, and 22); DTX group, injected
with DTX (5 mg/kg, iv.; days 1, 8, 15, and 22); DOX group, injected with DOX (3 mg/kg, i.v.; days 1, 8, 15, and 22). Rats were subjected to isometric
tension analysis after 4 weeks of treatment. (B-D) Acetylcholine (ACh)-induced relaxation in rat corpus cavernosum strips. The relaxant effect of
increasing concentrations of ACh (10710 to 10~# M) on corpus cavernosum strips. The strips were precontracted using 10~5 M noradrenaline (NA).
Sodium nitroprusside (SNP)-induced relaxation curve for rat CC strips. The relaxant effect of increasing concentrations of SNP (10710 to 1074 M)
on CC strips. The strips were preexposed to 10> M NA. Data have been reported in terms of mean + standard deviation (n = 7-11 per group).

**p < 0.01 vs. the control group using two-way analysis of variance (two-way ANOVA)
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dyslipidemia. Thus, unfortunately, ED caused by VCR or DOX would
be prolonged. Although the time required for rats cannot be directly
applied to humans, Sengupta reports that 16.4-16.7 days for a rat
equates to approximately one human year.3>:3¢ Thus, the 4-week rest
period applied in the current study, would approximate two human
years. Further, since administration of PDE-5 inhibitor before ICP
measurement did not impact the ED caused by VCR or DOX, we
believe that continuous administration of PDE-5 inhibitors, or other
preventive treatments, will be needed as well as careful monitoring of
erectile function during the administration of these drugs.

DTX is widely used for treating cancers, such as lung, gastric, and
prostate cancers.3” However, it has also been shown to cause periph-
eral neuropathy and could, thus, injure the cavernous nerve.®® In the
current study, DTX decreased erectile function at all examined time
points and also decreased nNOS and eNOS mRNA expression. More-
over, DTX upregulated oxidative stress and decreased endothelial
function, causing prolonged ED. However, administration of tadalafil
increased the erectile function in rats and may, thus, be useful as a
treatment option for ED caused by DTX.

Although L-OHP has been reported to cause ED,3? we did not
observed this effect. This discrepancy in findings is likely due to the
FDA AERS database contributing spontaneous reports to the FDA.
Thus, the number of ED reports is limited, particularly in patients with
cancer. In the future, we plan to evaluate the influence of L-OHP on
erectile function in rats.

Certain limitations were noted in this study. First, the FDA requires
further evaluation using real-world evidence, such as through the Sen-
tinel System. Although we attempted to evaluate the results of FDA
AERS using data from a hospital information system, the number of
reported AEs related to erectile function owing to anticancer agents
was small. Therefore, we elected to evaluate the results using an animal
model instead. Second, although we found that the anticancer agents
caused ED in rats, we did not fully elucidate the underlying mecha-
nisms. To address this in future studies, histological evaluation and
quantification of protein levels will be necessary.

With an increase in the number of cancer survivors, it is increas-
ingly important for health care professionals to report ED cases to the
FDA, which will serve to enhance the accuracy of analyses. As the cur-
rent study only incorporated a portion of reported ED cases follow-
ing administration of anticancer agents in the FDA database, we plan
to continue our investigation on the influence of these medications on
erectile function. Since these anticancer agents are used in combina-
tion with multiple drugs depending on the regimens, it is necessary
to investigate the influence of multiple drugs. Additionally, age differ-
ences also need to be considered. The drugs detected to have a sig-
nificant risk for ED have different mechanisms of action; thus, further

studies are needed in this regard.

5 | CONCLUSIONS

The investigated anticancer agents, retrieved after data mining of the

FDA AERES database, affected erectile function in an animal model.
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Our results should be corroborated by additional investigations;
however, the identified anticancer agents should be considered a risk
factor for ED. Furthermore, it may be necessary to carefully monitor
erectile function in patients after treatment. Our study sheds light
on possible treatment strategies for improving the quality of life for

cancer survivors, including maintaining erectile function.
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