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Testicular Toxicity:
Evaluation During Drug Development
Guidance for Industry?

This guidance represents thrrent thinking of the Food and Drug Administration (FDA or Agency) (
this topic. It does not establish any rights for any person and is not binding on FDApablice You

can use an alternative approach if it satisfies the requirements of the applicable stdtxggalations.
To discuss an alternative approach, contact the FDA office responsible for thiscguaddisted on the
title page.

l. INTRODUCTION

The purpose of this guidance is to assist sponsors who are developing drug products that may
have potential adverse effects on the testes, which we refetegadar toxicity, based on
findings in nonclinical studie$.This guidance discusses tidlowing topics:

e Nonclinical findings thasuggest risk of clinical testicular toxicity, and further
nonclinical assessments that may be necessary to evaluate the extent of this risk

e Clinical monitoring that can be employed when these drug products are initially
administered tanen

e The design of a clinical trial that has as its primary purgosevaluation of drugelated
testicular toxicity

The guidance providegenerakonsiderations for whetlinical trials to assess the risk of
testiculartoxicity may beneededout does not covell possiblescenarioghatwould pranpt

such atrial. The guidance also does not discuss the regulatory actions that FDA might consider
based on the results of the clinical trials.

In general, FDA'’s guidance documents do not establish legally enforceable reditiessibi

Instead, guidances describe the Agyes current thinking on a topic and should be viewed only
as recommendations, unless specific regulatory or statutory requirementsdard bhe use of

the wordshould in Agency guidances means that something is suggested or recommended, but
not requied.

! This guidance has been prepared by the Division of Bone, ReprodactiV&rologic Products in the Center for
Drug Evaluation an&Research at the Food and Drug Administration.

2 For the purposes of this guidance, all referencestigs anddrug products include both human drugs and
therapeutic biological products unless otherwisggd.
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1. DIFFICULTIESEVALUATING TESTICULAR TOXICITY IN HUMANS

A thorough evaluatioof adrug product’sesticular toxicityin humanss challengingor the
following reasos:

e Only a few clinical markers can reliably monitor potential changes in humautast
function that might accompany drug exposuexamples of measurements of testicular
function include semen analysis, serum testosterone concentrations, and serum
gonadotropin concentrations.

e Monitoring for adverse testicular effects in humaneeal time presents a challenge
because a latency period of several months dxéttgeen the time of an injury to
seminiferous tubules and the time when that injury can be detected using the most
comnonly used testsemen analysis.

e The ability to interpret changes from baseline in the previously mentioned meastse
of testicular function and to correlate those changes with effects on maleyfestilit
limited, short of extreme findings.

Conducting a trial assessing male fertility that uses pregnancy rate as aneoistoeither
practical nor feasible Thus,the main outcome measures of a clinical tsdessing testicular
toxicity in menare semen parameterhis guidance provides information on the design and
conduct of such a trial.

Sponsors of anticancer drugs that fall under the scope bitdreational Conference on
Harmonisatiorguidance for industr$® Nonclinical Evaluation for Anticancer Pharmaceuticals
should consultvith the Office of Hematology and Oncology Products befmigiating follow-up
studies ealuatingtesticulartoxicity.?

1. NONCLINICAL EVALUATION
A. | ntroduction

Nonclinical evaluation of the male reproductive system is a standard component of the
nonclinical safety assessment during drug development. Evidence of adverse drug-
related findings on the male reproductive system in animals, specificallydinmaating
evidence in appropriate speciggorms whether there is a need for an evaluation of testicular
toxicity in men. Testicular toxicity is routinely assessed using:

e Repeatdose toxicology studies withtd 4 weeks of drug exposure in two spedigsess
only one species is studied based on pharmacological relevance

3 We update guidances periodically. Taka sure you have the most recent version of a guidance, chédRAhe
guidance page #ttps://www.fda.gov/Regulatoryinformation/Guidances/default.ntm
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e Assesment of male fertility in rodenfa/hen applicable

Additional information may come from embryo/fetal reproductive and denedafal toxicity
studies and fertility assessment after prenatal, neonajai;emile exposure Sponsors should
also considerkown class effects and/or potential targadated effects.

B. Nonclinical Study Design Consider ations

The sponsor should provide a rationale for the choice of doses, duration of exposure, and species
used tanvestigate male reproductive toxicity iomclinical studies.All studies should include a
controlgroup of animals, and early safety evaluation programs should employ both a rodent and
nonrodent species, based on pharmacological relevaieeobjective of early preclinical safety
studiess to define pharmacological and toxicological effeasing conventional approaches
whereimmatureanimalsare routinelyusedat study initiation Unless studies are intended to

support dosing ipediatric patients, sponsors should consider the limitations of using sexually
immature animals in subchronic toxicity studies because histology findings irtunenaaimals

may incorrectly suggest thigrtility is impaired*

For chronic studieshere nonhuman primates are the only relevant species based on
pharmacology, the sponsor should ensunenassessg reproductive toxicitghat male animals
have attained sexual maturity by the end of the stiittywever, this is not always feasiblé
impaired spermatogenesis is observed in maturing nihkesponsomay needto further
investigate potential effects in fully mature males, on a-bgsmse basisFDA encourages
sponsors toidcuss with the reviewivision appropriately designed reproductive toxicity
assessments in nonhuman primates.

FDA considers istopathological evaluation of the reproductive organs of sexually mature
animalsto be an appropriatelensitive endpoint fagvaluating testicular injurin animals
Toxicology studieshould include an examination of the histopatholofgthe testes, seminal
vesicle, epididymis, and prostate with appropriate fixation taidisg of the testesIf adverse
findings in gonadal tissues were observed in the repeat-dose toxicity studiesthatmyy
assessment of threproductive tissuas thenonclinical male fertility study/studiesay provide
additional evidencéor the human risk assessmeiite persistence versus the reversibitity
adverse effects a group sacrificed after a specified period of drug withdrésudficient to

4We support the pririgles of the 3Rs (reduce/refine/replace) for aniosa in testing when feasible. FDA
encourages sponsors to consult with review divisions when comgjgerionanimal testing method believed to be
suitable, adequate, validated, and feasible. FAcansider if the alternative method could be assessed for
equivalency to an animal test method.

5 Creasy DM, Chapin RE, 201Blale Reproductiv&ystem. In: Haschek WM, Roosseix CG, and Wallig MA,
editors,Haschek and Rousseaux’s Handbook of Toxicol®githology, 3rd edLondon: Academic Press, 2541
2542;Creasy D et.al., 201 Proliferative andNonproliferative Lesions of the Rat and Mouse Maéproductive
System, ToxicoPathol, 40:40S121S; Chapin RE, 1988, Morphologic Evaluation of SeminifeEpithelium of
the Testis. In:Lamb JCand Foster PMDeditors,Physiology and oxicology of Male Reproduction, San Diego,
California: Academic Pres4,55-178;Hess RA and Moore BJ, 1993, Histopathological Method&¥aluation of
the Testes. INChapinRE and Heindel JJ, editors]ethods in Toxicology, Vol. 3, Pt. A. Male Reproductive
Toxicology,San Diego AcademidPress, 5285.
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allow reconstitution/recovery of spermatogenesisjhe reproductive system is an important
consideration in the risk assessment.

C. Nonclinical Findings That Raise Concern for Male Fertility

In general, reproductive toxicity findings in male animals theteconcern for impaireéertility
include, but are not limited to, atrophy, degeneration, necrosis, or hypocellularityesf test
increasedgeminiferous tubule degenerationn@crosisgerm cell depletiopor otherpathology

that may suggest impaired reproductive functibnaddition, findings in other associated male
reproductive organs (e,grostate, seminal vesicles, epididymis) may be suggestive of testicular
toxicity. The sponsor should considéinizal evaluation of testicular functidior directacting
testicular toxicantthat are associatedth decreased reproductive functiand/or adverse
histopathology.

The significance of adverse findings in the toxicology and fertility studiesasesaf:

e The incidence and/or severity of the findings increase with dose and/or duration of
treatment

e The reproductive findings occur in multiple species
e The reproductive findings occur fissues bilaterally
e The adverse histopathology correlates with effects amdegtive organ weight

¢ A finding does not resolve aftarperiod of one or twspermatogenic cyckor after five
half-lives following the lasidrug dose

e The adverse findings occur at clinically relevant exposures

e The adverse findings are seen at pharmacokinetic exposuressiliaina safety margin
comparable to clinical exposure

Although histology is the most sensitive way to detect testicular and sperm quattyds,
findings of reduced fertility, impaired mating behavior, aaduced capacity to mate in male
fertility studies are concerns in and of themselv@$ese findigs are especially concerning if
they are corroborated tystopathological evidence aflverseeffects on reproductivisssuesn
repeatdose toxicity studies. Findings that aregesgive of perturbationsf theendocrine
system are also a concern becattsnges in hormone homeostasay adversely affect male
(and female) reproductive physiology and performance. For exampleindiwged alterations
in endocrine function can affect testicular weight, gamete maturation anseredparm count,
and/or fertility.

Table 1 summarizesnidings in nonclinical studies that may increase the level of concern for
impaired fertility.
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Table 1. Nonclinical Findings That May Increase the Level of Concern for Impaired
Fertility in Men

General Nonclinical Findingsto Consider in Male Fertility Risk Assessment
Finding occuss at clinically relevant exposures or small multiptéghe clinical exposure

Finding occuss in mulitiple species

Finding increassin incidence andeverity with increaing duratbn of exposue

Finding does not resolver at least show partial recovery, after one or two spermatoggeies or aftefive
half-lives following the last drug dose

Finding occurshilateraly in paired orgas

Finding is raren healhy urtreatedanimals

Reproductive agan weight change(increasd or ceaease weight) carrelates withadversehistdogy
Decreasednale fertility and impaired maing behavor

Spermquality adversely affectedcount, motili ty, or morphology)

Signs of hormonal perturbation:

e Anti-androgenic signs —decreasd weight and maturation of male seual organs, including seminal
vesicles and ventral prostate when weighed with their secretiomsal signssuggestive of reduced
aggressveness(e.q., lethargic or reduced natingbehavior, feminization of males

e Androgenic signs— masculinization of females (decreased fertility, female sexual graidnology, or
estrus cyclicity), decreased testes size, and impaired spermatsgenes

D. Confounding Factors

Numerous factors can confound apparent male reproduokicities The use of drugshat

cause a reduction in body weight or impauromuscular/neurological function may result in
signals consistent with impaired reproductivection. When decreased spermatogenesis is
detected in testiculdristopathology examinationg is important to document the reproductive
age of the nonclinicahodeland to determind the drug can have temporarymgrmanent

effects ontesticulardevelopment and spermatogene$isugs that cause adverse effeats

sperm quality in ratswithout an effect on mating outconmeay still represent a risk to human
malesbecause¢hese findings may indicate undesirable effectsesticular function, independent
of mating outcome For testicular toxicants ere the mechanism of action is based on changes
in hormone levels, the sponsor should clinically monitor hormones.

E. Follow-Up Investigations
Based upon an assessment of the findings from the nonclinical toxicology studies and any
additional findings, the sponsor should considitittonal nonclinical studies to characterize an
observed male reproductive toxicity on a casesdige basisFollow-up studies could contain
some of the following@ssessnmds:

e A demonstratiomf the potentiafor recoveryfrom the adverse finding after cessation of
dosing, if not available from the initial toxicology studies

e A reproductive hormone analysigcognizing thahormone concentrations can vary
significantlybetween animals and over the course of a day and over the course of the
study

e A determination of the target cell type (e.g., germ cell, Leydig cell, Sertoli cell)
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In selected cases, adding fertility and/or sperm quatiyyais to repeadose toxicity o fertility
studies may be appropriate. The length of dosingarptemating period of the male fertility
studycould be increased to cover an entire spermatogenic @ydlepididymal trans(for
example, approximately 63 days in rats) to determine the extent of expected or observed
toxicities inprevious studies. A confirmatosgudy in a second species may be useful in cases
where the finding is suspected to be spedegsendent (e.gwhen effects areaused by
speciesspecific metabolite).

FDA does not intend for these nonclinical discussions to be comprehensive butaadree as
a startingpoint for evaluating the risk of testicular injuryhumans

V. MONITORING OF THE TESTESDURING CLINICAL TRIALS

Whether an evaluatioof testiculartoxicity in menis neededlepends on variodactors,
includingthe mechanism of actiasf thetesticular toxicity if known, duration of therapé¢io

use, exposure multiples for the expected clinical exposure, intended target population, and
indication ofuse.

A plan to minimize and monitor for the risk of human testicular injury should be in @&geare
clinical development for drugs that have a potential to cause human testgiday based on
nonclinical findings at anticipated clinically rebnt exposuresaking into accounthe other
aforementioned factorsThe sponsor can discuss this plan wiité appropriate review division
as part of a prnvestigational new drug applicatiopréIND) meeting or develothe plan and
provideit with the originallND or at other time points in the IND phase, as appropricte.
sponsor can also discuss these issugslastone or other meetings.

It is not possible to provide a single risk minimization and monitoring plan for all ditlysw
potential for human testicular toxicitylThe sponsor should individualize each plan considering
factors that may include 1) the type, severity, consistency, and reversibtlite findings in the
toxicology studies; 2) the duration and dose of clinical exposure relative to the mlunatigin

(i.e., if seen with shoiierm or only exposure in chronic toxicology studies) and exposure margin
(minimumobserved adverse effect leweargins close to (i.e., less than tenfold) clinical
exposures or with substantial margins to clinical exposure); and 3) consideratiowefotfrigk

based upon the intended indication (i.e., treatment of a serioubfiatening disease with

unmet medical need or a common disease without unmet medical need).

Risk mitigation m& include restricting the population to be stud&deast in the early phases

of development, if appropriate, for the drug in question. For example, the drug could bg initiall
investigated only in females wasectomizednenwho have completed family planning.

Although nitial usein females and thesasectomized memay not contribute clinical data
relevant tosemen quality, assessment of reprodhectiormones could beformative This

approach may allownitial pharmacokinetic, pharmacokinetic/pharmacodynamic, safety, and
efficacy evaluations of the drug while the sponsor obtadastionalnonclinical testular safety
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datg and better understands the likely clinical exposure range (to assess theelimisaire
margin relatie to theno observed adverse effect lgvel

In circumstances wheraen wil be exposed to the drude potential risk of testicular injury
should beclearly conveyed in the informed consemuring theclinical trial in these subjects,
information should be gathered on the effect of the drug otesites. This information should
be based on the specific circumstances of the subject’s exoglo®uld includesemen
analysesas follows:

e At baseline
e At one spermatogenic cycle (13 weeks) aftartsig the investigational drug

e At one spermatogenic cycle (13 wee&igr drug discontinuatioar following complete
drug elimination, whichever is later, with assessentfor recoveryfrom changes in
semen parameters significant adverse changes are seen at theekk evaluation

Subjects should abstain from ejaculating for at least 48 hours and a maximaaysbéfore

each semen collectiorkor each assessment time point, semen analysis shouldde dtathe
average of two semeapecimens collected several days aphrtaddition, the sponsor could
assessther biomarkes of testicular injurysuch aserum concentrations of testosterone, follicle
stimulating homone (FSH), and luteinizing hormofieH). Thesponsor should factor in the
diurnal and episodic nature of hormone secretion in the sampling scheme when performing
hormonal testing.

V. DESIGN OF A CLINICAL TRIAL TO EVALUATE THE EFFECT OF A DRUG
ON THE TESTES

Basedon the nonclinical findings, theesults from initial humaresting, and the intended use of
the drug being considered, it may be appropriate to conduct a dedicated clinical ishfety tr
having as its primary purpose an evaluation of the effect of the drug on testicular function.
Sponsors should digss with the review divisiotihe appropriategess oiconductingsuch a safety
study beforeor in parallel with the phase 3 trialé. separate safety trimhay not benecessary
undercertaincircumstances, such dghe drugbelongs to &lasswith knowneffects on the
testes €.g., radiomimetics, androgens, anti-androgefig following section describes basic
featureghatthe sponsor should consider when designing suichla

A. Subject Selection

Trial subjects should be men considet@thiave normal potential for fertility as reflected by
semen parameters
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We recommend that subjects have semen parameters that equal ortlesggaterallyaccepted
5™ percentilevalues of théVorld HealthOrganization(WHO) reference value As of 2010,
these5™ percentile values are:

e Semen volume —1.5 milliliters (mL)

e Total sperm per ejaculate- 39 million spermatozoa per ejaculate

e Sperm concentration -35 million spermatozoger mL

e Sperm progressive motility- 32 percent

e Sperm morphology— 4 percent normdbrmsusing strict‘Tygerberg” method

These values should be equaled or exceeded in at least two semen specimens that aratcollected
least several days apart at baseliSeabjects should abstain fromaeplating for at least 48 hours

and a maximum of 7 days befarach semen collectioiThe sponsor should consider the

averagef the two specimen® bethe baseline semen characteristarseach enrolled subject.

To the extent feasiblsubjects shoulberepresentative dhe population for whom the drug is
intended with careful considerations for factors, such as disease severity and contomitan
medications, that may confound the semen parameters.

B. Trial Design

We recommena randomized, doubletind, placebo-controlled, parallakm trial We

recommend that the trial randomize approximately 200 men in a 1:1 ratio to reitearehe
investigational drug or placebdn general, his sample size has been found to be adequate for
the purposesf edimating cumulative distribution curves and producing a 95 percent confidence
intervalwidth that is reasonably narrow for the primary endpoint.

The investigational drug should be administeatd dose and frequency that is representative of
its intenckd clinical use. In general, for drugs intended for chronic use, the drug should be
administeredor at least two human spermatogenic cycles, which is 26 wdakgys indicated

for shortterm use or intermittent retreatmestiould be administered accardito the maximum
duration of intended use; sponsors may need to discuss the actual duration of investiyationa
exposure with the review division.

Sponsors should obtaiemmen analyses at baseline, at the end of the first 13 weeks, and again at
theend of the 26week dosing interval for chronically administér@rugs. For drugs intended

for shortterm use or intermittent retreatment, sponsors should perform these analyses&t basel
and 13 weeks after administration of the investigational diRregdrugs with long halfives

(weeks to monthsye recommenthe sponsor discuss with the review division the appropriate
timing of semen analyse® adequately evaluate the drug effect. Subjects should abstain from
ejaculating at least 48 hours and a mmaxm of 7 day$efore each semen collectioRor each
assessment time point, t@emen sampleshould be collectedeveral days aparfThe methods

of collecting and handlingf semen sampleshould be standardizédr all sites in a trial A

single cemal laboratoryshould process and analyze all semen samples for the purposes of

8 Cooper TG, Noonan E, von Eckardstein S, et al., 2010, WorldHH®adanization Reference Values for Human
Semen Characteristics, Hum Reprod Updaté3)1Z31-245.
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consistency and qualigssurancelf there are significant challenges with adhering to these
standard approachebkge sponsor should discuasiéernative plans with the revieglvision.

The primary endpoint of the trial should be the percentage of subjects in each group who
experience a 50 percent or greater decline in sperm coatentrcompared to baseline, 13

weeks after starting the investigational drug (stemin useor intermittent retreatment drugs) or
after 26 weeks of drug exposure (chronically administered drugs). Currently, sperm
concentration is considered the most reliably quantifiablesgrarameter that has potential

utility in providing information aboutnale fertility. It should be noted, however, that no single
semen parameter can predict fertility potential andttiesponsor should considat

parameters in a semen analysi$erefore, the sponsor should evaluate as secondary endpoints
changes from baseline in sperm concagian, ejaculate volume, totsperm per ejaculate,

motility, and morphology. The sponsor could also considerparisons to WHO reference

values and population-specific values as additional secondary endpidietsemen parameters

at baseline and during treatment shaelpresent the mean of two semen samples collected a few
days apart at each time point.

The sponsor should consider evaluating hormones, such as serum testosterone, FSH, and LH, in
cases where changes ims&n parameters are suspected to beeat hormonal perturbation.

In addition, these hormonal evaluations may help to inform on the dfigtt on testicular

function.

Individual subjects who experience a 50 percent or greater decline in sperm i@imceshould
be reevaluated after at least a-i@ek drugfree interval to agss the recovery following drug
exposure. An evaluation of recovery after a longer diregintegval may be necessary for drugs
with particularly long half-lives.In theseaffected subjects, the mean of adetwo semen
analyses collected a few days apart at the end of thefrdmignterval should be used to
determine the change from baseline and change from thentasiadment values of the semen
parameters.

C. Presentation of Results

Thesponsor should base the primary analysis on all subjects whdasekne and at least one
postbaseline semen sample and should include a prespeaiprdach for handling missing
data. The proportion of subjects experiencinigast a 50 percent decrease in sperm
concentration from baseline should be calculated together with the associatededt p
confidence interval for the difference between the drug and placebo groups.

In addition, the sponsor should constracumulative distribution plot for the primary gumint
for each treatment group. The x-axis should display changedfisatine in sperm
concentration ranging from 100 percent decrease (i.e., minus 100 percent pean@)so the
maximal observethcrease. The yaxis should display the proportion of subjects who
experienced a percentag@ange in sperm concentration, at the primary time point, eqoal to
less than the corresponding x-axis value.
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Figure 1 shows a sample plot. This plot shows thatoappately 50 percent of subjects treated
with either the investigational drug or placebo halderease in sperm concentratioym
baseline during treatmenilt also shows that a decreasesperm concentration of greatban

50 percent occurred in approximately 5 percent of the sishjgwo were treated with eithétre
investigational drug or placebo.

Figure 1. Example of a Cumulative Distribution Plot

Approximately 50 percent of subjects receiving
either drug or placebo had a decrease in sperm

e -
1“- concentration
3l
1

|

Approximately 5 percent of subjects recaiving
either drug or placebo had a 50 percent or greater
decrease in sperm concentration

Proportion of subjects having this change or less

i Fan asa

Percentage change from baseline
Study arm AAA Drug +++ Placebo

For each treatment group, the sponsor should calculateettian change from baseline in
sperm conaetration and ireach secondary endpoint. The associated 95 percent confidence
interval for the difference between the drug and placebo groups should be shown for all
endpoints.

The percentage of subjects having individual secondargrs@arameters within the normal
reference range at the end of the treatment pshiodid be presented for each treatment group.
The percentagef subjects having all secondary semen enaigavithin the normal reference
range at the end of the treatment pegbduld also be presentéat each treatment group.

We recommenthat sponsorsicludetables showing shift analyses from baseline to wiee{or

26 for chronically administered drugs) for each of the primary and secondary endpointhfor ea
treatment group. Each table would include shift analyses Wibhin the reference range at
baseline to above the reference range at week 13 (or 26rfmically administered drugs) and
from within the reference range at baseline to below the reference range at thgsariis

The report should also include a discussion of reversibility of the findings duringutié ek
follow-up period if applicable.
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D. Conclusions

Thesponsor should consider the potential for risk to humans wheclinical studies
demonstrate drugelated adverse effeat® malereproductive organs, semen analysis, and/or
fertility. If assessment of testicular toxicitynmen is indicated, plans to address and monitor for
the risk of testicular injurghould be in placearly in clinical testing in male subjeasat the
appropriate phase dfug developmentThe primarypurpose of the clinical semesafetytrial is

to evaluate humn testicular function based aonclinical findings of testicular toxicity that
cause concerriror FDA,the semen safetyial does not directly evaluate drug effect on human
male fertility, butthe trialcan provide useful information about drug effect on commonly used
measures of testicular function

In general, it is not possible to stipulate firm guidelines for ime&tghion of these trial results
and, a priori, specify results that would resolve the concern afukesttoxicity. Sponses
should evaluate individually each drug,ifitended use, and the results of a semen trial as
outlined in this guidanceUltimately, the acceptability of the adverse effects of a drug on
testicular functiorshould be based on the overall benesik-assessment of the particular drug
and indication being sought.
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