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ABSTRACT

Tretinoin (all-trans-retinoic acid, ATRA) is the carboxylic acid
form of vitamin A and the principal endogenous ligand of the
nuclear retinoic acid receptors (RAR-alpha, RAR-beta, RAR-
gamma), through which it regulates the transcription of over 500
target genes involved in cellular differentiation, proliferation,
apoptosis, and immune modulation. First isolated and
characterized in the mid-twentieth century as a metabolite of
retinol, tretinoin was developed as a topical dermatological agent
by Albert Kligman and James Fulton at the University of
Pennsylvania in the 1960s and received United States Food and
Drug Administration approval for acne vulgaris in 1971, making it
the first retinoid approved for clinical use. The compound was
subsequently approved for the treatment of fine facial wrinkles
and mottled hyperpigmentation associated with photoaging in
1995. In the systemic setting, the landmark 1988 report by Huang
and colleagues at Shanghai Second Medical University
demonstrated that oral tretinoin at 45 mg/mZ2/day induced
complete hematological remission in patients with acute
promyelocytic leukemia (APL) harboring the t(15;17) translocation
and the resulting PML-RAR-alpha fusion oncoprotein,
establishing tretinoin as the first successful ditferentiation
therapy in oncology and transforming APL from a rapidly fatal
malignancy to one of the most curable forms of acute leukemia.
The molecular pharmacology of tretinoin is mediated through
ligand-dependent activation of RAR/RXR heterodimers bound to
retinoic acid response elements in target gene promoters; in the
unliganded state, these heterodimers recruit corepressor
complexes (NCoR, SMRT) and histone deacetylases that maintain

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY CONSUMPTION2



transcriptional silencing, while tretinoin binding induces
conformational change, corepressor release, and coactivator
recruitment with histone acetyltransferase activity, resulting in
chromatin remodeling and transcriptional activation. In the
dermatological context, this transcriptional program promotes
keratinocyte differentiation, accelerates corneocyte shedding,
inhibits comedone formation, stimulates type I procollagen
synthesis, and blocks ultraviolet-induced matrix
metalloproteinase activation through inhibition of activator
protein 1. In APL, pharmacological concentrations of tretinoin
overcome the dominant-negative transcriptional repression
imposed by the PML-RAR-alpha tusion protein, driving terminal
granulocytic ditferentiation of the leukemic clone.

Pharmacokinetics differ substantially between the topical and
systemic routes. Topical application produces minimal systemic
absorption, with percutaneous bioavailability estimated at less
than 2 percent and negligible alteration of endogenous plasma
retinoid concentrations. Oral tretinoin at the 45 mg/m2 APL dose
is rapidly absorbed, reaching peak plasma concentrations of
approximately 350 ng/mL (1.2 micromolar) within 1 to 2 hours,
with greater than 95 percent plasma protein binding
predominantly to albumin. The terminal elimination half-life is
short (0.5 to 2 hours) and is dominated by oxidative metabolism
through CYP26A1, CYP2CS8, and CYP3A4, with a clinically
significant autoinduction phenomenon: tretinoin potently
upregulates CYP26A1 transcription through retinoic acid
response elements in the CYP26A1 promoter, resulting in
progressive acceleration of its own clearance such that plasma
concentrations decline to approximately one-third of initial values
within one week of continuous dosing at constant dose. This
autoinduction has clinical implications for APL treatment
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duration and has motivated intermittent dosing schedules and
combination regimens with arsenic trioxide. The compound is
teratogenic through disruption of retinoic acid gradient signaling
during embryogenesis, classified as FDA pregnancy category X for
systemic use; topical tretinoin, by contrast, does not produce
measurable increases in systemic retinoid exposure and is not
associated with increased teratogenic risk in epidemiological
studies, though precautionary avoidance during pregnancy is
recommended. The principal systemic toxicity in APL therapy is
the differentiation syndrome (formerly retinoic acid syndrome), a
potentially fatal inflammatory response occurring in
approximately 25 percent of treated patients and characterized by
fever, dyspnea, weight gain, pulmonary infiltrates, and pleural or
pericardial etfusions, managed with early recognition and high-
dose corticosteroids.

This monograph reviews the chemistry, structural identity, and
synthesis of tretinoin; the RAR/RXR nuclear receptor
pharmacology and downstream transcriptional programs; the
divergent pharmacokinetics of topical and systemic
administration including autoinduction; the preclinical
pharmacology across dermatological, oncological, and wound-
healing models; the clinical evidence base in acne, photoaging, and
acute promyelocytic leukemia; sourcing and quality verification
considerations; reconstitution and handling; stack-interaction
implications; adverse-event and safety signal; and a comparative
assessment of five retinoid alternatives (adapalene, tazarotene,
isotretinoin, bexarotene, tamibarotene) against tretinoin on five
competency standards.
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1. Compound Identitication

1.1 Names, synonyms, and registry identifiers

International Nonproprietary Name: Tretinoin.

Marketed names (topical): Retin-A (Ortho Dermatologics, now Bausch Health;
original topical acne formulation), Retin-A Micro (microsphere gel formulation),
Renova (emollient cream formulation approved for photoaging), Atralin (gel,
0.05%), Altreno (lotion, 0.05%), Avita (cream and gel, 0.025%), and multiple generic
topical formulations across global jurisdictions.

Marketed names (systemic): Vesanoid (Roche; oral capsules for acute promyelo-
cytic leukemia). The Vesanoid brand is the canonical systemic formulation in the
global oncology literature [1].

Development codes: Ro 5-2653 (Hoffmann-La Roche early development designa-
tion). The compound does not carry a single canonical development code in the
sense of a novel pharmaceutical entity, as it is an endogenous metabolite that en-
tered clinical use through academic rather than traditional pharmaceutical devel-

opment pathways.
Chemical Abstracts Service registry number: 302-79-4.

International Union of Pure and Applied Chemistry name: (2E,4E,6E,8E)-3,7-
dimethyl-9-(2,6,6-trimethylcyclohex-1-en-1-yl)nona-2,4,6,8-tetraenoic  acid. The
compound is the all-trans geometric isomer of retinoic acid; the 9-cis, 13-cis, and
11-cis isomers are distinct compounds with different receptor binding profiles and
clinical applications.

1.2 Structural class and chemistry

Tretinoin is a first-generation retinoid, defined as the carboxylic acid derivative of
retinol (vitamin A alcohol) produced by two sequential oxidation steps: retinol to
retinal (retinaldehyde) by retinol dehydrogenases, and retinal to retinoic acid by
retinaldehyde dehydrogenases (RALDH-1, RALDH-2, RALDH-3) [2]. The compound
belongs to the broader terpenoid class as a diterpenoid derivative, sharing the beta-
ionone ring and polyene chain characteristic of the retinoid family.
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Molecular formula: C20H2802.
Exact mass: 300.2089 g/mol (monoisotopic).
Molecular weight: 300.44 g/mol.

Physical properties: Yellow to light orange crystalline powder. Sensitive to light,
air, and heat. Soluble in dimethyl sulfoxide, ethanol, and chloroform; slightly solu-
ble in polyethylene glycol 400; practically insoluble in water. Melting point approxi-
mately 180 to 182 degrees Celsius. The compound oxidizes and isomerizes on expo-

sure to light and air, necessitating light-protected storage under inert atmosphere.

Stereochemistry: Tretinoin contains four conjugated trans (E) double bonds in
the polyene side chain. The all-trans configuration is thermodynamically less sta-
ble than certain cis isomers; photoisomerization produces 13-cis-retinoic acid
(isotretinoin), 9-cis-retinoic acid (alitretinoin), and 9,13-di-cis-retinoic acid. Each
geometric isomer has a distinct receptor binding profile: all-trans-retinoic acid is
the high-affinity endogenous ligand for the RAR family, while 9-cis-retinoic acid
binds both RAR and RXR receptors. Investigators handling tretinoin should protect
solutions from light to prevent isomerization artifacts.

1.3 Synthesis

Tretinoin is manufactured by several synthetic routes. The most established indus-
trial synthesis proceeds from beta-ionone through Wittig olefination or Horner-
Wadsworth-Emmons reaction with a C5 or C10 phosphonate ester fragment to con-
struct the polyene chain with the correct all-trans stereochemistry [3]. Alternative
routes include the Grignard reaction of beta-ionylideneacetaldehyde with appropri-
ate chain-extension reagents. The all-trans stereoselectivity is achieved through
careful control of reaction temperature, solvent polarity, and the geometric selec-
tivity of the olefination reagent; residual cis isomers are removed by recrystalliza-
tion, chromatography, or selective crystallization from appropriate solvent systems
(typically hexane-ethyl acetate or methanol-water). Industrial production achieves
greater than 99 percent isomeric purity by high-performance liquid chromatogra-
phy. The compound may also be obtained by extraction and purification from bio-
logical sources (liver, eggs, dairy), though synthetic production dominates com-

mercial supply. Biosynthetically, tretinoin is produced in vivo from dietary retinol

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY CONSUMPTION 6



through the retinol dehydrogenase and retinaldehyde dehydrogenase pathway; en-
dogenous plasma concentrations in healthy adults are approximately 1 to 3 ng/mL
[4].
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2. Abstract

Tretinoin (all-trans-retinoic acid, ATRA) is the carboxylic acid metabolite of vita-
min A and the principal endogenous agonist of the nuclear retinoic acid receptors
(RAR-alpha, RAR-beta, RAR-gamma). Through ligand-dependent activation of
RAR/RXR heterodimers at retinoic acid response elements in target gene promot-
ers, tretinoin regulates transcriptional programs governing epithelial differentia-
tion, embryonic morphogenesis, myeloid cell maturation, collagen homeostasis,
and immune modulation [2, 5]. The compound occupies a unique position in phar-
macology as both an endogenous signaling molecule and a clinically deployed ther-
apeutic agent with two entirely distinct application domains: topical dermatology

and systemic oncology.

In dermatology, topical tretinoin is the gold-standard retinoid for the treatment
of acne vulgaris and for the amelioration of photodamaged skin. The acne indica-
tion, first described by Kligman and Fulton in 1969 and approved by the FDA in
1971, depends on the ability of tretinoin to normalize follicular keratinization, pro-
mote desquamation of comedonal plugs, and reduce microcomedone formation [6].
The photoaging indication, approved in 1995 for the Renova formulation, depends
on the stimulation of type I procollagen synthesis, inhibition of ultraviolet-induced
matrix metalloproteinase expression through activator protein 1 blockade, and
restoration of dermal collagen architecture [7, 8]. Topical tretinoin is available in
cream, gel, microsphere gel, and lotion formulations at concentrations ranging
from 0.01% to 0.1%.

In oncology, oral tretinoin at 45 mg/m2/day is the cornerstone of induction ther-
apy for acute promyelocytic leukemia (APL), the M3 subtype of acute myeloid
leukemia defined by the t(15;17)(q24;q21) chromosomal translocation that produces
the PML-RAR-alpha fusion oncoprotein [9, 10]. The fusion protein acts as a domi-
nant-negative transcriptional repressor, blocking the normal RAR-alpha-mediated
granulocytic differentiation program and arresting myeloid maturation at the
promyelocyte stage. Pharmacological concentrations of tretinoin overcome this
transcriptional block, restoring coactivator recruitment and driving terminal dif-
ferentiation of the leukemic clone into mature granulocytes. The landmark 1988 re-
port by Huang and colleagues demonstrated complete remission rates exceeding 85

percent with tretinoin monotherapy [9], and subsequent combination regimens
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with arsenic trioxide have produced long-term cure rates approaching 95 percent,
transforming APL from one of the most rapidly fatal leukemias to one of the most
curable [11, 12].

Pharmacokinetics diverge sharply by route. Topical tretinoin undergoes less
than 2 percent percutaneous absorption and does not meaningfully alter systemic
retinoid concentrations. Oral tretinoin is rapidly absorbed (Tmax 1 to 2 hours),
highly protein-bound (greater than 95 percent), and rapidly eliminated (t1/2 0.5 to 2
hours) through oxidative metabolism by CYP26A1, CYP2C8, and CYP3A4 [13, 14]. A
defining pharmacokinetic feature is autoinduction: tretinoin transcriptionally up-
regulates CYP26A1 through retinoic acid response elements in the enzyme pro-
moter, progressively accelerating its own clearance and reducing plasma exposure
by approximately two-thirds within one week of continuous dosing [14, 15]. This
autoinduction motivates intermittent scheduling and combination approaches in
APL therapy.

The compound is teratogenic when administered systemically, classified as preg-
nancy category X, through disruption of the retinoic acid morphogen gradients
critical for embryonic patterning. The principal systemic toxicity in APL treatment
is differentiation syndrome, an inflammatory response occurring in approximately
25 percent of patients [16]. Topical tretinoin is well tolerated; the principal adverse
effects are local irritation, erythema, and desquamation, collectively termed the
retinoid dermatitis, which is dose-dependent and typically self-limiting with con-
tinued use.
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3. Discovery and Development History

3.1 Isolation and early characterization

Retinoic acid was first identified as a biologically active metabolite of vitamin A in
the 1940s and 1950s through studies demonstrating that the carboxylic acid form of
retinol could support growth and differentiation in vitamin-A-deficient animals but
could not support the visual cycle (which requires retinal) [17]. The chemical syn-
thesis and structural characterization of all-trans-retinoic acid were achieved in the
1950s. Tretinoin was patented in 1957 and received initial approval for clinical use
in 1962, though its major clinical applications were developed subsequently.

3.2 Development as a topical dermatological agent

Albert Kligman and James Fulton at the University of Pennsylvania conducted the
pivotal studies establishing topical retinoic acid as an acne treatment in the late
1960s. The 1969 publication by Kligman, Fulton, and Plewig demonstrated that topi-
cal tretinoin promoted comedone resolution and prevented new comedone forma-
tion in acne patients [6]. The compound was approved by the United States Food
and Drug Administration for the topical treatment of acne vulgaris in 1971 under
the brand name Retin-A, making it the first retinoid to receive regulatory approval.
The Kligman laboratory also conducted the foundational studies at the Holmesburg
Prison in Philadelphia, research whose ethical dimensions have been extensively
discussed in subsequent literature. The observation that acne patients treated with
topical tretinoin exhibited improvement in fine wrinkles, skin texture, and pigmen-
tary irregularities led to systematic investigation of the photoaging indication.
Kligman published the first reports of photoaging improvement with topical
tretinoin in the 1980s, and the Renova formulation (tretinoin 0.02% and later 0.05%
in an emollient base) received FDA approval in 1995 for the mitigation of fine facial
wrinkles, mottled hyperpigmentation, and tactile roughness of facial skin in the

setting of a comprehensive skin care and sun avoidance program [7].

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 10



3.3 Development as a differentiation therapy in acute
promyelocytic leukemia

The application of tretinoin to leukemia therapy originated from convergent obser-
vations in the 1970s and 1980s. In vitro studies demonstrated that retinoic acid
could induce differentiation of human promyelocytic leukemia cell lines, notably
the HL-60 cell line, into mature granulocytes [18]. The critical clinical translation
was achieved by Zhen-Yi Wang and colleagues at the Shanghai Institute of
Hematology at Shanghai Second Medical University. Huang, Wang, and colleagues
reported in 1988 that oral all-trans-retinoic acid at 45 to 100 mg/m2/day induced
complete hematological remission in 23 of 24 patients (96 percent) with acute
promyelocytic leukemia [9]. This was the first demonstration of differentiation
therapy in human cancer and a paradigm-shifting event in oncology.

The molecular basis was elucidated in parallel. The t(15;17)(q24;q21) transloca-
tion characteristic of APL was found to fuse the promyelocytic leukemia gene
(PML) on chromosome 15 to the retinoic acid receptor alpha gene (RARA) on chro-
mosome 17, producing the PML-RAR-alpha chimeric protein [19]. This fusion pro-
tein recruits corepressor complexes at physiological retinoic acid concentrations,
imposing a differentiation block; pharmacological concentrations of tretinoin over-
come the block by inducing conformational change, corepressor dissociation, and

proteasomal degradation of the fusion protein [20].

3.4 Combination with arsenic trioxide and current stan-
dard of care

The subsequent major advance was the combination of tretinoin with arsenic triox-
ide (ATO). The APL0406 trial and the AML17 trial demonstrated that the tretinoin
plus arsenic trioxide combination was non-inferior or superior to tretinoin plus an-
thracycline chemotherapy in non-high-risk APL, with event-free survival exceeding
95 percent at 50 months and substantially reduced long-term toxicity [11, 12]. The
ATRA plus ATO regimen is now the standard of care for non-high-risk APL in major
international guidelines. The mechanism of synergy involves complementary
degradation of PML-RAR-alpha: tretinoin targets the RAR-alpha moiety while ar-
senic trioxide targets the PML moiety through PML sumoylation and proteasomal

degradation.
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4. Mechanism of Action

4.1 Retinoic acid receptor family and heterodimer
formation

Tretinoin is the endogenous high-affinity ligand of the retinoic acid receptor (RAR)
family of nuclear receptors. Three RAR isotypes exist (RAR-alpha, RAR-beta, RAR-
gamma), each encoded by a separate gene and expressed in tissue-specific patterns
[5]. RAR-alpha is broadly expressed; RAR-beta expression is inducible by retinoic
acid itself and is prominent in epithelial tissues; RAR-gamma is the predominant
isotype in skin. RARs function as obligate heterodimers with retinoid X receptors
(RXR-alpha, RXR-beta, RXR-gamma); the RAR/RXR heterodimer is the functional
transcriptional unit. The heterodimer binds to retinoic acid response elements
(RAREs), which are typically direct repeats of the hexameric motif AGGTCA sepa-
rated by 2 or 5 nucleotides (DR2 and DR5 elements), in the promoter or enhancer
regions of target genes [5, 21].

4.2 Corepressor-coactivator switch

In the absence of ligand, the RAR/RXR heterodimer bound to a RARE recruits core-
pressor complexes, principally nuclear receptor corepressor (NCoR) and silencing
mediator of retinoid and thyroid receptors (SMRT). These corepressors serve as
scaffold proteins for histone deacetylase (HDAC) complexes, which remove acetyl
groups from histone tails and impose a condensed, transcriptionally silent chro-
matin state [21, 22].

Binding of tretinoin to the ligand-binding domain of RAR induces a conforma-
tional change in helix 12 (the activation function 2 domain), which creates a new
surface that is incompatible with corepressor binding and instead recruits coacti-
vator proteins. The principal coactivators are the steroid receptor coactivator (SRC)
family (SRC-1/NCoA-1, SRC-2/GRIP1/TIF2, SRC-3/ACTR/AIB1) and the CREB-binding
protein/p300 (CBP/p300) histone acetyltransferase complex [22]. Histone acetylation

opens chromatin, permitting assembly of the general transcription machinery and
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RNA polymerase II at the target gene promoter. This ligand-dependent corepressor-
to-coactivator exchange is the central molecular mechanism of tretinoin action
across all target tissues.

4.3 Dermatological mechanisms

In skin, tretinoin acts predominantly through RAR-gamma, which accounts for ap-
proximately 90 percent of cutaneous RAR expression. The transcriptional program
activated by tretinoin in keratinocytes and dermal fibroblasts produces multiple

convergent effects relevant to acne and photoaging [6, 7, 8].

Comedolytic and anti-comedogenic activity: Tretinoin promotes loosening of
corneocyte cohesion in the infundibulum of the pilosebaceous follicle, facilitating
expulsion of existing comedonal plugs and preventing formation of new micro-
comedones. The mechanism involves altered expression of transglutaminase, in-
volucrin, and loricrin (cornified envelope proteins) and modulation of desmosomal
adhesion in the follicular epithelium.

Epidermal proliferation and differentiation: Tretinoin accelerates epidermal
turnover by promoting transit of keratinocytes from the basal to the cornified
layer. The clinical manifestation is increased desquamation during the initial
weeks of topical therapy (the retinoid dermatitis).

Collagen biosynthesis: Tretinoin stimulates type I and type III procollagen ex-
pression in dermal fibroblasts through direct transcriptional activation. In pho-
toaged skin, where chronic ultraviolet exposure has degraded dermal collagen,
tretinoin application restores procollagen synthesis toward levels characteristic of
sun-protected skin [8].

Matrix metalloproteinase inhibition: Ultraviolet radiation activates the AP-1 (ac-
tivator protein 1) transcription factor complex (c-Jun/c-Fos heterodimers) in ker-
atinocytes and fibroblasts, which drives expression of matrix metalloproteinases
(MMP-1, MMP-3, MMP-9) responsible for collagen degradation. Tretinoin inhibits
AP-1 activity through protein-protein interaction between RAR and c-Jun, thereby
blocking MMP induction and protecting the dermal collagen matrix [7, 23].

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 13



4.4 Mechanism in acute promyelocytic leukemia

In APL, the PML-RAR-alpha fusion protein produced by the t(15;17) translocation
binds to RAREs with enhanced corepressor recruitment relative to wild-type RAR-
alpha. At physiological retinoic acid concentrations (1 to 3 nanomolar), the fusion
protein maintains corepressor-HDAC complex association and imposes transcrip-
tional silencing of genes required for granulocytic differentiation, arresting

myeloid maturation at the promyelocyte stage [19, 20].

Pharmacological concentrations of tretinoin (0.1 to 1 micromolar, achieved at
the 45 mg/m?2 oral dose) overcome this enhanced corepressor recruitment by forc-
ing conformational change in the RAR-alpha ligand-binding domain within the fu-
sion protein. This results in corepressor dissociation, coactivator recruitment, and
transcriptional activation of the differentiation gene program [20]. In addition,
tretinoin at pharmacological concentrations induces proteasomal degradation of
PML-RAR-alpha through a caspase-dependent and ubiquitin-proteasome pathway,
eliminating the dominant-negative transcriptional repressor and permitting nor-
mal RAR-alpha signaling to resume. The clinical consequence is terminal differen-
tiation of the leukemic promyelocyte clone into mature, short-lived granulocytes
that are cleared by normal apoptotic mechanisms.

4.5 Additional molecular activities

Tretinoin also exhibits non-genomic signaling activities that are less fully charac-
terized. These include rapid activation of kinase signaling cascades (ERK1/2, p38
MAPK, PI3K/Akt) through mechanisms that may involve membrane-associated RAR
or retinoid-binding proteins independent of nuclear transcription [24]. The physio-
logical significance of these non-genomic effects in the clinical context remains un-

der investigation.
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5. Pharmacokinetics and Routes of
Administration

5.1 Topical pharmacokinetics

Topical tretinoin is formulated in cream (0.025%, 0.05%, 0.1%), gel (0.01%, 0.025%,
0.05%, 0.1%), microsphere gel (0.04%, 0.06%, 0.08%, 0.1%), and lotion (0.05%) vehi-
cles. Percutaneous absorption is minimal; studies using radiolabeled tretinoin esti-
mate systemic bioavailability at less than 2 percent of the applied dose [25]. The low
absorption reflects the lipophilicity of the compound, which partitions preferen-
tially into the stratum corneum and epidermis rather than transiting to the dermal
vasculature. Endogenous plasma retinoic acid concentrations (approximately 1 to 3
ng/mL) are not measurably increased by topical tretinoin application at standard
dermatological doses. The local concentration in the epidermis and upper dermis is
sufficient for RAR activation and the pharmacological effects on keratinocyte differ-

entiation and fibroblast collagen synthesis.

5.2 Oral pharmacokinetics

Oral tretinoin at the APL dose of 45 mg/m2/day (administered in two divided doses)
is rapidly absorbed from the gastrointestinal tract, with peak plasma concentration
occurring within 1 to 2 hours [13, 14]. Peak plasma concentrations after the first
dose are approximately 350 ng/mL (approximately 1.2 micromolar), with substan-
tial interpatient variability (range approximately 100 to 800 ng/mL). Absorption is
enhanced by co-administration with food.

5.3 Distribution

Tretinoin is greater than 95 percent bound to plasma proteins, predominantly albu-
min, with a smaller contribution from cellular retinoic acid-binding proteins
(CRABP-I and CRABP-II) that mediate intracellular trafficking to the nuclear recep-
tor [26]. The volume of distribution has not been precisely characterized in humans
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but is estimated to be small, consistent with high protein binding and limited ex-
travascular distribution. The compound does not accumulate in the liver in the
manner of retinol and retinyl esters; it is rapidly metabolized and cleared.

5.4 Metabolism and autoinduction

Tretinoin is metabolized through oxidative pathways to produce 4-oxo-all-trans-
retinoic acid, 4-hydroxy-all-trans-retinoic acid, and other polar metabolites, which
are subsequently glucuronidated and excreted in urine and bile [13, 14]. The princi-
pal metabolizing enzymes are CYP26A1 (the primary retinoic acid hydroxylase),
CYP2C8, CYP3A4, and to a lesser extent CYP2EL.

The defining pharmacokinetic feature of oral tretinoin is autoinduction of its
own metabolism. Tretinoin is a potent transcriptional inducer of CYP26A1 through
retinoic acid response elements in the CYP26A1 gene promoter [15, 27]. With con-
tinuous daily dosing at 45 mg/m2, plasma tretinoin concentrations decline to ap-
proximately one-third of day-1 values within one week. In a pharmacokinetic study
of seven APL patients, mean peak concentrations decreased from 394 to 138 ng/mL
and area-under-the-curve values decreased from 537 to 249 ng per hour per mL
over the first week of therapy [14]. The magnitude of the urinary excretion of 4-oxo-
trans-retinoic acid glucuronide increased approximately tenfold over 2 to 6 weeks
of continuous dosing, confirming the enzymatic basis of the autoinduction.

This phenomenon has direct clinical implications: sustained therapeutic con-
centrations may not be maintained with continuous dosing, which has motivated
intermittent dosing strategies and the use of CYP26 inhibitors (such as liarozole and
the investigational compound talarozole) to block the autoinduction pathway [28].

5.5 Elimination

The terminal elimination half-life of tretinoin after oral dosing is 0.5 to 2 hours, re-
flecting rapid hepatic metabolism. Approximately two-thirds of an administered
oral dose is recovered in urine as oxidized and glucuronidated metabolites; the re-
mainder is excreted in bile. Renal impairment has minimal effect on tretinoin
clearance; hepatic impairment may prolong exposure but has not been systemati-
cally characterized at the APL dose.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 16



5.6 Special populations

Pediatric patients with APL are treated with the same mg/m2 dosing as adults,
though children are reported to be more sensitive to central nervous system ad-
verse effects, including pseudotumor cerebri [16]. Geriatric pharmacokinetics have
not been separately characterized. The compound is absolutely contraindicated in
pregnancy for systemic use (category X) owing to teratogenicity; topical use during
pregnancy is discouraged as a precaution despite the absence of demonstrated sys-

temic absorption at clinically meaningful levels [29].
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6. Preclinical Pharmacology

6.1 Dermatological models

In the ultraviolet-irradiated hairless mouse model, topical tretinoin reverses the
histological and biomechanical changes of photoaging, including epidermal atro-
phy, dermal collagen loss, and elastin degeneration [30]. The mechanism has been
characterized as restoration of type I procollagen mRNA expression and protein
synthesis in dermal fibroblasts, with concurrent suppression of MMP-1 and MMP-3
expression. The Fisher laboratory at the University of Michigan produced the defin-
itive preclinical and translational studies demonstrating that topical tretinoin
blocks ultraviolet-induced AP-1 activation and MMP expression in human skin in
vivo, confirmed by punch biopsy and immunohistochemical analysis [7, 23].

6.2 Wound healing

Pretreatment of photoaged skin with topical tretinoin accelerates wound healing in
both animal models and human clinical studies. Popp and colleagues demonstrated
that tretinoin-treated full-thickness wounds in photoaged forearm skin were 35 to
50 percent smaller than vehicle-treated wounds at matched time points, with more
rapid re-epithelialization and increased dermal collagen deposition [31]. The mech-
anism involves tretinoin-mediated restoration of the growth factor responsiveness

and extracellular matrix synthetic capacity of photoaged fibroblasts.

6.3 Cancer chemoprevention

Retinoids including tretinoin have been studied extensively in cancer chemopre-
vention models. In rodent carcinogenesis models, tretinoin and related retinoids
inhibit or reverse premalignant and malignant transformation in skin, lung, mam-
mary, and hepatic tissues [32, 33]. The mechanism involves transcriptional regula-
tion of differentiation and apoptosis programs through RAR activation. Clinical
chemoprevention trials with retinoids (principally isotretinoin and beta-carotene
rather than tretinoin specifically) have produced mixed results, with benefit in
some epithelial malignancy settings (oral leukoplakia, superficial bladder cancer)

and no benefit or potential harm in lung cancer chemoprevention in smokers [33].
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6.4 APL preclinical models

In the APL context, tretinoin induces terminal differentiation of the HL-60 promye-
locytic leukemia cell line and of primary APL patient-derived blasts in vitro at con-
centrations of 0.1 to 1 micromolar [18]. The NB4 cell line, which carries the t(15;17)
translocation and expresses PML-RAR-alpha, is the standard in vitro model for
tretinoin-induced differentiation and has been used to characterize the corepres-
sor-coactivator switch, the proteasomal degradation of the fusion protein, and the
synergistic mechanism with arsenic trioxide [20]. In transgenic mouse models ex-
pressing PML-RAR-alpha under the cathepsin G promoter, oral tretinoin induces
disease remission with morphological evidence of granulocytic differentiation of
the leukemic clone.
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7. Clinical Evidence Base

7.1 Acne vulgaris

Topical tretinoin is one of the most extensively studied treatments for acne vul-
garis. The original Kligman, Fulton, and Plewig studies in the late 1960s established
efficacy in comedonal and inflammatory acne [6]. Subsequent randomized con-
trolled trials have confirmed that tretinoin cream 0.025% to 0.1% produces signifi-
cant reduction in both non-inflammatory (comedones) and inflammatory (papules,
pustules) acne lesions compared to vehicle, with dose-dependent efficacy and irri-
tation [34]. The microsphere formulation (Retin-A Micro) achieves comparable effi-
cacy with reduced irritation through controlled-release delivery. The 2019
American Academy of Dermatology guidelines recommend topical retinoids
(tretinoin, adapalene, or tazarotene) as first-line therapy for nearly all forms of
acne, either as monotherapy for comedonal acne or in combination with topical

benzoyl peroxide and/or topical or systemic antibiotics for inflammatory acne [35].

7.2 Photoaging

The evidence for topical tretinoin in photoaging derives from multiple randomized,
vehicle-controlled trials. The Weinstein and colleagues 1991 multicenter trial
demonstrated statistically significant improvement in fine wrinkling, tactile rough-
ness, and mottled hyperpigmentation with tretinoin cream 0.05% applied daily for
24 weeks [36]. The Olsen and colleagues 1992 study confirmed these findings and es-
tablished the dose-response for the photoaging indication [37]. Histological analysis
in the Griffiths and colleagues 1993 study in the New England Journal of Medicine
demonstrated increased type I procollagen synthesis and restoration of dermal col-
lagen architecture in tretinoin-treated photodamaged skin [8]. These data sup-
ported the 1995 FDA approval of Renova. Long-term studies (up to 2 years) have
demonstrated sustained benefit with continued use and no evidence of
tachyphylaxis.
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7.3 Acute promyelocytic leukemia: induction therapy

The Huang et al. 1988 study reported complete remission in 23 of 24 APL patients
(96 percent) treated with oral tretinoin at 45 to 100 mg/m?2/day, establishing the fea-
sibility and efficacy of differentiation therapy [9]. The subsequent Castaigne et al.
1990 study in Blood replicated these findings in a European cohort [10]. The pivotal
randomized trial was reported by Fenaux and colleagues in 1993 and 1999: the
European APL group randomized newly diagnosed APL patients to tretinoin fol-
lowed by chemotherapy versus chemotherapy alone and demonstrated that
tretinoin induction followed by consolidation chemotherapy produced signifi-
cantly higher complete remission rates, lower relapse rates, and improved event-
free and overall survival [38, 39].

The Tallman et al. 1997 North American Intergroup Study (10129) randomized
346 patients and confirmed the superiority of tretinoin-containing induction over
chemotherapy alone, with complete remission rates of 72 percent (tretinoin arm)
versus 69 percent (chemotherapy arm) and substantially reduced relapse (hazard
ratio 0.48) [40].

7.4 Acute promyelocytic leukemia: ATRA plus arsenic
trioxide

The Lo-Coco et al. 2013 APL0406 trial randomized 156 non-high-risk APL patients to
tretinoin plus arsenic trioxide versus tretinoin plus idarubicin (standard chemo-
therapy) and reported event-free survival of 97 percent versus 86 percent at 34
months, establishing the superiority of the chemotherapy-free regimen [11]. The
Burnett et al. 2015 AML17 trial in 235 non-high-risk APL patients confirmed non-in-
feriority of ATRA plus ATO, with 4-year overall survival of 93 percent [12]. Long-
term follow-up of APL0406 at 72 months demonstrated persistent superiority, with
event-free survival of 96 percent versus 78 percent and reduced cumulative inci-
dence of relapse, therapy-related myelodysplasia, and cardiac toxicity [41]. The
ATRA plus ATO regimen is now the recommended first-line induction for non-high-
risk APL in the National Comprehensive Cancer Network, European LeukemiaNet,

and other international guidelines.
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7.5 Other oncological investigations

Tretinoin has been investigated as a component of combination regimens in other
hematological malignancies, including non-APL acute myeloid leukemia,
myelodysplastic syndromes, and cutaneous T-cell lymphoma. Results in non-APL
indications have been variable and generally less definitive than in APL, reflecting
the specific molecular dependency of APL on the PML-RAR-alpha fusion protein

that is absent in other malignancies [42].
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8. Sourcing and Quality Verification

Pharmaceutical-grade tretinoin is available in multiple formulations from estab-
lished manufacturers. Topical formulations (Retin-A, Retin-A Micro, Renova,
Atralin, Altreno, and generics) are widely available by prescription in the United
States and globally. Systemic formulations (Vesanoid 10 mg capsules) are available
through specialty oncology pharmacies.

Research-grade tretinoin (all-trans-retinoic acid) is supplied by multiple chemi-
cal suppliers (Sigma-Aldrich, Cayman Chemical, Tocris, MedChemExpress, Toronto
Research Chemicals, and others) at greater than 98 percent purity by HPLC. Supply
is in milligram to gram quantities as the free acid. Pricing is moderate, in the range
of $20 to $150 per gram of research-grade material.

Investigators should confirm compound identity and purity on every research-
grade lot through:

e High-performance liquid chromatography (HPLC) area-percent purity, ideally
greater than 98 percent, with attention to geometric isomer contamination (13-
cis-retinoic acid is the principal isomeric impurity)

e Ultraviolet-visible spectrophotometry (characteristic absorption maximum at
350 nm in ethanol, molar extinction coefficient approximately 45,000 M-1 cm-
1)

* Mass spectrometry confirmation of molecular weight (expected [M+H]+ at m/z
301.22)

* Nuclear magnetic resonance spectroscopy (1H NMR) for structural confirma-
tion and isomeric purity assessment

e Light-protection verification of the supplied material (photodegraded lots will
show elevated 13-cis and 9-cis isomer content)

The tretinoin research reagent market is well established; counterfeit material is
uncommon, but photodegradation and isomerization during storage and shipping
are genuine risks. On-receipt analytical confirmation is appropriate for any applica-

tion where the all-trans isomeric integrity is important.
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9. Reconstitution and Handling

Tretinoin is practically insoluble in water. For research applications, the compound
is dissolved in dimethyl sulfoxide (DMSO) to prepare concentrated stock solutions,
typically at 10 to 100 mM (3 to 30 mg/mL). Ethanol is an alternative solvent at lower
concentrations. Stock solutions should be aliquoted into single-use volumes to
avoid repeated freeze-thaw cycles and stored at minus 20 degrees Celsius or below,
protected from light, under inert atmosphere (nitrogen or argon) if available.

Light sensitivity: Tretinoin is highly sensitive to photoisomerization and pho-
tooxidation. All handling, dissolution, and storage should be performed under re-
duced light conditions (amber glassware, foil-wrapped tubes, subdued laboratory
lighting). Exposure to direct sunlight, fluorescent lighting, or ultraviolet sources
during preparation will produce isomerization to 13-cis and 9-cis forms within min-
utes to hours.

Oxidative sensitivity: The polyene chain is susceptible to oxidative degradation.
Solutions should be prepared fresh when possible, and long-term stored solutions
should be verified for potency and isomeric purity before use.

Temperature: The solid compound is stable at minus 20 degrees Celsius under
inert atmosphere for at least 2 years. DMSO stock solutions are stable at minus 20
degrees Celsius for at least 6 months if protected from light. Aqueous dilutions for
cell culture or in vivo dosing should be prepared immediately before use and not
stored.

For clinical-research formulations, the systemic preparation (Vesanoid 10 mg
capsules) should be stored at controlled room temperature (15 to 30 degrees
Celsius) protected from light, per the manufacturer's labeling. Topical formulations
should be stored at controlled room temperature and protected from freezing.
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10. Stack Interaction Considerations

Tretinoin interacts with several drug classes through its receptor pharmacology, its
metabolic pathways, and the physiological consequences of retinoid signaling.
Investigators conducting research with tretinoin, especially in systemic dosing,

should consider the following interactions:

CYP3A4 inhibitors: Strong CYP3A4 inhibitors (ketoconazole, itraconazole, riton-
avir, clarithromycin) may increase tretinoin plasma exposure by reducing oxidative
clearance. The clinical significance is greater in the APL dosing context than for

topical use.

CYP3A4 inducers: Inducers (rifampin, phenytoin, carbamazepine, phenobarbi-
tal, dexamethasone) may accelerate tretinoin metabolism beyond the already-sub-
stantial autoinduction, further reducing plasma concentrations during systemic
therapy.

CYP26 inhibitors: Liarozole and talarozole inhibit CYP26A1 and have been stud-
ied as adjuncts to retinoid therapy to block autoinduction and sustain plasma
tretinoin concentrations [28]. Concurrent use increases retinoid exposure and may
potentiate both efficacy and toxicity.

Vitamin A and retinoid supplements: Concurrent use of systemic tretinoin with
vitamin A supplements or other retinoids (isotretinoin, acitretin, bexarotene) pro-
duces additive retinoid toxicity (hypervitaminosis A syndrome: headache, pseudo-
tumor cerebri, mucocutaneous dryness, hepatotoxicity, hyperlipidemia).
Combination should be avoided.

Tetracyclines: Both systemic retinoids and tetracyclines independently increase
the risk of pseudotumor cerebri (idiopathic intracranial hypertension). Concurrent
use is contraindicated during systemic tretinoin therapy. For topical tretinoin, the
interaction is not relevant.

Photosensitizing agents: Tretinoin increases epidermal turnover and may in-
crease photosensitivity. Concurrent use with other photosensitizing drugs (fluoro-
quinolones, thiazides, sulfonamides) may increase the risk of sunburn. Sun protec-

tion is recommended during topical tretinoin therapy.
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Topical interactions: Concurrent use of topical tretinoin with benzoyl peroxide,
salicylic acid, or alpha-hydroxy acids may increase local irritation. Sequential ap-
plication (retinoid at night, other agents in the morning) is the standard clinical ap-

proach to minimize compounding irritation.

Anticoagulants: Case reports have described altered prothrombin time in pa-
tients receiving systemic tretinoin and warfarin concurrently. The mechanism is

not fully characterized; monitoring is recommended.

Arsenic trioxide: The combination of tretinoin and arsenic trioxide is the stan-
dard of care in APL. The pharmacological interaction is synergistic degradation of
PML-RAR-alpha through complementary mechanisms. No adverse pharmacoki-
netic interaction has been identified; the combination is well characterized in clini-
cal trials [11, 12].

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 26



11. Adverse Events and Safety

11.1 Topical adverse events

The principal adverse events of topical tretinoin are local and dose-dependent:

e Erythema, peeling, and dryness (retinoid dermatitis): occurs in the majority of

patients during the first 2 to 4 weeks of therapy, typically self-limiting with
continued use as the skin acclimates

Burning or stinging sensation on application: transient, more pronounced
with gel and solution vehicles than with cream formulations

Photosensitivity: increased susceptibility to sunburn due to thinning of the
stratum corneum

Post-inflammatory hyperpigmentation: principally in patients with Fitzpatrick
skin types IV to VI, usually secondary to the irritation response rather than a
direct tretinoin effect

These adverse events are manageable with dose titration (initiating at 0.025% and

increasing as tolerated), vehicle selection (cream and microsphere formulations are

less irritating than gels), and supportive measures (moisturizer application, sun

protection).

11.2 Systemic adverse events in APL therapy

Systemic tretinoin at the 45 mg/m2 APL dose produces adverse events consistent

with hypervitaminosis A [16]:

Headache (86 percent)

Fever (83 percent)

Skin and mucous membrane dryness (77 percent)
Bone pain (77 percent)

Nausea and vomiting (57 percent)

Rash (54 percent)

Mucositis (26 percent)
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* Pruritus (20 percent)
* Visual disturbances (17 percent)

* Hyperleukocytosis (up to 75 percent; reflects the differentiation of leukemic
blasts into mature granulocytes)

11.3 Differentiation syndrome

The most serious adverse effect of systemic tretinoin is differentiation syndrome
(formerly retinoic acid syndrome or APL differentiation syndrome), occurring in
approximately 25 percent of APL patients during induction [16, 43]. The syndrome
is characterized by fever, dyspnea, weight gain, pulmonary infiltrates, pleural or
pericardial effusions, hypotension, and in severe cases, respiratory failure and
multiorgan dysfunction. The pathophysiology involves massive release of inflam-
matory cytokines from differentiating promyelocytes and adhesion of maturing
granulocytes to pulmonary endothelium. Treatment is immediate initiation of
high-dose dexamethasone (10 mg intravenously twice daily); tretinoin is temporar-
ily interrupted in severe cases and resumed at resolution. Early recognition and
prompt corticosteroid administration have reduced the mortality of differentiation
syndrome from approximately 30 percent in early series to less than 5 percent in
current practice [43].

11.4 Teratogenicity

Tretinoin is a potent teratogen when administered systemically. Retinoic acid em-
bryopathy includes craniofacial, cardiac, and central nervous system malforma-
tions resulting from disruption of the retinoic acid concentration gradients that
pattern embryonic development [29, 44]. The compound is classified as FDA preg-
nancy category X for systemic use, and pregnancy must be excluded before initiat-
ing systemic tretinoin therapy. For topical tretinoin, epidemiological studies (in-
cluding the Loureiro et al. 2005 study of 235 pregnancies with first-trimester topical
tretinoin exposure) have not demonstrated an increased risk of major malforma-
tions, consistent with the negligible systemic absorption from topical application
[29]. However, precautionary avoidance during pregnancy is recommended in most

prescribing labels.
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11.5 Pseudotumor cerebri

Systemic tretinoin, particularly in pediatric patients, has been associated with
pseudotumor cerebri (idiopathic intracranial hypertension) characterized by
headache, papilledema, and elevated cerebrospinal fluid pressure [16]. The risk is
increased by concurrent tetracycline use and may require dose reduction or dis-

continuation of therapy.

11.6 Hepatotoxicity and metabolic etfects

Transient elevations of hepatic transaminases, triglycerides, and cholesterol are
common during systemic tretinoin therapy, reflecting the metabolic effects of
retinoid signaling on hepatic lipid metabolism. These elevations are usually clini-
cally insignificant and self-resolving but require monitoring during APL induction.
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12. Comparable Compounds
Assessment

This section presents a structured comparative assessment of five retinoid alterna-
tives against tretinoin, evaluated on five competency standards: novelty, effect size,
promising potential (current clinical state and trajectory), side-effect profile, and
overall validation. The five comparators were selected to span the principal clini-
cally relevant retinoid space, with priority on those that address overlapping indi-
cations with tretinoin.

12.1 Adapalene

Mechanism: Third-generation synthetic retinoid; selective RAR-beta and RAR-
gamma agonist with no significant binding to RAR-alpha or RXR receptors [45]. The
selectivity spares certain RAR-alpha-mediated irritation pathways, producing im-

proved tolerability relative to tretinoin.

Indications: FDA-approved for topical treatment of acne vulgaris. Available over
the counter at 0.1% (Differin) and by prescription at 0.3%. Not indicated or studied

for photoaging, though off-label use for this purpose is increasing.

Novelty: Moderate. The receptor-selective design represents a meaningful ad-
vance over the pan-RAR agonism of tretinoin, with improved therapeutic index for
the acne indication.

Effect size: Comparable to tretinoin 0.025% for acne; some studies suggest
tretinoin 0.05% and 0.1% are modestly more effective for both acne and photoag-
ing, particularly for fine wrinkle reduction [34, 35]. The effect-size difference for
acne is small and clinically marginal.

Promising potential: High for acne (widely used, over-the-counter availability).
Lower for photoaging and anti-aging applications, where tretinoin has the stronger
evidence base and FDA approval.
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Side-effect profile: Superior tolerability to tretinoin. Less irritation, erythema,
and peeling, particularly during the initiation period. The improved tolerability is
the principal clinical advantage.

Overall validation: High. Extensively validated in randomized controlled trials
for acne. Inferior to tretinoin for photoaging based on current evidence.

Comparison to tretinoin: Adapalene is the more tolerable option for acne with
comparable efficacy at matched potency. Tretinoin retains the advantage for pho-
toaging, collagen restoration, and any application requiring pan-RAR activation.

12.2 Tazarotene

Mechanism: Third-generation synthetic retinoid (acetylenic retinoid); selective
RAR-beta and RAR-gamma agonist with higher RAR-gamma binding affinity than
tretinoin [46]. Tazarotene is a prodrug that is hydrolyzed in the skin to its active me-
tabolite, tazarotenic acid.

Indications: FDA-approved for topical treatment of acne vulgaris, plaque psoria-
sis, and (in 2022 as Arazlo lotion) moderate-to-severe acne. Also available as a
cream for photoaging (off-label use supported by clinical trial evidence).

Novelty: Moderate. The prodrug design and acetylenic retinoid chemistry repre-
sent incremental advances. The receptor selectivity and binding affinity are higher
than tretinoin and adapalene.

Effect size: Superior to tretinoin for acne lesion reduction in some head-to-head
studies. Comparable to tretinoin for photoaging in limited comparative data [34,
46].

Promising potential: Moderate. The compound occupies a well-defined clinical
niche but has not displaced tretinoin as the reference retinoid.

Side-effect profile: More irritating than both tretinoin and adapalene at compa-
rable concentrations. The irritation potential limits clinical utility and patient
adherence.

Overall validation: Moderate to high. Well validated for acne and psoriasis.

Limited comparative data for photoaging.
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Comparison to tretinoin: Tazarotene may be marginally more effective for acne
but is more irritating. Tretinoin has the broader evidence base, more formulation
options, and greater familiarity.

12.3 Isotretinoin

Mechanism: 13-cis-retinoic acid; the geometric isomer of tretinoin. Binds RAR with
lower affinity than tretinoin and acts in part through intracellular isomerization to
all-trans-retinoic acid. The principal pharmacological effect in acne is potent sup-

pression of sebaceous gland activity and reduction of sebum production [47].

Indications: FDA-approved for systemic (oral) treatment of severe recalcitrant
nodular acne (Accutane, now generic). The compound profoundly suppresses seba-
ceous gland size and function, producing durable remission in up to 85 percent of
patients after a single course. Not indicated for APL or other oncological
applications.

Novelty: Low. The compound is a geometric isomer of tretinoin with a well-char-
acterized mechanism. The clinical application (systemic anti-acne therapy) is dis-

tinct from tretinoin's principal applications.

Effect size: Very high for severe acne. Isotretinoin is the most effective single
agent for acne and the only treatment that produces durable remission in the ma-
jority of patients [47].

Promising potential: High for severe acne. The compound remains the standard
of care for severe nodular acne despite its adverse-effect profile.

Side-effect profile: Substantial. Teratogenicity (category X, mandatory preg-
nancy prevention program [iPLEDGE in the United States]), mucocutaneous dry-
ness (nearly universal), hyperlipidemia, hepatotoxicity, mood disturbance (contro-
versial), and musculoskeletal symptoms. The adverse-effect burden substantially
exceeds that of topical tretinoin.

Overall validation: Very high for severe acne. Extensively validated over four
decades of clinical use. The relationship to tretinoin is primarily structural; the
clinical applications are largely non-overlapping.
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Comparison to tretinoin: Isotretinoin and tretinoin serve different clinical roles.
Isotretinoin is a systemic agent for severe acne; tretinoin is a topical agent for acne
and photoaging and a systemic agent for APL. The compounds are not
interchangeable.

12.4 Bexarotene

Mechanism: Synthetic rexinoid; selective agonist of retinoid X receptors (RXR-al-
pha, RXR-beta, RXR-gamma) with minimal RAR binding [48]. By activating RXR,
bexarotene modulates transcription through RXR homodimers and through per-
missive RXR-containing heterodimers (with PPAR, LXR, and other nuclear recep-
tors). The mechanism is fundamentally distinct from the RAR-mediated mecha-

nism of tretinoin.

Indications: FDA-approved (2000) for cutaneous T-cell lymphoma (CTCL; myco-
sis fungoides) that has not responded to at least one prior systemic therapy.
Available as Targretin oral capsules and topical gel.

Novelty: High. The RXR-selective mechanism is distinct from the RAR agonism
of tretinoin, adapalene, tazarotene, and isotretinoin. The clinical application in
CTCL does not overlap with tretinoin's indications.

Effect size: Moderate in CTCL. The overall response rate in previously treated
CTCL is approximately 50 percent for oral bexarotene and higher for topical
bexarotene in early-stage disease [48].

Promising potential: Moderate. The compound occupies a defined niche in
CTCL. Investigation in other malignancies and in metabolic disease has not pro-

duced additional registrations.

Side-effect profile: Significant. Hypertriglyceridemia (nearly universal at thera-
peutic doses), central hypothyroidism (through RXR-mediated suppression of TSH),
leukopenia, and the general retinoid adverse-effect profile.

Overall validation: Moderate. Validated for CTCL. Limited evidence outside this
indication.

Comparison to tretinoin: Bexarotene and tretinoin address different targets
(RXR versus RAR) and different clinical applications. The compounds are mecha-

nistically complementary rather than competitive. In the retinoid pharmacology
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research space, bexarotene is the standard RXR-selective reference compound.

12.5 Tamibarotene

Mechanism: Synthetic retinoid; selective RAR-alpha agonist with approximately 10-
fold higher binding affinity for RAR-alpha than tretinoin and minimal binding to
RAR-beta, RAR-gamma, and RXR [49]. The RAR-alpha selectivity was designed to
produce more potent differentiation therapy in APL while reducing the off-target
retinoid effects mediated by RAR-beta and RAR-gamma.

Indications: Approved in Japan (2005) for the treatment of relapsed or refractory
APL. Under investigation in the United States and Europe for APL and for higher-
risk myelodysplastic syndromes. The ASTX727 program by Astex Pharmaceuticals

investigated tamibarotene in combination with decitabine/cedazuridine.

Novelty: Moderate to high. The RAR-alpha selectivity is a rational design im-
provement over tretinoin for the APL indication. The compound does not address
the dermatological applications of tretinoin.

Effect size: In Japanese clinical trials, tamibarotene produced complete remis-
sion rates of approximately 64 to 75 percent in relapsed/refractory APL, including
in some patients who had relapsed after prior tretinoin therapy [49]. The effect size
in the frontline setting has not been directly compared to tretinoin in large ran-
domized trials.

Promising potential: Moderate. The compound addresses a defined clinical need
(tretinoin-resistant or relapsed APL) and is under active investigation. The limited
geographic registration (Japan only as of monograph date) constrains its global

clinical impact.

Side-effect profile: Similar to tretinoin in the APL context but with potentially re-
duced frequency of certain retinoid adverse effects (mucocutaneous dryness) at-
tributable to the RAR-alpha selectivity and reduced RAR-gamma activation in skin.

Overall validation: Moderate. Validated for relapsed APL in Japan. Limited large-
scale randomized data in the frontline setting.

Comparison to tretinoin: Tamibarotene is the most directly relevant comparator
to tretinoin in the APL setting. It offers improved RAR-alpha selectivity and activity
in some tretinoin-resistant cases but lacks the breadth of clinical evidence, the
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global registration, the combination data with arsenic trioxide, and the dermato-
logical applications that define tretinoin's clinical profile.

12.6 Comparator summary

The five comparators occupy distinct positions in the retinoid pharmacology land-
scape. Adapalene is the primary alternative to tretinoin for topical acne treatment,
offering improved tolerability at the cost of modestly reduced potency and absent
photoaging validation. Tazarotene is marginally more effective for acne but sub-
stantially more irritating. Isotretinoin is the systemic standard for severe acne but
addresses a different patient population and carries a heavier adverse-effect bur-
den. Bexarotene operates through an entirely different receptor (RXR) and ad-
dresses CTCL, an indication unrelated to tretinoin's applications. Tamibarotene is
the RAR-alpha-selective successor to tretinoin in APL but lacks the global registra-
tion, combination data, and dermatological versatility.

Tretinoin occupies a unique position as the only retinoid with simultaneous vali-
dation across topical dermatology (acne, photoaging), systemic oncology (APL),
and fundamental biology (the endogenous RAR ligand). Its pan-RAR agonism, while
less selective than newer synthetic retinoids, provides the broadest spectrum of
pharmacological activity and the most extensive clinical evidence base. The com-
pound remains the reference standard against which all subsequent retinoids are
measured.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 35



13. Reterences

10.

11.

. Roche Pharmaceuticals. Vesanoid (tretinoin) capsules prescribing informa-

tion. US Food and Drug Administration label. 2008.

. Niederreither K, Dolle P. Retinoic acid in development: towards an integrated

view. Nat Rev Genet. 2008;9(7):541-553.

. Isler O, Huber W, Ronco A, Kofler M. Synthese des Vitamin-A-Saure. Helv Chim

Acta. 1947;30(6):1911-1927.

. Kane MA, Folias AE, Napoli JL. HPLC/UV quantitation of retinal, retinol, and

retinyl esters in serum and tissues. Anal Biochem. 2008;378(1):71-79.

. Chambon P. A decade of molecular biology of retinoic acid receptors. FASEB J.

1996;10(9):940-954.

. Kligman AM, Fulton JE, Plewig G. Topical vitamin A acid in acne vulgaris. Arch

Dermatol. 1969;99(4):469-476.

. Fisher GJ, Wang ZQ, Datta SC, Varani J, Kang S, Voorhees JJ. Pathophysiology of

premature skin aging induced by ultraviolet light. N Engl ] Med.
1997;337(20):1419-1428.

. Griffiths CE, Russman AN, Majmudar G, Singer RS, Hamilton TA, Voorhees JJ.

Restoration of collagen formation in photodamaged human skin by tretinoin
(retinoic acid). N Engl J Med. 1993;329(8):530-535.

. Huang ME, Ye YC, Chen SR, et al. Use of all-trans retinoic acid in the treatment

of acute promyelocytic leukemia. Blood. 1988;72(2):567-572.

Castaigne S, Chomienne C, Daniel MT, et al. All-trans retinoic acid as a differ-
entiation therapy for acute promyelocytic leukemia. I. Clinical results. Blood.
1990;76(9):1704-1709.

Lo-Coco F, Avvisati G, Vignetti M, et al. Retinoic acid and arsenic trioxide for
acute promyelocytic leukemia. N Engl J Med. 2013;369(2):111-121.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 36



12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Burnett AK, Russell NH, Hills RK, et al. Arsenic trioxide and all-trans retinoic
acid treatment for acute promyelocytic leukaemia in all risk groups (AML17):
results of a randomised, controlled, phase 3 trial. Lancet Oncol.
2015;16(13):1295-1305.

. Muindi J, Frankel SR, Miller WH Jr, et al. Continuous treatment with all-trans

retinoic acid causes a progressive reduction in plasma drug concentrations:
implications for relapse and retinoid "resistance" in patients with acute
promyelocytic leukemia. Blood. 1992;79(2):299-303.

Adamson PC. All-trans-retinoic acid pharmacology and its impact on the treat-
ment of acute promyelocytic leukemia. Oncologist. 1996;1(5):305-314.

Thatcher JE, Isoherranen N. The role of CYP26 enzymes in retinoic acid clear-
ance. Expert Opin Drug Metab Toxicol. 2009;5(8):875-886.

Tallman MS. Retinoic acid syndrome: a problem of the past? Leukemia.
2002;16(2):160-161.

Arens JF, van Dorp DA. Synthesis of some compounds possessing vitamin A ac-
tivity. Nature. 1946;157(3977):190.

Breitman TR, Selonick SE, Collins SJ. Induction of differentiation of the human
promyelocytic leukemia cell line (HL-60) by retinoic acid. Proc Natl Acad Sci U
S A. 1980;77(5):2936-2940.

de The H, Lavau C, Marchio A, Chomienne C, Degos L, Dejean A. The PML-RAR
alpha fusion mRNA generated by the t(15;17) translocation in acute promyelo-
cytic leukemia encodes a functionally altered RAR. Cell. 1991;66(4):675-684.

Ablain J, de The H. Retinoic acid signaling in cancer: the parable of acute
promyelocytic leukemia. Int J Cancer. 2014;135(10):2262-2272.

Germain P, Chambon P, Cid E, et al. International Union of Pharmacology. LX.
Retinoic acid receptors. Pharmacol Rev. 2006;58(4):712-725.

PerissiV, Jepsen K, Glass CK, Rosenfeld MG. Deconstructing repression: evolv-
ing models of co-repressor action. Nat Rev Genet. 2010;11(2):109-123.

Fisher GJ, Datta SC, Talwar HS, et al. Molecular basis of sun-induced premature
skin ageing and retinoid antagonism. Nature. 1996;379(6563):335-339.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 7



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Piskunov A, Al Tanoury Z, Rochette-Egly C. Nuclear and extra-nuclear effects
of retinoid acid receptors: how they are interconnected. Subcell Biochem.
2014;70:103-127.

Lehman PA, Slattery JT, Franz TJ. Percutaneous absorption of retinoids: influ-
ence of vehicle, light exposure and dose. J Invest Dermatol. 1988;91(1):56-61.

Noy N. Retinoid-binding proteins: mediators of retinoid action. Biochem J.
2000;348(Pt 3):481-495.

Topletz AR, Thatcher JE, Zelter A, et al. Comparison of the function and expres-
sion of CYP26A1 and CYP26B1, the two retinoic acid hydroxylases. Biochem
Pharmacol. 2012;83(1):149-163.

Vahlquist A, Blockhuys S, Steijlen P. Oral liarozole in the treatment of patients
with moderate/severe lamellar ichthyosis: results of a randomized, double-
blind, multinational, placebo-controlled phase II/III trial. Br J Dermatol.
2014;170(1):173-181.

Loureiro KD, Kao KK, Jones KL, et al. Minor malformations characteristic of
the retinoic acid embryopathy and other birth outcomes in children of women
exposed to topical tretinoin during early pregnancy. Am J Med Genet A.
2005;136(2):117-121.

Kligman LH, Duo CH, Kligman AM. Topical retinoic acid enhances the repair
of ultraviolet damaged dermal connective tissue. Connect Tissue Res.
1984;12(2):139-150.

Popp C, Kligman AM, Stoudemayer TJ. Pretreatment of photoaged forearm skin
with topical tretinoin accelerates healing of full-thickness wounds. Br J
Dermatol. 1995;132(1):46-53.

Moon RC, Mehta RG, Rao KVN. Retinoids and cancer in experimental animals.
In: Sporn MB, Roberts AB, Goodman DS, eds. The Retinoids: Biology,
Chemistry, and Medicine. 2nd ed. Raven Press; 1994:573-595.

Lippman SM, Benner SE, Hong WK. Retinoid chemoprevention studies in up-
per aerodigestive tract and lung carcinogenesis. Cancer Res. 1994;54(7
Suppl):2025s-2028s.

Leyden J, Stein-Gold L, Weiss J. Why topical retinoids are mainstay of therapy
for acne. Dermatol Ther (Heidelb). 2017;7(3):293-304.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 58



35.

36.

37.

38

39.

40.

41.

42.

43.

44.

45.

46.

Zaenglein AL, Pathy AL, Schlosser BJ, et al. Guidelines of care for the manage-
ment of acne vulgaris. ] Am Acad Dermatol. 2016;74(5):945-973.e33.

Weinstein GD, Nigra TP, Pochi PE, et al. Topical tretinoin for treatment of pho-
todamaged skin. A multicenter study. Arch Dermatol. 1991;127(5):659-665.

Olsen EA, Katz HI, Levine N, et al. Tretinoin emollient cream: a new therapy
for photodamaged skin. J Am Acad Dermatol. 1992;26(2 Pt 1):215-224.

. Fenaux P, Le Deley MC, Castaigne S, et al. Effect of all transretinoic acid in

newly diagnosed acute promyelocytic leukemia. Results of a multicenter ran-
domized trial. European APL 91 Group. Blood. 1993;82(11):3241-3249.

Fenaux P, Chastang C, Chevret S, et al. A randomized comparison of all tran-
sretinoic acid (ATRA) followed by chemotherapy and ATRA plus chemotherapy
and the role of maintenance therapy in newly diagnosed acute promyelocytic
leukemia. Blood. 1999;94(4):1192-1200.

Tallman MS, Andersen JW, Schiffer CA, et al. All-trans-retinoic acid in acute
promyelocytic leukemia. N Engl J Med. 1997;337(15):1021-1028.

Platzbecker U, Avvisati G, Cicconi L, et al. Improved outcomes with retinoic
acid and arsenic trioxide compared with retinoic acid and chemotherapy in
non-high-risk acute promyelocytic leukemia: final results of the randomized
Italian-German APL0406 trial. J Clin Oncol. 2017;35(6):605-612.

Martino OD, Welch JS. Retinoic acid receptors in acute myeloid leukemia ther-
apy. Cancers (Basel). 2019;11(12):1915.

Montesinos P, Bergua JM, Vellenga E, et al. Differentiation syndrome in pa-
tients with acute promyelocytic leukemia treated with all-trans retinoic acid
and anthracycline chemotherapy: characteristics, outcome, and prognostic
factors. Blood. 2009;113(4):775-783.

Lammer EJ, Chen DT, Hoar RM, et al. Retinoic acid embryopathy. N Engl ] Med.
1985;313(14):837-841.

Shroot B, Michel S. Pharmacology and chemistry of adapalene. J Am Acad
Dermatol. 1997;36(6 Pt 2):596-S103.

Duvic M, Nagpal S, Asano AT, Chandraratna RA. Molecular mechanisms of
tazarotene action in psoriasis. ] Am Acad Dermatol. 1997;37(2 Pt 3):S18-S24.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY

CONSUMPTION 59



47. Layton AM, Dreno B, Gollnick HPM, Zouboulis CC. A review of the European
Directive for prescribing systemic isotretinoin for acne vulgaris. J Eur Acad
Dermatol Venereol. 2006;20(7):773-776.

48. Duvic M, Hymes K, Heald P, et al. Bexarotene is effective and safe for treatment
of refractory advanced-stage cutaneous T-cell lymphoma: multinational phase
II-1II trial results. J Clin Oncol. 2001;19(9):2456-2471.

49. Miwako I, Kagechika H. Tamibarotene. Drugs Today (Barc). 2007;43(8):563-568.

This monograph is provided for research use only. Not for medical, diagnostic, or
therapeutic purposes. Not for human consumption. Tretinoin is an FDA-approvea
medication with distinct regulatory statuses for its topical and systemic formula-
tions; investigators should consult their local regulatory authority and applicable
institutional review processes before any research application. Compound class
generalizations are noted where compound-specific data are sparse; investigators

should weight the evidence accordingly.

© Kodiac biolabs - kodiac.org - RESEARCH USE ONLY - NOT FOR HUMAN OR VETERINARY
CONSUMPTION

40



