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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Drug-mediated phototoxicity and photocarcinogenicity have
long remained poorly understood. One of the most significant
dilemmas surrounding this issue is the sporadic nature of these
reactions.

This sporadic occurrence may be explained by modern and
newly introduced concepts such as drug-mediated nitrosogenesis
of skin cancer, as well as nitroso-photocarcinogenesis of
skin cancer. Regardless of their carcinogenic potential, all
nitrosamines may exhibit phototoxic properties and may
therefore act as photocarcinogenic substances, because of the
instability of the nitroso group under UV radiation.

Drug-related Nitroso Photocarcinogenesis represents anew and
innovative concept that seeks to provide a logical explanation
for the phenomenon of nitroso-photocarcinogenicity.

Various groups of medications, including antihypertensive
agents (beta-blockers, ACE inhibitors, calcium antagonists,
centrally acting sympatholytics, and sartans), anticoagulants,
antidiabetic drugs, and several other classes, possess secondary
amino groups. Under gastric conditions - an acidic environment
and in the presence of nitrite-rich food - these amino groups may
lead to the formation of nitrosamines, which are well known
carcinogens and established photocarcinogens. The subsequent
resorption of these drug-mediated nitroso compounds may
result in their subsequent deposition in the skin.

The decomposition of nitrosamines under the influence of
ultraviolet radiation may lead to the release of nitric oxide and/
or procarcinogenic mediators capable of damaging DNA of
keratinocytes and melanocytes. Thus, in practice, malignant
cellular branches may be initiated even when the relevant
groups of medications are not externally contaminated with
nitrosamines. In this sense, generic drugs from heterogenous
classes may effectively act as donors of photocarcinogenic
compounds to the human skin.

In this context, and in support of the aforementioned modern
concept of skin cancer, we present another case of keratinocyte
cancer (basal cell carcinoma) that developed relatively shortly
after combined intake of four drugs (apixaban, flecainide,
amlodipine, and perindopril), each containing a secondary
amino group in its structure - serving as a potential precursor
for the generation of photocarcinogens in the stomach.
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The skin cancer has been removed surgically. The defect
has been treated via nasal tip rotation flap as dermatosurgical
approach.

The role of endogenous, gastric related Nitrosogenesis
during intake of potentially completely uncontaminated drugs
(containing secondary amino groups in their chemical structure),
in relation to nitroso-photocacinogenesis and the subsequent
development of skin cancer, is discussed.

Key words. Apixaban, flecainide, N-nitroso-flecainide,
amlodipine, N-nitroso-amlodipine, perindopril, N-nitroso-
perindopril, N-nitrosamines, secondary amines, polymedication,
nitrosogenesis,  nitroso-photocarcinogenesis,  keratinocyte
cancer, basal cell carcinoma, dermatosurgery, reconstructive
surgery, nasal tip rotation flap.

Introduction.

Nitrosamines have been discussed since the 1930s as
photolabile compounds, characterized by their ability to
undergo  photodegradation/photodecomposition  regardless
of their carcinogenic potential [1]. N-nitosodimethylamine
(NDMA) for example, as well as other N-nitrosamines, can
undergo fragmentation of the N-N bond, which is unstable
under ultraviolet irradiation [1,2].

The mechanism of carcinogenicity for many nitrosamines is
already unraveling its mystery, making it rather a reality than
a myth [3].

Some nitrosamine impurities can be formed in the active
pharmaceutical ingredient during external synthesis, including
during manufacturing or storage, and may consequently be
present in finished pharmaceutical preparations [4].

However, another form of endogenous nitrosamine formation
may occur through the intake of medications containing
secondary and tertiary amino groups, such as ACE inhibitors [5],
calcium antagonists [6], beta-blockers [7], sartans, metformin,
etc. [8].

Upon exposure to an acidic environment and in the presence of
nitrite-rich food, these drugs (containing secondary amines) may
form nitrosamines in the stomach [9]. This process can occur
even when the drugs are completely free of exogenous nitroso
contamination. Subsequent resorption of the nitroso compounds
may lead to increased concentrations in the bloodstream, with
two possible outcomes:
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1) The nitrosamines may undergo metabolic activation in the
liver through enzymatic alpha-hydroxylation with cytochrome
P450, resulting in dealkylated primary nitrosamine (2). This
product is unstable and subsequently decomposes to form a
diazoniumion - a DNA alkylating agent (2). The resulting DNA
damage can lead to carcinogenesis (2).

2) Within the established bioavailability of nitroso compounds
in peripheral blood, and when they are not metabolically
activated in the liver, nitrosamines may exert genotoxic and
phototoxic effects, when deposited on skin and following
photodecomposition, NO release, ROS interaction, and
subsequent DNA damage [10,11].

The question of whether a certain drug product is entirely
free from nitrosamine contamination may now be of
limited significance. The newer concept extends beyond
the presence of preformed nitrosamines in medications as
potential carcinogenic agents and also considers the structural
components of drug molecules that may act as precursors for
their endogenous formation within the body. This so-called
endogenous nitrosamine formation concept proposes that certain
pharmaceutical compounds may contribute to carcinogenesis
through in vivo generation of nitrosamines, potentially playing
arole in the development of skin cancer.

We present another case of a patient who developed basal
cell carcinoma located on the apex nasi, which was surgically
excised and subsequently reconstructed using a nasal tip rotation
flap. The skin cancer development followed the start of the long-
term systemic therapy for arterial hypertension with apixaban,
flecainide, amlodipine, and perindopril. All of these medications
contain secondary amino groups that, under gastric conditions,
could can react with nitrites from food to form N-nitrosamines,
with or without prior hepatic metabolism, thereby supporting
the concept of endogenous nitrosamine formation.

Additionally, flecainide, amlodipine, and perindopril contain
N-nitrosamine impurities, representing a risk for exogenous
intake.

This bi-/poly-contamination may represent a possible
factor contributing to: 1) accelerated cancer development or
progression, with or without the presence of polymedication,
or 2) the sporadic occurrence of cancer in certain individuals,
potentially explaining why some patients develop more
aggressive or more rapidly progressing malignancies that others.

Case report.

A 64-year-old male presented with the primary complaint of
a tumorouslesion on the nose, first noticed approximately 3-4
years prior to consultation, withgradual enlargement, ulceration,
and bleeding observed over the past one year.

The patient had a medical history for arterial hypertension
and was receiving long-term systemic therapy consisting of
apixaban 5 mg twice daily, flecainide acetate 100 mg twice daily,
amlodipine 5 mg (half a tablet in the morning and one in the
evening), and perindopril arginine 5 mg - once in the morning.
These medications had been administered for approximately
3-4 years.

The patient was an indoor mechanic, with no history of
sunbathing or significant chronic sun exposure. He was
classified as Fitzpatrick skin type III. No relevant history of sun
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exposure was identified.

Dermatological examination revealed an achromatic tumorous
lesion protruding above the surrounding skin, with irregular
borders and visible telangiectasias, located on the apex nasi
(Figure 1). Based on the clinical presentation, basal cell
carcinoma was suspected. Enlarged lymph nodes were not
palpable.

Routine laboratory tests showed mild abnormalities consistent
with dyslipidemia. The patient was recommended for surgical
excision of the lesion.

Following cardiology consultation, the patient’s anticoagulant
therapy with apixaban was temporarily replaced with nadroparin
calcium 0,6 ml administered subcutaneously during the period
of hospitalization.

The tumorous lesion located on the apex nasi was preoperatively
marked with 0.2 mm safety margins in all directions. Primary
closure of the resulting defect was not feasible due to the
tension generated in this region, the nose representing a
major aesthetic unit and a sensitive anatomical area due to its
structural complexity and cosmetic significance. A skin graft
was considered unsuitable due to the likelihood of visible
discoloration and poor tissue match. Therefore, reconstruction
with a local skin flap was preferred.

The team opted fora nasal tip rotation flap (Figure 2a). The
flap was designed as a medially based superior arc of rotation
intended to rotate the entire nasal tip. The incision is placed
between the nasal tip and dorsum subunits. A Burow’s triangle
was created perpendicularly and inferiorly on the contralateral
side. An additional Burow’s triangle was excised from the
distal part of the arc, positioned superior to the arc. This triangle
was carefully aligned parallel to the alar rim to prevent facial
disfigurement.

The flap was then excised and elevated, followed by
undermining of the entire nasal tip just superficial to the
perichondrium (Figure 2b,c). After confirming the resulting
tension vectors would be evenly distributed, the tissue was
carefully rotated to cover the primary defect. The first sutures
were placed at the inferior Burow’s triangle to further reduce
the tension. The remaining closure of the secondary defect was
completed using single interrupted sutures (Figure 3).

The histopathological examination revealed a nodulocystic
type of basal cell carcinoma, with infiltration of the lateral
resection margin, corresponding to stage 1 pTINxMxRI.
Adjuvant radiotherapy was recommended following suture
removal. Due to postoperative edema observed in the facial
region, therapy was initiated with methylprednisolone i.v. 16mg
for four days, famotidine 40 mg twice daily, levocetirizine
dihydrochloride Smg per os once daily, and local application
of cool packs.

Discussion.

C. Crews [12] have described three main classes of
nitrosamines: 1) Volatile N-nitrosamines - lower molecular
weight compounds formed from secondary amines; 2) Non-
volatile N-nitrosamines - compounds that can be extracted from
foods, and 3) Total N-nitrosamine content - a combined measure
of both volatile and non-volatile N-nitrosamines, also including
unidentified molecules, such as nitrosated proteins that have not



Figure 1. An achromatic tumorous lesion protruding above the surrounding skin, with irregular borders and visible telangiectasias, located on the
apex nasi, clinically suspected for basal cell carcinoma.

\ : ; e .
Figure 2a-c. Intraoperative view: Nasal tip rotation flap: The flap was designed as a medially based superior arc of rotation intended to rotate the
entire nasal tip (a). The flap was excised and elevated, followed by undermining of the entire nasal tip just superficial to the perichondrium (b,c).

e P |
Figure 3. The secondary defect was closed with single interrupted sutures.
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yet been isolated from foods.

The modern concept of nitroso-photocarcinogenesis involves
the deposition of these non-metabolically activated forms of
nitrosamines in various tissues, including the skin, where they
may undergo photodecomposition under UV irradiation [13].
The subsequent reaction of NO with certain cellular structures
may generate mutations responsible for keratinocyte cancers, as
well as melanomas [13].

Several important international studies have suggested a
potential association between the development of keratinocyte
cancers, particularly basal cell carcinoma, and the use of
antihypertensive medications [14,15].

In 2017, a study by Nardone et al. [14], the use of ACE
inhibitors was associated with an increased risk of non-
melanoma skin cancers, including basal cell carcinoma and
squamous cell carcinoma, as well as melanoma.

The reported odds ratio (OR) for basal cell carcinoma among
ACE inhibitor users was 2.09 (1.87-2.34) in the unadjusted
model and 2.23 (1.78-2.81) after adjustment, ARBs (sartans)
users was 2.16(1.85-2.52) in the unadjusted model and 2.86
(2.13-3.83) after adjustment, and in the thiazide users was 1.73
(1.49-2.02) in the unadjusted model and 2.11 (1.60-2.79) after
adjustment [14].

When comparing the three antihypertensive classes mentioned
in the article - ACE inhibitors, angiotensin II receptor blockers
(ARBs) and thiazide diuretics - ACE inhibitors ranked second
in terms increased risk for basal cell carcinoma risk, with ARBs
showing the highest and thiazide diuretics demonstrating the
lowest relative risk in comparison [14].

The relationship between phototoxicity and drugs such
as ACE inhibitors and hydrochlorothiazide may be related
to their chemical structure and their potential to participate
in nitrosamine formation [15]. All of these drugs contain
secondary or tertiary amino groups and have been reported
to show a tendency toward phototoxic reactions, although the
exact mechanism remains uncertain [15].

A cutaneous phototoxic reaction results from the interaction
between a photosensitizing drug and subsequent exposure
to UV irradiation, and for certain medications (such as
hydrochlorothiazide), long-term follow up is necessary due to
the increased risk for melanoma or squamous cell carcinoma at
sites of earlier photosensitivity reactions [16]. According to Tao
et al. [17], hydrochlorothiazide may exacerbate UVB-induced
photosensitivity in normal skin by impairing the DNA damage
response. In keratinocytes, hydrochlorothiazide has been shown
to promote the transition from G1 to the S phase of the cell
cycle and to inhibit the p53 signalling pathway following UV
radiation exposure [17].

Phototoxic reactions are dose-dependent, they occur following
sun exposure, and are typically localized to UV-exposed
areas [18]. More than 300 medications have been reported
to possess the potential to induce phototoxic reactions [19].
The underlying mechanism involves the ability of the basic
compound or its metabolites to absorb UV radiation - often due
to structural features such as unstable double bonds or tricyclic
configuration - thereby reaching an excited, high-energy state
[19]. The subsequent return to the ground state is associated
with the generation of reactive oxygen species (ROS), which
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can induce direct DNA damage [18-20].

One possible explanation is the concept of dietary
nitrosogenesis [21] or dietary nitroso-photocarcinogenesis [22].
According to this thesis, nitrosamines may form endogenously
in the stomach under acidic conditions in the presence of
nitrite-rich food, independently of nitroso contamination of the
pharmaceutical products [22]. The resulting nitroso compounds,
after resorption in the human body, may then contribute to
phototoxic or photocarcinogenic processes affecting the human
keratinocytes / before metabolic activation in the liver [10,11].

The second also important international observation,
published in 2024 was conducted in postmenopausal women
and again evaluated the association between photosensitizing
antihypertensive medications and the subsequent risk of non-
melanoma cancer [23]. Specifically, the use of ACE inhibitors
(1.09 [1.01-1.18]), and calcium channel blockers (1.13 [1.05-
1.22]), was each associated with an increased risk of non-
melanoma skin cancer [23]. The risk further increased with the
use of multiple antihypertensive medications and with longer
treatment duration [23]. Both drug classes contain secondary
amino groups.

The role of polymedication, may be associated with increased
blood concentrations of certain (nitroso) compounds, mainly
due to drug-drug interactions involving inhibition of cytochrome
P450 (CYP) enzymes in the liver, which can enhance their
systemic bioavailability [24]. In practice, generics of these
drugs may exhibit photocarcinogenic potential which may lead
to skin carcinogenesis [25].

Perindopril is an orally administered prodrug that undergoes
extensive biotransformation after absorption - approximately
62% of the drug is metabolized through a first-pass effect, while
about 38% undergoes systemic hydrolysis [26,27]. Perindopril
is converted to its active metabolite, perindoprilat, primarily
in the liver through non-CYP450 enzymes, specifically via
hepatic ester hydrolysis [26,27]. In addition, metabolism also
results in the formation of perindoprilat glucuronide [26]. This
compound is generated predominantly from perindopril during
pre-systemic first pass metabolism [26]. Both perindoprilat and
perindoprilat glucuronide contain secondary amine functional
groups [26].

Recently, the focus in nitrosogenesis research has shifted
toward the concept of endogenous nitrosamine formation,
arising from the oral intake of so-called secondary or tertiary
amines that are present within the structure of the active
pharmaceutical substances [28,29].

Perindopril, and its metabolites, contain a secondary amine
[26,27], which makes it susceptible to nitrosation and the
potential formation of N-nitroso-perindopril [30].

Drug-induced photosensitivity associated with the use
of perindopril/indapamide has been reported following
administration of these medications and subsequent exposure
to either ultraviolet or visible radiation [31]. Such reactions
suggest that the pure generic drugs, or their nitroso compounds,
reach the skin in pharmacologically relevant concentrations
[32]. Although direct evidence demonstrating substantial
cutaneous deposition is limited in the literature, the occurrence
of clinically observable skin reactions supports the hypothesis
of systemic bioavailability with secondary availability in the



skin and subsequent skin cancer development [32].

Secondary amines can undergo nitrosation under gastric
conditions to form N-nitrosamines before metabolic activation,
which may enter systemic circulation, subsequently reach the
skin and undergo photodecomposition under UV irradiation,
releasing NO/ROS and potentially contributing to DNA
damage and skin cancer development [33,34]. Nitrosamines are
phototoxic, with their phototoxicity considered independent of
their carcinogenicity, due to the instability of their nitroso group
under UV light [35-37].

In addition, nitrosamines can be formed in vivo when a drug
containing amine functional groups is exposed to nitrosating
agents - such as dietary nitrites - under acidic gastric conditions
prior to hepatic metabolism [38].

Although the concept of endogenous nitrosamine formation
has recently gained considerable attention, the potential impact
of exogenous exposure through contaminated pharmaceutical
products should not be overlooked. According to the FDA,
N-nitroso-perindopril is classified under potency category 5,
with recommended Al limit of 1500 ng/day [39].

In all likelihood, these calculations by the regulators may be
to great extend inadequate and inaccurate, particularly when
viewed in light of current clinicopathological correlations
reported worldwide [40-43]. This limitations of the regulators
tests stems from the fact that carcinogenic potential is primarily
evaluated through testing metabolites after metabolic activation
in the liver [44], rather than considering products formed via
photodecomposition within the skin. This significant gap
explains the weaknesses in global regulatory and manufacturing
policies.

Based on the aforementioned considerations, Perindopril can
be viewed as real carcinogen through the following mechanisms:

1) Exogenous pathway: N-nitrosamines (N-nitroso-
perindopril) or other nitroso compounds may be ingested as
impurities in the pharmaceutical product. If these compounds
reach and accumulate in the skin/ before hepatic activation,
subsequent exposure to ultraviolet irradiation may induce
photodecomposition leading to the release of nitric oxide
(NO), which can interact with reactive oxygen species (ROS),
resulting in DNA damage and potentially contributing to the
development of skin cancer [33,34].

2) Endogenous pathway: Secondary or tertiary amines present
within the drug structure (perindopril or its metabolites) may
undergo nitrosation after ingestion. Under gastric conditions,
these amine groups can react with dietary nitrites or nitrates
to form N-nitroso compounds (N-nitroso-perindopril, for
example). Once formed, these compounds may circulate
systemically and, upon exposure to ultraviolet radiation in
the skin, undergo photodecomposition, generating NO and
ROS that promote DNA damage and may facilitate cutaneous
carcinogenesis/ before hepatic activation [33,34].

Clinicopathological correlations are also of importance.
Perindopril in the context of polymedication, may possibly be
related to the development of basal cell carcinoma [45,46], but
melanoma as well [47].

Analogously, Amlodipine may also be considered as a
potential carcinogen. Amlodipine is a calcium channel blocker
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that undergoes extensive hepatic metabolism mediated by
cytochrome P450 enzymes, primarily CYP3A4 and CYP3AS5
[48].

Endogenous nitrosamine formation: Amlodipine contains a
secondary amine within its structure [49], making it susceptible
to nitrosation reactions in the presence of dietary nitrites under
gastric conditions, than underlying photodecomposition after
skin deposition prior to hepatic metabolism [33,34]. In addition,
amlodipine has been reported to accumulate in cutaneous tissues
and can interact with UVA radiation, potentially inducing
photochemical reactions [50,51].

Exogenous nitrosamine contamination may arise from active
pharmaceutical ingredients, manufacturing processes, direct or
indirect cross-contamination from solvents and equipment, as
well as chemical degradation during storage [8].

According to the FDA’s list of potentially contaminated
medications, N-nitroso-amlodipine is classified within potency
category 5, with a recommended Al limit of 1500 ng/day [39].

The number of drug product recalls may vary depending on the
manufacturers [8]. A product containing Amlodipine-Valsartan
(30.7%) was among the most frequently recalled by several
pharmaceutical companies [8,52,53].

Reports in the literature suggest a possible link between
amlodipine and the observed clinicopathological findings in
everyday clinical practice, sometimes involving basal cell
carcinomas requiring extensive reconstructive techniques
[54,55].

Flecainide is a potent class IC antiarrhythmic agent that
undergoes hepatic metabolism through the CYP450 system,
primarily via CYP2D6 [56]. The drug exhibits extensive
distribution throughout the body, including adipose tissue [57].

Flecainide may also be viewed as a potential carcinogen due
to:

1) It contains a secondary amine within its molecular structure,
making it susceptible to possible nitrosation reactions [58];

2) Flecainide is also included in lists of medications with
potential N-nitroso-flecainide contamination - according to the
FDA, this compound falls within potency category 4, with a
recommended acceptable intake (AI) limit of 1500 ng/day [39].

International data linking the use of flecainide with the risk
of melanoma and non-melanoma skin cancer in Spain and
Denmark have been reported [59].

Flecainide use was associated with an increased risk of
melanoma (Denmark only) and non-melanoma skin cancer
(Denmark and Spain), although without substantial evidence of
dose-response relationships [59].

Antiarrhythmics have been linked to exogenously triggered
nitrosogenesis and oncopharmacogenesis, particularly in
relation to basal cell carcinoma [60].

The reason for endogenous, dietary related nitrosogenesis
or so-called nutritional/dietary mediated nitrosogenesis/photo
carcinogenesis may explain the potential differences in the
frequency of skin tumors observed across different geographical
regions.

Apixaban is an oral anticoagulant that is primarily metabolized
via CYP3A4 [61]. In the presence of polymedication, apixaban
may interact with other concurrently administered medications;



for example, coadministration with amlodipine can increase
systemic exposure to apixaban and consequently elevate the risk
of bleeding [61].

Apixaban does not contain a classical secondary amine within
its molecular structure, however, the synthetic process of
apixaban involves several amide bond-forming reactions and
the introduction of a pyrazole-linked secondary amine, which
can represent a potential risk for nitrosation and nitrosamine
formation [62]. Although this remains hypothetical, concurrent
metabolic interactions - such as those with amlodipine -
may increase apixaban exposure, and if nitrosamine-related
impurities are present, their potential systemic distribution
could also potentially increase.

Anticoagulants have been previously been linked to high-
risk basal cell carcinoma, in particularly in the context
of polymedication, where compounds such as N-nitroso-
rivaroxaban may act as cofactors or triggers in the metabolic
reprogramming of future cancer cell [63]. Reconstruction
with a Mustarde rotation flap was required to close the defect
- an outcome possibly related to years of polymedication and
potential nitrosocontamination within [63]. Three high-risk
basal cell carcinomas in the facial area in a stepwise manner in
the context of potentially contaminated drug therapy, including
ACE inhibitor (Ramipril), a Beta blocker (bisoprolol), an
anticoagulant (rivaroxaban), and folic acid [63].

A limitation of this report is the absence of objective
biochemical data, such as measured systemic or tissue levels
of nitrosamines in the patient. However, accumulating
clinicopathological evidence strongly suggest that intake of
medications contaminated with nitroso compounds, or those
capable of forming endogenous nitrosamines, may be associated
with the development of keratinocyte skin tumors, among other
malignancies.

These findings are further supported by experimental
studies demonstrating the genotoxic and phototoxic effects of
nitroso compounds on keratinocytes, as well as melanocytes.
Accordingly, it is the responsibility of pharmaceutical
manufacturers and regulatory authorities to ensure clear
disclosure regarding the presence or absence of nitroso
compounds in medicinal products.

Current scientific data indicate that the mere presence of
nitroso compounds in peripheral blood or skin does not result
in mutagenic effects [64]. However, within the context of
photodecomposition, reactive degradation products with
procarcinogenic potential - such as nitric oxide - may be
generated. These intermediates can initiate molecular pathways
leading to DNA damage and carcinogenesis. Therefore, the
detection of nitroso compounds in peripheral blood and skin
tissue should not be directly compared with carcinogenicity or
photocarcinogenicity without consideration of these additional
mechanisms.

The nose is a common location for skin cancer, accounting for
approximately 14-27% of all cutaneous cancers [65,66]. As the
face represents a person’s primary aesthetic unit, nasal tumors
pose additional challenges when planning defect reconstruction
[67]. Reconstructive options for defects in the distal portions of
the nose depend on several factors, including the involved nasal
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subunits, as well as the depth and size of defect. Commonly
used techniques include local flaps such as the East-West
advancement, bilobed/trilobed transposition, and dorsal nasal
rotation flaps [67-70]. In our patient, nasal tip rotation flap
was deemed the most suitable for covering the primary defect
following excision of the basal cell carcinoma.

Conclusion.

The identification of nitroso forms of drugs in tissues and blood
is not relevant and does not fundamentally limit the significance
of the presented data, for the following reasons: 1) it has been
demonstrated that nitroso forms of drugs in peripheral blood
do not exhibit mutagenic effects in standard assays, including
the Ames test, , but their degradation products have mutagenic
effects [64]; 2) the distribution of certain medications to
peripheral tissues is well established for drugs such as apixaban,
flecainide, amlodipine, and perindopril. Logically, their nitroso
forms are also reaching the peripheral tissues / including
skin/, consistent with previously recognized pharmacokinetic
behavior prior to the characterization of nitrosation process in
these compounds.

It has been proposed that procarcinogenic mediators may
be generated following the breakdown of nitroso compounds
during photodecomposition, with subsequent release of nitric
oxide and interaction with ROS, leading to the generation of
mutations. However, this represents only one proposed pathway
within a broader framework of photodecomposition- related
mechanisms prior to metabolic activation.

It is further argued that current regulatory testing paradigms
may not fully incorporate all stages of the pathogenic cascade of
nitroso-photocarcinogenesis, including skin deposition prior to
metabolic activation, photodecomposition, and the generation
of mutations causing skin cancer. As a result, there is an
ongoing discussion regarding whether existing carcinogenicity
assessment models adequately reflect these proposed multi-step
processes in skin cancer development.
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