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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 a new 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. 

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 
a role 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 

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 pT1NxMxR1. 
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 5mg 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 
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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.

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).

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 

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 
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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 AI 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 

that undergoes extensive hepatic metabolism mediated by 
cytochrome P450 enzymes, primarily CYP3A4 and CYP3A5 
[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 AI 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; 
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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 

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.

Funding was not received.
The authors declare no conflict of interest.
Ethics approval statement is not required.
Written informed consent for publication of their details 

was obtained from the patient.
The data that support the findings of this study are 

available from the corresponding author upon reasonable 
request.

REFERENCES
1. Bamford CH. A Study of the Photolysis of Organic Nitrogen 
Compounds. Part I. Dimethyl- and Diethyl-Nitrosoamines. J. 
Chem. Soc. 1939:12-17.
2. Beard JC, Swager TM. An Organic Chemist's Guide to 
N-Nitrosamines: Their Structure, Reactivity, and Role as 
Contaminants. J Org Chem. 2021;86:2037-2057.
3. Tchernev G, Kordeva S, Patterson JW. Nitrosamines and skin 
cancer: rather reality than amyth? J Med Review (Bulgarian). 
2023;59:5-7.
4. Dalvi PS, Sankhe SS. A Review on Synthesis and Biological 
Activities of Nitrosamine Impurities in Active Pharmaceutical 



150

Ingredients (APIs). INTERNATIONAL JOURNAL OF 
RESEARCH AND SCIENTIFIC INNOVATION (IJRSI). 
2025;12:3828-3836.
5. Popovi ́c M, Popovi ́c G, Agbaba D. The effects of anionic, 
cationic, and nonionic surfactants on acid-base equilibria of 
ACE inhibitors. Journal of Chemical & Engineering Data. 
2013;58:2567-2573.
6. Bisenti R.T, Sibamba T, Muriravanhu G.C, et al. 
Determination of the Structural and Pharmacokinetic Basis for 
Dihydropyridine Calcium Channel Blocker Activity: An In-
Silico Investigation Targeting the L-Type Calcium Channel 
(CaV1.2). Preprints. 2025:2025120688.
7. Bittner L, Teixido E, Seiwert B, et al. Influence of pH on 
the uptake and toxicity of β-blockers in embryos of zebrafish, 
Danio rerio. Aquatic Toxicology. 2018;201:129-137.
8. Wichitnithad W, Nantaphol S, Noppakhunsomboon K, et 
al. An update on the current status and prospects of nitrosation 
pathways and possible root causes of nitrosamine formation in 
various pharmaceuticals. Saudi Pharm J. 2023;31:295-311.
9. Shephard SE, Schlatter C, Lutz WK. Assessment of the risk 
of formation of carcinogenic N-nitroso compounds from dietary 
precursors in the stomach. Food Chem Toxicol. 1987;25:91-
108.
10. Tomozane N, Tanaka N, Arimoto-Kobayashi S. 
Photogenotoxicity of N-nitrosoproline plus simultaneous UVA 
irradiation in human-derived keratinocytes. Mutat Res Genet 
Toxicol Environ Mutagen. 2025;905:503876.
11. Mochizuki H, Nagazawa Y, Arimoto-Kobayashi S. 
Genotoxicity and the stability of N-nitrosomorpholine activity 
following UVA irradiation. Mutat Res Genet Toxicol Environ 
Mutagen. 2024;893:503721.
12. Crews C. Processing Contaminants: N-Nitrosamines. In: 
Motarjemi Y, Moy G, Todd E, editors. Encyclopedia of food 
safety. Oxford (UK): Academic Press. 2014;2:409-415.
13. Tchernev G, Tchernev KG Jr, Broshtilova V, et al. 
Environmental Chemical Skin Carcinogenesis Concerning 
the Development of Melanoma and Keratinocyte Cancer: 
From Nitrosocontamination / Endogenous Nitrosation in 
Pharmaceuticals to Photocarcinogenicity in Humans. European 
Journal of Medical and Health Research. 2026;4:105-117.
14. Nardone B, Majewski S, Kim AS, et al. Melanoma and 
Non-Melanoma Skin Cancer Associated with Angiotensin-
Converting-Enzyme Inhibitors, Angiotensin-Receptor 
Blockers and Thiazides: A Matched Cohort Study. Drug Saf. 
2017;40:249-255.
15. Mehlan J, Ueberschaar J, Hagenström K, et al. The use of 
HCT and/or ACE inhibitors significantly increases the risk of 
non-melanotic skin cancer in the periocular region. Graefes 
Arch Clin Exp Ophthalmol. 2022;260:2745-2751.
16. Blakely KM, Drucker AM, Rosen CF. Drug-Induced 
Photosensitivity-An Update: Culprit Drugs, Prevention and 
Management. Drug Saf. 2019;42:827-847.
17. Tao L, Xu Y, Cui Y, et al. Hydrochlorothiazide disrupts 
DNA damage response to exacerbate skin photosensitivity. 
Ecotoxicol Environ Saf. 2024;287:117314.
18. Karkoszka M, Rok J, Rzepka Z, et al. Phototoxic Reactions 
Inducted by Hydrochlorothiazide and Furosemide in Normal 

Skin Cells-In Vitro Studies on Melanocytes and Fibroblasts. Int 
J Mol Sci. 2024;25:1432.
19. Kutlubay Z, Sevim A, Engin B, et al. Photodermatoses, 
including phototoxic and photoallergic reactions (internal and 
external). Clin Dermatol. 2014;32:73-9.
20. Trouba KJ, Hamadeh HK, Amin RP, et al. Oxidative stress 
and its role in skin disease. Antioxid Redox Signal. 2002;4:665-
73.
21. Seyyedsalehi MS, Mohebbi E, Tourang F, et al. Association 
of Dietary Nitrate, Nitrite, and N-Nitroso Compounds Intake 
and Gastrointestinal Cancers: A Systematic Review and Meta-
Analysis. Toxics. 2023;11:190.
22. Tchernev G, Tchernev KG Jr, Broshtilova V. Discover 
Oncology: The Interplay Between the Food/Drug Related 
Nitrosogenesis Based on ROS/Nitric Oxide (NO) Interaction: 
The Two of the Most Powerful Factors Responsible for the 
Photo Nitroso Carcinogenicity Concerning the Skin Cancers 
Pathogenesis. European Journal of Medical and Health 
Research. 2025;3:234-244.
23. Hou A, Li Y, Shadyab AH, et al. Photosensitizing 
antihypertensive medication and risk of skin cancer among 
postmenopausal women. J Dtsch Dermatol Ges. 2024;22:186-
194.
24. Lynch T, Price A. The effect of cytochrome P450 metabolism 
on drug response, interactions, and adverse effects. Am Fam 
Physician. 2007;76:391-6.
25. Su KA, Habel LA, Achacoso NS, et al. Photosensitizing 
antihypertensive drug use and risk of cutaneous squamous cell 
carcinoma. Br J Dermatol. 2018;179:1088-1094.
26. Devissaguet JP, Ammoury N, Devissaguet M, et al. 
Pharmacokinetics of perindopril and its metabolites in healthy 
volunteers. Fundam Clin Pharmacol. 1990;4:175-89.
27. https://go.drugbank.com/drugs/DB00790
28. Tchernev G, Broshtilova V, Kordeva S. SHARK PEDICLE 
ISLAND FLAP FOR BASAL CELL CARCINOMA OF 
THE PERIALAR ZONE OF THE NOSE: PHOTOXICITY 
AND PHOTOCARCINOGENICITY MEDIATED BY 
POTENTIALLY NITROSAMINE CONTAMINATED 
DRUG INTAKE -A NEW EXPLANATION FOR THE 
SKIN CANCERS PATHOGENESIS? Georgian Med News. 
2024;352-353:218-222.
29. Tchernev G, Kordeva S, Lozev I. METATYPICAL BCCS 
OF THE NOSE TREATED SUCCESSFULLY VIA BILOBED 
TRANSPOSITION FLAP: NITROSAMINES IN ACES 
(ENALAPRIL), ARBS (LOSARTAN) AS POSSIBLE SKIN 
CANCER KEY TRIGGERING FACTOR. Georgian Med 
News. 2023;335:22-25.
30. National Center for Biotechnology Information. PubChem 
Compound Summary for CID 168009797, N-nitroso-
perindopril. 2026.
31. Ben Salem C, Sahnoun D, Zayani H, et al. Perindopril/
Indapamide-Induced Photosensitivity. Hosp Pharm. 2024;59:5-
6.
32. Moore DE. Drug-induced cutaneous photosensitivity: 
incidence, mechanism, prevention and management. Drug Saf. 
2002;25:345-72.
33. TchernevG, Tchernev KG Jr, Broshtilova V. Investigating 



151

Novel Etiologies of Skin Cancer.The Correlation Between 
Nitrosamines in Pharmaceuticals and Photocarcinogenesis: The 
ROS-Nitric Oxide Interplay/Procarcinogenic Action (During 
Polymedication Intake) as Skin Cancer Triggering Factor. Eur J 
Med Health Res. 2025;3:4-10.
34. Kordeva S, Tchernev KG Jr, Broshtilova V, et al. 
Environmental Carcinogenesis: Nitric Oxide Release after 
Photodecomposition of Nitrosocontaminants in Drugs (Under 
UV Exposure) as Substantial Factor for Skin Carcinogenicity. 
Sertraline Induced Cutaneous Melanoma -Third Reported Case 
in Scientific Literature. Eur J Med Health Res. 2025;3:128-35.
35. Nishie K, Norred WP, Wasserman A, et al. Phototoxicityand 
differential hepatotoxicity as biological indicators of nitros-
amine activity. Toxicol Appl Pharmacol. 1972;23:680-91.
36. Zha X, Wang S, Zhang D. Reductive Degradation of 
N-Nitros-odimethylamine via UV/Sulfite Advanced Reduction 
Process: Efficiency, Influencing Factors and Mechanism. Water. 
2023;15:3670.
37. Burgess MM, Lavanish JM. Photochemical decomposition 
of N-nitrosamines. Tetrahedron Letters. 1964;20:1221-1226.
38. Regulska K, Kolenda T, Michalak M, et al. Impact of 
ramipril nitroso-metabolites on cancer incidence - in silico 
and in vitro safety evaluation. Rep Pract Oncol Radiother. 
2023;28:612-622.
39. https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/cder-nitrosamine-impurity-acceptable-
intake-limits
40. Kreutz R, Algharably E.A.H, Douros A. Reviewing the 
effects of thiazide and thiazide-like diuretics as photosensitizing 
drugs on the risk of skin cancer. J. Hypertens. 2019;37:1950-
1958.
41. Shin D, Lee ES, Kim J, et al. Association Between the 
Use of Thiazide Diuretics and the Risk of Skin Cancers: A 
Meta-Analysis of Observational Studies. J Clin Med Res. 
2019;11:247-255.
42. Gandini S, Palli D, Spadola G, et al. Anti-hypertensive 
drugs and skin cancer risk: a review of the literature and meta-
analysis. Crit Rev Oncol Hematol. 2018;122:1-9.
43. Tang H, Fu S, Zhai S, et al. Use of antihypertensive drugs and 
risk of keratinocyte carcinoma: A meta-analysis of observational 
studies. Pharmacoepidemiol Drug Saf. 2018;27:279-288.
44. Thomas DN, Wills JW, Burman M, et al. Resolution 
of Historically Discordant Ames Test Negative / Rodent 
Carcinogenicity Positive N-nitrosamines using a Sensitive, 
OECD-aligned Design. Mutagenesis. 2024:geae027.
45. Tchernev G. THE NITROSAMINE CONTAMINATION 
IN BETA BLOCKERS (BISOPROLOL/METOPROLOL), 
ACE INHIBITORS (LISINOPRIL/PERINDOPRIL), 
THIAZIDES DIURETICS (HCT), CALCIUM CHANNEL 
BLOCKERS (AMLODIPINE/FELODIPINE), SARTANS 
(CANDESARTAN) AND ТHE SUBSEQUENT SKIN 
CANCER DEVELOPMENT AND PROGRESSION: 
APOCALYPSE NOW. Georgian Med News. 2023;337:138-
145.
46. Tchernev G, Kordeva S. MULTIPLE BCCS AND 
DYSPLASTIC NEVI AFTER ACE INHIBITORS 
(ENALAPRIL/PERINDOPRIL): THE ROLE OF 

NITROSAMINE CONTAMINATION/AVAILABILITY AS 
SUBSTANTIAL SKIN CANCER TRIGGERING FACTOR. 
Georgian Med News. 2023;335:90-94.
47. Tchernev G. А FLAVOUR OF DEATH: PERINDOPRIL 
INDUCED THICK MELANOMA AND BCC OF THE BACK. 
POTENTIAL ROLE OF THE GENERIC SUBSTANCE OR/-
AND POSSIBLE NITROSAMINE CONTAMINATION AS 
SKIN CANCER KEY TRIGGERING FACTORS. Georgian 
Med News. 2023;336:123-125.
48. Bulsara KG, Patel P, Cassagnol M. Amlodipine. [Updated 
2024 Apr 21]. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2026.
49. National Center for Biotechnology Information. PubChem 
Compound Summary for CID 2162, Amlodipine. 2026
50. Elliott HL, Meredith PA. The clinical consequences of 
the absorption, distribution, metabolism and excretion of 
amlodipine. Postgrad Med J. 1991;67Suppl 3:S20-3.
51. Erbagci Z. Amlodipine associated hyperpigmentation. Saudi 
Med J. 2004;25:103-105.
52. Bharate SS. Critical Analysis of Drug Product Recalls due 
to Nitrosamine Impurities. J. Med. Chem. 2021;64:2923-3936.
53. https://www.fda.gov/safety/recalls-market-withdrawals-
safety-aler ts /mylan-ini t ia tes-voluntary-nat ionwide-
recall-15-lots-valsartan-tablets-usp-amlodipine-and-
valsartan#:~:text=Mylan%20initiates%20voluntary%20nation-
wide%20recall%20of%2015,impurity%20found%20in%20
the%20active%20pharmaceutical%20ingredient
54. Tchernev G, Kordeva S. Giant BCC of the scalp after 
telmisartan/ amlodipine: potential role of nitrosamine 
contamination as main cause for skin cancer development. Port 
J Dermatol Ve-nereol. 2023;81:217-219.
55. Tchernev G, Kordeva S, Lozev I. Giant basal cell carcinoma 
of the scalp: rotation advancement flap as a successful dermato-
surgical approach. Dermatol Reports. 2023;15:9664.
56. Arunachalam K, Patel P. Flecainide. [Updated 2025 Nov 
28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2026.
57. Latini R, Cavalli A, Maggioni AP, et al. Flecainide 
distribution in human tissues. Br J ClinPharmacol. 1987;24:820-2.
58. https://go.drugbank.com/drugs/DB01195
59. Reyes C, León-Muñoz LM, Pistillo A, et al. Flecainide 
and risk of skin neoplasms: Results of a large nested case-
control study in Spain and Denmark. Front Pharmacol. 
2022;13:1002451.
60. Kordeva S, Nasir SN, Tchernev G. BCC 
DEVELOPMENTAFTER INTAKE OF 
POTENTIALLY NITROSAMINECONTAMINATED 
ANTIHYPERTENSIVES/ANTIARRHYTMICS: LINKS 
TO EXOGENOUSLYTRIGGERED NITROSOGENESIS 
ANDONCOPHARMACOGENESIS. J Med Review 
(Bulgarian). 2024;60:8-15.
61. Agrawal A, Manna B. Apixaban. [Updated 2024 Feb 
22]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2026.
62. https://resolvemass.ca/nitrosamine-testing-in-
apixaban/#:~:text=The%20synthesis%20of%20Apixaban%20
involves%20several%20amide%20bond%2Dforming%20



152

reactions,step%20or%20during%20intermediate%20
purification.
63. Tchernev G, Ivanov L. MUSTARDE ROTATION FLAP 
AS ADEQUATE OPTION FOR HIGH-RISK BCC NEAR 
THE LOWER EYE LID: THE ADDITIONAL INTAKE 
OF N-NITROSO-FOLIC-ACID AND N-NITROSO-
RIVOROXABAN AS COFACTORS/TRIGGERS OF THE 
METABOLIC REPROGRAMMING OF THE FUTURE 
CANCER CELL. Georgian Med News. 2024;351:131-137.
64. Li Y, Hecht SS. Metabolic Activation and DNA Interactions 
of Carcinogenic N-Nitrosamines to Which Humans Are 
Commonly Exposed. Int J Mol Sci. 2022;23:4559.
65. Lee KS, Kim JO, Kim NG, et al. A comparison of the 
local flap and skin graft by location of face in reconstruction 

after resection of facial skin cancer. Arch Craniofac Surg. 
2017;18:255-260.
66. Fijałkowska M, Koziej M, Antoszewski B. Detailed 
head localization and incidence of skin cancers. Sci Rep. 
2021;11:12391.
67. Rickstrew J, Neill BC, Downing M, et al. Nasal tip rotation 
flap for reconstruction of surgical defects on the distal nose. 
International Journal of Dermatology. 2024;63:1421-1426.
68. Lambert RW, Dzubow LM. A dorsal nasal advancement flap 
for off-midline defects. J Am Acad Dermatol. 2004;50:380-383.
69. Zitelli JA. The bilobed flap for nasal reconstruction. Arch 
Dermatol. 1989;125:957-959.
70. Dibelius GS, Toriumi DM. Reconstruction of cutaneous 
nasal defects. Facial Plast Surg Clin. 2017;25:409-426.


	Title

