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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.
The toxicokinetics of nitrosamines remain a mystery to this 

day, though it appears that the role of nitrosamines in potentiating 
the generation of mutations required for the onset of skin 
cancer continues to be a significant concern. Nitrosamines are 
mutagens, genotoxic substances, and mediators of phototoxicity/
carcinogenicity, whose long-term daily usage, in the context 
of polypharmacy, can result in the parallel appearance of 
heterogeneous forms of skin cancer: keratinocytic and 
melanocytic. But a number of clinical observations suggest that 
it is the nitrosamines that potentiate the multiple occurrences 
of skin cancer over the years, or recurrences of skin cancer 
localized in areas exposed to solar radiation.

This article reports the occurrences of keratoacanthoma and 
multiple actinic keratoses in a patient on systemic therapy 
with telmisartan and tamsulosin - medications that contain 
Nitrosamines/ NDSRIs. Successful surgical treatment by 
modificated advancement flap and cryotherapy was performed. 
The role of nitrosamines as mediators of phototoxicity 
in the context of drug-mediated Photo-Nitrosogenesis/ 
Nitrosocarcinogenesis is discussed.

Contamination of certain classes of drugs with nitrosamines 
is proving to be more than a serious problem. This problem 
is fueled on the one hand by the fact that nitrosamines are 1) 
photocarcinogens (known for decades), but on the other hand, 
they are also 2) mutagens/carcinogens, genotoxic substances 
(according to the FDA classification).

The phototoxic effect according to current data is not 
calculated by the tests provided by the regulators (at least so 
far), which in practice leads to a miscalculation of the total, 
cumulative carcinogenic effect in the context of the intake of a 
contaminated mono or polymedication. The tests could be seen 
as either largely static, according to some clinical observations-
even as categorically insufficient in terms of defining the 
concept of carcinogenicity in real-world settings (such as the 
intake of carcinogens with drugs, for example). The processes 
of carcinogenesis are dynamic, multifactorial and could hardly 
be characterized by this kind of tests. 

New literature evidence finds a disconnect precisely in the 
determination of carcinogenic activity by assays proposed by 
regulators such as the Ames test (in bacteria) and the CPCA test 
in rodents. 

An open dilemma remains: since there is no concordance 
between the mutagenicity test in bacteria (Ames) with that in 
rodents (CPCA) , what should be their significance in humans? 

For this reason, the application of the above-mentioned tests 
might be seriously limited in the future.

We present a patient with multiple actinic keratoses and an 
epithelial skin tumor in the scalp area that developed during 
therapy with Tamsulosin and Telmisartan. We comment 
on the role of drug-mediated Photo-Nitrosocarcinogenesis/
Oncopharmacogenesis in the background of potential/actual 
carcinogen contamination.

Key words. CPCA test, Ames test, tamsulosin, telmisartan, 
keratinocyte cancer, FDA, advancement flap, Nitrosogenesis, 
Photo Nitrosocarcinognesis, skin.
Introduction.

Concepts such as phototoxicity and photocarcinogenicity 
appear to be inextricably linked, but unfortunately relatively 
little is known about their pathogenetic significance concerning 
skin cancer – including epithelial cancers and melanoma. There 
remains a number of unanswered questions. Why does a drug 
cause a phototoxic reaction in one patient but not in another? 
Is it determined by the body's contact with photocarcinogens 
present in certain batches of a drug but not in others? Which 
factors determine the occurrence of photocarcinogens in the 
body? What are the sources of photocarcinogens, e.g. foods, 
medicines, or cosmetic products? Which are more dangerous: 
nitrosamines in medicines or the products resulting from their 
metabolism? Is a particular nitrosamine metabolized differently 
depending on how it comes into contact with the human body, e.g. 
via the skin/skin microbiome, gut flora/ gut microbiome, or liver? 
Can certain nitrosamines be deposited in the skin without being 
metabolized and cause phototoxic and/or genotoxic reactions? 

The incidence of skin cancer worldwide is skyrocketing! Is 
this occurring in parallel with polymedication - and, perhaps, 
poly-contamination?

Of particular interest are the data from as far back as 1972 
that define the phototoxicity of nitrosamines as a nonspecific 
property due to the photodecomposition of their nitroso group 
after exposure to ultraviolet radiation [1]. In practice, drugs, 
food, water and cosmetic products are some of the most 
important prerequisites for human exposure to nitrosamines or 
their derivatives.

After irradiation with UVA, nitrosamine, also known as 
nitrosomorpholine, is mutagenic even without the need for 
metabolic activation in the body [2].

Photoactivated nitrosamine/nitrosomorpholine that comes into 
contact with the skin could possibly be directly genotoxic or 
mutagenic to the human organism [2].
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To a great surprise, the aforementioned nitrosamine, 
nitrosomorpholine (NMor), was also found as a contaminant in 
a preparation for patients with ischemic heart disease, as the 
concentration of each tablet of the vasodilator molsidomine 
contained 144% of the toxicologically allowable intake of 
NMor [3].

The same scientific publication addresses the real 
contamination of a certain drug from the group of sartans with 
up to two nitrosamines at the same time: NDMA and NDEA [3].

In turn, NDMA has been shown to be carcinogenic in rodents, 
inducing tumors of the gastrointestinal tract, liver and kidney 
[4,5]. Even more intriguing is the fact that the active, methylated 
metabolite of NDMA – methyldiazonium - is also mutagenic 
[6]. In practice, the intake of one nitrosamine becomes 
equivalent to the intake of two mutagens; alternatively, some of 
the nitrosamines may be poly-carcinogenic [6].

It is interesting that regulators and drug manufacturers permit 
the presence of nitrosamines in a certain concentration in quite 
a number of globally distributed drugs [5]. Moreover, the assays 
used to determine the mutagenic activity of nitrosamines present 
in these drugs are proving to be problematic, and their relevance 
at present remains controversial. According to recent data, the 
Ames test (in bacteria) shows results that do not correlate with 
those of a test such as CPCA [6]. This could in all likelihood be 
due to the poly-carcinogenic action of a number of nitrosamines, 
and the resulting inability or failure to consider their combined 
action in the context of skin carcinogenesis.

In our previous publications we have presented the clinical 
data, which do not appear to correspond to those of the regulators 
and are subject to a particular misinterpretation; namely, that 
one cannot expect a clear association between mutagenicity in 
bacteria and in rodents due to their contact with nitrosamines 
[7,8].

Persistent intake of multiple drugs containing up to several 
nitrosamines or their derivatives (even for a relatively short 
period of about 3 years) could be pathogenetically associated 
with the occurrence of single to multiple cutaneous tumors 
(especially in the context of poly-contamination with mutagens 
[7,8].

Further, albeit indirect, evidence for the phototoxicity and 
genotoxicity of nitrosamines in drugs is the fact that their intake 
is strongly associated with the subsequent development of 
melanocytic tumors [9,10], atypical fibroxanthoma, and others 
that manifest clinically in areas re-exposed to solar radiation 
[11].

The relationship between the intake of phototoxic substances 
(such as nitrosamines) in the context of mono or poly-medication 
over a prolonged period of time, and the development of single 
or multiple tumours in areas exposed to UV radiation, should 
not be regarded as coincidental. Moreover, the current lack of 
reliable mutagenicity tests lends additional potential significance 
to the concept of drug-mediated skin cancer nitrosogenesis [12-
15].

Herein, we present another patient who developed 
keratoacanthoma and multiple actinic keratoses while taking 
telmisartan and tamsulosin. Based upon 1) the data available in 
the literature on nitroso contamination of both drugs (tamsulosin/

telmisartan) [5] and 2) the additional data linking their intake 
to the development of keratinocytic and melanocytic tumors 
[9,10,16], we propose that drug-mediated photo-carcinogenesis 
is an essential element of skin cancer pathogenesis.
Case report.

An 88-year-old male came to the dermatology department 
with complaints of two tumor growths in the head region. The 
first, located on the forehead, developed over the previous 
six years following trauma from a car incident (Figure 1). 
He reported that the mass began to gradually enlarge months 
after the initial incident. A second lesion, located on the non-
hairy part of the scalp, was first noticed about a month prior to 
presentation (Figure 2). The patient observed relatively rapid 
growth compared to the initial lesion. 

The patient’s medical history included arterial hypertension, 
benign prostatic hypertrophy, and surgery for a femoral head 
fracture performed three years previously. He reported being 
on antihypertensive therapy for approximately 20 years, with 
telmisartan 80 mg prescribed as one tablet in the morning and 
half a tablet in the evening for the past 5-6 years. Additionally, 
he had been taking tamsulosin hydrochloride 0.4 mg once daily 
in the evening for the past 7-8 years. No family history of skin 
cancer was reported.

Figure 1. Solitary, round nodular tumor on the vertex of the scalp with 
a centrally located hyperkeratotic zone extending beyond the lesion’s 
border and altering the shape at that point. On the contralateral side, 
a separate nodular growth with a regular shape, defined borders, and 
a pink, raised, pearly edge is noted. The surrounding skin is severely 
sun damaged.

Dermatological examination showed a solitary, round nodular 
tumor on the vertex of the scalp, with a centrally located 
hyperkeratotic zone extending beyond the lesion’s border and 
altering the shape at that point (Figure 2). On the contralateral 
side, a separate nodular growth with a regular shape, defined 
borders, and a pink, raised, pearly edge was noted. Additionally, 
in the forehead region, a solitary, rounded nodular lesion 
measuring approximately 1.8 cm in diameter was identified 
(Figure 1). This formation had a flat, smooth surface, beneath 
which a centrally translucent blue-gray zone was visible, 
contrasting with the periphery, which matched the color of the 
surrounding skin. The surrounding skin was noted to be severely 
sun-damaged. Enlarged lymph nodes were not palpable. 
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Figure 2. A solitary rounded nodular lesion measuring approximately 
1.8 cm in diameter in the forehead region. This formation exhibits a 
flat, smooth surface, beneath which a centrally translucent blue-gray 
zone is visible, contrasting with the periphery, which matches the color 
of the surrounding skin. The surrounding skin is severely sun damaged.

Figure 3a,b. Intraoperative view.
3a: An elliptical excision of a tumor on the forehead resulted in a 
primary wound defect, with the marked lesion on the [capillitium] 
visible in the background.
3b: The wound defects on both the [capillitium] (upper lesion) and the 
forehead (lower lesion) were closed using single interrupted sutures.

Under local anesthesia with 1% lidocaine, an elliptical excision 
was used to remove the lesion on the capillitium (Figure 3b). 
The primary wound defect was reconstructed with a modified 
advancement flap (Figure 3b), and the defect was closed with 
single interrupted sutures. 

The lesion on the forehead was similarly excised with an 
elliptical excision (Figure 3a), and the resulting defect was 
managed using peripheral undermining of the wound edges to 
facilitate mobilization and primary closure of the wound edges. 

The histopathological examination confirmed the lesion on 
the capillitium as keratoacanthoma and the forehead lesion 
as an epidermal cyst. For postoperative pain management, 
metamizole sodium one ampoule was prescribed, along with 
daily wound dressings with povidone-iodine.

The patient’s therapeutic regimen was adjusted to telmisartan 
80 mg once daily in the morning and tamsulosin hydrochloride 
0.4 mg once daily in the evening.
Discussion.

The toxicokinetics of nitrosamines remain a mystery [17-
19], though photochemical decomposition of nitrosamines is 
a known phenomenon [18]. It is unclear if nitrosamines exert 
their genotoxic effects locally after deposition in the skin and 
subsequent photodecomposition. The correlation between the 
formal administration of nitrosamines and their presence (or 
that of their products) in lesional tissue should be a solvable task 
for scientific teams. Moreover, it might minimize the need to 
conduct prospective followups, which have recently been losing 
their relevance!

Of interest are even more recent data concerning bacteria of 
the gut microbiome that are actively involved in the processing, 
activation, or conversion of some nitrosamines [17,19]. The 
activated nitrosamines in question are then able to exert their 
carcinogenic effects in a peripheral organ far from the zone of 
activation [17,19].

In experimental studies in rodents, it has been found that 
the bacteria encountered in the intestinal flora are found in 
even greater numbers in the skin [17,19]. The carcinogenic 
biotransformation of nitrosamines is apparently bacteria-
dependent both in the gut and in the skin [17,19]. This 
proposed linkage to the skin microbiome may promote better 
understanding of the pathogenesis of Nitrosogenesis-induced 
skin cancer. For example, it remains an open question whether 
bacteria in the skin metabolize the nitrosamines identified 
in creams or cosmetic preparations to active carcinogenic 
metabolites with subsequent local genotoxic effects.

According to the most recent literature, the development 
of keratoacanthoma is also associated with direct exposure 
to ultraviolet light, fair skin type, and alcohol and tobacco 
consumption [20]. The latter two of these can also be regarded 
as ˝nitrosamine-rich products˝. Nitrosamines in tobacco are 
carcinogenic and mutagenic to humans, inducing mutations in 
the RAS oncogenes and p53 genes [21]. The question remains: 
are not nitrosamines in drugs also inducers of mutations in the 
development of skin cancer?

The same genes affected by nitrosamines are also key 
target genes affected in patients with keratinocytic tumors 
and melanoma [22-24]. This overlap of mutation patterns is 
unlikely to be coincidental, yet detailed analyses in the medical 
literature on this subject are lacking. According to some 
authors, nitrosamines are mediators between solar radiation 
and the occurrence of the mutations responsible for skin cancer 
[7,8,12,16].

There have been dynamic discussions on the `leading role' 
of UV radiation in the development of BRAF mutations [25-
27]. Data on the potential role of another important mediator 
(genotoxin/phototoxin/mutagen), e.g. drug, in the face of so-
called nitrosamines are still lacking or scarce [7-10,12-16]. 
Recently, multiple correlations have been established between 
the intake of nitrosamine-contaminated drugs and the subsequent 
generation of skin cancers; in particular, keratinocytic and 
melanocytic [11,14,28-31]. However, a limited number of 
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papers actually comment on the role of nitrosamines as an 
important etiological factor in these observations [7-10,12-
16,32-35].

The question remains: is there no cumulative nitrosamine 
toxicity, when it is known that: 1) nitrosamines are activated 
in the skin via the skin microbiome , during topical application 
of preparations, or after contact with aerosolized, nitrosamine-
rich particles falling on the skin; 2) there is direct phototoxic 
action of nitrosamines upon the skin, after application of topical 
preparations in the form of contaminated creams, and a direct 
phototoxic action of their active metabolites generated in 
the body after metabolism by intestinal flora and in the liver 
and subsequent deposition in the skin; and 3) there is direct 
carcinogenic action after deposition in the skin and subsequent 
phototoxicity? Are nitrosamine products mutagenic following 
photodecomposition?

The questions regarding patient safety and the mechanisms of 
nitrosamines in skin exposed to solar radiation remain especially 
relevant but also - at the moment - unsolved [25,26].

Regulatory tests do not fully capture the complexity of issues 
concerning the genotoxicity and phototoxicity of nitrosamines 
and their impact on humans. Their various forms of metabolism 
and activation, and their somewhat obscure toxicokinetics, are 
also likely reasons why the carcinogenicity tests of regulators 
begin to fail even before they are fully established [6].

The processes of carcinogenesis and metabolic reprogramming 
of the tumor cell are complex and multifactorial [7,32-33]. They 
cannot be characterized through data from static tests such as 
the Ames test, or even the so-called CPCA test. These facts have 
been repeatedly acknowledged on a scientific level, at numerous 
congresses and conferences [36,37].

Dynamic conditions and observations through clinical practice 
remain the cornerstone of basic science. When these observations 
are neglected and the focus shifts elsewhere, the result is 
apparent: in this particular case, a drastic jump in the incidence 
of skin cancer worldwide, continued exposure to carcinogen-
contaminated drugs worldwide, and poly-medication without 
borders. Elimination regimes for carcinogens/mutagens in 
pharmaceuticals, also known as nitrosamines, should become 
a priority.
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