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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.
Oncopharmacogenesis and Drug-Induced Skin cancer related 

Nitrosogenesis are newly introduced concepts in the medical 
literature that owe their genesis or presence to the carcinogens/ 
mutagens, also known as nitrosamines/NDSRIs, which are 
present in a heterogeneous class of drugs. The contribution to the 
origin of these 2 concepts is entirely due to 1) the functions and 
efficacy of FDA in terms of control and identification of these 
carcinogens, and 2) the establishment of clinicopathological 
correlations by the dermatologists, occurring during drug intake.

According to recent FDA data, the concentration of NDMA 
in just one metformin tablet could be up to more than 5-fold 
increased. The intake of 3 to 6 tablets per day should result 
in a carcinogen intake that is 15 to 30 times elevated within 
the day and within the monomedication alone. It is these 
circumstances that paraphrase/ ˝betonate˝ concepts such as 
Onco-Pharmacogenesis and Drug-mediated Nitrosogenesis of 
skin cancer. Although not officially declared, these mutagens 
are present and have been in forced tolerance mode for the last 
30-40 years. And after their intake, multiple cancers have been 
found to develop.

The concomitant use of other nitrosamine-contaminated 
drugs such as losartan/hydrochlorothiazide, metoprolol and 
nefidipine should certainly not be surprising when it could also 
be associated with the development of exactly 16 keratinocytic 
tumours as in the case presented by us. 

Recent evidence in medical literature has linked the nitrosamine 
N-nitrosomorpholine (NMOR) with the direct development of 
its subsequent mutagenic action in rodents following irradiation 
with UVA. This fact leaves open the question of the potentially 
available photocarcinogenic action of the other nitrosamines 
in humans found in medicinal preparations. This is what 
necessitates a clarification of the concept of Photo-Nitroso-
Carcinogenesis/ Oncogenesis in humans and its relationship to 
skin cancer. 

The overlap of the mutational patterns of some of the 
nitrosamine-induced mutations in target genes such as p53 and 
RAS oncogenes, with those of UV light-induced mutations 
- or practically the same ones mentioned above, suggest a 
possible significant role of the Drug-Induced Photo-Nitroso-
Carcinogenesis of keratinocyte cancer in the context of Onco-
Pharmacogenesis. Future analyses should focus on elucidating 
the photocarcinogenic effect of nitrosamines in drug preparations 

and differentiating Skin cancer Nitrosogenesis from ˝pure˝ 
Photo-Carcinogenesis and Nitroso-Photo-Carcinogenesis.

The localization of the tumors in the area of the UV-exposed sites 
within the potential/actual contamination of the 4 preparations 
(simultaneously) in the described patient are indicative of a 
possible pathogenetic influence in the context of the already 
mentioned Nitroso-(Photo)carcinogenesis. Polycontamination 
of polymedication remains a so far unresolvable problem.

Key words. Nitroso/Photocarcinogenesis, 
Oncopharmacogenesis, BCC, SCC, Nitrosamines, Metformin, 
NDMA, losartan/hydrochlorothiazide, nifedipine, metoprolol.
Introduction.

Combined intake of a heterogeneous class of drugs within 
the framework of the recently established contamination with 
nitrosamines/NDSRIs by control organs in the face of FDA and 
EMA [1,2], could prove risky in terms of the development of 
single or multiple keratinocytic cancers [3-5]. Nitrosamines 
are some of the most potent carcinogens for human DNA, and 
this is true for certain representatives of them with full force 
[6]. Despite this previously undeniable fact, enforced tolerance 
regimens for nitrosamines and their nitroso derivatives in 
drugs remain, and elimination of the latter is not a priority for 
regulators and manufacturers.

Specific nitrosamines in tobacco have been shown over the 
years to have carcinogenic/genotoxic effects on the p53 genome 
regulator and in RAS oncogenes [6]. The genes affected appear 
to be genes in which mutations are directly responsible for 
generating keratinocytic cancers (basal cell carcinoma and 
squamous cell carcinoma of the skin), but not only [7-9]. The 
somewhat overlapping mutational patterns between 1) UV 
radiation-induced mutations with those of 2) those induced by 
some members of the nitrosamine family [6] should be at least 
alarming with respect to future elucidation of the mutational 
pattern/genotoxic action of nitrosamines in drugs.

This fact should lead not only to a clarification of the role of 
nitrosamines and their pathogenetic mutagenic/ carcinogenic/ 
genotoxic effects, but also to an accurate indication of their 
actual, rather than potential or hidden, presence on the packaging 
of medicinal products. The lack of this formalisation to date 
remains to be highly concerning and, in all likelihood, there are 
reasons for this.

Some of the nitrosamines are also potent photocarcinogens 
[10]. This demonstrates, albeit indirectly, the potential link 
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between Nitroso-Photocarcinogenesis of skin cancer in the context 
of onco-pharmacogenesis/Carcinogenesis, provided that the 
photocarcinogenic effect of the potential carcinogens/mutagens in 
question present in medical devices is demonstrated [11,12]. 

The dilemma remains: Is the phototoxicity in the drugs due in 
whole or in part to the nitrosamines and their nitroso derivatives 
present but not yet reported?

In the context of the above, a number of observations have been 
initiated in recent years on 1) the intake of potentially/actually 
contaminated drugs (as per the 2023/2019 FDA list) and 2) the 
subsequent simultaneous or stepwise occurrence of single or 
multiple skin cancers. As should be noted, it is remarkable that 
the severity of the clinical presentation corresponds once again 
with the number of patients taking drugs declared as potentially/
actually contaminated in the FDA list from 2019 and 2023 [13-
15]. 

A patient who developed 16 keratinocytic tumors during 
this admission is presented and the relationship between 
Nitrosogenesis, Photo/Nitroso-Carcinogenesis and Onco-
Pharmacogenesis of skin cancer is commented. Concepts that 
are related to each other are newly introduced in the medical 
literature and cannot be ignored, as in all likelihood they will 
have to prove their clinical relevance in the near or more distant 
future [11,12].
Case report.

A 74-year-old male presented to the dermatology department 
with primary complaints of a tumor-like formation in the area of 
the right lower eyelid, which he reported noticing about a year 
or two prior to the consultation.

The patient reported a history of prostatectomy, anemia, 
arterial hypertension for 29 years, atrial fibrillation and flutter, 
non-insulin dependent (type 2) diabetes mellitus for 32 years 
with neurological complications and diabetic polyneuropathy. 

For his arterial hypertension he has been taking losartan 
potassium/hydrochlorothiazide 50mg/12.5mg once daily in 
the morning for over 10 years; nifedipine 20 mg twice daily 
once in the morning and once in the evening for over 10 years; 
moxonidine 0.2 mg twice daily once in the morning and once 
in the evening for over 5 years; and metoprolol tartrate 50 mg 
half a tablet in the morning for the past 3 years. For his diabetes 
he has been taking glimepiride 3 mg once in the morning for 15 
years; along with metformin hydrochloride 850 mg three times 
a day for 15 years. Additionally, he takes pentoxifylline 400 mg 
once in the evening and thioctic acid once in the morning both 
administrated for 20 years.

The patient had a previous history of several cutaneous 
malignancies and had undergone 16 surgical interventions to 
remove them during the last 3-4 years. In 2020, he underwent 
surgical removal of squamous cell carcinomas in the right and 
left cheek area, as well as in the nose area. In February 2021, 
four squamous cell carcinomas were removed in the right 
temporal region, right lower eyelid, right facial and in the right 
auricle areas. In October 2021, four squamous cell carcinomas 
were removed: two located in the left auricle, one in the left 
auricle cartilage, and one in the right facial area. Additionally, 
one basal cell carcinoma in the left facial area was removed. 
In 2022, tumor formations in the left temporal, right, and 

left preauricular regions were surgically removed, resulting 
in moderately differentiated squamous cell carcinomas. In 
February 2024, in the right temporal region a well differentiated 
(G1) squamous cell carcinoma was removed, staged T1N0M0.

The patient requested physical evaluation of the lesion and 
further therapeutic approach to be established.

Routine blood tests were performed, resulting without 
abnormalities except for the hemoglobin level (HGB) – 112.0 
g/L (normal range 138-172 g/L) and creatinine– 148.5 µmol/l 
(normal range 61.9 – 114.9 µmol).

The dermatological examination showed a cauliflower-like 
tumorous formation encompassing the entire lower eyelid 
and extending to a portion of the nose (Figure 1). The tumor 
involved the full thickness of the eyelid, including the underlying 
conjunctiva and all components of the lacrimal apparatus. The 
surrounding skin appeared atrophic, patchy, and hyperemic 
(Figure 1). Lymph nodes were not palpable. 

Figure 1. Cauliflower-like tumorous formation encompassing the entire 
lower eyelid and extending to a portion of the nose. The tumor involves 
the full thickness of the eyelid, including the underlying conjunctiva 
and all components of the lacrimal apparatus. The surrounding skin 
appeares atrophic, patchy, and hyperemic. Preauricular right localized 
tumor formation suggestive of epithelial skin tumor.

Based on the patient’s history and the physical examination, 
the lesion was clinically suspected for squamous cell carcinoma. 
Surgical removal under local anesthesia was recommended. 

The lesion located in the right lower eyelid was surgically 
removed, involving the entire length and depth of the eyelid by 
advancement flap from the neighbourhood (Figure 2a-c). The 
tumorous formation was resected in clinically healthy tissue 
and sent for histopathological evaluation, revealing a poorly 
differentiated (G3) squamous cell carcinoma, staged T1N0M0, 
with 10% involvement of one resection margin. Tarsal 
reconstruction was conducted using deep fixation sutures, 
followed by layer-by-layer suturing of the surrounding area using 
absorbable and non-absorbable 4/0, 5/0, and 6/0 sutures (Figure 
2d). The postoperative period went without any complications 
(Figure 3). Three drops of neomycin sulfate/polymyxin B 
sulfate/ dexamethasone suspension four times daily in the 
right eye and gentamicin cream two applications twice daily in 
the right lower eyelid were prescribed. The histopathological 
verification was indicative for Low-differentiated G3 squamous 
cell carcinoma of the lower right eyelid T1N0M0R1/ with 10% 
involvement of one of the resection lines.
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Reoperation and Reconstruction of the lower eyelid was 
planned as well as surgical removal of the tumor affecting the 
left auricle. 

The second lesion was localized preauricularly on the 
right and was again suspicious for cutaneous squamous cell 
carcinoma (Figure 1). The lesion was surgically removed by 
elliptical excision, and due to the inability to close the defect by 
extension flap, the following was performed: 1) partial closure 
of the distal part of the defect by extension flap/several sutures, 
followed by 2) formation and transposition of a flap in the 
proximal direction to adapt the resection edges to the opposite 
edge of the defect. This is followed by underming surgery and 
a stepwise adaptation of the edges of the defect according to 
the lowest point of resistance in order to achieve an optimal 
final cosmetic effect (Figure 3). Histopathological verification 
was with evidence of a highly differentiated G1 squamous cell 
carcinoma, and staging was determined as G1T1N0M0, clear 
resection lines.
Discussion.

Until recently, polymorbidity was generally thought to be 
one of the important causes/preconditions for the generation 
or potentiation of cancer worldwide, within the context of 
˝universal body damage˝ [16-18]. 

Part of the opinion of certain groups of experts is that 
polymorbidity and polymedication could also have a negative 
effect on tumor biology in general [19]. These specialized, 
expert opinions unfortunately do not specify or detail how 
polymedication could negatively affect carcinogenesis (to date). 
Logical explanations were lacking. Until recently.

Current state-of-the-art and innovative single patient cases/ 
case series follow-up studies in the global literature are indicative 
of a real and significant association available between the 
intake of heterogeneous (nitrosamine contaminated according 
to the 2019/2023 FDA lists) mono- or polymedication and the 
subsequent development of keratinocytic cancer [3,4,5,13-15].

Large-scale retrospective follow-up studies from America and 
Europe found also a significant association between the intake 
of (potentially FDA-contaminated) medication with sartans 
and hydrochlorothiazide and other diuretic-type drugs and the 
subsequent occurrence of keratinocytic tumors [20,21]. 

A German collective found an association between the intake 
of thiazide diuretics/ACE inhibitors and the development of 
cancer in areas exposed to direct UV radiation [22].

However, none of the aforementioned papers address 1) the 
contamination of the medication with nitrosamines [20-22], and 
2) their potential photocarcinogenic/genotoxic effects (of some 
of the nitroamines) [10], as possible important cofactors in the 
potentiation of keratinocytic cancer [3-5]. 

The question remains: are nitrosamines potent 
photocarcinogens, enhancing the action of UV radiation as 
well? Or does ultraviolet radiation exert its photocarcinogenic 
action mainly in the presence of nitrosamines (in one form or 
another)?

In practice, it appears that the most reliable dermatological 
schools/ scientific groups around the world link the development 
of skin cancer to the intake of drug groups declared by regulators 
as potentially contaminated with nitrosamines? 

Figure 2. Intraoperative view: The tumorous lesion was surgically 
removed, involving the entire length and depth of the eyelid (a-c).
2a-2c: advancement flap from the neighborhood, with the transposed 
flap directed in the direction from the temple to the nose.
2d: Tarsal reconstruction was conducted using deep fixation sutures, 
followed by layer-by-layer suturing of the surrounding area using 
absorbable and non-absorbable 4/0, 5/0, and 6/0 sutures. Postoperative 
photo immediately after the intervention.

Figure 3. Postoperative view after 14 days. The keratinocytic tumor 
with preauricular localization has completely healed after the surgical 
intervention/ surgical plastic. The lesion involving the lower eyelid was 
planned for reoperation to clear one resection line and achieve a better 
aesthetic result.
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But individually, or all together, everyone denies this link? 
The reasons for this refusal to formalize the objective truth 

could not be difficult to interpret, because this act of inactivity, 
is precisely the very confirmation of the real situation: ˝You 
take carcinogenic ingredients (nitrosamines) not yet formalized 
in the drug content and later or shortly after that you develop 
skin cancer?˝

 This dilemma could be quickly resolved when: formalizing 
the ingredients on the packaging of the medicinal product, 
in order to study their carcinogenic, mutagenic, genotoxic 
or photocarcinogenic action in the framework of Onco/ 
Pharmacogenesis and Nitroso- Photo-Carcinogenesis [11,12]. 

A reality that turns out to be rather a myth or a parallel reality 
of the absurdities.

One of the upcoming or inevitable future tasks for clinicians, 
regulators, and manufacturers remains the elucidation of 
Nitroso-Photo-Carcinogenesis concerning each individual 
nitrosamine identified in the drugs described to date by the FDA 
as potentially/actually contaminated with carcinogens [11,12]. 

Metoprolol and nefidipine are known in the form of nitroso 
compounds [23,24], while also being listed by the FDA as 
potentially/actually contaminated or nitroso preparations having 
a defined carcinogenic potency of 4 and 5 [1].

Hydrochlorothiazide and losartan have carcinogenic potencies 
of 4 and 2 [1,2]. The concomitant intake of these 4 drugs 
(with potential carcinogenic potencies of 2 to 4 and 5) [1,2] is 
further complicated by the concomitant intake of metformin, 
potentially contaminated with NDMA (class 2 carcinogenic 
potency) [25,26].

Is it surprising to anyone that the intake of 5 different types 
of carcinogens simultaneously over a 15–20-year period could 
lead to multiple keratinocytic tumors? 

One should not forget the circumstance concerning a recent 
article published in the Journal of the American Academy of 
Dermatology and Venereology linking the monomedication 
with hydrochlorothiazide and the subsequent development of 
keratinocytic cancer/ nonmelanoma skin cancer and melanoma 
[27]. The article does not thematize 2 extremely important 
points: the presence of potential/possible polymedication in 
patients presented and 2) potential polycontamination with 
nitrosamines, some of which-possibly possessing analogous to 
the recently shared evidence of an available photocarcinogenic, 
genotoxic effect [10]. 

Regardless of which drug they are present in, nitrosamines are 
and remain potent human carcinogens capable of generating 
heterogeneous forms of skin cancer [28]. 

NDMA-contaminated metformin, in the context of 
polymedication, has recently been described as a trigger of 
multiple keratinocytic cancers/ basal cell carcinoma, etc., arising 
specifically in combination with losartan and ACE inhibitors, as 
well as antidepressants [28].

A similar paper commented on the intake of potentially 
nitrosamine contaminated (NDMA?) metformin, linking the 
rapid progression of the tumor lesion to the intake of the drug 
[29]. 

Although few at present, articles are indicative that potential 
contamination of mono or polymedication, correlates on the one 

hand with 1) the severity of clinical findings or the number of 
keratinocytic tumors [3-5,28,29], and on the other hand with 
2) the carcinogenic potency of potentially or actually affected 
drugs in the context of mono and polymedication [1,2,25,26].

Future analyses should focus on 1) clarifying the photo-
carcinogenic potency of the nitrosamines themselves relative to 
the declared one (phototoxicity) concerning the pure substance 
to date, and 2) on accurately cataloging and formally declaring 
the availability of these carcinogens in each drug. 

Do the mutational patterns of UV-induced changes/gene 
toxicity overlap or not with those caused by nitrosamines? Are 
the nitrosamines contained in the drugs potent photocarcinogens? 
The answers to these questions are more than a necessity that 
determines the incidence of keratinocytic cancers in the context 
of polycontamination and Nitroso/ Pharmaco/ Oncogenesis, 
Photo-Nitroso- Pharmaco-oncogenesis of skin cancer.

Metformin, contaminated with NDMA, is a fact that is 
undeniable, as the contamination of any one tablet can vary 
within the mono- or combination preparations from 0 to 156.8 
± 32.8 ng/tablet initially and increases to 25.4 ± 5.1 to 455.0 ± 
28.4 ng/tablet after 3 months of exposure to conditions of use 
[30,31]. The fact that the acceptable daily intake of NDMA, 
or so-called ADI, is 96 ng/day should not be overlooked [31]. 
That is, the FDA has found up to a 5-fold elevated level of 
the carcinogen in a single tablet [31]. In practice, three times 
the intake of actually contaminated tablets (in this scenario 
and consistent with the patient we described) could calculate 
a contaminated metformin intake with doses exceeding up to 
15 times the maximum tolerable intake dose of the carcinogen. 
In parallel, the patient was taking 3 other potentially/actually 
contaminated medications according to the FDA list for 
carcinogen-contaminated drugs: losartan/hydrochlorothiazide, 
nifedipine, and metoprolol (see case report data).

The way out of this ̋ awkward situation˝ of creating compulsory 
intake of polycontaminated preparations could only be limited 
or eliminated by the establishment of national regulatory 
authorities that would conduct strict multiple, consistent, 
and permanent control of each batch and for each class of 
medication. Data must be publicly disclosed and accessible to 
end consumers, physicians, regulators, and manufacturers in 
order to ensure the maximum security of each nation's health 
integrity. To date, there is a definite lack of a solution to the 
issues surrounding the use of contaminated polymedication in 
polymorbid patients. Regulators and manufacturers have not 
found a resolution on how the daily intake of carcinogens in 
polymorbid patients (with polymedication) can be limited or 
eliminated completely. 

The clinicopathologic correlations within this intake and in the 
case series we have presented are indicative of how the potential 
intake of polycontaminated agents could be pathogenetically 
associated with the subsequent development of 16 keratinocytic 
tumors.
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