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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 pathogenesis of cutaneous tumors has been known for 

decades yet remains largely unexplained or incompletely 
understood. The reason for this mystery lies in the concepts of 
photosensitivity and phototoxicity: how do they arise or what 
actually causes them? Recently published data in the medical 
literature link certain nitrosamines such as nitrosomorpholine, 
for example, to gene and phototoxicity in humans. A number of 
other nitrosamines analogous in action and structure are found 
as contaminants in about 300 of the most widely distributed 
pharmaceuticals worldwide: NDEA, NDMA, NMBA 
and many others. These contaminated drugs include beta 
blockers/ bisoprolol/, thiazide diuretics/ hydrochlorothiazide/, 
antiarrhythmics/ propafenone/, ACE inhibitors/ lisinopril/, but 
also a number of other drugs which are, according to the FDA, 
found to have contaminants with a certain carcinogenic potency 
ranging between 1 and 5. The phototoxicity and genotoxicity 
of these contaminants, attributed to the pathogenesis of skin 
tumors, still remain a mystery. 

The problems of the intake of the above-mentioned groups 
of drugs arise mainly on the basis of the official bulletins of 
the regulatory bodies, namely that: in practice, the intake 
of polymedication could in many cases also be considered 
as regular, permanent, long-term intake of contaminants/
carcinogens/mutagens of heterogeneous type, also known as 
nitrosamines or NDSRIs. 

Nitrosamines are genome modifiers in humans and cause 
acquired mutations. Their concomitant administration in the 
context of standard, but currently not yet officially declared 
as contaminated polymedication, would be able to block 
certain tumor suppressor genes (p53) as well as activate 
RAS oncogenes. Or in practice- daily administration of a 
particular combination of drugs could activate the cascades of 
carcinogenesis regulating the genesis of skin cancer. Precisely 
because of this fact, it should not be surprising to anyone 
that the concurrent intake of the aforementioned drugs could 
also be associated with the clinical manifestation of multiple 
keratinocytic tumors. We describe a consecutive case of a patient 
who developed 4 keratinocytic tumors: 2 basal cell carcinomas, 
1 keratoacanthoma, and 1 squamous cell carcinoma on a 
background of potentially contaminated polymedication with 
propafenone, lisinopril, hydrochlorothiazide, and bisoprolol. 
Recently published innovative international data on the topic 
are discussed in the context of concepts such as drug-mediated 

nitrosogenesis, photonitrosо-carcinogenesis and metabolic 
programming/ reprogramming of the tumor cell.

Key words. Photocarcinogenicity, skin cancer, drug related 
Nitrosogenesis, Nitroso-Photocarcinogenesis, bisoprolol, 
propafenone, Lisinopril, HCT.
Introduction.

Skin cancer is among the most prevalent cancers in the 
Caucasian population worldwide and is primarily categorized 
into melanoma and non-melanoma skin cancer (NMSC) [1]. 
Pre-neoplastic lesions, such as Bowen disease and actinic 
keratosis, along with neoplastic lesions, including basal cell 
carcinoma (BCC), squamous cell carcinoma (SCC), and Merkel 
cell carcinoma, fall under the category of NMSC [1]. 

Basal cell carcinoma (BCC) is a slow growing, locally invasive 
epidermal tumour, exhibiting a metastatic rate of less than 0.1% 
[2-4]. It represents approximately 75% of all cases of NMSC 
[2]. Despite its low metastatic rate, BCC can, in some cases, 
lead to higher morbidity and mortality rates [3,4]. Most of the 
remaining NMSC cases are primarily squamous cell carcinoma 
(SCC), which has higher metastasis rates, ranging from 0.3 to 
3.7% [2].

Keratoacanthoma (KA) is a rapidly growing, low-grade 
cutaneous tumor that typically measures 1-2 cm and has a dome-
shaped appearance [5]. Its histopathological characteristics 
closely resemble those of squamous cell carcinoma [5]. 
Etiological factors contributing to the development of 
keratoacanthoma include UV radiation, immunosuppression, 
the use of BRAF inhibitors, exposure to chemical carcinogens, 
genetic predisposition (such as mutations in p53 or H-RAS), 
HPV infection, and recent trauma or surgical intervention in the 
area [5].

Each year, between 2 to 3 million new cases of NMSC are 
diagnosed worldwide [6]. Ultraviolet (UV) radiation is directly 
associated with the development of skin cancer [6]. Depletion 
of ozone levels reduces the atmosphere’s protective filter 
function, leading to increased solar UV radiation reaching the 
Earth’s surface [6]. Statistically, a 10% reduction in ozone 
levels is expected to lead to an additional 300,000 cases of non-
melanoma skin cancer [6]. Caucasians (with lighter skin types) 
typically face a significantly higher risk of developing non-
melanoma skin cancer compared to darker skin types, primarily 
due to their lower levels of skin pigmentation [6]. 

Genetic predisposition can also contribute to the development 
of certain types of non-melanoma skin cancer [1]. In contrast 
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to basal cell carcinoma, squamous cell carcinoma can arise 
from the accumulation of genetic damage, leading to precursor 
(premalignant) lesions such as actinic keratosis or Bowen’s 
disease, and subsequently to SCC [1,2,7,8]. This process 
allows for the multifocal development of SCCs, a phenomenon 
known as field carcerization [1,7,8]. SCC development can be 
initiated by several mutations in tyrosine kinase receptors, the 
TP53 gene: RAS/MAPK signaling pathways, and the squamous 
differentiation network (Notch), among others [1,9-11]. Key 
components in the BCC carcinogenesis involve suppressor genes 
and proto-oncogenes such as PTCH1 and SMO (components 
of the Sonic Hedgehog pathway), the TP53 tumor suppressor 
gene, and various members of the RAS family [1,12,13].

The literature also suggests an oncogenic potential of 
certain viruses, such as HPV, EBV, and Polyomavirus, in the 
development of non-melanoma skin cancer [1].

First-line treatment option for post-surgical defects of the lower 
leg that cannot be closed primarily or are at risk for excessive 
tension is Split-thickness skin grafting [14,15]. Considering 
the expected tension at the anatomical site for our patient, this 
option was selected as the most appropriate for reconstructing 
the primary defect.

Despite the well-documented role of genetic predisposition, 
UV radiation, and environmental factors in skin carcinogenesis, 
the development of multiple cancerous lesions in the absence 
of these factors raises questions about the underlying causes of 
skin cancer in our patient and not only. The etiology in such 
cases remains unclear, leaving an element of mystery regarding 
the underlying causes of skin cancer.
Case report.

An 87-year-old female presented to the dermatology 
department with primary complaints of two lesions located on 
the right upper limb. The first lesion, approximately 2 years old, 
is situated on the right forearm, while the second lesion, about 
six months old, is located on the right palm. Over the past few 
months, both lesions have exhibited growth, accompanied by 
pain and itching, and purulent discharge was noted over the last 
2-3 days.

The patient reports a history of a histologically proven 
moderately differentiated basal cell carcinoma in the forehead 
area, which was removed in March 2024, as well as another 
tumor-like lesion in the right temple area, removed in 2022.

The patient has been on systemic therapy for arterial 
hypertension for the past 5 years, taking lisinopril/
hydrochlorothiazide 20mg/12.5mg taken once a day, bisoprolol 
5 mg once a day, and propafenone 150 mg once a day as needed. 
Additionally, the patient reports a 20-year history of trigeminal 
neuralgia, managed with carbamazepine 200 mg as needed and 
Benfotiamine/Pyridoxine hydrochloride and Cyanocobalamin 
when needed.

The dermatological examination revealed an undermined 
lesion with thickened edges and an irregular shape, but clear 
borders located on the dorsal and palmar surfaces of the right 
hand. This lesion was partially covered with yellowish crusts 
(Figure 1). In the right forearm area, a rounded tumor-like 
lesion with superficial ulceration was noted, covered in places 
with a hemorrhagic crust (Figure 2). On the left forearm, a 

protruding rounded lesion, clinically suspicious for seborrheic 
keratosis, was observed. Additionally, onychomycosis was 
present on the nails of both the lower and upper extremities, and 
onycholysis was noted on the third and fourth fingers of the left 
hand. Enlarged lymph nodes were not palpable.

The patient was recommended surgical excisions of both 
lesions under local anesthesia.

Under local anesthesia with lidocaine 2%, two elliptical 
excisions of the lesions on the right upper limb were performed. 
To fill the defect on the dorsal surface of the right hand (Figure 
3), a full-thickness skin mesh graft was taken from the left 
chest area (Figure 4). The graft was subsequently processed 
and transformed into a split-thickness skin mesh graft by 

Figure 1. Undermined lesion with thickened edges and an irregular 
shape but clear borders located on the dorsal and palmar surfaces of 
the right hand. The lesion is partially covered with yellowish crusts. 
Clinically suspected for squamous cell carcinoma.

Figure 2. In the right forearm area, a rounded tumor-like lesion with 
superficial ulceration is noted, covered in places with a hemorrhagic 
crust. Clinically suspected for keratoacantoma.
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Figure 3. Skin defect caused by an excision of the tumorous lesion located on the right dorsal surface of the hand.

Figure 4. A split-thickness skin mesh graft is taken from the left chest area.

Figure 5. 5a: The skin edges from the split-thickness skin mesh graft technique were closed with single interrupted sutures 
5b: The skin defect from the excision on the right forearm lesion was closed with single interrupted sutures.
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excising all subcutaneous tissue and carefully thinning the skin. 
The skin edges were closed with single interrupted sutures 
(Figure 5a,b and Figure 6), sterile dressings were applied, and 
a comprehension dressing was placed on the lesion on the right 
hand, which was saturated daily with sodium chloride 0.9% 
solution. Ampoules with metamizole sodium were included 
in the therapy as needed for pain management. The excised 
materials were sent for histopathological examination. 

The lesion located on the dorsal surface of the right arm was a 
symmetrical, well-demarcated epithelial lesion characterized by 
central necrosis and covered with a thick-layered parakeratotic 
crust. It was demarcated with lateral acanthotic reticulated 
ridges and had a dyskeratotic base with horn pearls infiltrating 
the papillary dermis, forming elongated longitudinal projections 
behind a fibrous, moderately expressed lympho-plasmacytic 
stroma. There was no evidence of perineural or lympho-vascular 
invasion, and the resection lines were clear. The lesion was 
diagnosed as highly differentiated squamous cell carcinoma, 

staged T1NxMx. A CT scan with contrast of the whole body 
was further recommended.

The lesion on the right forearm area exhibited characteristics 
of an extensive, well-demarcated, circumscript epithelial 
lesion, characterized by ortho- and follicular hyperkeratosis, 
pseudoepitheliomatous hyperplasia, dyskeratosis, and the 
formation of “horn pearls”. It was demarcated with fibrous, 
moderately expressed lympho-plasmacytic stroma and exhibited 
multiple comedo necrosis invading the deep parts of the dermis. 
There was no evidence of perineural or lymphovascular 
invasion, and the resection lines were clean. The histological 
findings corresponded to keratoacanthoma (Figure 7).

The outpatient therapy consisted of ciprofloxacin 250 mg taken 
twice daily for 7 days, topical dressings with povidone-iodine 
applied to the lesions on the forearm and chest areas, and an 
occlusive daily dressings saturated with sodium chloride 0.9% 
on the hand lesion. Additionally, propafenone hydrochloride 
150 mg twice daily, and Lisinopril/Hydrochlorothiazide 20/12.5 
mg half a tablet daily, were prescribed.
Discussion.

According to the WHO Classification of Tumours Group 
[16], keratoacanthoma is considered a distinct diagnostic entity 
despite its histological and clinical similarities to squamous 
cell carcinoma [17]. Although the metastatic behavior of 
keratoacanthoma is controversial, a study by Savage et al. [18], 
which reviewed 445 cases of KA from 113 published articles 
(as of 2013), reported no deaths or distant metastases from KA. 
The statistic was further compared to 429 cases of cutaneous 
SCC, which reported 61 cases of metastasis and 24 deaths 
directly resulting from SCC [18]. However, previous articles by 
Hodak et al. [19] and Piscioli et al. [20] have documented the 
“metastatic nature” of ˝some˝ keratoacanthomas.

According to the information gathered by Claeson et al. [17], 
environmental factors such as UV radiation, male sex, smoking, 
human papillomavirus, trauma to the skin, immunosuppression, 
intake of certain medications disturbing the cell cycle and 
exposure to carcinogens all can contribute to the development 
of keratoacanthoma.

High UV exposure, along with immunosuppression, are among 
the main external factors contributing to the development 
for cutaneous squamous cell carcinoma [21]. Exposure to 
UV radiation is directly linked to DNA mutations in the 
transformation-related protein 53 (TP53) tumor suppressor 
gene [21]. The increased incidence rate for developing not 
only cSCC but also BCC is associated with UV radiation 
exposure, especially in individuals with UV radiation-sensitive 
phenotypes [17,21]. In a cohort study by Dusingize et al. [22], 
the estimated risk for cSCC was more than twice as high for 
smokers compared to those who had never smoked (HR, 2.30; 
95% CI, 1.46-3.62) [17].

The development and progression of cutaneous squamous 
cell carcinoma is a complex process marked by mutations in 
genes responsible for maintaining epidermal homeostasis [23]. 
This multistage process is further altered by factors such as 
epigenetic modifications, viral infections, and changes in the 
microenvironment [23].

Figure 6. Split-thickness skin mesh graft transplanted and sutured with 
single interrupted sutures on the skin defect of the right hand.

Figure 7. Keratoacanthoma x 40 x HE.



69

Interesting at the moment are the observations of a German 
team, who associated the use of hydrochlorothiazide with the 
subsequent development of up to 4 heterogeneous forms of skin 
cancer: dermal pleomorphic sarcoma, atypical fibroxanthoma, 
basal cell carcinoma and squamous cell carcinoma [24]. The use 
of HCTZ was significantly higher in patients with AFX/PDS 
(44.5%) compared to patients with SCC/BCC (25.3%) [24].

Again, another German collective found a significant 
association between the use of hydrochlorothiazide and ACE 
inhibitors with the subsequent development of keratinocytic 
cancers: squamous cell and basal cell carcinomas of the skin 
[25]. 

A pathogenetic association or risk of developing keratinocytic 
tumors after hydrochlorothiazide intake was found only when 
there were longer durations of drug intake (≥10 years; HR: 1.12; 
95% CI: 1.03-1.21) and higher cumulative doses (≥100,000 mg; 
HR: 1.49; 95% CI: 1.27-1.76) [26]. Both of the above articles do 
not comment on which would be able to trigger phototoxicity in 
practice. Or what could account for this phototoxicity?

According to the most recent literature based on a meta-
analysis from 2024, there is a significant association between 
the intake of photosensitive antihypertensive drugs and the 
subsequent development of keratinocytic tumors: Increased 
risks were seen for basal cell carcinoma with calcium channel 
blockers (relative risk [RR] = 1.17, 95% confidence interval 
[CI] = 1.11-1.22), diuretics (RR = 1.06, 95% CI = 1.03-1.10), 
and thiazides (RR = 1.10, 95% CI = 1.04-1.16); for squamous 
cell carcinoma with calcium channel blockers (RR = 1.08, 95% 
CI = 1.01-1.14), diuretics (RR = 1.29, 95% CI = 1.17-1.43), and 
thiazides (RR = 1.36, 95% CI = 1.15-1.61) [27].

Completely overlapping to analogous data are also presented 
by our patient who developed 2 basal cell carcinomas in the 
recent past, 1 squamous cell carcinoma and 1 keratoacanthoma 
(currently) after combined administration of hydrochlorothiazide 
and lisinopril in combination with bisoprolol and propafenone. 
It seems that polymedication with potentially nitrosamine-
contaminated drugs could correlate with the severity of the 
clinical picture and/or the number of new tumours. 

Similar data from PubMed/ Medline, have focused on the use 
of photosensitizing drugs in postmenopausal women, and it is 
these that link the use of antihypertensives (HR [95% CI]: 1.12 
[1.07-1.18]), ACE inhibitors (1.09 [1.01-1.18]), calcium channel 
blockers (1.13 [1.05-1.22]), diuretics (1.20 [1.12-1.27]), loop 
diuretics (1.17 [1.07-1.28]), and thiazides (1.17 [1.03-1.33]) 
(were each associated) with higher NMSC risk [28]. 

Combinations of beta-blocker drugs with other potentially 
nitrosamine-contaminated drugs has been described in the 
literature repeatedly and again as risky in terms of the development 
of keratinocytic cancers, including keratoacanthomas [29,30]. 

As the same data apply with full force to the administration of 
propafenone and the subsequent development of keratinocytic 
skin cancers: basal cell and squamous cell carcinomas of the 
skin [31].

What all newly arising keratinocytic neoplasms have in 
common with the heterogeneous drugs taken by the patients 
themselves is their recent cataloguing in the FDA list (2019-
2024 period), involving the potential contamination of the latter 
with nitrosamines/NDSRIs [32].

Another interesting hypothesis of recently published scientific 
papers [33,34] is based on the claim that polymedication in the 
context of polycontamination of heterogeneous drug groups 
could underlie the generation of skin cancer by affecting the 
so-called metabolic reprogramming or reprogramming of the 
tumor cell [35].

According to certain relatively new scientific data, nitrosamines 
localised in tobacco could play a key role in the so-called 
reprogramming of the future tumour cell (in heterogeneous 
tumour types), similar to the role of solar radiation - also in this 
process, but particularly in skin cancer, but in humans [35].

Specific tobacco-localized nitrosamines have been shown to 
be mutagenic on RAS oncogenes and p53 tumour suppressor 
gene in humans [36].

The overlap of these target genes with the mutations that 
are detected in or concerning skin cancer (RAS oncogenes/ 
p53) are indicative of just such a possible relationship, but 
this time triggered not by the nitrosamines in tobacco, but by 
the nitrosamines provided within daily, regular, permanent 
medication intake. 

Antihypertensive monomedication in certain patients could be 
affected or contaminated by more than 1 carcinogen/nitrosamine 
[37], which in effect facilitates the activation of metabolic 
reprogramming of the future tumor cell. 

A typical example of a genotoxic yet phototoxic nitrosamine 
that has been demonstrated in drug preparations is 
nitrosomorpholine [38]. 

It remains an open question at present whether the 
other nitrosamines/nitroso derivatives identified in drug 
preparations are genotoxic and phototoxic before (analogous to 
nitrosomorpholine [38]) their metabolisation, and whether, after 
their metabolisation in the human organism, they still possess a 
heterogeneous type of carcinogenicity or mutagenicity ?

Even more disturbing is the fact that certain nitrosamines 
identified as being present in hundreds of drugs, such as NDMA 
for example, could have a direct activating effect on RAS 
Oncogenes even before they are metabolized in the liver (39). 
A different methylated metabolite known as methyldiazonium 
formed after their metabolization is also mutagenic [39]. In 
practice, it appears that a nitrosamine such as NDMA could act 
as a bicarcinogen or polycarcinogen even within the intake of a 
single drug?
Conclusion.

In conclusion, we describe a patient who developed 4 
keratinocytic tumors that developed within the context of 
a potential nitrosamine contaminated drug regimen with: 
lisinopril, hydrochlorothiazide, bisoprolol and propafenone. 
The potential role of drug-initiated nitrosogenesis/photo-
nitroso-carcinogenesis/oncopharmacogenesis concerning skin 
cancer pathogenesis is commented. 

Analyzing the clinicopathological correlations of single but also 
larger groups of patients within the potential polycontaminated 
drug intake, one could arrive at the following suggestion: 
polycontamination (with nitrosamines/nitroso derivatives) of 
polymedication could in all likelihood also be considered as 
one of the key cofactors for the development and progression of 
multiple keratinocytic tumors worldwide.
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It is for this reason that, one would assume that the introduction 
of complete elimination regimens for these carcinogens/
mutagens in drug formulations, would have been the most 
adequate and safe approach with respect to any clinician's ideal 
goal: the drastic decline in the incidence of skin cancer and 
keratinocytic cancers in particular.
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