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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.
Despite the fact that the pathogenesis of cutaneous melanoma 

is shrouded in mystery, factors that have been neglected or 
unnoticed until now have come to the attention in recent 
years, and in all likelihood, they could also be pivotal. These 
factors, known as nitrosamines or NDSRIs, are characterized 
by high carcinogenic and mutagenic potency, and some of them 
have demonstrated these properties to human DNA as well. 
Unfortunately, these ingredients also turn up as contaminants 
in about 300 of the most widely distributed drugs worldwide. 

According to the most recent literature, some of these 
ingredients are also identified as potent photocarcinogens, as 
well as human carcinogens. 

The intake of these carcinogens in the context of 
polycontamination of polymedication, has been associated for 
years with the occurrence of melanomas. 

The need for cataloguing of nitrosamines , as well as their 
accurate labelling on drug packaging, would help to classify 
them even more accurately as carcinogens affecting human 
DNA.

We present once again a patient , who developed nodular 
melanoma within the context of the intake of 3 potentially 
nitrosamine/ NDSRIs contaminated antihypertensive 
drugs (valsartan/ Hydrochlorothiazide/ bisoprolol). 
Pathogenetic aspects concerning drug-induced nitrosogenesis, 
photocarcinogenesis and oncopharmacogenesis of skin cancer 
are discussed. 

Nitrosogenesis' of Cancer as concept in the medical literature 
has been known for decades, but in relation to other forms 
of human cancer. Exogenously mediated drug-mediated 
nitrosogenesis is a logically conditioned and newly defined 
concept whose significance with respect to the clinical 
manifestation of skin cancer is only beginning to grow.

Key words. Valsartan, HCT, nodular melanoma, 
nitrosogenesis, oncopharmacogenesis, sartans.
Introduction.

Melanoma is a multifactorial disease with a complex and 
somewhat mysterious origin. The pathogenesis of melanoma 
remains enigmatic; however, acquired mutations involving 
the RAS oncogenes and p53 are among the key factors 
contributing to its development [1]. Approximately 2% of 
all skin malignancies are attributed to melanoma [2]. Despite 
its relatively low percentage, its impact on mortality rates is 
significant, making it a major public health concern [2].

The uncertainty surrounding the pathogenesis of this group 
of neoplasms has been partially unraveled, revealing the 
presence of potent/actual mutagens and carcinogens worldwide, 
including nitrosamines found in various drug classes [3]. 
Initially, the FDA announced several recalls of ARBs (sartans), 
specifically valsartan, losartan, and irbesartan [4], due to 
nitrosamine contamination concerns. Currently, an increasing 
number of medications are being identified and added to the list 
of potentially/actually contaminated drugs [5]. 

The issue of polycontamination in polymedicated and 
polymorbid patients remains unresolved, particularly regarding 
the cumulative effects of mutations on the human genome. In 
this context, we discuss the potential occurrence of nodular 
melanoma in relation to polycontamination during 10-15 
years of systemic antihypertensive therapy with valsartan/
hydrochlorotiazide, valsartan, and bisoprolol. 

These medications used as monotherapy are already recognized 
as being contaminated with nitrosamines by the regulatory 
authorities [4,5]. We believe that the cumulative effect of the 
different medications taken over the years potentially/actually 
contributed to the development of nodular melanoma. With the 
following case report, we are once again addressing this serious 
issue and ensuring it receives the attention it deserves.
Case report.

A 76-year-old male presented to the dermatology department 
with primary complaints of a tumor formation located on 
the back, first noticed approximately a year ago prior to the 
consultation. The lesion has gradually grown over time, and in 
the last two weeks, it has also started to bleed upon touch.

The patient has a history of liver hemangioma, which he 
checks annually; mitral valve replacement performed 5 years 
ago followed by therapy with acetylsalicylic acid 100 mg once 
at night; and a partial resection of the prostate conducted 10 
years ago. He also reports arterial hypertension, which he 
manages with valsartan/hydrochlorothiazide 160 mg/12.5 mg 
administrated once in the morning for the past 10 years. In the 
summer season, he switches to valsartan 160 mg once daily in 
the morning. Additionally, he takes bisoprolol fumarate half a 
tablet twice daily, a regimen he has followed for the past 15 
years.

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

The dermatological examination revealed a dark brown 
pigmented lesion with uneven borders and pigmentation 
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observed in the area of the back. The lesion was measured 
1.5 cm in diameter and covered with hemorrhagic crust. The 
clinical and dermatoscopic picture was suspected for cutaneous 
melanoma from nodular type. 

Routine blood tests were performed resulting without 
abnormalities. The patient was recommended surgical removal 
of the lesion under local anesthesia. After consultation with 
a cardiologist, the anticoagulant therapy was discontinued 5 
days prior to the surgery and was replaced with fraxiparine 0.4 
subcutaneous injections administrated twice, 48 hours before 
the surgery. S-100 protein levels were examined and found to 
be negative. 

The lesion was preoperatively marked (Figure 1a). Following 
thorough disinfection of the operative field under local 
anesthesia with lidocaine 1%, an elliptical excision was 
carried out with a safety margin of no more than 5 mm in all 
directions (Figure 1b). The wound edges were adapted with 
single interrupted sutures (Figure 1c), and a sterile dressing was 
applied. The histopathology revealed an extensive, symmetrical, 
well-demarcated melanocytic lesion with epidermal necrosis 
and covered with parakeratotic crust. A compact proliferation 
of large, atypical melanocytes was observed, characterized 
by marked pleomorphism, centrally located nuclei with 1-2 
nucleoi, and formation of atypical mitoses. Additionally, 
areas of desmoplastic degeneration and moderately expressed 
lymphocytic, well-vascularized, melanophage-rich stroma were 
identified (Figures 2a,b). The resection margins were clear, 
and there was no evidence of perineural or lymphovascular 
invasion. A diagnosis of nodular melanoma with ulcerations, 
staged T3bN0M0, Clark level 3 and Breslow tumor thickness 
of 2.5 mm was established. The mitotic index was noted to be 
5-5/field. 

Figure 1a-c. Intraoperative view: surgical removal of the melanoma 
lesion.
1a: The lesion is preoperatively marked.
1b: Elliptical excision of the suspected melanoma lesion.
1c: The wound edges were adapted with single interrupted sutures.

The patient was referred for a reexcision with 1.5 cm in all 
directions, followed by detection and potential removal of a 
sentinel lymph node.
Discussion.

Characterized by rapid distant metastasis and high mortality 
rates, cutaneous melanoma has earned its problematic reputation 
among the other types of skin cancer [6]. Standard treatment 
therapies for arterial hypertension often include ACE inhibitors 
and ARBs [6]. Their long-term effects on the skin continue to be 
a subject of debate and controversy within the dermatological 
community [7]. 

Figure 2a,b. Histopathological findings.
2a: Nodular melanoma x100 – ulcerated epidermis with dense dermal 
infiltration of atypical and severely pleomorphic melanocytes, forming 
polycyclic nests among angiofibrotic stroma.
2b: HEx200 – severely pleomorphic melanocytes with large nuclei and 
dusty cytoplasms.

Becker et al. [6]. have associated ACE inhibitors, such as 
lisinopril, and ARBs (sartans), such as losartan, with the 
stimulation of MV3 melanoma cell migration and invasion. This 
“phenomenon” or “pure coincidence” is no longer considered by 
the community as a myth; rather, it is increasingly recognized as 
a possible pathogenetically determined relationship especially 
because of the Nitrosamine contamination issue [7]. 

The FDA has recently identified potential carcinogens in 
over 250 currently available drugs, categorizing them based on 
their carcinogenic potency, with classifications ranging from 1 
(lowest) to 5 (highest) [5]. In 2019, the FDA updated its table 
of initial limits for nitrosamine impurities (NDMA, NDEA, 
and NMBA) in sartans [4]. Valsartan, as mentioned in our case 
report, is currently on the list of drugs officially recalled by the 
FDA due to nitrosamine impurities [4]. Hydrochlorothiazide 
(N-nitroso-hydrochlorothiazide) is listed under potency 
category 4 with recommended AI limit of 1500 ng/day [5]. 
Recently, the pharmaceutical company Pfizer initiated recalls of 
INDERAL LA (Propranolol hydrochloride) due to the presence 
of N-nitroso-propranolol, impurity which has the potential to 
probably potentiate the carcinogenesis [12]. Based on the above, 
beta blockers have already been considered in the category 
of medications with permissive availability for nitrosamines 
[5]. And following the FDA list, bisoprolol (N-nitroso-
bisoprolol) is being currently listed under potency category 4, 
with a recommended AI limit of 1500 ng/day [5]. Each of the 
mentioned medications impurities is listed under a special grade 
potency category/ carcinogenic potency, making the medication 
itself more carcinogenic. During a certain period, the patient 
mentioned in our case report was undergoing combined therapy 
with valsartan/hydrochlorotiazide or valsartan as monotherapy 
for 10 years and bisoprolol for almost 15 years. Therefore, the 
cumulative effect of each drug and the possible nitrosamine/ 
NDSRIs contaminants become a more probable, relatable, 
and adequate cause for the development and progression of 
nodular melanoma. The conclusion is not based on hypothesis 
but rather on evident clinic-pathological correlations between 
the timing and duration of medication intake, particularly those 
already recognized by the authorities as potentially/actually 
contaminated with nitrosamines [4,5], and the subsequent 
development of skin cancer.

Nitrosamine-contamination in different antihypertensive 
medications (and now not only) has become a reality, marking the 
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beginning of what some authors refer to as the “Nitrosogenesis 
era˝ [10]. The term “Exogenous, drug mediated Nitrosogenesis” 
has recently surfaced in the medical literature, referring to 
nitrosamines or nitrosamine drug-substance-related impurities 
(NDSRIs) within polycontamination among polymorbid 
patients [10]. The concept suggests that when individuals 
are exposed to multiple carcinogens, as in the context of 
polymedication, the possible cumulative effect (carcinogenic/ 
mutagenic or genotoxic one) can act as the triggering point for 
the development and/or progression of skin cancer [10]. 

Given the widespread use of drugs for hypertension among 
the population, it is reasonable to assert that the potential/actual 
exposure to nitrosamines in medications is playing a significant 
role in the emergence of the new “cancer pandemic”.
Conclusion.

The current global issue with drug-induced cancers 
development and progression in the context of Nitrosogenesis/
Onco-pharmacogenesis, particularly skin cancer following oral 
intake of certain antihypertensive medications, is prompting 
clinicians to address the issue more comprehensively. 

Effective strategies for tackling this global problem are 
being made through various case reports, letters, interviews, 
congresses/congress reports, etc. 

A number of large cross-national follow-up studies have found 
a significant association between intake of a heterogeneous class 
of antihypertensive drugs and the development of melanomas 
[13-16], but the lack of precise information on potential 
contamination prevents the most accurate interpretation of the 
data.

These correlations strongly suggest a link between the timing 
of medication intake and the onset/development of the tumorous 
skin lesions.

Dealing with NDSRIs poses a significant challenge due to the 
difficulty in distinguishing whether the ingredients within the 
medication possess mutagenic, carcinogenic, or both effects. 
Regardless, prioritizing the removal of such impurities should 
be a priority, and regulatory bodies must take a more assertive 
approach in addressing this global issue.

Interesting , but at the same time extremely alarming, 
remains recently shared scientific data that allow certain 
nitrosamines such as N-nitrosomorpholine to be classified also 
as potent photocarcinogens with marked genotoxic effects [18]. 
Photocarcinogenesis and nitroso-photocarcinogenesis appear to 
be practically inextricably connected [19]. 

Nitroso-photocarcinogenesis is a fact that should be studied in 
detail in the near future.

Nitrosamines in tobacco, such as Nitrosonornicotine (NNN) 
and 4-(methylnitrosamino)-1-(3-pyridyl)-butanone (NNK), 
have been shown to have mutagenic effects on human DNA, 
affecting RAS oncogenes and p53 [18]. The same target genes 
remain pathogenetic for the majority of melanomas [1]. The 
potential contamination of sertraline with NNK-type NDSRIs, 
for example, is now associated with the clinical generation of 
melanomas in humans [20].

The gross overlap of target genes (in the first reading) that 
are key to melanomas but are also attacked and mutagenically 
affected by nitrosamines is concerning to say the least. 

Future analyses should focus on elucidating the phototoxicity 
of the NDSRIs contained in the drugs as well as the mutations 
they induce in patients with melanomas but also those with skin 
cancer in general. 

Photo-nitrosogenesis in the context of Oncopharmacogenesis 
are and would be a good explanation of the relationship: 
polymedication/polycontamination and skin cancer / melanoma 
generation. Evidentiary steps in this direction are given at first but 
should be confirmed in future follow-up and subsequent analyses.
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