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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.
Nitrosamines as contaminants in a wide variety of drugs are 

also found to be one of the most likely causes of skin cancer. A 
detailed analysis of this contamination could in the near future 
solve to a large extent the puzzle of carcinogenesis concerning 
the keratinocytic forms of cancer and melanoma. But also, 
probably cancer in general.

Over 80% of skin cancer is due to acquired mutations, and 
nitrosamines, which are contained as contamination in certain 
batches of the most commonly distributed drugs worldwide 
(such as sartans, ACE inhibitors, ranitidine, metformin, 
hydrochlorothiazide, rifampicin, and a number of others.) 
are considered among the most powerful external mutagens, 
carcinogens. Carcinogens that until 2021 were not supposed 
to be present in medicines and carcinogens for which it 
was subsequently decided to create a regulatory regime for 
permissible availability.

Regardless of whether these contaminants are applied within 
the so-called daily acceptable intake dose or many times above 
it, the problem with the availability of nitrosamines continues 
to be present. It is also caused by the lack of reflection of the 
concentration of the corresponding nitrosamine in a certain 
drug. Thus, it is impossible to calculate the ˝permissible daily 
intake of the total number of mutagens and their concentration 
based on polymedication˝.

In practice, drug manufacturers distribute nitrosamines in 
parallel with drugs, although they are not listed as a component 
of the product but are identified and allowed as contamination 
or substances with permissible availability by the EMA/FDA.

From another point of view, the fact that is not commented 
on is also of interest, namely that not all batches are affected 
by this contamination. This suggests that the contamination 
may have been controlled, since in a manufacturing error the 
contamination should be widespread.

The registration of the potential contamination of a 
heterogeneous type of medicinal products on the European 
market to the executive agencies for drug control in certain 
geographical areas has remained for years without any answer 
and opens a number of questions.

The problem with ACE inhibitors is similar to that with 
sartans, hydrochlorothiazide, metformin, and ranitidine. The 
˝special impression˝ of the clinicians is determined by the fact 
that the patterns of manifestation of the skin tumors during 
the administration of a heterogeneous class of medications are 
similar to completely identical. From this it could be concluded 
that the unifying factor between the pattern of occurrence could 
not be based on the action of the main substance of each drug 
class, since it remains to be radically different.

The unifying link remains the sole and only contamination 
or the permissible already availability of a new ingredient 
known as nitrosamines. We present cases of multiple basal 
cell carcinomas and dysplastic nevi following enalapril and 
perindopril administration. The role of potential contamination 
of ACE inhibitors with nitrosamines for the development of 
skin cancer is discussed.

Key words. Enalapril, Nitrosamines, skin cancer.
Introduction.

The pathogenesis of the keratinocytic forms of skin cancer 
remains a mystery. Besides the genetic factors (xeroderma 
pigmentosum, Goltz Gorlin syndrome), congenital or acquired 
immune deficiencies, systemic immunosuppressive therapy 
(in transplant patients), light skin (Fitzpatrick type 1), painful 
sunburns and etc. [1-3], there are other factors such as the 
presence of certain or multiple mutagens in some medications 
(the so-called nitrosamines) which are able to potentiate the skin 
cancer development [4,5].

The controversy with the regulatory authorities and their 
limitations remains relevant at the moment, however at the end of 
2022, the results of an extremely important retrospective large-
scale study by a French team, concerning the mentioned issue, 
was announced [6]. The purpose of the study is to clarify the 
overall cancer risk in patients taking nitrosamine-contaminated 
valsartan in comparison with those taking uncontaminated 
valsartan for a certain period of time [6]. Statistically significant 
risks were found only for melanoma and liver cancer; therefore 
it should be noted that the scientific work was focused on 
the presence of a single nitrosamine contamination without 
specifying whether it has exceeded the acceptable daily dose 
(ADI) or not [6].

The terms "availability", "availability above the daily 
acceptable dose" or "200 times above the  daily acceptable 
dose"  was not taken into account, but in all likelihood play a 
key role in the generation of certain or multiple types of cancer.

Although the data are not conclusive, it remains indicative that 
even the presence of a single mutagen/nitrosamine in valsartan 
as contaminant is capable of causing melanoma and liver cancer 
even in small percentage of the patients [6].

With the problem arising in 2022, a famous pharmaceutical 
company withdrew from the market a large number of 
antihypertensive drugs containing hydrochlorothiazide and 
quinapril due to the increased concentrations of another 
type of nitrosamine [7]. Because of this confession by the 
pharmaceutical giant Pfizer (for periods between 20 and 30 
years ago) ACE inhibitors (and the possible development of 
skin cancer) were brought to the attention of the clinicians. 



91

Therefore, the nitrosamines should be the possible cause of 
the same cancer development, regardless of whether they are 
present in sartans or ACE inhibitors, smoked meats, or beer [4].

We present two unrelated cases of patients receiving ACE 
inhibitors for arterial hypertension, subsequently developed 
multiple basal cell carcinomas, some of which located in 
areas never exposed to solar radiation. One of the patients also 
developed a dysplastic melanocytic nevus.

The potential role of nitrosamines in officially announced drug 
classes (including ACE inhibitors) as potential carcinogenic 
inductors, in particular keratinocytic types of cancer and 
melanoma precursors (in the dysplastic nevi), is discussed.
Case report 1.

A 72-year-old male reported to the dermatology department 
(2023) with primary complaints of multiple tumorous lesions 
located behind the neck, left ear, on the forehead, under the right 
eye and on the upper abdominal region. The lesions are from 
about no more than 2 years. In recent months the patient noticed 
the lesions changing in size and color.

Comorbidities: duodenal ulcer and past ischemic stroke 
for which he takes systemic medications: vinpocetine 10mg 
twice a day, enalapril 10mg once in the morning (since 2008), 
flupentixol/melitracen 0.5mg/10mg once in the morning, 
acetylsalicylic acid 100mg  once in the evening and piracetam 
three times a day. 

In 2010 a basal cell carcinoma was removed from the patient’s 
right nasolabial fold via followed single surgical excision and 
undermining approach for defect closure. The histology showed 
Basal cell carcinoma, incomplete, so that radiation therapy 
followed with good final results and no clinical signs of disease 
progression over the years.

Figure 1a-f. Nodular formations with a pearly surface located on 
the skin of the neck (a) and behind the left ear (b). The lesions on 
the forehead (c) and under the right eye (d) were hardly defined, 
erythematous and with visible teleangiectasias (c). A pigmented macule 
with uneven pigmentation is observed on the skin of the abdomen (e,f).

Current dermatological examination 12 years later showed 
nodular formations with a pearly surface located on the skin 
of the neck (Figure1a), behind the left ear(Figure 1b). The 

lesions on the forehead(Figure 1c)  and under the right eye 
(Figure 1d) were hardly defined, erythematous and with visible 
teleangiectasias (Figure 1c). The formations were all suspected 
clinically and dermoscopically for basal cell carcinoma. 
Additionally, a pigmented macule with uneven pigmentation is 
observed on the skin of the abdomen, suspected of dysplastic 
nevus (Figures 1e,f). 

Under local anesthesia the patient underwent surgery for four 
of the suspicious lesions – on the neck (Figure 2a), behind the 
left ear (Figure 2b), on the forehead (Figure 2c) and for the lesion 
on the abdomen (Figure 2d). Within one surgical session each 
lesion was removed with an elliptical excision. The remaining 
defects were closed by single interrupted sutures (Figure 2a-d). 
Outpatient follow-up and removal of the sutures were done 10 
and 12 days after the surgery. Histology showed three basal cell 
carcinomas, staged pT1N0M0 and one dysplastic nevus with 
clear resection lines.

Figure 2a-d. Intraoperative view: Surgical excision of the lesions: on 
the neck (a), behind the left ear (b), on the forehead (c) and on the 
abdomen (d). The remaining defects were closed by single interrupted 
sutures (a-d).

A change in the patient’s medication therapy was suggested – 
enalapril was recommended to be switched to amlodipine.
Case report 2.

An 87-year-old female reported to the dermatology department 
with primary complaints of a tumorous lesion located above the 
right upper lip and reddish plaque on the left cheek and forehead 
from 3-4 years. 

Comorbidities: past Covid-19 infection, arterial hypertension, 
congestive heart failure, ischemic heart disease, bilateral 
macular degeneration of the retina. Systemic medication: since 
10 years (2012/2013) perindopril/indapamide 10mg /2.5 mg 
once in the morning, Lercanidipine hydrochloride 10 mg once 
daily and latanoprost 50 micrograms/ml eye drops. 

In 2017 the patient reported a lesion which later on and after 
removal was verified as basal cell carcinoma 0.6/0.4 cm in size, 
stage T1N0M0 with clear resection lines. The procedure was 
surgically removed with an oval  excision under local anesthesia 
and the defect was closed with an island flap. 
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The current dermatological examination (2023) in the 
policlinic showed several raised lesions with a firm consistency, 
an erythematous base and a pearl-like edge with crusts located 
above the left eyebrow (Figure 3a,b), under the left eye (Figure 
3c) and above the right lip (Figure 3d). The lesions were 
suspected of basal cell carcinoma. 

Figure 3a-d. Raised lesions with a firm consistency, an erythematous 
base and a pearl-like edge with crusts located above the left eyebrow 
(a,b), under the left eye (c) and above the right lip (d).

Under local anesthesia the lesions located on the left eyebrow 
(Figure 4a,b), under the left eye (Figure 4c,d) and right upper lip 
(Figure 4e) were removed with an elliptical excision. 

Figure 4. a,b: Intraoperative view: Elliptical excision of the lesion 
located on the left eyebrow(a). The remaining defect is closed by single 
interrupted stitches (b).
c,d: Intraoperative view: Elliptical excision of the lesion located under 
the left eye (c), closed by single interrupted stitches (d)
e: Intraoperative view: Elliptical excision of the lesion located on the 
right upper lip (e)f: Postoperative view of the patient. Defects closed 
by single interrupted stitches.

Smooth postoperative period (Figure 4f).  Outpatient follow-
up and removal of the sutures were done 10 and 12 days after 

the surgery. Histology showed three basal cell carcinomas, 
staged pT1N0M0 with clear resection lines. 

A change in the therapeutic regimen was done - Chlorthalidone 
25 mg, Lercanidipine hydrochloride 10 mg, Moxonidine 0.2 
mg once in the evening. The medication with perindopril/ 
indapamide was stopped.
Discussion.

The analysis of the scientific data from the recent past [8-10] 
is often ignored by current meta-analyses and retrospectives 
studies. However, connecting the past and present studies 
[6,8-10], is capable of providing answers to many remaining 
unresolved dilemmas and could help resolve future problems 
(for example the problem with the nitrosamines in high blood 
pressure drugs (but not only in them).

The value/ paramount importance  of the retrospective studies 
from the recent past lies entirely in their lack of observation  of 
certain external factors [8-10] that were not known at that (past) 
time—namely, the availability of nitrosamines, which was 
revealed in 2018 by the FDA [6]. Therefore these ˝unknown˝ 
events are guaranteeing the absolute neutrality and objectivity 
of the final results of the study, due to the fact that they could 
not be influenced by nonexistent (at least at that moment) facts 
or data [8-10].

Prospective analyzes are accepted as absolute proof of a 
causal or pathogenetic relationship in medical science and 
data evaluation. However, at the moment their importance 
seems minimal or difficult to implement because it would not 
be possible from an ethical point of view to start prospective 
studies, which would track the side effects of the nitrosamines 
in certain medications.

It would be also difficult (from a moral and practical point of 
view) to persuade the  patients  to voluntary sign the consent 
documents in order to take the nitrosamine-contaminated drugs 
at concentrations between 20 and 200 above the acceptable 
daily limit (ADI) or the recently (20-30 years) distributed 
medications by the pharmaceutical companies themselves [7]. 
These facts are contributing to the thesis about the significance 
and neutrality of the retrospective/prospective case reports. The 
information in those is also confirmed by recent meta-analyses 
and large-scale retrospectives studies [8-10].

Long before the results from the large-scale French study 
confirming the link between the nitrosamines and melanoma [6], 
this connection had already been published many times based on 
single clinical cases [11-18]. Regardless of this fact, the French 
study re-emphasizes the link between the intake of nitrosamine-
contaminated valsartan and the development of melanomas 
[6]. Similar observations are being made for the simultaneous 
appearance of melanocytic and keratinocytic tumors after oral 
intake of potentially nitrosamine-contaminated sartans, thiazide 
diuretics or combination of the above mentioned [19-21].

These cases are indicative and alarming regarding the potential 
role of nitrosamines in the keratinocyte cancer development [19-
21]. Proceeding from the thesis/"hypothesis" that nitrosamines 
present a key role in the skin cancer development in general, it 
would be wise to say that their presence in the ACE inhibitors 
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(officially announced only by Pfizer at the moment) would 
cause equivalent to analogous types of cancer (analogous to 
those registered after oral intake of contaminated sartans and 
thiazide diuretics).

The potential presence of nitrosamines in sartans also appears 
to be a possible cause for the development of dysplastic nevi 
and basal cell carcinomas [20,21].

Their potential presence in ACE inhibitors would in all 
likelihood lead to the progression of the same lesions (Patient 
1 presented with multiple basal cell carcinomas and dysplastic 
nevus after oral administration of enalapril).

Based on the fact that it is unlikely that two different types of 
skin tumors (or tumor precursors such as dysplastic nevi) can 
be induced after oral administration of antihypertensive drugs 
with different mechanisms of action, then the unifying factor for 
this induction remains only the nitrosamines? These data have 
been supported today only for melanoma or melanocytic skin 
tumors [6].

Back in 2017, Nardone B et al. established a relationship 
between the intake of ACE inhibitors and the development of 
basal cell, squamous cell carcinomas and melanomas [10].

1) BCC- unadjusted OR (95% CI):  2,09 (1,87-2,34) / adjusted 
OR (95% CI): 2,23 (1,78-2,81)

2) SCC- unadjusted OR (95% CI): 2,53 (2,07-3,08)/ adjusted 
OR (95%CI): 1,94 (1,37-2,76)

3) MM- unadjusted OR (95% CI): 2,42 (2,00-2,95)/ adjusted 
OR (95 % CI): 1,71 (0,97-3,00)

Similar are their observations regarding the intake of ARB 
blockers [10].

1) BCC- unadjusted OR (95% CI):  2,16 (1,85-2,52) / adjusted 
OR (95% CI): 2,86 (2,13-3,83)

2) SCC- unadjusted OR (95% CI): 2,50 (1,93-3,23)/ adjusted 
OR (95%CI): 2,22 (1,37-3,61)

3)  MM- unadjusted OR (95% CI): 2,25 (1,73-2,94)/ adjusted 
OR (95 % CI): 1,24 (0,54-2,85)

As well as after taking thiazide diuretics [10].
1) BCC- unadjusted OR (95% CI):  1,73 (1,49-2,02) / adjusted 

OR (95% CI): 2,11 (1,60-2,79)
2) SCC- unadjusted OR (95% CI): 2,97 (2,33-3,79)/ adjusted 

OR (95%CI): 4,11 (2,66-4,35)
3)  MM- unadjusted OR (95% CI): 2,06 (1,59-2,66)/ adjusted 

OR (95 % CI): 1,82 (1,01-3,82)
As for keratinocytic skin tumors, it is striking that the risk of 

developing basal cell carcinoma after taking ACE inhibitors 
is doubled, and after stratification of the data, this risk is even 
slightly increased, which in practice largely excludes a sporadic 
relationship between the two events [10].

Similar are the data for squamous cell carcinoma after 
administration of ACE inhibitors [10].

The relationship between the use of ARB blockers and the 
development of basal cell carcinoma is even more pronounced, 
to an extent similar to that after taking ACE inhibitors, with 
an almost threefold risk after stratification (unadjusted/adjusted 
OR) [10]. For squamous cell carcinoma, the risk remains double, 
and relatively constant after stratification.

The data are also convincing for keratinocyte tumors arising 
after the administration of thiazide diuretics: an almost twofold 

and constant risk of developing basal cell carcinoma, as well 
as a 3- to 4-fold increased risk of developing squamous cell 
carcinoma [10].

The link between taking the three types of antihypertensive 
drugs and the development of keratinocyte types of cancer may 
be from:

1) The batches from the three drug classes have been withdrawn 
from the market due to the repeatedly elevated concentrations 
of nitrosamines.

2) The risk of developing keratinocytic types of cancer and 
in particular basal cell carcinoma being doubled and relatively 
constant.

We can conclude that the nitrosamines may be, or in fact are 
the missing piece of the puzzle in the carcinogenesis of the 
keratinocytic forms of skin cancer and basal cell carcinomas 
especially.

Regardless of whether the nitrosamines occur as an impurity 
in any of the three drug classes (ACE inhibitors/ARB blockers 
or thiazide diuretics), in practice they are the most likely 
substances with a potential procarcinogenic effect, causing this 
persistent and relatively even distributed risk.

Analogous and indicative are the data on the appearance 
of melanomas after taking ACE inhibitors - an almost or 
approximately two-fold increase [10]. This could also explain 
the reason for the parallel appearance of 1) multiple keratinocyte 
tumors in the two described patients and 2) the dysplastic nevus 
presented in patient 1 [20,21].
Conclusion.

It can be concluded that the pathogenesis of keratinocyte 
cancer and melanomas remains a mystery to this day. However, 
the curtain on this mystery appears to be slightly lifted following 
the FDA's 2018 release of nitrosamine contamination’s data 
in valsartan. This provided a closer monitoring of the actual 
patients followed by retrospective analyses/meta-analyses of 
large databases worldwide.

The relationship between the intake of different types of 
potentially contaminated drugs and the development of 
skin cancer (but also other types of cancers) is found to be 
significantly increased.

For the first time in the world literature, 2 cases of patients 
with skin cancer after long-term intake of ACE inhibitors, 
potentially contaminated with nitrosamines, are presented. A 
thorough analysis of the available literature was made.

The differences in the statistics across the geographic regions 
may be due to:

1) The different genetic sensitivity or predisposition of the 
population regarding the development of a certain type of 
cancer in certain geographical regions.

2) The quality of the different drugs that are distributed in a 
certain geographical area by certain manufacturers and their 
suppliers.

3) The possible presence/ availability  of different nitrosamines 
as mono- or polycontamination in the presented drugs.

The companies and the regulatory authorities in the form of 
the FDA/EMA have a unique opportunity to bring this sensitive 
information to the public: Which and how many nitrosamines 
are in these medications? At what concentration levels? Period 
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of administration? In which medications exactly ? What are 
the results of the intake: single or multiple cancers that are 
developed?

Still, these are unanswered questions or perhaps delayed 
responses?.
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