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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The association between drug-induced lichen planus — whether
oral/mucosal or solely cutaneous — involves a diverse range of
drugs, including ACE inhibitors, diuretics, and beta blockers, as
well as quinidine, NSAIDs, hydroxychloroquine, antiretroviral
medications for HIV, penicillamine, TNF inhibitors, and certain
medications for type 2 diabetes. The natural course of lichen
planus has been also linked in certain cases to the development
of squamous cell carcinoma, affecting both mucous membranes
and skin, as extensively documented in the literature. However,
little attention has been given to the fact that many of the
medications associated with lichen planus — such as ACE
inhibitors, diuretics, and beta blockers — are listed by the FDA
as contaminated with carcinogenic and mutagenic nitrosamines.
These compounds exhibit photocarcinogenic, carcinogenic and
mutagenic properties. Their potential role in the progression
of lichenoid lesions to oral leukoplakia, oral carcinomas and
squamous cell carcinoma, but also strictly cutaneous located
tumour has not been previously explored, yet it appears both
plausible and significant.

We present for the first time in the medical literature, a case
of a 91-year-old patient with a 2-year history of oral lichen
planus and subsequent oral leukoplakia following 2-year beta-
blocker (bisoprolol) and/or anti-arrhythmic (propafenone)
administration, with no history of smoking and alcohol
consumption, and discuss the possible role of nitrosamines as a
cofactor in the malignant transformation of ulcerative lichenoid
lesions to oral leukoplakia/ mucosal carcinoma.

The adverse effects of these medications may be categorized
into those related to 1) the active substance — potentially
triggering lichen planus and those 2) linked to contaminants/
carcinogens/ mutagens, such as nitrosamines, which may act
as primary or contributory factors in skin carcinogenesis in
direction development of oral leukoplakia and oral/ cutaneous
carcinomas.

Key words. Lichen planus, oral leukoplakia, squamous
cell carcinoma, beta blockers, bisoprolol, nitrosamines,
photocarcinogenic, carcinogenic, propafenone.

Introduction.

Lichen planus (LP) is a chronic immune-mediated
inflammatory disease, affecting both the skin and mucous
membranes, with the buccal mucosa being the most frequently
involved oral site [1]. The disease is estimated to affect 1-2%
of the general population, with a higher prevalence in women
compared to men [2]. It can manifest in various forms, such as
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plaque-like, reticular, papular, erosive, atrophic or bullous types
[2]. The oral lesions may occur independently or alongside
other cutaneous lesions [2].

Two primary pathogenetic inflammatory mechanisms are
suggested to be part of the development of the oral lichen
planus [3]. The antigen-specific pathway involves antigen
presentation by basal keratinocytes and antigen-specific
keratinocyte destruction by CD8(+) cytotoxic T-cells [3]. The
non-specific pathway involves mast cell degranulation and
matrix metalloproteinase activation within the lesions [3].
Some authors suggest that a “combined” pathway involving
both mechanisms leads to T-cell accumulation in the superficial
lamina propria, basement membrane alteration, intraepithelial
T-cell migration, and keratinocyte apoptosis [3].

The activation of nuclear factor kappa B (NF-kB) and the
inhibition of the transforming growth factor control pathway
(TGF-beta/Smad) promote hyperkeratosis and the development
of characteristic white lesions, contributing to the chronic
progression of oral lichen planus (OLP) [4].

Several trigger factors have been associated with the
development of lichen planus, including infectious agents
such as hepatitis C virus [5], the COVID-19 virus and vaccine
[6] certain metal compounds used in dental restorations, such
as mercury, copper, and gold, as well as certain medications
like angiotensin-converting enzyme inhibitors, beta blockers,
thiazide diuretics, quinidine, nonsteroidal anti-inflammatory
drugs, antimalarials (hydroxychloroquine), antiretroviral
medications for HIV infection, penicillamine, tumor necrosis
factor-alpha inhibitors, oral hypoglycemic medications for type
2 diabetes, and gold salts [5,7-9].

According to some colleagues, chronic cutaneous inflammatory
lesions can induce an oncogenic-like overactivation of
growth factors, stimulating epithelial cells toward malignant
transformation [10].

In contrast, whereas oral lichen planus is considered a
premalignant lesion, cutaneous lichen planus has little to no
established connection with squamous cell carcinoma [10]. The
development of squamous cell carcinoma in cutaneous lichen
planus has an incidence of 0.4%, with the hypertrophic type
being the most commonly implicated subtype [10-12].

It is suggested that the inflammatory effects on basal
keratinocytes in oral lichen planus may contribute to
carcinogenesis [13].

Interestingly, oral lichen planus and both early and advanced
oral squamous cell carcinoma share common pathways, with
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key tumor suppressors and oncogenes associated with different
immune processes being dysregulated in oral lichen planus [13].

When orally administered drugs contain carcinogenic
compounds such as nitrosamines, we share the thesis, that the
active substance may contribute to the development of lichen
planus, while potential/actual contaminants serve as possible
cofactors in the progression of these lesions to neoplastic
changes, including leukoplakia and/or squamous cell carcinoma.

More recent evidence connects lichen planus to both
cutaneous and mucous carcinomas, with some considering it a
precursor lesion to squamous cell carcinoma, though the exact
mechanisms remain somewhat unclear [10-14].

New horizons include identifying entirely new triggers or
potential triggers for skin neoplasms, such as squamous cell
carcinoma. For example, certain medications prescribed for
various conditions — most commonly arterial hypertension —
have been found to contain nitrosamines, which may contribute
to carcinogenesis.

We report a case of a 91-year-old male with a 2-year history of
oral lichen planus and oral leukoplakia following the initiation
of systemic treatment with bisoprolol and propafenone, with no
history of smoking or alcohol consumption. The potential novel
mechanisms of disease pathogenesis are explored in the context
of drug-induced nitrosogenesis, nitroso carcinogenesis, and
oncopharmacogenesis, specifically regarding the probability
of bisoprolol- and/or propafenone-induced oral lichen planus,
its progression to leukoplakia, and the subsequent possible risk
of developing squamous cell carcinoma. The role of nitroso
contamination as a possible cofactor in the development of
precursor lesions for oral carcinoma is also discussed, based on
their genotoxicity.

Case report.

A 9l-year-old male presented with primary complaints of
changes in the tongue’s and buccal mucosa, both persisting
for approximately two years. The tongue changes were
characterized by painful sores with a whitish plaque.

The patient has a history of choledochectomy in early
adulthood and appendectomy in childhood. In 2023, he

developed COVID-19-associated bilateral bronchopneumonia.
His chronic conditions include arterial hypertension, benign
prostatic hyperplasia, and atrial fibrillation with flutter.
Additionally, he has a known allergy to formaldehyde. The
patient neither smoked nor consumed alcohol and was actively
involved in sports during his early years.

He had been on systemic therapy since 2023, including
apixaban 2.5 mg twice daily — once in the morning and once
in the evening, bisoprolol fumarate 2.5 mg once daily in the
morning, propafenone hydrochloride 300 mg half a tablet three
times a day, and spironolactone 25 mg once in the morning.

The dermatological examination revealed fine, band-shaped,
slightly raised gray-whitish plaques on the buccal mucosa,
characteristic of Wickham’s striae, positioned above the
surrounding mucosa and tending to merge into a network-
like pattern (Figure la). Additionally, single erosions and
erythematous papular changes were observed on the tongue,
accompanied by papillary loss and whitish plaque covering the
affected areas (Figure 1b,c). Enlarged lymph nodes were not
palpable.

Routine blood tests revealed no abnormalities except for
hemoglobin — 134.0 g/L (normal range for men 138.0-172.0
g/L), hematocrit — 0.387 L/L (normal range 0.41-0.50 L/L),
HDL — 1.0 mmol/L (normal range: >1,6 mmol /I) and CRP — 6.6
mg/L (normal range less than 3.0 mg/L).

Due to the erosive changes affecting the tongue and buccal
mucosa, the differential diagnosis included erosive lichen
planus, squamous cell carcinoma, pemphigus vulgaris, and
lichen planus. To aid in diagnosis, direct immunofluorescence
testing and two biopsies were performed. The result of the direct
immunofluorescence test was inconclusive, and a second test
was recommended.

The first biopsy, taken from a whitish reticular enanthem on
the buccal mucosa, revealed abundant parakeratosis, patchy
acanthosis, and vacuolar degeneration of the basal keratinocyte
layer, with obscuration of the dermo-epidermal border by a
lichenoid lymphoplasmacytic inflammatory infiltrate lining the
tunica propria. The histological findings were consistent with
lichen planus (Figure 2a,b).

Figure la-c. la: Fine, band-shaped, slightly raised gray-whitish plaques on the buccal mucosa, characteristic of Wickham’s striae, positioned
above the surrounding mucosa and with tendency to merge into a network-like pattern.
1b,c: Single erosions and erythematous popular changes on the tongue, accompanied by papillary loss and whitish plaque covering the affected

areas.
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Figure 2a,b. Histology panel lichen planus: abundant parakeratosis, patchy acanthosis, and vacuolar degeneration of the basal keratinocyte layer,
with obscuration of the dermo-epidermal border by a lichenoid lymphoplasmacytic inflammatory infiltrate lining the tunica propria.

2a: lichen planus x HE x 100.
2b: vacuolar degeneration of the basal cell layer x HE x 200.

dyskeratosis, binucleated keratinocytes, and disrupted epithelial architecture throughout the epithelial segment. The segment is demarcated by an
abundant lichenoid round-cell stroma, prominent among collagen fibers throughout the tunica propria.

3a: Full thickness intraepithelial dysplasia x HE x 100.
3b: Dyskeratotic cells and irregular keratinocytic arrangement x HE x 200.

The second biopsy, taken from an erythematous-infiltrative
plaque with an erosive surface on the tongue, revealed
orthohyperkeratosis with filiform and oval hematoxylin-stained
inclusions, patchy acanthosis with dyskeratosis, binucleated
keratinocytes, and disrupted epithelial architecture throughout
the epithelial segment. The segment was demarcated by an
abundant lichenoid round-cell stroma, prominent among
collagen fibers throughout the tunica propria. The histological
findings are consistent with oral/ tongue leukoplakia (Figure
3a,b).

The patient was prescribed methylprednisolone 4 mg following
a tapered regimen: week 1 - two tablets in the morning and one
in the afternoon; week 2 — two tablets in the morning and half a
tablet in the afternoon; week 3 - one tablet in the morning and one
in the evening; and week 4 — one tablet in the morning and half a
tablet in the afternoon. Additionally, he was started on acitretin
25 mg once daily in the morning for an initial period of one
month, followed by a control examination. Topical calcipotriol/
betamethasone gel was prescribed twice daily, along with
chlorhexidine digluconate solution to be swallowed three times
a day before meals. Other medications included famotidine 40
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mg once in the morning and once in the afternoon, apixaban 2.5
mg once in the morning and once in the evening. Bisoprolol
fumarate was replaced with moxonidine 0.2 mg once daily in
the morning.

Discussion.

The association between lichen planus and skin cancer remains
somewhat unclear [12]. According to some authors, the chronic
inflammatory environment associated with lichen planus can
lead to genetic alterations and impair cell cycle regulation,
thereby increasing the risk for cancer formation [11,12]. Some
forms of lichen planus, such as the hypertrophic lichen planus,
have been documented in the literature as a potential precursor
lesions for squamous cell carcinoma [12], characterized by
highly aggressive and invasive nature, along with a tendency
for widespread metastasis [15]. Although fewer than 50 cases
have been reported in the literature regarding hypertrophic
lichen planus and squamous cell carcinoma development, fatal
outcomes can occur [15].

No one to date in the literature has looked for an explanation
as to whether drug-induced forms of lichen planus that progress



to oral or cutaneous carcinomas are accompanied by the intake
of nitrosamine-contaminated medication.

Cutaneous squamous cell carcinomas are known in the
literature to be associated with certain risk factors, including
radiation exposure, ultraviolet rays, burn scars, varicose ulcers,
human papilloma virus, chronic tar application, arsenic exposure
[16,17], as well as chronic irritation from itching, areas of
depigmentation in lichen planus lesions, and long-standing non-
healing lichen planus lesions [10].

The correlation between oral lichen planus and malignant
transformation is even more pronounced in terms of potential
to progress to oral squamous cell carcinoma [14]. Oral lichen
planus on its own is not cancerous, but it can elevate the
chances of developing oral cancer [18]. To assess the risk of
malignant transformation in lichen planus, Sigurgeirsson et
al. [19] conducted a study following 2071 patients with lichen
planus for an average of 9.9 years. The findings demonstrated
a significant increase for oral cancer among male subjects, with
a morbidity ratio of 5.9 (95% confidence interval, 2.5 to 11.4)
[19]. Interestingly, patients whose oral cancer developed from
oral lichen planus exhibited slightly better survival rates — 82%
of OLP cases versus 77% of non-OLP cases - compared to those
without a prior history of oral lichen planus [18].

A cohort study by Halonen et al. [20] studied 13,100 women
in Finland diagnosed with lichen planus and subsequent cancer
diagnosis. The results showed 1520 women with lichen planus
were later diagnosed with cancer (SIR 1.15, 95% confidence
interval [CI] 1.09-1.20) [20]. The study identified an increased
risk for several cancer types, including cancer of the lip (SIR
5.17,95% CI 3.06-8.16), tongue (SIR 12.4, 95% CI 9.45-16.0),
oral cavity (SIR 7.97, 95% CI 6.79-9.24), esophagus (SIR 1.95,
95% CI 1.17-3.04), larynx (SIR 3.47, 95% CI 1.13-8.10) and
vulva (SIR 1.99, 95% CI 1.18-3.13) [20].

In addition to squamous cell carcinoma, patients with
lichen planus may also develop basal cell carcinoma [21]. In
terms of pathogenesis, it remains unclear whether malignant
transformation is merely a coincidence or co-localization, or
if additional triggering factors are involved beyond our current
knowledge [21]. Nevertheless, a history of chronic sun exposure
(UVB), facial location, and the persistence of a lesion at the
same site over an extended period can be considered at least
cofactors in basal cell carcinoma transformation [21]. This event
is exceptionally rare [21], with only a single documented case
of lichen planus progressing to basal cell carcinoma, suggesting
that additional external factors/compounds may play a role in
initiating the malignant transformation.

Nitrosamines in patients’ medications seem to be a strong
candidate as a potential cofactor in skin carcinogenesis. They
are known carcinogens, mutagens and phototoxic substances.

Malignancy in oral types of lichen planus is generally common
and is often attributed to various risk factors, including smoking,
alcohol consumption, erosive phenotype of the lesion, tongue
localization, female gender, and hepatitis C infection [22].

It is noteworthy that factors such as smoking and alcohol
consumption are associated with the nitrosogenesis of cancer,
primarily through the presence of nitrosamines, which act as
modulators of the human genome [23].
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Nitrosamines, which are recognized human carcinogens, have
been directly linked to the pathogenesis of oral cancer [23].

Their impact extends beyond carcinogenicity, including
mutagenicity, embryopathy, and teratogenicity [23].

Tobacco-specific N-nitrosamines (TSNAs), present in tobacco
smoke alongside other mutagenic and carcinogenic compounds,
function as procarcinogens that require metabolic activation
to induce DNA modifications [23]. The chemical compounds
found in tobacco products, particularly TSNAs, exhibit not only
carcinogenic properties but function as tumor primers, tumor
promoters, co-carcinogens, and organ-specific carcinogens [24].
TSNAs can trigger not only oxidative stress and genotoxicity
but also oncogenic activation, leading to a subsequent metabolic
response [25]. The TSNAs signalling pathways contribute to
the reprogramming of energy metabolism and may play a role
in the bioenergetic reprogramming of both precancerous and
cancerous cells [25].

Smokeless  tobacco  contains = TSNAs, including
N-nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-
(3-pyridyl)-butanone (NNK), which upon absorption and
metabolism, generate reactive compounds that induce DNA
adducts, resulting in alterations in target genes such as RAS
oncogenes and the p53 tumor suppressor gene [26]. Although
the mechanisms of DNA repair eliminate most adducts, thereby
preventing mutations, some remain unrepaired, leading to
carcinogenesis [26].

Based on the presented data, it can be concluded or hypothesized
that lichen planus may contribute to the development of oral and
cutaneous carcinomas, with oral carcinomas being particularly
influenced by the presence of nitrosamines in various forms.

Nitrosamines have also been detected in alcoholic
beverages during investigations into the association
between alcohol consumption and esophageal cancer [27].
N-nitrosodimethylamine (NDMA) was found in most
alcoholic beverages, except for wine, while detectable levels
of N-nitrosodiethylamine (NDEA) were identified in spirits
and ciders [27]. The concentration of nitrosamines in wine was
found to be low [28]. The cancer incidence is further amplified
in individuals, who both smoke and consume alcohol [28]. A
hypothesis was suggested that the ethyl alcohol can inhibit
the hepatic metabolism of the nitrosamines, allowing them to
circulate to other organs such as the kidneys and esophagus,
where they can undergo activation into carcinogenic compounds
[28]. Notably, the pattern of DNA damage observed in the
patient’s cells closely resembles that induced by nitrosamine
exposure [28].

Different nitrosamines can also be found in drinking

water, including N-nitrosomethylamine (NMEA),
N-nitrosodiethylamine ~ (NDEA), N-nitrosodimethylamine
(NDMA), N-nitrosodi-n-propylamine (NDPA),

N-nitrosopyrrolidine (NPyr), N-nitrosopiperidine (NPip), and
N-nitrosodinbutylamine (NDBA) [29]. Interestingly, all seven
aforementioned nitrosamine compounds were detected in water
samples, with NDMA exhibiting the highest concentration
at 10.2 ng/L [29], in contrast, NDMA was present in beer
samples at lower concentrations (0.12-0.23 microg/L) [29]. The
estimated cancer risk associated with NDMA was 6.4 x 10,



while the risk for other nitrosamines remained below 10 [29].

The available data strongly indicate that nitrosamines, in
various forms, contribute to the development of carcinomas
of the oral cavity, vulva, pharynx, and esophagus, among
others [20]. Notably, the same nitrosamines are present in
medications identified as potential inducers of lichen planus,
including angiotensin-converting enzyme inhibitors, beta
blockers, thiazide diuretics, quinidine, nonsteroidal anti-
inflammatory drugs, antimalarials, antiretroviral medications
for HIV infection, penicillamine, tumor necrosis factor-alpha
inhibitors, oral hypoglycemic medications for type 2 diabetes
[5,7-9]. Furthermore, additional medications that have not yet
been explicitly described may also contain nitrosamines, raising
the possibility that their intake could be associated with the
development of oral or cutaneous carcinomas, developing ion
lichenoid type of lesions: oral and mucosal.

We report, for the first time in the literature, a consistently
observed association between the intake of antihypertensive
and antiarrhythmic medications — specifically bisoprolol under
potency category of 4 and propafenone under potency category
of 2 — both listed by the FDA as potentially contaminated with
nitrosamines [30] — and the relatively short-term development
of oral leukoplakia. This pathogenetic association reinforces
the hypothesis and emerging theory of drug-mediated
oncopharmacogenesis or  drug-induced carcinogenesis
[31,32]. In all likelihood, potential nitrosamine contamination,
particularly in the context of polymedication/ polycontamination/
polypharmacy, may serve as a key triggering factor for the
development of oral carcinomas and precancerous lesions like
the oral leukoplakia.

Oral leukoplakia can arise as a direct progression/evolution of
oral lichen planus [33]. In a study conducted by Garcia-Pola et
al. [33], 515 oral lichen planus lesions, from which 14 patients
(2.7%) developed proliferative verrucous leukoplakia. Three of
the patients developed subsequent squamous cell carcinoma,
and one — two verrucous carcinomas [33].

The incidence rate for oral leukoplakia in patients with lichen
planus is different based on the population [34]. The new oral
leukoplakia lesions were found to be located on gingival/alveolar
ridge (33.3%) compared to other oral sites, and lichen planus at
buccal site (33.3%) [34]. Interestingly, in cases with diabetes
mellitus, the relative risk for oral lichen planus was 6.4(95%
CI: 2.4-17.6) [34]. The incidence of oral leukoplakia and lichen
planus varies; however, both conditions are again associated
with external factors such as the tobacco-specific nitrosamines
[35]. The highest frequency of leukoplakia was detected in
smoking individuals (again connection to nitrosamines), with
66.66% of patients with dysplastic leukoplakias being tobacco
users [35].

This raises the possibility that, in patients who neither smoke
nor consume alcohol, the development of lichen planus and oral
leukoplakia may be attributed to nitrosamine exposure through
medications, specifically beta-blockers like bisoprolol and
antiarrhythmic drugs like propafenone.

Cutaneous lichenoid drug eruptions (LDE) appear to be
significantly underrecognized, despite being uncommon yet
not rare [36]. By nature, they are adverse drug reactions that
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typically resolve upon discontinuation of the drug culprit [36].

A narrative review conducted by Maul et al. [36] analyzed
323 cases with LDE, identifying checkpoint inhibitors as the
most frequently implicated drug class, accounting for 136 cases
(42.1%) [36].

Tyrosine kinase inhibitors were the second most common
with 39 cases (12.0%), followed by anti-TNF-alpha monoclonal
antibodies with 13 cases (4.0%) [36]. The median time between
drug intake and clinical manifestation was 14.2 weeks (ranging
from 0.1 to 208 weeks) [36]. Notably, the longest recorded
latency period of 208 weeks equates to 3.986393 years or
almost 4 years [37], highlighting the potential delayed onset of
LDE following drug exposure.

In our case, oral lichen planus and oral leukoplakia, or their
initial manifestations on the buccal mucosa and tongue, appeared
simultaneously approximately 2 years ago. Notably, this
timeline aligns with the initiation of bisoprolol and propafenone
therapy, as indicated by the patient’s medical history.

Besides beta-blockers, methyldopa, NSAIDs, antimalarials,
penicillamine and sodium aurothiomalate, biologic drugs such
as adalimumab, etanercept, infliximab, and dupilumab have also
been associated with the development of lichenoid eruptions
[38]. Kern et al. [38] reported a case of dupilumab-induced oral
and cutaneous lichen planus, suggesting a possible underlying
mechanism. This may be attributed to the downregulation of
T-helper 2 cell activation via inhibition of the interleukin-4/
interleukin-13 pathway, resulting in a TH1/TH2 imbalance
[38]. The shift toward a TH1-mediated immune response may
contribute to the pathogenesis of drug-induced lichen planus
[38].

Even medications not typically linked with drug-induced
reactions of the oral mucosa have been implicated, emphasizing
the need for recognition [39].

Allopurinol, a medication not commonly linked to oral
reactions, has been reported as a causative agent for oral
lichenoid lesions affecting the bilateral buccal mucosa, tongue,
and labial mucosa [39].

While drug-induced eruptions generally improve or
resolve upon discontinuation of the drug culprit, malignant
transformation has been observed in certain cases, underscoring
the importance of early and accurate [39].

According to the literature, oral forms of lichen planus are
linked to oral leukoplakia, which is recognized as a precursor
lesion for oral carcinoma [33]. On the other hand, drug-induced
forms of lichen planus are also linked to the use of beta-blockers
[40] and antiarrhythmics [41], which are included in the FDA
list of nitrosamine-contaminated medications with carcinogenic
potential [30].

The recognition and thorough investigation of the above-
mentioned associations could significantly aid in identifying
specific factors or cofactors with well-established carcinogenic
potential.

Eliminating such contaminants from the pharmaceutical
market should be a priority. Drug related adverse effects arise
from both 1) the active drug substance itself and 2) the presence
of carcinogenic contaminants, which together create sometimes
a synergistic effect in relation to cancer development and



progression. This explains the dual impact: 1) the development
of oral or/and cutaneous lichenoid lesions and 2) the heightened
risk of these lesions progressing into precancerous conditions,
such as oral leukoplakia, or even directly neoplastic lesions,
including carcinomas. The latter is particularly concerning, as it
is mediated by genotoxic, phototoxic substances, most notably
known as nitrosamines.

The fact that intake of potentially nitrosamine-contaminated
drugs such as bisoprolol (in the context of mono- or
polymedication), are associated with the development of both
keratinocytic cancers [42-46] and melanoma [31,47,48] is
indicative of their potentially carcinogenic and phototoxic
effects.

Similarly, preliminary clinical observations regarding the
intake of potentially nitrosamine-contaminated propafenone
have linked it to the development of melanomas [49] as well as
to that of epithelial skin tumors [50,51].

Nitrosamines are known photocarcinogens, and their
phototoxicity is mainly defined on the decomposition, the
instability of their nitroso group under the influence of solar
radiation [52- 54].

It should not be surprising to anyone that the intake of two
potentially nitrosamine-contaminated drugs (such as bisoprolol
and propafenone) could be pathogenetically associated with the
occurrence of oral leukoplakia based on erosive lichen planus.

As well as that lesion evolution in cutaneous forms of lichen
planus in the context of polycontaminated polymedication could
also be a good explanation for the occurrence of cutaneous
carcinomas.

A critical observation is that, to date, no pharmaceutical product
worldwide has incorporated life-prolonging compounds, such
as ginseng for example, into standard formulations.

Yet, multiple carcinogens are regularly detected in medications
and continue to persist in the drug supply chain.

These contaminants are neither permanently eliminated
nor effectively banned by regulatory authorities. Instead,
the global scientific and regulatory communities appear to
accept and tolerate the presence of carcinogens in over 95%
of pharmaceuticals, raising urgent ethical and public health
concerns.
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