
Address for correspondence
Shervin Shafiei 
E-mail: shervin.shafee@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Received on September 4, 2020
Reviewed on November 28, 2020
Accepted on December 3, 2020

Published online on June 25, 2021

Abstract
Background. Recent advances have attributed carcinogenic potential to pharmacotherapy. Cancers of the 
head and neck region are no exception.

Objectives. This descriptive investigation aimed to identify studies reporting on drugs that have contri­
buted to cancer development in the head and neck region. 

Material and methods. Online databases were searched for relevant articles and their data were sum­
marized, including age, gender, main drug classification and name, additional drugs, primary disorders, 
drug-related cancers, and the site of each drug-related cancer.

Results. The mean age of  the patients included in this analysis was 52.9 years. However, drug-related 
head and neck cancers (DR HNCs) were most prevalent in persons over 60 years of  age. Overall, these 
cancers were more prevalent in females than in males (1.33/1). The HNC-related drugs could mainly be 
categorized into 3 groups, namely, immunomodulatory/immunosuppressive, chemotherapeutic and chemo­
protective drugs, while the most frequently used additional drugs across the studies were corticosteroids. 
The 5 most prevalent primary conditions for which the patients had received pharmacotherapy were organ 
transplantations, lymphoproliferative disorders (LPD), rheumatoid arthritis (RA), Epstein–Barr virus (EBV) 
infection, and bone sarcoma. The most prevalent HNCs were squamous cell carcinoma (SCCs), thyroid 
cancers (including papillary and follicular thyroid carcinomas), LPD, and mucoepidermoid/acinic cell 
carcinomas, which occurred mostly in the oral cavity, neck, salivary glands, pharynx/larynx, and head/face. 

Conclusions. This study was the first of  its kind to analyze and discuss the aforementioned findings 
regarding the head and neck region in depth. Clinicians should familiarize themselves with DR HNC cases 
to effectively screen suspected patients.
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Introduction 
Carcinogenesis is defined as the transformation of nor-

mal cells into cancer cells, and can be attributed to 
a number of  factors, including pharmacotherapy.1–3 The 
therapeutic use of drugs may cause long-term toxicities4 
or immunosuppression,5,6 which can facilitate cancer de-
velopment. The subsequent malignancies may present as 
ulceration,7,8 hyperplasia9,10 or lymphoproliferative dis-
orders.5,11 Although drugs are tested in various ways to 
ensure their safety, they may not be safe for human use 
if carcinogenesis is taken into account.12 This is because 
of the relatively non-specific nature of the tests which are 
used for determining drug toxicity.13,14 Head and neck 
cancers (HNC) are no exception to drug-related (DR) 
cancers of the human body.2,15

Head and neck cancers are defined as cancers occur-
ring within the mouth, pharynx, larynx, nose, para
nasal sinuses, thyroid, parathyroid, salivary glands, and 
cervical esophagus; malignancies related to the skin in 
this region are also counted as HNCs.16 Head and neck 
cancers are the 9th most prevalent malignancies, with 
over 650,000 cases worldwide each year.17 Although 
risk factors for HNC, such as smoking,18,19 alcohol con-
sumption,18,19 and human papillomavirus (HPV)18,19 
and Epstein–Barr virus (EBV)19 infection have been 
recognized, the incidence of  HNC has not decreased 
significantly in the USA,20 Asia,21,22 Europe,23 or Australia24 
in recent years. Also, various kinds of treatment for 
these cancers are yet to be considered effective at 
eradicating the malignancies in case of late diagno-
sis.25,26 Regarding the incidence and mortality rate, the 
importance of prompt diagnosis cannot be overempha-
sized; still, a timely diagnosis of HNCs with the use of 
the current measures is yet to be achieved.27 Therefore, 
attention should be given to developing more efficient 
screening techniques and to their evaluation by the cli-
nicians treating diseases of the head and neck region.28 
However, the lack of  a  holistic account of  DR HNCs 
precludes success in this matter.

Objectives 
The recognition of  the drugs which have been re-

ported to cause HNCs and their documented presenta-
tions may help clinicians identify patients at risk so that 
the subsequent screening procedures and management 
of these patients may be accomplished without trouble-
some complications. We considered an analysis of pub-
lications about drugs that can potentially induce HNCs 
helpful; thus, the current descriptive study was under-
taken to answer the following question: “Which drugs 
have been reported to induce cancers in the head and 
neck region or increase their risk?” by analyzing publica-
tions about DR HNCs.

Material and methods 
Online databases, namely, PubMed, Embase, 

Cochrane Library, and Web of Science, were searched 
for relevant articles without any past date restrictions 
published until March 2020. The following keywords 
were used in the search queries: “head”, “neck”, “cancer”, 
“malignancy”, “drug”, “medication”, “medicine”, and 
“medicament”. Thesaurus terms, such as “therapy-
related cancer”, “cancer of  head and neck” and “head 
and neck neoplasms”, were also used, according to the 
requirements of each database. In addition, journals 
with scope encompassing head and neck or oral 
oncology as well as the reference lists of relevant articles 
were also manually searched. Finally, complementary 
exploration was conducted in Google Scholar for ar-
ticles related to the topic and those which cited studies 
relevant to drug-induced cancers. The obtained papers 
were screened by their titles and abstracts as well as by 
full texts in a  stepwise manner. Eligible studies were 
determined as English-language case reports, case 
series, case–control studies, cohorts, randomized or 
non-randomized controlled studies, and longitudinal 
studies describing at least 1 drug which had resulted in 
HNC or had increased the risk of its development. Any 
studies with incomplete information, i.e., not mention-
ing the site of  the newly developed cancer, the drug 
name or the type of cancer, were excluded. To exclude 
the outdated pharmacotherapeutic treatment proto-
cols, we did not take into account studies published 
before January 2000. Finally, after a  thorough search 
and screening process, 35 articles were included in 
this study. They comprised 30 case reports and case 
series, 3 longitudinal studies, 1 case–control study, 
and 1 cohort study. Table 1 presents a summary of the 
included studies sorted by the year of  publication. 
Additionally, Fig. 1 depicts the flowchart of study se-
lection and screening in detail.

The following data were extracted from the studies, 
where possible: author(s), year of publication, patients’ 
age and gender, drug name and dosage, the primary 
disease for which the drug(s) were prescribed, type 
of cancer, cancer site, description of cases and control 
groups, odds ratios (ORs), and the significance of find-
ings. To provide a better insight into the clinical cha
racteristics of DR HNCs, we combined the data from 
all the included studies and analyzed them according 
to the assessed outcome, whenever possible. The as-
sessed outcomes were age, gender, drug classification, 
drug name(s), additional drug(s), primary disorder(s), 
DR cancer, and its site. In case of absence of data in any 
of  the studies regarding these outcomes, such study 
was excluded from the analysis. Table 2 presents the 
results of the combination of the data from all studies 
according to the aforementioned outcomes.
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Results and discussion
We hereby discuss the most significant findings with 

regard to each outcome presented in Table 2. 

Age 

The lowest reported age for DR HNCs was 3  years,29 
while the highest reported age was 84 years.30 Similar can
cer incidences were found in the 1st (<40 years) and 2nd 
(40–60 years) age groups. However, the relative frequency 
of cancer incidence in the 3rd group (>60 years) was nearly 

twice as high as in other groups. This finding is in agree-
ment with the latest statistics of the Surveillance, Epidemio
logy, and End Results (SEER) program, which also reports 
higher cancer rates in the older population.31 However, 
the relative frequencies of HNCs in the first 2 age groups 
in this program were much higher than those reported in 
the present survey. This possibly reflects the nature of DR 
cancers; drugs damage the genes related to the cancer-
associated pathways, as opposed to the chronic accumulation 
of aberrant genetic and epigenetic changes, which are relat-
ed to the pathogenesis of ordinary cancers.32,33 A potential 
implication of this finding, despite the limitations imposed 
by the type and number of studies, is that screening for DR 
HNCs should be implemented in a variety of age groups, 
conversely to the conventional screening procedures, 
which mainly screen the older-adult population.34 The 
mean age of patients at the time of diagnosis of DR HNCs 
was 46 years for males and 58 years for females. However, 
the mean age for the total number of cases of DR HNCs 
was 52.9 years. The difference between the mean age values 
for males, females and all cases in total could be explained 
by different total numbers of cases in each of these groups 
(21,  28 and 72, respectively). This difference between the 
numbers of the reported cases arose from the data inadequa-
cy of some studies regarding the gender specifications of the 
HNC patients.4,6,35–37 The values of the reported mean age 
are lower than those reported for ordinary HNCs,38 which 
might hint at the role of drugs in inducing HNCs. 

Gender 

Although we attempted to classify the reported out-
comes by gender specifications, we could not achieve this, 
as most of the data regarding gender were incomplete or 
ambiguous. Thus, the only outcome which could be clas-
sified by gender was the patients’ age. 

Regarding the total relative frequencies, the female/
male ratio of the diagnosed DR HNCs was 1.33/1, which 
is contrary to the ratios reported for ordinary cancers, 
which occur more frequently in males than in females.38 

Fig. 1. Search flowchart

Table 2. Summary of the data combined from the included studies regarding specific outcomes

Specific outcome Frequency (n) Relative frequency* [%]

Age [years]

<40
male 29,70,71 8 16.3

female 66,70,94 5 10.2

40–60
male 71,81,86,87,89,93 6 12.2

female 9,67–69,84 6 12.2

>60
male 7,67,80,82,84,92,95 7 14.3

female 5,10,30,67,69,77–79,83,85,88,90,91 17 34.7

total 49 100.0

Gender

male 21 42.9

female 28 57.1

total 49 100.0
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A closer look at the data reveals that DR HNCs occurred 
in females slightly more often in the 2nd than in the 1st age 
group, as can be expected by taking account of the statis-
tics of  human papillomavirus (HPV)-negative HNCs.39 
However, an  interesting finding was that DR HNCs oc-
curred approx. twice as often in females than males in the 
3rd age group. This finding may partly be explained by the 
shorter life expectancy of  males in comparison with fe-
males, which results in a higher number of surviving senile 
females.40 Additionally, the most frequently used drug in 
this age group was methotrexate (MTX), which has been 
shown to incur higher acute toxicities in women than 
men,41 suggesting that sex-specific differences can also 
be a  factor in determining adverse outcomes. Moreover, 
higher clearance rates of drugs such as ruxolitinib,42 doxo-
rubicin43 and adalimumab44 have been reported in males 
than females, which may contribute to increased morbidity 
in females. These findings could indicate that females may 
have a higher propensity for developing DR HNCs in older 
age, yet data on this matter remains limited. 

Main drugs (classification and names) 

Cancer-related drugs in the included studies could 
mainly be classified into 3 groups, namely, immunomodu
lators/immunosuppressants, and chemotherapeutic and 
chemoprotective drugs. The 5 most prevalent drugs in the 
immunomodulator/immunosuppressant group were cor-
ticosteroids, azathioprine, rituximab, MTX, and tacroli
mus. The 5 most prevalent cancer-related drug prescrip-
tions in the chemotherapeutic group were doxorubicin, 
cisplatin, ifosfamide, MTX, and cyclophosphamide. Only 
1 study, in which dexrazoxane was used, evaluated the ef-
fects of chemoprotective drugs on cancer development.4 

Predictably, carcinogenic potential has been shown 
for most of the aforementioned drugs, namely, azathio
prine,45 cyclosporine,46 doxorubicin,47,48 cyclophos-
phamide,49 cisplatin,50 ifosfamide,51 and dexrazoxane.52 
However, carcinogenicity was not the only modality by 
which these drugs could have contributed to the deve
lopment of  secondary cancers. It has been shown that 

Specific outcome Frequency (n) Relative frequency* [%]

Main drug classification and names

immunosuppressant

corticosteroid 35,66 24 15.4

azathioprine 35,80 23 14.7

rituximab 6 23 14.7

methotrexate 5,7,77–79,81,82,84,85,88–92 16 10.3

tacrolimus 9,36,86 5 3.2

cyclosporine 36 3 1.9

nivolumab 94,95 2 1.3

pimecrolimus 87 1 0.6

total 97 62.2

chemotherapeutic drug

doxorubicin 68–70 13 8.3

cisplatin 70,71 8 5.1

ifosfamide 70 7 4.5

methotrexate 66,70 6 3.8

cyclophosphamide 29,66,70 4 2.6

vismodegib 30,67 4 2.6

bleomycin 71 3 1.9

vincristine 66,70 3 1.9

etoposide 70 2 1.3

actinomycin-D 70 1 0.6

adalimumab 83 1 0.6

dactinomycin 70 1 0.6

daunomycin 66 1 0.6

infliximab 83 1 0.6

L-asparaginase 66 1 0.6

lenalidomide 93 1 0.6

ruxolitinib 10 1 0.6

total 58 37.1

chemoprotective drug dexrazoxane 4 1 0.6

total 156 99.9
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corticosteroids53 and rituximab54,55 can inhibit the im-
mune function, thus disrupting the normal immune 
system surveillance. Furthermore, it has been demon
strated that MTX, despite its immunosuppressive 
properties, is not associated with an  increased cancer 
risk.56,57 However, it was the 4th most frequently used 
drug in the immunodulator/immunosuppressant group. 
Furthermore, we found an  additional controversy re-
garding the use of  oral contraceptives. Although in 
a study by Grevers et al. the relationship between an in-
creased thyroid cancer risk and the use of oral contra-
ceptives was shown in the primary analysis, additional 
analyses proved that after adjusting for various other 
factors, their use was not associated with an  increased 
thyroid cancer risk.58 Additionally, studies have shown 
that while the use of  oral contraceptives can increase 
the risk of  various cancers,59 their effects on thyroid 
cancer development are disputable.60–62 Due to incon-
sistent results regarding the use of oral contraceptives, 
we chose to exclude this type of drugs from our study. 
Such controversial findings warrant further research, 
yet it may be hypothesized that the many confounding 
variables which were present across the studies, e.g., age, 

predisposing conditions and co-carcinogens, might have 
contributed to DR HNCs development. Future research 
should describe the pathways by which these drugs may 
cause cancers, especially HNCs. 

Additional drugs 

As could be expected, additional drugs were similar 
to the main drugs analyzed in the included studies. The 
most prevalent additional drugs used in the studies were 
corticosteroids. The role of additional drugs in cancer de-
velopment may be described as either facilitating cancer 
growth, as can be seen with the use of  corticosteroids, 
or exacerbating cancer development, as can be observed 
with the use of cytotoxic drugs. Additionally, drug inter-
actions might have also occurred in these studies, which 
could further contribute to the problem.

Primary disorders 

From a  clinical perspective, recognizing the con-
ditions which may predispose a  patient to secondary 
cancers, either due to their inherent characteristics 

Specific outcome Frequency (n) Relative frequency* [%]

Additional drugs

corticosteroid 7,29,66,81,82,86–91,93 14 28.6

methotrexate 29,66,83 4 8.2

etoposide 4,71 4 8.2

vincristine 4,29,66 3 6.1

cytarabine 29,66 2 4.1

daunomycin 29,66 2 4.1

doxorubicin 4,93 2 4.1

acetonide 86 1 2.0

alendronate sodium 90 1 2.0

asparaginase 29 1 2.0

bleomycin 4 1 2.0

bortezomib 93 1 2.0

bucillamine 89 1 2.0

cetuximab 67 1 2.0

cisplatin 94 1 2.0

cyclosporine 80 1 2.0

diclofenac sodium 7 1 2.0

folic acid 89 1 2.0

5-fluorouracil 94 1 2.0

hydrate 90 1 2.0

infliximab 88 1 2.0

sodium aurothiomalate 7 1 2.0

sulfasalazine 78 1 2.0

tacrolimus 91 1 2.0

vinorelbine 95 1 2.0

total 49 99.4



H. Mortazavi, et al. Drug-related head and neck cancers276

or their pecific treatment, may be helpful when screen-
ing patients for DR HNCs. The 5 most prevalent con-
ditions were organ transplantations, lymphoprolifera-
tive disorders (LPD), rheumatoid arthritis (RA), EBV 
infection, and bone sarcoma. As could be expected, 
these disorders were the predictors of the drug choic-
es discussed in the previous sections. However, as the 
literature on DR HNCs is limited, clinicians should be 
aware of  similar disorders when evaluating a  patient. 
Additionally, screening by primary disorders may help 
with the diagnosis of more cases of HNC, as different 
therapeutic regimens may not include the drugs which 
are listed in this study as cancer inducers. 

Drug-related cancers 

Although previous studies have omitted thyroid 
cancers and LPD from their HNC categories,63,64 we 
used the HNC definition provided by Holland et al.16 

in order to perform a more comprehensive analysis. The 
4 most prevalent types of DR HNCs were squamous cell 
carcinoma (SCC), thyroid cancer, LPD, and mucoepi
dermoid carcinoma/acinic cell carcinoma. Similar  to 
ordinary thyroid cancers,65 the most prevalent cases 
of DR thyroid cancers were papillary carcinomas fol-
lowed by follicular carcinomas. The relative frequen-
cies of  these DR cancers are in line with the results 
of previous studies, which reported higher prevalence 
for cancers of  epithelial origin,63 although these stu
dies excluded thyroid cancers from their analyses. 

While the direct cause-and-effect relationship be-
tween drug use and cancer incidence cannot be estab-
lished at this time, some findings can lead us to reflect 
on the role of drug therapy in cancer incidence. It has 
been stated in the literature that radiotherapy can in-
crease the risk of  secondary cancer in the head and 
neck region.66 While some patients in the included 
studies received radiotherapy in the head and neck 

Specific outcome Frequency (n) Relative frequency* [%]

Primary disorders

organ transplantation 35,36,80 30 25.4

LPD** 4,6,66,93 26 22.0

rheumatoid arthritis 5,7,77–79,81–85,88,89,91,92 17 14.4

EBV+ 77–79,81,82,84,85,88–92 14 11.9

bone sarcoma 70 7 5.9

ovarian cancer 68,69 5 4.2

basal cell carcinoma 30,67 4 3.4

lichen planus 9,86,87 3 2.5

testicular cancer 71 3 2.5

leukemia 29,66 2 1.7

actinic keratosis 30 1 0.8

arthritis 83 1 0.8

Crohn’s disease 83 1 0.8

lung adenocarcinoma 95 1 0.8

myelofibrosis 10 1 0.8

soft tissue sarcoma 68 1 0.8

xeroderma pigmentosum 94 1 0.8

total 118 99.5

Specific outcome Frequency (n) Relative frequency* [%]

DR cancers

squamous cell carcinoma 9,10,30,35,67–69,86,87,94 38 36.9

thyroid cancer 4,6,71 27 26.2

LPD** 5,7,77–79,81–85,88–92 18 17.5

mucoepidermoid carcinoma/acinic cell carcinoma 29,66,70 10 9.7

pharyngeal cancer 36,93 7 6.8

Merkel cell carcinoma 80,95 2 1.9

sarcomatoid carcinoma 94 1 0.9

total 103 99.9
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region,67–69 others did not receive it,10,29,30,70–73 or re-
ported that HNCs had developed regardless of receiv-
ing or not receiving radiotherapy.6 While the genetic 
or acquired predisposition of individuals to secondary 
cancers through field cancerization,74 immunosuppres-
sion,75 or even infection with oncogenic viruses76 can-
not be ignored, the temporal relationship between drug 
use and cancer incidence, which was sometimes ob-
served within months of its use,30 may indeed indicate 
that drug use can have a  significant impact on HNC 
development. 

To explain the biological plausibility of  this state-
ment, the most prevalent drug classifications used in 
the included studies should be considered. The 2 most 
often mentioned cancer-related drug classes in these 
studies were immunomodulatory/immunosuppressive 
and chemotherapeutic drugs. These drugs may induce 
the double-strand breakage of  the DNA structure, 
which may result in aberrant lesions.77 Additionally, im-
munosuppression can impair immune surveillance,75 as 
some chemotherapeutic drugs do.66 However, the exact 
mechanisms through which drugs can cause HNCs is 
not yet clear. 

Other, less prevalent DR HNCs reported in the litera-
ture were pharyngeal cancers, Merkel cell carcinoma and 
sarcomatoid carcinoma. Additional entities of DR HNCs 
may also be present, but they have not yet been disco
vered. Clinicians should be aware of the possibility of oc-
currence of these DR HNCs to diagnose them in a timely 
manner. 

Site of drug-related cancers 

The sites of DR HNCs closely correspond to the types 
of DR HNCs discussed in the previous section. These 
sites were the oral cavity, neck, salivary glands, includ-
ing the parotid and submandibular glands, pharynx/
larynx, and head/face. Clinicians should take note 
of the most prevalent sites of DR HNCs and implement 
appropriate diagnostic screening measures, such as the 
continuous surveillance of each site. 

Limitations 

Although we tried to find as many studies as possible 
about the subject matter, and analyze their data in a way 
that could be easily comprehended, this study was not 
without limitations. Most of  the included studies about 
DR HNCs were case reports or cases series, which in-
evitably have a low level of evidence. Furthermore, some 
of the studies’ data regarding the analyzed outcomes were 
incomplete. We hope that this descriptive study will help 
clinicians, including dentists and general practitioners, in 
diagnosing HNC patients. A  detailed discussion on the 
possible intra- and extracellular pathways responsible for 
the development and promotion of DR cancers was well 
outside the scope of this study. Future research should not 
only be dedicated to DR HNCs, but also to DR cancers oc-
curring within other parts of the human body.

Conclusions 
In summary, drug therapy may induce secondary cancers 

in the head and neck region. These DR HNCs were more 
prevalent in older-adult populations, with no noticeable dis-
parities between males and females after adjusting for sex-
specific drugs. The most common DR HNCs were thyroid 
cancer, SCC, LPD, and mucoepidermoid carcinoma/acinic 
cell carcinoma, with the neck being the most commonly af-
fected site. Drugs that can cause these types of cancers can 
be broadly classified into chemotherapeutic drugs, immuno-
modulatory/immunosuppressive drugs, oral contraceptives, 
and chemoprotective drugs. Although biologically plausible 
pathways may be hypothesized as the mechanisms of action 
of these drugs in inducing DR HNCs, the direct relationship 
between drug use and HNCs is yet to be established. Further 
research is necessary to understand the nature of DR HNCs. 
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Specific outcome Frequency (n) Relative frequency* [%]

Sites of DR cancers***

oral cavity 5,9,30,69,77–79,81,82,84–92 33 31.4

neck 4,6,35,71,80,83 31 29.5

salivary glands 29,35,66,70 18 17.1

pharynx/larynx 7,35,36,93 12 11.4

head/face 10,35,67,68,83,94,95 11 10.2

total 105 99.6

* Note that the sum of the relative frequencies may not equal to 100% due to the rounding of numbers. ** LPD includes the following: Hodgkin and 
non-Hodgkin lymphomas; DLBCL; multiple myeloma; polyclonal B cell lesion; pseudolymphoma; and PSLLPI. *** Details of each site: oral cavity – lips, 
tongue, gingiva, palate, buccal mucosa, alveolar ridge, retromolar trigone, and sublingual; neck – thyroid gland, cervical lymph node and soft tissue; 
salivary glands – parotid and submandibular glands; pharynx/larynx – nasopharynx, oropharynx, hypopharynx, and larynx; head/face – scalp, frontal, 
zygoma, ethmoid sinus, orbital rim, maxilla, mandible, ear, eyelid, chin, nasal cavity, and pyramid. 
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