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Key Points
• DMARDs and other anti-inflammatory medi-

cations are associated with unique cutaneous 
and extracutaneous toxicities.

• In addition to cutaneous hypersensitivity reac-
tions, patients on such medications are poten-
tially at higher risk for infections, hematologic 
abnormalities, and malignancy.

• Medication reconciliation is important in rec-
ognizing drug-induced connective tissue 
disease.

 Interdisciplinary Introduction

This chapter focuses on medication reactions rel-
evant to treating patients with inflammatory der-
matoses and connective tissue diseases. It is 
divided into two sections. The first reviews 
adverse drug reactions to immunomodulatory 
agents used to manage inflammatory dermato-
logic conditions. The second section highlights 
medications that can cause drug-induced · 
lupus erythematosus and drug-induced 
dermatomyositis.

 Toxicities of Anti-Inflammatory 
and Immunomodulatory Agents

Improvements in existing disease-modifying 
anti-rheumatic drugs and the development of 
novel immunomodulatory agents have signifi-
cantly augmented the potential for disease con-
trol in patients with connective tissue diseases. 
However, these medications are not without risk. 
In this section, we will review the side effects of 
various immunomodulatory agents, with particu-
lar attention to toxicities that affect the skin, hair, 
and nails.

 Antimalarials

Antimalarial agents have been used to treat der-
matologic conditions since the late nineteenth 
century. Chloroquine and hydroxychloroquine, 
the antimalarials most commonly used today, 
are indicated for a variety of cutaneous and sys-
temic conditions including discoid lupus, sub-
acute cutaneous lupus erythematosus (SCLE), 
systemic lupus erythematosus, dermatomyosi-
tis, sarcoidosis, granuloma annulare, lichen pla-
nus, porphyria cutanea tarda, and polymorphous 
light eruption [1].

 Mechanism of Action
The mechanism of action of antimalarial agents 
is not fully understood. They are believed to have 
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a role in suppressing T-lymphocyte proliferation 
and leukocyte chemotaxis, as well as stabilizing 
lysosomal enzymes [2]. Antimalarial agents have 
an affinity for pigment-containing tissues, includ-
ing the skin and the melanin-rich iris and choroid 
of the eye [2].

 Cutaneous Side Effects
Cutaneous adverse effects of hydroxychloro-
quine and chloroquine include dyspigmentation, 
likely secondary to the binding of hydroxychlo-
riquine or chloroquine to melanin [3]. Classically, 
patients present with blue-gray to black macules, 
most commonly involving the anterior legs, arms, 
face, oral mucosa and nails (Fig.  11.1) [4, 5]. 
Reversible hypopigmentation or bleaching of 
hair roots has also been noted with chloroquine 
[6, 7]. Quinacrine, which is used less frequently, 
can cause yellowing of the skin, similar to the 
skin findings of jaundice [8, 9]. Pigmentary 
changes are usually reversible with cessation of 
the drug. While the exact incidence and time 

course of anti-malarial dyspigmentation is 
unknown, estimates are as high as 25%, with dys-
pigmentation occurring months to years after ini-
tiation of medication [10].

Idiosyncratic cutaneous adverse drug reac-
tions have also been noted with antimalarials. 
These are often lichenoid eruptions [11, 12]; in 
addition, more serious drug reactions, including 
acute generalized exanthematous pustulosis 
(AGEP), drug-induced hypersensitivity syn-
drome (DIHS), and toxic epidermal necrolysis 
(TEN), have been observed [13–15]. Of note, 
recent cases of AGEP induced by hydroxychloro-
quine have been found to be recalcitrant to drug 
cessation alone, often requiring systemic treat-
ment [16, 17]. Interestingly, when hydroxychlo-
roquine is used to treat dermatomyositis, evidence 
suggests that patients are more prone to drug 
hypersensitivity reactions than when the same 
agent is used for other indications [18]. Lastly, as 
antimalarials are well-known photosensitizing 
agents, phototoxic and photoallergic eruptions 
can also occur [19].

 Extracutaneous and Systemic  
Side Effects
The most widely reported adverse effect of anti-
malarial drugs is retinal toxicity. This sequela 
appears to be agent-specific and dose-depen-
dent: ocular toxicity rarely occurs at dosages 
greater than 250 mg/d for chloroquine or greater 
than 6.4 mg/kg/d for hydroxychloroquine, with 
chloroquine carrying a greater risk for retinal 
toxicity overall [2]. Concomitant use of 
hydroxychloroquine and chloroquine confers an 
additive risk of retinal toxicity. To manage this 
risk, in patients without a history of maculopa-
thy, a baseline fundus exam is recommended 
with annual screenings commencing after five 
years of treatment [20].

Antimalarials may less often cause systemic 
toxicities, including agranulocytosis, hemolysis 
in patients with G6-deficiency, gastrointestinal 
distress, and neuromuscular and neuropsychiatric 
effects such as irritability, hyperexcitability, and 
seizures [1]. Cardiac risks including but not lim-
ited to QTc prolongation have been reported. 
While no formal guidelines exist at present, con-

Fig. 11.1 Hydroxycholoroquine Dyspigmentation on the 
Anterior Shins. (Image Courtesy of Joseph F. Merola, MD 
MMSC)
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sider baseline ECG in patients with multiple risk 
factors as well as follow-up ECG and screening 
for cardiac symptoms in patients with prolonged 
QTc or those receiving antimalarials in combina-
tion with other QTc-prolonging therapies. 
Hydroxychloroquine-induced cardiomyopathy 
has also been reported.

 Azathioprine

Azathioprine, a derivative of 6-mercaptopurine, 
is a potent immunosuppressive and anti- 
inflammatory agent used in dermatology for the 
treatment of immunobullous diseases, vasculiti-
des, dermatomyositis, scleroderma, and Behcet’s 
disease [21, 22].

 Mechanism of Action
Azathioprine’s active metabolite, 6-thioguanine, 
is a purine analog whose structure is similar to 
that of adenine and guanine. Its incorporation 
into nucleic acid synthesis halts purine metabo-
lism. This leads to decreased cell division and 
inhibition of B and T cell function [2].

 Cutaneous Side Effects
Azathioprine increases patients’ risk of non- 
melanoma skin cancer (NMSC) [23]. It has also 
been associated with a severe hypersensitivity 
syndrome, in which patients present with a mor-
billiform eruption, fever, leukocytosis, transami-
nitis, gastrointestinal distress, and in severe cases, 
cardiogenic shock [24, 25]. Such reactions are 
typically seen within a month of initiating ther-
apy. In the context of this hypersensitivity reac-
tion, several cases of reactive inflammatory 
dermatoses, such as Sweet’s syndrome and ery-
thema nodosum, have been reported [26–29]. 
Both the azathioprine- associated drug hypersen-
sitivity syndrome and the associated reactive der-
matoses typically remit with drug discontinuation. 
Therapy, as for all other hypersensitivity reac-
tions, is primarily supportive.

 Extracutaneous and Systemic  
Side Effects
The extracutaneous adverse effects most com-
monly associated with azathioprine are infection, 

bone marrow suppression, and increased malig-
nancy risk. Specifically, evidence suggests a two 
to five-fold increased risk of B and T-cell lym-
phoma [23].

 Cyclosporine

Cyclosporine was first used by rheumatologists 
more than 40  years ago for the treatment of 
arthritis [30]. Dermatologists have used it for the 
past two decades to treat inflammatory skin dis-
eases, including atopic dermatitis, immunobul-
lous disorders and pyoderma gangrenosum. 
Cyclosporine is also now FDA-approved for the 
treatment of severe, recalcitrant and disabling 
psoriasis [31].

 Mechanism of Action
Cyclosporine works by counteracting the upregu-
lation of pro-inflammatory cytokines, including 
IL-2, which are required for T-cell activation. 
This in turn leads to decreased B and T cell func-
tion [31]. For the treatment of recalcitrant derma-
toses, cyclosporine is used primarily as a 
short-term temporizing therapy to control flares, 
acting as a bridge while an alternative immuno-
suppresive medication takes effect.

 Cutaneous Side Effects
The cutaneous adverse effects most commonly 
attributed to cyclosporine are gingival hyperpla-
sia and hypertrichosis; the latter has been shown 
to occur in up to 60% patients [32, 33]. Diffuse 
sebaceous hyperplasia has been reported in trans-
plant patients on long-term cyclosporine [34, 35]. 
Cutaneous pseudolymphoma secondary to cyclo-
sporine has also been described [36]. While the 
increased risk of NMSC in patients on long-term 
cyclosporine therapy has been well described 
[30], it has not been shown to be increased in 
patients on low- dose or short term treatments 
except in those previously treated with PUVA 
[37].

 Extracutaneous and Systemic  
Side Effects
Extracutaneous toxicities of cyclosporine most 
commonly include hypertension and kidney 
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injury secondary to the vasoconstrictive effect of 
cyclosporine on afferent glomerular arterioles [ 
30, 37]. Both hypertension and acute kidney 
injury are dose-dependent. Patients who develop 
hypertension can be managed either by reducing 
the cyclosporine dose by 25–50% or adding an 
antihypertensive agent, preferably a calcium 
channel blocker of the dihydropyridine class, 
such as amlodipine or nifedipine [31]. While kid-
ney injury is usually reversible during short-term 
therapy and may be managed with dose reduction 
or treatment cessation, irreversible damage to the 
kidney has been observed in patients on long- 
term cyclosporine therapy (>2 years) even with-
out previous abnormal blood pressure or kidney 
function tests [38].

Less frequently, hyperlipidemia, gastrointesti-
nal distress, and neurological symptoms such as 
headaches, tremor and psychosis have also been 
reported in patients on cyclosporine [37].

 Dapsone

Dapsone is a sulfone drug used for its anti- 
inflammatory and anti-parasitic properties [39]. 
It was adopted in the early twentieth century for 
treatment of infections including those caused by 
atypical mycobacteria [39]. Prior to the introduc-
tion of isotretinoin, dapsone was the drug of 
choice for the treatment of nodulocystic acne 
[40]. Today, dapsone is employed primarily in 
the treatment of neutrophilic and eosinophilic 
dermatoses [39]. It is also used to treat leprosy, 
dermatitis herpetiformis, linear IgA dermatosis, 
IgA pemphigus, subcorneal pustular dermatosis, 
and erythema elevatum diutinum [41].

 Mechanism of Action
Dapsone works by inhibiting neutrophil myelo-
peroxidase, eosinophil peroxidase and neutrophil 
chemotaxis [39].

 Cutaneous Side Effects
A potentially fatal hypersensitivity reaction con-
sisting of morbilliform eruption associated with 
fever and hepatitis has been observed in 0.5–3.6% 
of patients within four to six weeks of dapsone 
initiation [42, 43]. AGEP has also been reported 

[43]. When used to treat leprosy, dapsone may 
also precipitate the development of erythema 
nodosum leprosum, which can be controlled with 
thalidomide [2].

 Extracutaneous and Systemic Side 
Effects
Dapsone is metabolized by cytochrome P450 in 
the liver to form hydroxylamines, metabolites 
which can lead to methemoglobinemia and 
promote hemolysis, particularly in patients 
with a glucose-6-phosphate dehydrogenase 
(G6PD) deficiency [39]. For this reason, G6PD 
levels should be checked prior to initiating 
therapy. In rare circumstances, dapsone has 
also been associated with other hematologic 
toxicities, such as agranulocytosis [44]. Other 
observed toxicities include peripheral neuropa-
thy and hepatoxicity, which appear to be dose-
dependent [41].

 Mycophenolate Mofetil

Mycophenolate mofetil (MMF), a synthetic 
derivative of mycophenolic acid (MPA) with 
greater bioavailability, was originally used as an 
immunosuppressant in patients who received 
solid organ transplants. In dermatology, MPA 
was initially adopted for the treatment of psoria-
sis. Since the 1990s, MMF has been used as a 
steroid-sparing agent in the treatment of recalci-
trant immunobullous diseases, pyoderma gan-
grenosum, bullous lichen planus, connective 
tissue diseases and vasculitides, among other der-
matoses [45].

 Mechanism of Action
MMF is hydrolyzed to MPA after ingestion. MPA 
works by selectively inhibiting the enzyme ino-
sine monophosphate dehydrogenase, blocking 
production of guanosine-5-phosphate [2]. 
Depletion of the guanosine pool in the cell pre-
vents de novo purine synthesis, leading to a sub-
sequent decrease in B and T lymphocytes. 
Additionally, MPA suppresses immunoglobulin 
production by B lymphocytes and plays a role in 
decreasing intercellular adhesion and leukocyte 
recruitment [2].
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 Cutaneous Side Effects
Cutaneous side effects of MMF have not been 
widely reported.

 Extracutaneous and Systemic Side 
Effects
Given its role as an immunosuppressant, MMF 
renders patients to higher risk of infections. 
Overall, however, it has a limited side-effect pro-
file. The most commonly reported side effects are 
gastrointestinal disturbances including nausea, 
vomiting, diarrhea and abdominal pain [2]. 
Mycopenolic acid may be considered in cases of 
MMF gastrointestinal intolerance. Hematologic 
abnormalities and hepatotoxicity can occur but 
are uncommon [46]. Other toxicities reported 
include neuropsychiatric effects such as head-
ache and insomnia [47].

 Methotrexate

Originally used in oncology as a chemotherapeu-
tic agent, low-dose methotrexate (MTX) has 
been FDA- approved for the treatment of severe, 
debilitating and recalcitrant psoriasis for nearly 
half a century [48]. It is also used by dermatolo-
gists for the treatment of other inflammatory skin 
conditions, including pityriasis rubra pilaris, 
atopic dermatitis and lichen planus [49].

 Mechanism of Action
MTX works by inhibiting dihydrofolate reduc-
tase, thereby blocking purine production neces-
sary for DNA synthesis [50]. MTX exerts 
anti-inflammatory effects secondarily, by sup-
pressing neutrophil and macrophage chemotaxis, 
stimulating apoptosis of T and B lymphocytes, 
and inhibiting proliferation of proinflammatory 
cytokines [2].

 Cutaneous Side Effects
MTX may rarely cause erosions or ulcerations 
within psoriatic plaques [51, 52]. Erosions have 
also been reported in non-psoriatic skin of 
patients treated with MTX for arthritis and are 
considered a possible portent of ensuing pancyto-
penia [53, 54]. MTX therapy also commonly 
causes increased photosensitivity [54]. Radiation 

recall has also been reported [55–57]. Rheumatoid 
nodules have been found to develop at an acceler-
ated rate in rheumatoid arthritis patients treated 
with MTX [58]. Lastly, MTX may cause non-
scarring alopecia [2].

 Extracutaneous and Systemic Side 
Effects
Among the most common side effects of MTX is 
gastrointestinal upset. Increasing doses of folic 
acid typically help abate this symptom [59]. 
More serious potential side effects include infec-
tion, pancytopenia and hepatotoxicity [49]. 
Pancytopenia can occur within days to weeks of 
initiating the medication and is reversible with 
drug cessation. Severe hepatoxicity in the form of 
fibrosis or cirrhosis, by contrast, typically devel-
ops over years and is irreversible. The risk of 
hepatotoxicity rises directly with cumulative 
MTX dose and is compounded by a history of 
liver disease, alcoholic liver damage, or obesity 
[49]. Assessment for hepatic fibrosis has tradi-
tionally included periodic liver biopsies; more 
recent investigations have focused on potential 
serologic markers such as procollagen 3 amino-
peptide, alpha-2 macroglobulin, tissue inhibitor 
of metalloproteinase-1 (TIMP-1) and hyaluronic 
acid [50, 60]. Patients on long-term MTX therapy 
should be referred to hepatology for evaluation.

Studies have suggested an increased risk of 
lymphoproliferative disorders during therapy 
with MTX [61]. Specifically, methotrexate- 
induced lymphoproliferative disease (MTX- 
LPD) has been observed more often in patients 
with rheumatoid arthritis treated with MTX than 
in any other patient cohort [62, 63]. However, 
there is limited evidence linking patients treated 
with MTX for psoriasis, or any other chronic 
cutaneous disease, with an increased risk for 
lymphoproliferative disorders.

 Tumor Necrosis Factor Inhibitors

Tumor necrosis factor (TNF)-alpha inhibitors are 
widely utilized in dermatology for management 
of psoriasis, with three agents (etanercept, inflix-
imab and adalimumab) FDA-approved for this 
indication. TNF-alpha inhibitors have also been 
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employed to treat other inflammatory dermato-
ses, including hidradenitis suppurativa, dermato-
myositis, immunobullous disease, neutrophilic 
dermatoses, and others.

 Mechanism of Action
All TNF inhibitors block activation of TNF- alpha, 
a pro-inflammatory cytokine. Four TNF alpha 
inhibitors are monoclonal antibodies: infliximab, 
adalimumab, golimumab, and certolizumab 
pegol. Etanercept is a dimeric fusion protein.

 Cutaneous Side Effects
The incidence of cutaneous toxicities secondary 
to TNF-alpha inhibitors is low. Most commonly, 

local injection/infusion site reactions are 
observed [64]. Other reported cutaneous adverse 
reactions to TNF-alpha inhibitors include cutane-
ous small-vessel vasculitis, cutaneous infections, 
interstitial granulomatous dermatitis and pali-
saded neutrophilic and granulomatous dermatitis, 
generalized eczematous and lichenoid reactions, 
psoriasis and psoriasiform lesions (Table  11.1) 
[64–67]. Up to one third of patients presenting 
with psoriatic lesions after starting TNF-alpha 
inhibitor therapy will present with a palmoplan-
tar pustulosis, a pustular, pruritic eruption on the 
palms and soles (Figs.  11.2 and 11.3) [64, 68]. 
Patients may also develop typical psoriatic 
lesions on the trunk, extremities and scalp. Lastly, 

Table 11.1 Summary of Cutaneous Toxicities of Anti-Rheumatic Agents

Medication Mechanism of Action Reported adverse cutaneous side effects
Antimalarials Exact mechanism is unclear; possibly suppress 

T-lymphocyte proliferation and leukocyte 
chemotaxis, and stabilize lysosomal enzymes

Blue-gray dyspigmentation of legs, arms, face, 
oral mucosa and nails
Bleaching of hair roots
Yellowing of skin (quinacrine)
Lichenoid drug eruption, AGEP, TEN, 
phototoxic and photoallergic eruptions

Azathioprine Inhibits B and T cells via blockade of purine 
synthesis

Hypersensitivity reaction
Sweet’s syndrome
Erythema nodosum

Cyclosporine Downregulates IL-2, B and T cell function Gingival hyperplasia
Hypertrichosis
Sebaceous hyperplasia
Cutaneous pseudolymphoma

Dapsone Inhibits neutrophil myeloperoxidase and 
eosinophil peroxidase, disrupts neutrophil 
chemotaxis

Hypersensitivity syndrome
AGEP
Erythema nodosum leprosum

Mycophenolate 
mofetil (MMF)

Selectively inhibits inosine monophosphate 
dehydrogenase, preventing de novo purine 
production and subsequent suppression of B 
and T lymphocytes

Rarely reported

Methotrexate 
(MTX)

Inhibits dihydrofolate reductase, thereby 
blocking purine production and subsequent B 
and T cell production

Photosensitivity
Radiation recall
Rheumatoid nodules
Alopecia
Mucosal erosions
Ulceration of psoriatic plaques

TNF-alpha 
inhibitors

Blocks activation of TNF-alpha, a pro-
inflammatory cytokine

Local injection site reactions
Psoriasis and psoriasiform dermatitis
SCLE-like eruption
CCLE-like eruption
Vasculitis
PNGD
Generalized lichenoid and eczematous 
eruptions

AGEP Acute and Generalized Exanthematous Pustulosis, DIHS Drug-Induced Hypersensitivity Syndrome, TEN Toxic 
Epidermal Necrolysis, SCLE Subacute Cutaneous Lupus Erythematosus, CCLE Chronic Cutaneous Lupus 
Erythematosus, PNGD Palisaded and Neutrophilic Granulomatous Dermatitis
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TNF-alpha inhibitors can also induce subacute 
cutaneous and discoid lupus erythematosus, 
which are reversible within weeks of drug dis-
continuation [64].

 Extracutaneous and Systemic Side 
Effects
TNF-alpha inhibitors will often lead to the develop-
ment of antinuclear antibodies (ANA) and antibod-

a b

Fig. 11.2 (a, b) Anti-TNF Induced Plantar Pustulosis. (Image Courtesy of Joseph F. Merola, MD MMSC)

a b

Fig. 11.3 (a, b) Drug-Induced Subacute Cutaneous Lupus. (Image Courtesy of Joseph F. Merola, MD MMSC)
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ies against double-stranded DNA (dsDNA) [69]. 
They can also induce a reversible syndrome mim-
icking systemic lupus erythematosus that subsides 
within weeks of drug cessation [64]. Despite con-
cern to the contrary, patients with psoriasis and/or 
psoriatic arthritis treated with TNF-alpha inhibitors 
have not been found to have an increased risk of 
lymphoma or internal malignancy [70–72].

 Drug-Induced Lupus Erythematosus 
and Drug-Induced Dermatomyositis

Though immunomodulatory agents are most 
often used in dermatology to manage inflamma-
tory and connective tissue diseases, it is impor-
tant to appreciate that these same agents, along 
with other common medications, can themselves 
paradoxically trigger the development of rheu-
matologic syndromes. Conscientious medication 
reconciliation is therefore of vital importance 
when considering a new diagnosis of connective 
tissue disease. In this section, we will review the 
important features of drug-induced lupus and 
drug-induced dermatomyositis, including com-
monly implicated medications.

 Drug-Induced Lupus Erythematosus

The incidence of drug-induced lupus erythemato-
sus, both systemic and cutaneous, has grown in 
recent years. In drug-induced SCLE, patients 

develop annular, papulosquamous plaques typi-
cally in a photodistribution, which may be clini-
cally indistinguishable from native SCLE 
(Fig.  11.4) [72]. Additionally, patients typically 
will have antibodies against SSA/Ro. Evidence 
suggests that up to 20% of cases of SCLE are drug-
induced, necessitating a thorough consideration of 
medication history when encountering a new diag-
nosis of SCLE [73].

In drug-induced systemic lupus, cutaneous 
findings may be absent or may include malar 
erythema or a photodistributed erythematous 
eruption [72]. Systemic features often predomi-
nate: patients may experience fatigue, fever, 
weight loss, arthritis, myalgias and serositis 
[72]. These cases of drug-induced systemic 
lupus are often associated with positive antinu-
clear antibody titers, specifically anti-histone 
antibodies.

The medication profile specific to each entity 
has been listed in Table 11.2.

 Drug-Induced Dermatomyositis

Drug-induced dermatomyositis presents with 
characteristic skin findings identical to that of 
idiopathic dermatomyositis. The pathophysiol-
ogy has not yet been elucidated; the cutaneous 
findings usually develop after long-term therapy 
of a potential causative agent, typically at least 
two years [76].

Drug-induced dermatomyositis has been 
linked to a variety of medications, including 
hydroxyurea, penicillamine, statins, cyclophos-
phamide, BCG vaccine administration, zolen-
dronic acid, TNF-alpha inhibitors, and 
ipilimumab [76–80]. As with most cases of drug 
hypersensitivity, identification and cessation of 
such offending drugs often leads to resolution of 
symptoms.

 Summary

Disease-modifying anti-rheumatic drugs and 
steroid- sparing agents serve as powerful tools in 
the management of cutaneous inflammatory and 

Fig. 11.4 Drug-induced Dermatomyositis. (Image 
Courtesy of Joseph F. Merola, MD MMSC)
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connective tissue disease. However, in addition to 
their efficacy, such agents are also associated 
with distinct cutaneous and extracutaneous tox-
icities. Clinicians who aim to use such medica-
tions should have a detailed understanding of 
such reactions as early recognition and timely 
intervention could prevent life-threatening 
sequelae.
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blockers, terbinafine, ACE-inhibitors, TNF-alpha inhibitors, 
antifungals, diuretics, beta blockers, antiepileptics, lipid-lowering 
agents, antimalarials and sulfonylureas, docetaxel, paclitaxel, 
tamoxifen, fluorouracil, capecitabine, doxorubicin and 
cyclophosphamide [72, 74, 75]

TNF tumor necrosis factor, ACE angiotensin-converting-enzyme
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