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Abstract

Amiodarone is used worldwide to treat cardiac arrhythmias, as well as highly symptomatic cases
of atrial fibrillation. With this expanded use, especially following its 1985 United States Food and
Drug Administration approval, and its use as a long-term therapy in common practice, reports of
cancers temporarily related to amiodarone have begun to increase. Animal studies, several clini-
cal trials, numerous case reports, and a population-based cohort study have suggested that can-
cers may be associated with amiodarone use. This review focuses on the ever increasing evidence
in the literature that suggests amiodarone therapy, especially with long-term use, may increase
the potential risk of cancer development. It also expresses the need for more definitive studies to
be conducted to provide clinicians with a clear answer to this important question.
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1. Introduction

Amiodarone is an anti-arrhythmic drug frequently used to treat both atrial and ventricular arrhythmias. It was
first developed in Europe in 1961 as an anti-anginal medication, but its potent anti-arrhythmic properties were
discovered soon after. It was commonly prescribed for anti-arrhythmic uses throughout Europe and Latin
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America before physicians in the United States (U.S.) started utilizing it in the late 1970s [1]-[3]. In December
1985, amiodarone was approved by the U.S. Food and Drug Administration (FDA) for the treatment of life
threatening arrhythmias [4]. Shortly thereafter, it was also found to be very effective in managing atrial fibrilla-
tion, particularly in highly symptomatic cases.

With amiodarone’s expanded use worldwide and its long-term uses, reports of cancers related to amiodarone
have started to surface. This review focuses on the evidence of amiodarone therapy and the potential risk of
cancer found in the literature to date.

2. Characteristics of Amiodarone

Amiodarone is principally categorized as a class Il anti-arrhythmic agent. It is a benzofuran derivative: 2-butyl-
3-benzofuranyl-4-[2-(diethylamino)-ethoxy]-3,5-diiodophenyl ketone hydrochloride; CisH,gl,NO3-HCI; mole-
cular weight 681.8 [4]. It markedly prolongs the action potential of myocardial cells through blockade of potas-
sium and sodium channels, thereby increasing the ventricular refractory period [4]-[6]. By blocking adrenergic
receptors, it depresses the sinoatrial and atrioventricular (SA and AV) nodes [4]-[6]. It also produces an addi-
tional anti-arrhythmic effect through the blockade of calcium channels [6].

Typical oral maintenance doses range from 100 mg - 400 mg/day, while an intravenous maintenance infusion
is generally 540 mg over 18 hours [4] [7]. Loading doses are frequently needed, since the drug has a particularly
long half-life (average 58 days, range 25 - 100 days) [4] [7].

The absorption of orally administered amiodarone is quite variable, ranging from 22% - 95% (average 50%)
[6] [8]. It is fat-soluble and highly protein bound, so it distributes throughout the body and concentrates in high-
ly perfused tissues such as fat, eye, gastrointestinal tract, genitourinary tract, heart, liver, lung, muscle, nervous
system, skin, and thyroid [4] [8]. Metabolism occurs extensively in the liver by cytochrome P450 3A4 [4] [6].
Slow elimination from the body occurs primarily through hepatic and biliary routes, with minimal renal excre-
tion [4] [9].

Due to its lipid solubility, high protein binding affinity, and slow elimination, amiodarone therapy, especially
long-term use, leads to high concentrations of the drug accumulating in numerous organs. These properties also
allow it to remain in a patient’s system for weeks to months after stopping chronic amiodarone use [3] [4] [10].
This increases the potential for adverse effects such as hyper- and hypothyroidism, pneumonitis and pulmonary
fibrosis, photosensitivity and skin hyperpigmentation, and hepatic dysfunction, with at least one of these effects
seen in approximately 75% of patients taking amiodarone [2] [9]. The morphological evidence of many of these
adverse effects includes vacuolated cells, foamy macrophages, and/or granulomas [6]. And, since amiodarone
has adverse side effects, patients should be closely monitored for their development, as well as for incidences of
other side effects.

3. Evidence of Cancer Risks Associated with Amiodarone
3.1. Animal Studies

A study in rats revealed amiodarone’s potential carcinogenic properties, which significantly increased the inci-
dence of thyroid tumors such as follicular adenomas and carcinomas, in a dose-related fashion. Accompanying
mutagenicity studies with amiodarone, however, proved negative [4] [11].

3.2. Clinical Trials Reporting Cancers Associated with Amiodarone

A meta-analysis of 15 randomized controlled trials comparing amiodarone to a placebo for the prevention of
sudden cardiac death was published in 2009 [2]. It showed that amiodarone reduced the risk of sudden cardiac
death by 26%, cardiovascular death by 18%, and generally lowered all-cause mortality compared to placebo.
However, it did indicate that bradyarrhythmias were more common in patients in the amiodarone groups (2.8%
vs 1.5% in the placebo groups). There were also increases in hepatic (1.9% vs 0.7%), pulmonary (2.9% vs 1.5%),
and thyroid (3.6% vs 0.4%) toxicities in the amiodarone-treated patients compared to the placebo group patients.
Of these 15 trials, 5 reported a small proportion of cancer deaths, with more cancer deaths occurring in patients
randomized to amiodarone treatment [5] [10] [12]-[14].

Another trial by Roy et al. [15], which was not included in the 2009 meta-analysis by Piccini et al. [2], com-
pared the effectiveness of amiodarone in maintaining sinus rhythm to two other anti-arrhythmic drugs (sotalol
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and propafenone) for the prevention of recurrences of atrial fibrillation. Clinically relevant adverse effects from
amiodarone included pulmonary toxicity in four patients, hypothyroidism in two patients, and hyperthyroidism
in one patient, all leading to amiodarone discontinuation. When assessing noncardiovascular cause mortalities,
four patients died in the amiodarone treatment group and four patients died in the combined sotalol/propafenone
treatment groups. Of these eight deaths, three were from noncardiovascular causes and five were from cancer. It
was not further specified as to exactly which patients (amiodarone group or other groups) died from cancer or
what types of cancers were involved.

These six trials indicate the development of cancers leading to death in a small proportion of the studied pa-
tients, with more cancer-related deaths occurring in patients randomized to the groups treated with amiodarone
(Table 1). This demonstrates a minimal increase in cancer-related deaths associated with amiodarone, and raises
the question of whether amiodarone increases the incidence of cancers in patients using it to treat cardiac arr-
hythmias. However, the documentation of the minimal increases in cancer incidence with amiodarone was not
adequately powered to statistically analyze the differences in cancer development, thus further research was en-
couraged to study this.

3.3. Case Reports Linking Amiodarone and Cancer

A number of case reports, as well as post-market surveillance by the US FDA [4], have indicated that amioda-
rone therapy may increase the risk of malignancies in patients using it for the treatment of cardiac arrhythmias.
Most of these reports discuss thyroid cancers, skin cancers, and lung masses (Table 2).

3.3.1. Thyroid Cancer

The most often seen adverse effect associated with amiodarone therapy is thyrotoxicosis, which affects up to 26%
of patients and can lead to hyperthyroidism or hypothyroidism [1] [2] [16]-[18]. Hyperthyroidism is characte-
rized by the overproduction of the thyroxine hormone. Amiodarone is thought to decrease the conversion of
thyroxine to triiodothyroxine, increasing thyroxine levels. This mechanism may be due to the fact that the
chemical structure of amiodarone is very similar to that of thyroxine [2]. Increased levels of iodine in the thyroid
from amiodarone may also induce excess thyroid hormone synthesis, especially in the presence of an underlying
thyroid disorder (e.g., goiter, Graves disease) [1] [18]. Approximately 10% of the iodine in a tablet of amioda-
rone is released as a free source of inorganic iodine [1] [13] [19].

Hypothyroidism is caused by the destruction of thyroid cells, leading to a decrease in its function. The de-
struction is due to the abnormal development of the cells” endoplasmic reticulum and the cell death processes of
necrosis and apoptosis, morphologically evidenced by deformed and disrupted follicles and focal fibrosis [1] [18]
[20]. The over-saturation of the thyroid with iodine could lead to this cellular destruction.

To date, one case report has associated amiodarone-induced hyperthyroidism with thyroid cancer [17]. It fol-
lows several studies that indicate an approximate 2% - 8% association rate of thyroid cancer with hyperthyroid-
ism, which is slightly higher than that seen in the general population with normal functioning thyroids, and state

Table 1. Randomized trials reporting amiodarone-related cancers.

Trial Amiodarone  Placebo Daily amiodarone  Follow-up Mortality — Cancer in Cancer in
patients patients  maintenance dose (mg) (months) benefit placebo group amiodarone group
Hamer et al. (1989)" 19 15 200 23 No 0 2" (10.5%)
Ceremuzynski 305 308 400 12 Yes 0 1—stomach cancer (0.3%)

etal. (1992)%°
1—metastatic

H 13
Cairns et al. (1997) 606 596 200 21 Yes 0 ovarian cancer (0.2%)
Julian et al. (1997)° 743 743 200 21 No 4 (0.5%) 6" (0.8%)
Elizari et al. (2000 542 531 high & low 6 No 0 4 —determined to be
present prior to enrollment
Roy et al. (2000)%° 01 202 (sotalol or 200 short NA 7 7
propafenone) duration

“Types of cancer not specified; *4 non-cardiac deaths occurred in the placebo group and the amiodarone group; of the 8 deaths, 5 (1.2%) were from

cancers. NA = not addressed.
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that other thyroid disorders (e.g., goiter, Graves disease) may or may not be accompanying [21]-[23]. These re-
ports have begun to question the past thinking that hyperthyroidism lowers the risk of a patient developing thyroid
cancer [24]. A couple of cases have also linked amiodarone-induced hypothyroidism to thyroid cancer [1] [24].

These reported thyroid cancers, whether associated with hyperthyroidism or hypothyroidism, developed fol-
lowing 2 - 5 years of amiodarone therapy or within 1 year after amiodarone discontinuation. This suggests that
the accumulation of high doses of amiodarone may be needed for the development of an associated cancer, and
that a latency period may also be involved [25]. In all these cases, thyroid function improved following the dis-
continuation of amiodarone and the appropriate thyroid dysfunction treatment. The cancers were treated accor-
dingly, by pharmacological measures or total thyroidectomy, with the total thyroidectomy allowing the future
use of amiodarone again under close monitoring.

Mutations in the BRAF gene, N-ras codon 61, H-ras codon 61, and mitogen-activated protein kinase pathway
have been identified in approximately 70% of thyroid cancers [1]. However, molecular genetic analysis of the
tumor tissue from the Saad et al. [1] reported case of thyroid cancer associated with amiodarone therapy found
no genetic alterations that have previously been identified. This may mean that other molecular alterations
and/or signaling pathways may be involved in thyroid cancers associated with amiodarone use. It has also been
shown that radiation therapy may enhance the carcinogenic activity of amiodarone and/or amiodarone could
amplify radiation toxicity [26].

3.3.2. Skin Cancer

A well-recognized side effect of long-term amiodarone treatment is photosensitivity of the skin, seen in 10% -
75% of patients [4] [9] [27] [28]. The reactions that cause the photosensitivity are most likely dose-related and
occur at both UVA and UVB wavelengths, leading to intense burning, erythema, and swelling. Skin discolora-
tion and/or hyperpigmentation, occurs in <10% of amiodarone treated patients [7] [28]. It is mainly observed in
sun exposed skin areas, most often in men, and may be preceded by photosensitivity [28] [29]. The discoloration,
due to effects of ultraviolet radiation and amiodarone, may be due to the accumulation of yellow-brown pigment
granules in fibroblasts and macrophages of the dermis and/or lysosomal dermal lipofuscin deposits. These side
effects mainly become apparent after about 2 years of amiodarone treatment and may persist for years, even af-
ter discontinuation of amiodarone [28] [29].

To date, six cases of basal cell carcinomas (BCCs) developing during long-term (3 - 5 years) amiodarone
treatment or after several years (2 - 5 years) off amiodarone, have been reported [7] [27] [28] [30]. The majority
of these cases occurred in the presence of amiodarone-induced photosensitivity, and the BCCs were found in
both sun-exposed skins that may have been damaged and unexposed skin. In all cases, there was no history of
anything other than amiodarone use that could have triggered the BCCs; in fact, Hall et al. [7] also observed
amiodarone-induced liver and thyroid effects, so amiodarone treatment was stopped. Monk [31] also mentions
three more patients on amiodarone who developed BCCs, but they had other predisposing factors that could
have led to the skin cancers; thus, he was cautious in his determination of whether amiodarone played a role.

No direct link between amiodarone and skin cancer has yet been made; however, the increased skin photosen-
sitivity and/or discoloration, could be a trigger and/or provide a favorable background for the cancer [7] [28],
and so remains to be studied. Also to note, amiodarone may enhance the effects of radiation therapy on the skin
and mucosa, leading to exfoliative dermatitis and necrosis and oral toxicity, as well as radiation-induced cancers
and/or radiation therapy may enhance the carcinogenic activity of amiodarone [9] [32].

3.3.3. Lung Masses

Pulmonary toxicity is the most serious adverse effect caused by amiodarone treatment according to current lite-
rature. It occurs in approximately 5% - 17% of amiodarone treated patients, with a mortality rate of 9% - 50%,
depending on the severity of the symptoms [3] [4]. The toxicity can develop within the first few days of ami-
odarone treatment or several years later (e.g., 7 years) and can lead to pneumonitis and pulmonary fibrosis, as
well as pulmonary masses [3] [4].

Several mechanisms that may work in conjunction with each other and may involve the accumulation of
iodine-rich amiodarone into pneumocytes have been suggested for amiodarone-induced pulmonary toxicity [3]
[33] [34]. The first potential mechanism involves a direct toxic effect that disrupts cellular membranes through
the activation of protein kinase C, release of toxic reactive oxygen species, decreases in glutathione, mitochon-
drial dysfunction, necrosis, and apoptosis. An immune-mediated mechanism would lead to an imbalance of hel-
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per T cells and overproduction of cytokines. Over activation of the angiotensin enzyme system could induce
apoptosis and the formation of fibrosis.

Numerous case reports discuss pulmonary toxicity presenting as a mass or masses in patients being treated
with amiodarone [33] [35]-[42]. These masses, sometimes termed amiodaromas, were highly attenuated on
computed tomography-positron emission tomography scans because of the increased incorporation of iodine in-
to the pneumocytes, and led to concerns of cancer due to their presentation. Biopsies of the masses showed the
presence of foamy macrophages and interstitial inflammation, but no evidence of malignancy. Treatment of
pulmonary toxicity included the discontinuation of amiodarone use, control of risk factors, and use of corticos-
teroids. The therapeutic treatment value was dependent on the severity of the toxicity, and the time to resolution
of symptoms varied. With so many reports of amiodarone-induced pulmonary toxicity forming masses that
mimic cancer, and most of the biopsies suggesting amiodarone exposure, it may simply be a matter of time be-
fore the first case of amiodarone-induced pulmonary cancer is reported.

4. Population-Based Cohort Study Linking Cancer Risks to Amiodarone

Recently, Su et al. [25] performed a nationwide population-based cohort study in Taiwan to determine whether
amiodarone treatment is associated with an increased risk of cancers. This was the first large scale study to focus
its evaluations on the risk of cancers in patients treated with amiodarone. It included 6418 patients treated with
amiodarone with a median follow up of 2.5 years. There were 280 patients who developed cancers (Table 3),

Table 3. Specific cancer types found among the patients
treated with amiodarone in the Su et al. [25] study.

Site of Cancer Number Observed
All cancers 280
Digestive 124
Liver and biliary 51
Colon and rectum 47
Genitourinary 47
Lung and mediastinum 44
Head and neck 22
Prostate 22
Stomach 17
Hematologic 14
All others 12
Breast 9
Kidney 8
Bladder 6
Pancreas 6
Skin 6
Cervix 4
Uterus 4
Esophagus 3
Ovary 3
Bone and soft tissue 1
Thyroid 1
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indicating a slightly significant increase in the risk of cancers among patients treated with amiodarone compared
to the general population (P = 0.067, standardized incidence ratio [SIR] = 1.12, 95% confidence interval [CI]).
The risk was increased in men (P = 0.022, SIR = 1.18, 95% CI) and those patients on cumulative defined daily
doses (cDDDs ) of amiodarone >180mg in the first year of treatment (P = 0.046, SIR = 1.28, 95% CI). Patients
with both these factors were at even greater risk of developing cancer (P = 0.008, SIR = 1.46, 95% CI). In addi-
tion, the study showed a dose-dependent effect with cDDDs greater than 180mg and the development of cancers,
which was also previously observed in a rat study.

The lower risk of cancer occurrence in females compared to males may be due to differences in liver cytoch-
rome P450 3A4 activity and body fat percentage. Females have increased levels of cytochrome P450 3A4, the
most abundant phase | drug-metabolizing enzyme in humans, as well as an increased percentage of body fat (10%
- 13% versus 2% - 5% in males). These may work in combination to increase the clearance rate of amiodarone
~37% [43]. Differences in hormonal stimuli may also play a role.

The cancers associated with amiodarone treatment that were observed most in the Su et al. [25] study oc-
curred in the digestive tract, liver and biliary system, colon and rectum, and genitourinary system. However,
thyroid cancers, skin cancers, and lung cancer-like masses are the most commonly reported in the literature to
date. The Su et al. [25] investigators did not observe an increase in the risks of lung and skin cancer among the
amiodarone-treated patients over that seen in the general population, and there was only minimal association
with thyroid cancer observed in these patients. This may be due to the small numbers of these cancer cases, as
well as other study limitations such as the relatively short follow-up, calculation of cDDDs only in the first year
of amiodarone treatment, and the lack of information on other risk factors that could contribute to cancers.

5. Conclusions

This review discusses the ever increasing evidence suggesting that amiodarone therapy, especially long-term use,
may be associated with the development of cancers. In our experience, patients started on amiodarone do require
long-term therapy for the treatment and suppression of arrhythmias. Increased accumulation of amiodarone in
tissues, including the thyroid, skin, and lungs, can cause adverse side effects that can then trigger mechanisms
that might increase the risk of cancer development in these areas, as well as others.

The medical community needs to be alert to the development of cancers in some patients being treated with
amiodarone, or who have previously taken amiodarone, and all these cancers should be promptly reported, since
it is probably impractical to perform extensive routine screenings on all patients on amiodarone therapy. Also,
further definitive studies, as well as other types of research, not just retrospective studies, are needed, since the
majority of work so far has been with small numbers of patients and short study durations. With amiodarone
being such an important drug, a definitive answer is needed to the questions of, is there a relationship between
amiodarone use and the development of cancers, and is the risk of cancer worth the benefits amiodarone pro-
vides?
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Note List of Abbreviations and Acronyms

~ = approximately

AV = atrioventricular

BCC = basal cell carcinoma

BRAF = v-raf murine sarcoma viral oncogene homolog B
cDDD = cumulative defined daily dose
ClI = confidence interval

e.g. = for example

et al. = and others

FDA = Food and Drug Administration
H-ras = Harvey—rat sarcoma

Mg = milligram

NA = not addressed

NS = not stated

N-ras = neuroblastoma—rat sarcoma
% = percent

SA = sinoatrial

SIR = standardized incidence ration
U.S. = United States

UVA = ultraviolet A light rays

UVB = ultraviolet B light rays
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