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Combination vardenifil and tadalifil drug induced liver injury; case
report and review of the literature of liver injury associated with
phosphodiesterase type 5 inhibitors
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ABSTRACT

BACKGROUND: Phosphodiesterase type 5 inhibitors (PDE5I) are prescribed for erectile dysfunction and pulmonary
hypertension. Despite its widespread use, there are only seven cases of drug-induced liver injury (DILI) associated
with PDE5l, none associated with vardenafil or avanafil. We report a patient who had taken vardenafil and tadalafil
individually for several years without developing symptoms of liver injury. However, after taking vardenafil and tadalafil
together on 2 consecutive days, he developed severe cholestasis. METHODS: Causality was determined using Roussel
Uclaf causality assessment method (RUCAM). RESULTS: The patient is a 72-year-old White man in excellent health
who drank 2 units of alcohol, three times/week. Previously, he had used vardenafil for more than 2 years and tadalafil
for 3 months as single agent for erectile dysfunction without any complications. He took vardenafil and tadalafil for
2 consecutive days and 5 days later, he developed dyspepsia, loss of appetite, jaundice, and intense itching. Liver
tests showed mixed cholestatic/hepatocellular pattern of injury. Histology showed marked cholestasis with minimal
inflammation. He remained cholestatic for 5 weeks before a full recovery 2 months later. The patient then resumed
vardenafil monotherapy with no recurrent liver dysfunction. RUCAM causality score 7 indicates that the combination
of PDE5! is probable cause of liver injury. The similarities among the eight cases of PDE5I DILI include a relatively
short latency, cholestatic histological features, and complete recovery. Biochemical pattern of liver injury is variable.
CONCLUSIONS: PDE5I DILI is a rare event that can result in severe acute liver injury.
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Lay Summary: Phosphodiesterase type 5 inhibit- reports of liver injury associated with PEDS5I,
ors (PDE5I) are widely used in the United States primarily associated with sildenafil. We report a
for managing erectile dysfunction and pulmonary 72-year-old man who presented severe symptoms
hypertension. Previously, there have been seven of liver injury after taking vardenafil and tadalafil
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together for 2 consecutive days. Our case adds to
the number of reports of liver injury associated
with PEDSI and is the first to be associated with
the combined use of vardenafil and tadalafil. We
compare our case and previous cases of PED5I
associated liver injury to better understand this
rare occurrence. The pattern of blood test abnor-
malities among the eight cases differs but the find-
ings on liver biopsy are similar. All patients with
liver injury due to PED5I made a full recovery
within 2 months. Liver injury did not occur in the
few instances when patients resumed PED5I.

INTRODUCTION

Cyclic guanosine monophosphate (cGMP) is a ver-
satile signaling molecule with one of its functions
controlling vasodilation. cGMP is generated by
guanylyl cyclase in response to nitric oxide (NO).
Levels of cGMP are controlled by breakdown of
c¢GMP by local phosphodiesterase enzymes. Type
5 phosphodiesterase (PDE5) isoenzymes are pri-
marily located in the corpus cavernosum and the
pulmonary vasculature. Therefore, phosphodi-
esterase type 5 inhibitors (PDE5I) are used in the
treatment of erectile dysfunction and pulmonary
hypertension (1). Approximately 4.5 million pre-
scriptions for sildenafil and tadalafil were written
in the United States in 2020 (2). Sildenafil, mar-
keted as Viagra and Revatio, was the first PDE5I
approved by the Food and Drug Administration in
1998 (3). To date, three additional PDE5SI have been
approved: vardenafil, tadalafil, and avanafil.

The most common side effects of PDESI include
headache, flushing, dyspepsia, altered vision,
back pain, dizziness, and rhinitis (1). Despite its
widespread use, drug-induced liver injury (DILI)
associated with PDE5I is uncommon. There are
currently four PDE5I approved by the FDA that
include sildenafil, tadalafil, vardenafil, and avanafil
(1). There are several case reports of cholestasis
related to sildenafil (4-9), a single case report asso-
ciated with tadalafil (10), and no cases related to
vardenafil.

We report a patient who had taken vardenafil
and tadalafil individually for several years without
developing symptoms of liver injury. However,
after taking vardenafil and tadalafil together on 2
consecutive days, he developed severe cholesta-
sis. Causality was determined using the updated
RUCAM (11).
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The patient is a 72-year-old White man in excellent
health who drank 2 units of alcohol, three times/
week. Previously, he had used vardenafil for more
than 2 years and tadalafil for 3 months as a single
agent for erectile dysfunction without any com-
plications. He took vardenafil and tadalafil for 2
consecutive days and 5 days later, he developed
dyspepsia, loss of appetite, jaundice, and intense
itching. He did not take any other medication or
supplement. The physical exam revealed normal
vital signs. He was deeply jaundiced, and the liver
edge was palpable two finger breadth below the
costal margin. Laboratory studies; alkaline phos-
phatase 288 U/L, total protein 6.3 g/dL, albumin
4.3 g/dL, total bilirubin 17.3 mg/dL, aspartate
aminotransferase (AST) 109 U/L, alanine amino-
transferase (ALT) 253 U/L, lactate dehydrogenase
390 U/L, international normalizing ratio (INR)
1.1, white blood count 4,400/uL, 5.9% eosinophil,
hemoglobin 13.4 g/dL, platelet 297,000 /uL. Viral
(anti-hepatitis A virus IgM antibody, hepatitis B
surface antigen, anti-hepatitis B core IgM antibody,
and anti-hepatitis C antibody) and autoimmune
(anti-nuclear antibody, anti-smooth muscle anti-
body, anti-mitochondrial antibody) serologies
were negative, IgA 227 mg/dL, IgM 59 mg/dL,
IgG 974 mg/dL. Magnetic resonance imaging and
cholangiography showed liver measuring 14cm,
contracted gallbladder with no intra- or extra-hep-
atic biliary ductal dilatation.

A liver biopsy was performed which showed
portal tracts with mild chronic inflammatory infil-
trates composed of predominantly lymphocytes
mixed with occasional eosinophils without signifi-
cant interface activity (Figures la and 1b). There
was absent to minimal bile ductular proliferation as
well as absent granulomatous inflammation within
the portal tracts and lobules (Figure 1c). The lob-
ules showed moderate to marked canalicular chol-
estasis with zone 2 and zone 3 distribution pattern
accompanied by mild focal lymphocytic infiltrate,
occasional acidophilic bodies, and minimal (less
than 1%) macrovesicular steatosis. No significant
hepatocellular ballooning or Mallory bodies were
identified. Trichrome stain demonstrated absent to
focal portal fibrosis (Figure 1d). There was minimal
(1+) hemosiderosis in sinusoidal Kupfer cells iden-
tified by iron stain and no cytoplasmic globules are
present on the PAS-Diastase stain. The histological
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findings on liver biopsy were compatible with 5 weeks after and symptoms resolved 2 months

cholestatic hepatitis. after his initial presentation. He resumed taking
The patient was started on cholestyramine and vardenafil monotherapy for erectile dysfunction

ursodeoxycholic acid. His pruritus began abating with no recurrent liver dysfunction.

Figure 1a: Low power magnification of the core needle biposy showing intact liver architecture with centrovenular cholestasis
evident as vague green pigment
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Figure 1b: 20x magnification showing portal tract with no significant inflammatory infiltrate. Also, the centrovenular lobules
show moderate canalicular cholestasis with increased Kupffer cells within the sinusoids
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Figure 1c: Immunohistochemical stain for Cytokeratin 7 (CK7) highlights the intact bile ducts and demonstrates a lack of biliary
proliferative response. Note the CK7 positive “intermediate hepatocytes” at the interface and periportal lobules, indicating a
response to cholestatic injury within the hepatocytes

Figure 1d: Trichrome stain indicates a lack of significant fibrosis.
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Table 1: Liver tests of patient

Combination vardenifil and tadalifil drug induced liver injury

Alkaline Total bilirubin  Alanine Aspartate Comments
phosphatase (mg/dL) aminotransferase aminotransferase
(/L) (U/L) (VL)
Baseline liver tests 105 0.7 31 25
Onset 288 17.6 25 109
Week 1 290 17.6 214 111 Peak aminotransferase activities
Week 2 391 31.2 81 64 Peak bilirubin and alkaline
phosphatase levels
Week 3 340 24.9 61 52
Week 5 233 7.5 80 67
Week 6 219 4.5 69 57
Week 8 137 2.3 52 45
Week 12 97 0.9 31 35 Complete resolution
Week 13 Resumed vardenafil 3
consecutive days monthly
Week 22 74 0.7 35 26
Week 37 91 0.7 30 29

The course of the patient's liver tests is shown in
Table 1 and the compilation of RUCAM to deter-
mine causality is shown in Table 2. The total score
is 7 which indicates that the combination of var-
denafil and tadalafil is the probable cause of liver
injury. Compilation of all eight cases of PDEI acute
liver injury is shown in Table 3.

DISCUSSION

Despite the widespread use of PDE5I, this patient
represents only the eighth case of PDESI associ-
ated acute liver injury and the first involving the
combination of vardenafil and tadalafil. This scen-
ario raises possible mechanisms for liver injury.
The combination of vardenafil and tadalafil results
in a higher level of PDE5I but this is unlikely to
be a factor since much higher doses of PDE5I are
used in patients treated for pulmonary hyperten-
sion (12). The second potential mechanism is the
combination itself, causing liver injury since the
patient did not have recurrent symptoms when he
resumed tadalafil alone.

Among the seven case reports and our
patients, all patients were male who were taking
PDE5I for erectile dysfunction. All but one case
involved sildenafil, with the single non-sildenafil
case involving tadalafil (10). Two of these case
reports stand out and warrant closer examina-
tion. Daghfous et al. reported a 49-year-old male

Table 2: RUCAM for liver injury

Possible Study
score  patient

Time to onset +2 +2
¢ 5-90 days
e <5 0r>90 days +1
Course of alkaline phosphatase after +2
cessation of drug
¢ Decrease >50% within 8 days +3
e Decrease >50% within 30 days +2

Risk factors

e Alcohol + -1 -1
¢ Alcohol - 0
* Age >55 years +1 +1
* Age <55 years 0]
No concomitant drugs/herbs 0
All causes-group | and Il-ruled out +2
Previous hepatotoxicity +1
¢ Reaction labeled in the product +2

characteristics

e Reaction published but not labeled  +1

Response to unintentional re- 0
exposure
Total score for the case +7
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Table 3: Summary of cases of liver injury associated with phosphodiesterase type 5 inhibitors

Time to Peak

Peak alkaline

Patient Type of onset bilirubin phosphatase Peak ALT Peak AST
characteristics PDI Age Gender Ethnicity (days) (mg/dL) (U/L) (U/L) (U/L)
Ref [Essaid Tadalafil 38 Male Not available 5 2.5 x ULN 4 x ULN 4xULN 3 xULN
Ref [Nissan] Sildenafil 65 Male  Caucasian 17 2.06 326 984 1342
Ref [Maroy] Sildenafil 65 Male  Notavailable 1 Notre-  5xULN 113 x ULN 114 x ULN
ported
Ref [Balian] Sildenafil 56 Male  Notavailable 21 6.5 x ULN 2.5 x ULN 8 x ULN 3.5 x ULN
Ref [Enomoto] Sildenafil 58 Male Notavailable 30 8.5 476 64 42
Ref [Wolfhagen] Sildenafil 59 Male  Notavailable 7 19 225 1,665 1,077
Ref [Daghfous] Sildenafil 49 Male  Notavailable 28 0.62 Normal 1.2 x ULN 7.4 x ULN
Patient in this Vardenafil 72 Male  Caucasian 5 31.2 391 214 1M

case report Tadalafil

with predominantly AST elevation with normal
bilirubin, alkaline phosphatase, gamma glutamyl
transferase levels. AST normalized within 20 days
(4). Liver biopsy was not taken. The clinical pic-
ture was consistent with an ischemic event (13) or
acute muscle injury (14). The case report by Nissan
et al. (7) was a 65-year-old patient with cirrhosis
who remained compensated despite acute hepato-
cellular injury, and fully recovered. There were no
cases of acute liver failure or death, and all patients
made a complete recovery.

Our patient had used vardenafil and tadalafil
individually for several years without problems
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but developed severe cholestasis 5 days after tak-
ing vardenafil and tadalafil together for the first
time. After his liver tests resolved, he resumed
tadalafil (without vardenafil) without recurrence
of symptoms. One patient had used PDESI for 12
months without issues, but the other cases had
taken PDESI for 5 days to 3 months which is the
usual latency for drug induced liver injury (11).
The latency (time to onset from the beginning of
drug exposure) is relatively short for PDE5I associ-
ated liver injury; 5 days for our patient and median
12 (range: 1-30) days among all the cases. The
recovery time loosely correlated with the severity
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Presentation to peak Time from
to peak alkaline Presentation R factor peak to
bilirubin phosphatase to peak ALT Peak Pattern of resolution Rechal- Alcohol How long
(weeks) (weeks) (weeks) INR injury (weeks)  lenge Intake been taking Histology
1.0 Cholestatic 8 No None 5 days No
1 1 1 1.37 >5Hepatocel- 30 No One 2.5 weeks  No
lular ounce/
month
1 1 >5 Hepatocel- 4 Yes None > 1year No
lular
1 1 1 3.2 Mixed 4 No <10 g/day Yes Cholestasis
Cholestatic
0.5 Cholestatic 16 No No ex- 1month Yes Cholestasis
cessive Minimal portal
alcohol inflammation
intake
10 9 1 > 5 Hepatocel- 13 No 1 unit/ 3months  Yes Cholestasis
lular week Minor
infiltrate with
predominant
eosinophils
1 4 >5 Hepatocel- 3 Yes Informa- 1 month No
lular tion not
provided
2 2 1 1.2 1.9 Cholestatic 12 Yes 2 units, Vardenafil  Cholestasis
3times/  individually
week >2 years
Tadalafil
individually
3 months

of jaundice ranging from 3 to 16 (median 10) weeks.
Including our case, there were three re-challenges
none of which resulted in recurrent liver injury,
although our patient did not retake the combina-
tion and only took vardenafil without tadalafil.
None of the patients drank alcohol excessively.
The biochemical pattern of liver injury among
the eight cases of PDESI DILI was variable (four
hepatocellular, three cholestatic, and one hepa-
tocellular—cholestatic mixed). However, the liver
biopsy findings of four cases were congruent with
the biochemical presentation in showing the vari-
ous histological types of liver injury. Our case

report demonstrated a slightly more severe histo-
logical picture than what was typically observed
in the PDESI injury. Specifically, our case displayed
a mild cholestatic hepatitis characterized by can-
icular cholestasis with conspicuous inflammatory
infiltrates and a modest degree of single hepato-
cyte necrosis. These findings were similar with
the cases reported by Enomoto et al. and Balian
et al. which both showing mixed cholestatic-
hepatocellular injury pattern (6,8). The increased
necro-inflammatory activity present in our patient
may be attributable to combined PDE5 inhibitor
use producing a mixed cholestatic-hepatocellular
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injury albeit with a predominant cholestatic bio-
chemical pattern.

In summary, despite the widespread use of
PDES5], liver injury associated with this class of
drug is extremely rare. We report only the eighth
case of PDEbSI associated liver injury that presented
with severe cholestasis; clinically, biochemically,
and histologically, which resolved 2 months later.
The similarities among the cases include a rela-
tively short latency, cholestatic features seen on
liver biopsy and complete recovery. However, the
biochemical pattern of liver injury among the cases
is variable.
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