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Aims: Uterine fibroids are benign tumours that cause various complaints. These com-

plaints may significantly compromise quality of life, necessitating a clinical interven-

tion in 25–50% of the affected women. Hysterectomy, myomectomy or embolization

may offer symptomatic relief, but are costly, include a recovery period, can cause

serious side-effects, sometimes fail to treat symptoms completely and are not always

desired by patients. Ulipristal is a conservative long-term treatment that has a

fibroid-volume decreasing effect, acceptable side-effects while preserving fertility

and may be an alternative to surgical alternatives. Currently, ulipristal is investigated

by the European Medicine Agency and suspended from marketing authorization

because it may cause drug-induced liver injury (DILI). However, many drugs can

cause severe DILI and prospective studies estimate 14–19 DILI cases/100 000

people.

Methods: This overview will discuss the risk–benefit balance between ulipristal and

DILI, describe the safety–efficacy balance of ulipristal and its alternative treatments

and the arguments that led to the suspension of its marketing authorization.

Results: Ulipristal may be associated with DILI resulting in a risk of severe liver injury

in 1.5:100 000 patients and fatal liver injury in 0.1:100 000 patients. This risk needs

to be weighed against the higher mortality risk of >1:1000 and higher incidence of

severe complications after surgery.

Conclusion: The DILI risk of ulipristal is considerably lower than that of other medi-

cines that are not suspended, nor need additional safety measures. When evaluating

drugs and drug safety, risks that apply to the alternative nonpharmacological treat-

ment options should be taken into consideration.
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1 | INTRODUCTION

Uterine fibroids are benign tumours, most common in women of

reproductive age.1 Depending on the amount, their volume and loca-

tion, fibroids cause various complaints such as abnormal uterine

bleeding, mechanical complaints, dyspareunia and subfertility. These

complaints may compromise quality of life (QoL) and fertility/preg-

nancy related problems, necessitating clinical intervention in 25–50%

of the affected women.2,3 Hysterectomy is the most definitive option,

myomectomy is recommended in case a future pregnancy is desired

and e.g. uterine artery embolization (UAE) is an uterus-sparing alterna-

tive. These options may offer symptomatic relief, but are costly, have

recovery periods, have serious side effects and sometimes fail to treat

symptoms completely. Also, many patients do not favour a surgical

procedure. Pharmacological treatment such as oral contraceptives,

can offer symptomatic relief for some patients, but do not diminish

fibroid growth and ultimately fail for most women with significantly

sized fibroids. Gonadotropin-releasing hormone analogues (GnRHa)

are used for short periods as pretreatment to reduce fibroid volume

before surgery, due to their inherent hormonal suppression effect that

causes menopausal symptoms and an increased risk of osteoporosis

and cardiovascular disease.4,5 As a corollary, fibroid treatment was in

need of a conservative alternative that treats symptoms, has a fibroid

volume-decreasing effect (sustained after discontinuation) and has

acceptable side effects while preserving fertility as an alternative to

more invasive surgical options.

This treatment became available in February 2012. Ulipristal

acetate was introduced as a promising new drug for symptomatic

uterine fibroids. Initially ulipristal was prescribed as a single 12 week

pretreatment course before surgery, but in 2015 this indication was

expanded up to 4 12-week courses. The thinking behind the use of

subsequent courses was the anticipation that surgery would be post-

poned or even become unnecessary, although supporting clinical evi-

dence was lacking.4–6 Nevertheless, ulipristal became the only

registered pharmacological treatment to treat uterine fibroids over a

longer period.

Since marketing authorization, it is estimated that >900 000

European and Canadian patients have been treated with ulipristal.

However, postmarketing problems arose.7 It came to the attention of

the European Medicine Agency (EMA) that 8 patients had developed

acute liver failure while on ulipristal, which necessitated liver trans-

plantation in 5 patients. This initiated an investigational procedure of

ulipristal and subsequently marketing authorization was revoked in

the European Union (EU).7

It was hypothesized that ulipristal could trigger a drug-induced

liver injury (DILI), that can be classified as intrinsic or idiosyncratic

(see Table 1).8 Hy Zimmerman categorized symptoms in an effort

to predict the risk of fatal DILI, which resulted in Hy's law.9 Diag-

nosing DILI requires diagnostic vigilance and is often missed in clini-

cal practice because of the absence of specific diagnostic

biomarkers for DILI. Therefore, the correct appraisal of suspected

DILI depends on the judicious interpretation of serum liver bio-

chemistry in combination with other routine laboratory and imaging

to exclude alternative causes of liver disease. Regulatory bodies

such as the EMA use Hy's law to identify DILI.10 In this paper we

use the different DILI gradations, from the DILI-Network, also given

in Table 1.8,11 The true incidence of DILI is uncertain due to differ-

ences in criteria and methodologies used to define DILI. In retro-

spective and case–control studies, the postmarketing annual

incidence of DILI is estimated to range from 2.4 to 2.7/100 000

people.12–14 A cohort study suggested that �1 in 100 hospitalized

patients develop DILI, which is at odds with the often cited inci-

dence data of 14–19/100 000 of some prospective studies.15,16

Regardless, DILI has shown to be the most frequent cause of acute

liver failure in the EU and USA.17,18

In this overview we will discuss the risk–benefit balance of

ulipristal and weigh this against the risk and benefits of its alternative

treatments. Finally, we will compare our findings to the documented

arguments that led to the suspension of its marketing authorization.

1.1 | Ulipristal acetate

Ulipristal is an oral selective progesterone receptor modulator that

has both agonistic and partial antagonistic activity, reducing fibroid

volume, inducing amenorrhoea and thereby reducing fibroid related

complaints. Its efficacy was evaluated in the PEARL and VENUS trials.

PEARL-I and VENUS-I compared ulipristal 5 and 10 mg with placebo.

PEARL-I showed median fibroid volume reduction of 21% (IQR −41.1

to −1.1%) in the 5-mg group and reduced excessive menstrual bleed-

ing after a 12-week pretreatment course prior to surgery.19 PEARL-I

did show adverse changes to the endometrium that were described as

progesterone receptor modulator-associated endometrial changes,

which have been investigated in several clinical studies and the endo-

metrium returned to normal after discontinuation of ulipristal, without

any long-term consequences.20,21 The population of the VENUS-I trial

consisted of 69% African American patients and preliminary results

showed superiority of ulipristal compared to placebo for amenorrhoea

with 47.2% (97.5% confidence interval [CI] 31.6–63.2) and 1.8%

(97.5% CI 0.0–10.9) for ulipristal 5 and the placebo-treated group

respectively (P < .001).22

PEARL-II compared ulipristal with GnRHa prior to surgery and

showed noninferiority on clinical endpoints (control of bleeding) but

reported 11% hot flushes in the ulipristal compared to 40% in the

GnRHa groups. However, the ulipristal group showed significantly

smaller uterus volume reduction with −20% compared to −47% for

GnRHa group. Fibroid volume reduction of the 3 largest fibroids did

not differ significantly between groups.20 PEARL-III and IV evalu-

ated long-term intermittent treatment with ulipristal up to

4 12-week treatment courses, alternated with 8 weeks of medica-

tion free intervals. Donnez et al.23 concluded that ulipristal effec-

tively reduced symptom severity scores with 40% and improved

QoL with 40%. Also, fibroid volume reduced significantly up to 65%

after the fourth treatment course. Amenorrhoea was stable over all

the treatment courses with 89, 88 and 90% in women after courses

2, 3 and 4, respectively.23 Six months follow up in the PEARL-II trial
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showed a sustained effect of ulipristal on fibroid volume after end

of treatment, compared to rapid regrowth of fibroids in the GnRHa-

group.20 Similar results were shown for the African American popula-

tion in the VENUS-II trial. VENUS-II compared ulipristal 5 and 10 mg

with placebo in 2 intermittent 12-week courses. Results showed sig-

nificant improvement of fibroid symptoms in both ulipristal groups,

compared to placebo with symptom severity scores reducing with

−39.8 and −17.0 points from baseline for the ulipristal 5 mg and

placebo groups, respectively. Also, treatment with 5-mg ulipristal

achieved amenorrhoea in 42.0% (97.5% CI 33.3–51.1; P < .001) of the

patients respectively compared to 0% (97.5% CI 0.0–3.8) in the

placebo-treated group.24

Suggestions were made that in case of good response to ulipristal,

surgery might be avoided or postponed in case a patient would wish

to become pregnant first.4,20,25 Although the PEARL and VENUS trials

were well conducted and peer reviewed, several questions remained.

Were the patients from these trials representative of patients seen in

clinical practice? And more importantly, were the appropriate out-

comes evaluated? Also, long-term follow up after discontinuation of

the medication is lacking and no randomized comparisons have been

made for the long-term treatment.26 Currently, at least 1 trial has

started to study the comparison of long-term intermittent treatment

of ulipristal with surgery (MYOMEX-2 trial; Dutch Trial Register num-

ber: NTR6860; NL62638.029.18).27 Despite the lack of long-term or

comparative data, ulipristal quickly gained popularity and was enthusi-

astically welcomed by both patients and their gynaecologists. To

illustrate: in the Netherlands, ulipristal prescriptions increased from

2067 in 2014 to 8023 in 2017.28

1.2 | Safety issues concerning ulipristal acetate

The tide changed on 22 September 2017 (see Figure 1 for full time-

line). A case of fulminant hepatitis led to hepatic transplantation and

was reported to the French medicine agency (Agence Nationale de

Sécurité du Médicament: ANSM). Subsequent investigation suggested

a relation with ulipristal treatment and questions were raised whether

ulipristal could be causing a DILI and lead to severe hepatic injury. As

an outcome of this evaluation, the EMA requested their

Pharmacovigilance Risk Assessment Committee (PRAC) to start an

Article 20 procedure of ulipristal on 30 November 2017.29 This proce-

dure was initiated to evaluate the possible causal relationship

between ulipristal and acute liver injury and its impact on the benefit–

risk balance of ulipristal. During this procedure, another case of fulmi-

nant liver injury requiring liver transplantation was reported. This

patient died from transplantation-related complications and in

February 2018 physicians were recommended to stop prescribing

ulipristal and advised to perform liver function tests (LFTs)—alanine

aminotransferase, aspartate aminotransferase and serum total

bilirubin—after stopping ulipristal.

In May 2018, the Article 20 procedure was completed. During

the PEARL I-IV trials, no signal of hepatic toxicity was identified. In

F IGURE 1 Ulipristal timeline. PRAC, Pharmacovigilance Risk Assessment Committee
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the PEARL-III and IV extension studies employing prolonged drug

treatment consisting of up to 4 12-week treatment courses, sporadic

increases of liver transaminases were seen, but these were never

associated with elevated total bilirubin.19,20,30 The PRAC-report

showed that postmarketing exposure was estimated to be around

765 000 patient prescriptions between registration in 2012 and May

2018, corresponding to approximately 175 000 patient-years. A sea-

rch for cases of hepatic disorders and ulipristal prescriptions in the

Eudravigilance database retrieved 8 cases of severe liver injury with

a possible contributing role of ulipristal and several other cases of

hepatic disorders. Of these cases, 4 patients required liver transplan-

tations, of whom, 1 had a fatal outcome. The PRAC concluded that

ulipristal might have contributed to the development of idiosyncratic

DILI, but that definite conclusions could not be drawn. The PRAC

therefore recommended additional measures to minimize the DILI

risk in women using ulipristal. From that moment onwards, ulipristal

prescriptions were only allowed for long-term intermittent treatment

in women who were not eligible for surgery. Also, LFTs should be

tested before, monthly during and 4 weeks after cessation of

ulipristal treatment.31 Subsequently, this resulted in a 40% drop in

ulipristal use in the EU and Canada from approximately 10 625 pre-

scriptions a month (roughly calculated from 765 000 prescriptions

from February 2012 to February 2018) to 6429 prescriptions a

month between June 2018 and March 2020. In the Netherlands, this

drop was about 70% with 8023 prescriptions in 2017 to 2347 pre-

scriptions in 2018.28 In the UK, a similar drop was seen with

�20 000 prescriptions in 2017, decreasing with >80% to 2865

prescriptions in 2019 (see Figure 2).32–34

As a result of the increased vigilance by the community, a new

case of possible DILI came to the attention of EMA in December

2019, 21 months after the completed article 21 procedure. In this

case, exposure to ulipristal led to acute liver failure, requiring liver

transplantation, making this the fifth known liver transplant case. This

further supported the causal relation between ulipristal and DILI. In

this specific case, the safety precautions had not resulted in preven-

tion of development of severe liver injury and the subsequent liver

transplantation, causing a major safety concern.35 The EMA decided

to initiate an Article 31 Pharmacovigilance Referral of Directive, a

referral that is initiated when the “interest of the EU is involved, fol-

lowing concerns relating to the quality, safety or efficacy of a medi-

cine or class of medicines”.36 During this Referral procedure, all

available information is reviewed, all patients on ulipristal are advised

to stop and required to perform LFTs. As a temporary measure, all the

ulipristal 5 mg medicinal products are suspended of the European

market authorization until a final decision is made.

These findings were supported by a recent publication by Kang

et al.38 They reviewed the postmarketing reports of the Food and

Drug Administration (FDA) of possible DILI with ulipristal use from

France, Germany, Spain, Canada and Portugal up to 31 January 2020.

Their assessment showed the same 9 cases (the ninth case occurred

in December 2019) of possible DILI, of which 5 resulted in a severe

outcome (transplantation and/or death). They assessed severity

F IGURE 2 Ulipristal 5-mg prescriptions in the UK and the Netherlands.28,32–34
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according to the grading of the DILI-Network, the National Institutes

of Health and an FDA expert opinion. This severity was graded 1–5,

with 1 being mild and 5 being fatal and includes liver transplantation

and/or death.37,38 They also assessed causality with the Roussel Uclaf

Causality Assessment Method (RUCAM), which defines likelihood cat-

egories of a causal association of liver injury in 5 different categories

(ranging from <24% being unlikely to >95% being definite). Kang et al.

graded the 5 severe cases as probable likelihood and the remaining

4 cases to have a severity grade 2 and 3 (moderate and moderate to

severe) and a RUCAM causality category of possible (n = 2) or probable

(n = 2).38

1.3 | Evaluation of DILI in the drug authorization
process

A systematic review of 462 medicinal products withdrawn in the post-

marketing phase (1953–2013), found that DILI was the most frequent

cause of drug withdrawal. This makes DILI an important challenge for

the pharmaceutical industry as well as regulatory bodies, because the

hepatotoxic potential is not always clear from the preregistration

Phase I–III trials, as with ulipristal.10

The National Institutes of Health provide an extensive database

on hepatotoxicity: LiverTox, accessible through PubMed and it con-

tains descriptions of >1200 agents, ranging from antibiotics to herbal

products. The LiverTox database provides a summary of DILI fre-

quency known for this agent and a likelihood score. Based upon publi-

shed literature, a categorization of likelihood is made to assess the

association of drugs and DILI. Consequently, this categorization is

more reliable if more literature is available. For example, Category A

likelihood score includes agents for which >50 cases series have been

described that show a well-known, well described cause to direct or

idiosyncratic liver injury.39 If possible, representative and fully

described case reports of hepatotoxicity of the agent are included.

Sometimes insufficient literature data are available to rule out other

sources of liver injury and to properly adjudicate the relationship. Fur-

thermore, publication bias plays an important role. That is, if DILI is

already a known adverse effect, a new case of DILI is not published as

a case report as this is the case for agents such as amoxicillin and

aspirin, which makes it difficult to assess the frequency of hepatotox-

icity of these agents.37

To illustrate the difficulties that surround the evaluations in the

drug authorization process, we will describe examples of several situa-

tions in which DILI did or did not influence the (post-) marketing

phase, which are shown in Table 2. The majority of the agents listed

in LiverTox may still be prescribed, despite documented risk of DILI

and DILI-related fatal outcomes. For example diclofenac, a commonly

used painkiller of the group nonsteroidal anti-inflammatory drugs, has

a category A likelihood score for DILI and an evident risk for fatal DILI

(see also Table 2).

Some drugs have triggered a response from the EMA and were

investigated by the PRAC. As it was for ulipristal initially, these drugs

required a similar LFT screening system. A good example is tolvaptan,

a medicine used for autosomal dominant polycystic kidney disease. In

prior studies, the potential for hepatotoxicity of tolvaptan was cor-

rectly predicted using DILIsym, a quantitative systems toxicology

mathematical model of DILI.40,41 Based on the FDA guidance, the

identification of Hy's law cases indicates that tolvaptan had the

potential to cause hepatic injury capable of progressing to liver failure

in patients with autosomal dominant polycystic kidney disease.42,43

To reduce the DILI risk in patients receiving long-term tolvaptan, fre-

quent monitoring of liver function tests has been recommended by

the FDA.44,45

Because DILI is a frequent reason for drug withdrawals or suspen-

sions in the postmarketing phase, many examples are known.46

Agents can be retracted: (i) during registration trials due to clinically

apparent DILI; (ii) during the assessment of marketing authorization;

or (iii) after marketing authorization. Marketing authorization can be

revoked by the regulatory bodies or by the pharmaceutical manufac-

turer. For example, sitaxentan is authorized in the EU for the treat-

ment of pulmonary arterial hypertension, which is incurable and

therapy is aimed to slow the progression or improve symptoms.

Sitaxentan was known to cause DILI and additional safety LFTs had to

be performed during treatment. Nevertheless, postmarketing experi-

ence showed 4 cases of fatal liver injury and 1 case of liver transplan-

tation among 2000 treated patients (1:500). In this case, the

regulatory bodies decided that the benefits of sitaxentan outweighed

the risks of DILI, but the pharmaceutical manufacturer deemed that

the DILI risk was too high.47–49

1.4 | Ulipristal and risk of DILI

Current numbers indicate that the risk for severe or fatal DILI is low

for ulipristal, with 8 cases of severe liver injury out of 900 000 pre-

scriptions, 5 of which led to liver transplantation and 1 to a fatal out-

come.7 In the current available information of the PRAC assessment

in the article 31 procedure, from 1 March 2018 to 8 December 2019,

91 cases (including 6 nonvalid cases) were reported with possible seri-

ous adverse effects within the hepatic disorder spectrum. However,

only 8 cases included sufficient or partially sufficient information for

causality assessment and only in 5 cases with either sufficient or par-

tially sufficient information did a causal relationship with ulipristal use

seem possible (see also Figure 3).50 If we look at the DILI Network

likelihood scores, ulipristal could be described as category C: “The
drug is probably linked to idiosyncratic liver injury, but has been

reported uncommonly and no characteristic signature has been identi-

fied; the number of identified cases is less than 12 without significant

case series”.37 Björnsson et al. state that if there are <12 cases

described, it is unclear whether there is an actual hepatotoxic relation.

Of the drugs that are classified as category C, some agents did not

even have documented fatal liver reactions or reports about a

dechallenge–rechallenge test. As for ulipristal, these drugs lack well-

documented hepatotoxicity but DILI with their use also cannot be

excluded. These category C agents have in common that the cases are

generally poorly documented, have no complete assessment and have
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probable concomitant use of other medication, which makes it diffi-

cult to prove causality.51

Although it is likely that there are more cases of mild or moderate

DILI (elevated LFTs below or meeting Hy's law) with ulipristal use, the

known risk for severe DILI is currently 1.5/100 000 and 0.1/100.000

for fatal DILI. Based on prospective studies from Iceland and France,

overall DILI incidence in inhabitants is about 14–19/100 000.16,52 If

Hy's law is met, about 10% of these DILI cases have a chance to pro-

gress towards liver failure and would consequentially be in need of

liver transplantation (Table 1).53,54 This would correspond with

1.4–1.9/100 000 in medication users in general, which is comparable

to the current known risk of liver transplantation in ulipristal users.

By contrast, Björnsson et al.16 conducted a prospective study

from 2010–2011 in 96 patients with a diagnosed DILI. This study

defined DILI as alanine aminotransferase >3× upper limit of normal

and alkaline phosphatase >2× upper limit of normal. They presented

the cases of diagnosed DILI resulting in different proportions per

100 000 patients, with e.g. amoxicillin–clavulanic acid DILI occurred

in 1:2350 patients, giving a proportion of 43:100 000 patients (95%

CI: 24–70).16 As can be seen in Figure 3, several other drugs were

studied by Björnsson et al., showing different proportions of DILI risk.

These drugs are prescribed for both acute and chronic diseases, for

short-term (nitrofurantoin, amoxicillin–clavulanic acid, diclofenac),

intermittently (infliximab) and long-term therapies (e.g. atorvastatin,

azathioprine). Moreover, all these drugs have alternative (pharmaceu-

tical) treatment options, which is not the case with ulipristal. If we

assume that all the above mentioned 91 cases are in fact DILI related

to ulipristal and that we are facing a true causal relationship, incidence

of DILI is still comparable or lower than many drugs that are currently

still available and do not need additional LFTs (see Figure 3).

Supposing that this is correct, we should have a look at the risks

for patients when ulipristal is no longer available, thus when they

choose alternative treatments. Therefore, the next question is: what

alternatives do patients have when ulipristal is no longer available and

how risky are these alternatives?

1.5 | Alternative therapy for symptomatic uterine
fibroids

Ulipristal is prescribed for moderate to severe symptoms caused by

uterine fibroids as a pretreatment before surgery or as a long-term

intermittent treatment. Mild symptoms are not treated with ulipristal,

but can be controlled with conservative therapies such as combined

oral contraceptives, progestogens alone or tranexamic acid. Alterna-

tive to ulipristal as a pretreatment is GnRHas, alternative to the long-

term treatment is surgery: hysterectomy, myomectomy or UAE.

1.6 | Ulipristal as pretreatment

As shown in PEARL-II, GnRHa seems to have better fibroid and uterus

volume reduction effects compared to ulipristal and similar effects on

bleeding reduction and QoL. However, PEARL-II showed a more

F IGURE 3 Semilogarithmic plot of diagnosed drug-induced liver injury (DILI) per 100 000 treated patients for different agents. Adapted from
Björnsson et al., study conducted in 2010–2011.16 Ulipristal numbers are derived from Pharmacovigilance Risk Assessment Committee
assessment report from 1 March 2018 to 8 December 2019.50

2690 MIDDELKOOP ET AL.

https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=10917
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5004
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2949
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=7120
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6573


sustained effect on the volume of the 3 largest uterine fibroids and

uterine. At week 38 of follow-up (treatment up to 12 weeks, cessation

for 26 weeks), the change from baseline (CFB) for the 3 largest

fibroids was −44.8% (IQR −75.1 to −12.0) compared to −16.5%

(IQR −41.1 to 19.3) and −21.8% (IQR −37.7 to −5.6) compared to

−11.1% (IQR −22.9 to −1.0) for the uterine volumes in the ulipristal

and GnRHa-groups respectively.20,55 De Milliano et al. showed that

pretreatment with GnRHa was more favourable than ulipristal in

terms of fibroid volume reduction, intraoperative blood loss,

haemoglobin decrease directly postoperatively, suturing time of the

first fibroid and several subjective surgical ease parameters. However,

this study was underpowered, so these results should be interpreted

with caution.56 Table 3 shows a summary of the different advantages

and limitations of both pretreatments.

Based on the above, efficacy of ulipristal is not convincingly supe-

rior to GnRHa. Thus, GnRHa seems to be a good (and maybe superior)

alternative to ulipristal when it comes to pretreatment. The safety

issues with ulipristal may consequently weigh GnRHa to be the

favourable treatment when it comes to pretreatment before surgery.

Since long-term treatment with GnRHa is correlated to an increased

risk of osteoporosis and cardiovascular symptoms, they are mostly

only prescribed for 6 months. Moreover, after discontinuation,

fibroids grow back to their original size within several weeks. Conse-

quently, GnRHa treatment needs to be continued until menopause,

which is seldom done. Therefore, GnRHa is not an optimal alternative

compared to long-term treatment with ulipristal.

1.7 | Surgical alternatives for ulipristal

Moderate to severe symptoms are usually treated with surgical inter-

ventions. Hysterectomy is the most definite treatment, with absolute

certainty that fibroids will not recur and related complaints will sub-

side. When uterus preservation is desired, myomectomy or UAE are

other alternatives. However, these procedures are not without risks:

they can cause severe morbidity and even mortality. An overview of

the different procedures compared to ulipristal is given in Table 4. A

Cochrane review that analysed the surgical approaches of hysterec-

tomy for benign indications, reported that complications occur

whatever the type of surgery.57 Severe complications can occur in

1:100 patients during and after surgery, such as haemorrhage,

vesicoperitoneal fistula, ureteral injury, rectal perforation or

fistula.58–60 Altman et al., reported that hysterectomy for benign indi-

cations, independent of surgical technique, increases the risk for sub-

sequent stress-urinary-incontinence surgery (hazard ratio 2.4; 95%

confidence interval 2.3–3.5).61 A large case series of 664 229 women

from the USA reports an overall mortality rate of 0.17% (1:588

women) associated to abdominal hysterectomy in the years

TABLE 1 Drug-induced liver injury (DILI) explained: classification, definition according to Hy's law and gradation

DILI classification8

Intrinsic Dose dependent and predictable (e.g. paracetamol)

Idiosyncratic Unexpected hepatotoxic reaction in a small population exposed to the agent

Hy's law, based on 3 components9 Definition

1 Hepatocellular injury Elevation of ≥3 times the ULN of: ALT and AST

2 Elevation of serum TB without findings of cholestasis Elevation of serum TB ≥ 2 times the ULN

3 No other cause found for increased aminotransferases Possible other causes: Viral hepatitis; alcohol abuses

European Medicine Agency cut-off values: Combination of component 1 and 2.10 - ALT/AST ≥3 times ULN

- TB ≥2 times the ULN

DILI-network grading scales8

1 Mild - elevated ALT and/or AST

- but TB below Hy's law and INR < 1.5

2 Moderate - all LFTs meeting Hy's law

- or INR ≥ 1.5

3 Moderate–severe - LFTs meeting Hy's law

- hospitalization or ongoing hospitalization prolonged due to DILI

4 Severe* LFTs meeting Hy's law and at least 1 of the following criteria:

- hepatic failure (INR > 1.5, ascites or encephalopathy)

- other organ failure due to DILI

5 Fatal* Death or liver transplantation due to DILI

In most fatal cases, ALT and AST were 8–100× ULN9

Hy's law criteria are thought to indicate severe hepatocellular injury that is associated with at least 10% chance of severe liver failure and/or need for liver

transplantation.53,54

*The DILI Network combines death and the need for liver transplantation in the fatal definition, which are identified separately in this paper as severe (in

need of liver transplantation) and fatal (death).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, international normalized ratio; LFT, liver function tests; TB, total bilirubin; ULN,

upper limit of normal
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1998–2010. In that series, several complications were also

registered.62

In Germany, the national analysis of external hospital care quality

assurance data for Gynaecological Operations evaluated intra- and

postoperative complication rates of 103 232 hysterectomies per-

formed for benign indications in 2012. In these data, the total compli-

cation rate was 1:19 and by calculation, the rate of death in 2012 was

27.1/100 000 hysterectomies for benign indications (1:3700

women).63 More recently, the Programme de médicalisation des systems

d'information, performed a survey in France from 2006–2015, under

109.884 women who had a surgical intervention due to abnormal

uterine bleeding. Of these women, 21% had a hysterectomy and 7.9%

(1:13 patients) experienced severe complications in the 60-month

follow-up period.64

Although myomectomy and UAE both preserve the uterus, they

have an inherent complication risk and can cause subfertility.

Presence of uterine scars after myomectomy forms a significant risk

for developing postsurgical adhesions and increases the risk of uterine

rupture during future pregnancies.4,20 UAE induces ischaemic necrosis

of the fibroids and presents a good treatment option for women with

TABLE 2 Several drugs and their evaluation in relation to marketing authorization and their potential to induce DILI

Drug name Indication DILI-risks described in literature Marketing authorization

Diclofenac Anti-inflammatory pain medication Livertox37:

- 1-5 cases/100 000 prescriptions

- Likelihood score A

Björnsson et al.: Review of Swedish cases

from 1966–200277:
- out of the 4687 DILI reports, 103 cases

were fatal.

- 3.8% caused by diclofenac

De Valle et al.: Retrospective study in

Sweden from 1995–200514:
- 1164 liver disease cases; 77 due to DILI

- 18.2% caused by diclofenac.

Authorized

Widely used painkiller, although many

same-class drugs are available.

Tolvaptan Long-term intermittent treatment for

autosomal dominant polycystic kidney

disease

TEMPO 3:4 registration trial; 961

participating patients41:

- 1.5% discontinued due to liver

dysfunction

- 4.5% showed a clinically significant

increase in aminotransferases

- 0.9% showed an increase in bilirubin

levels

- 0% of acute liver failure

All cases showed resolution in LFTs after

tolvaptan discontinuation

Postmarketing studies42,43:

- b1 case of acute liver failure, requiring

transplantation

Authorized with restrictions:

Risk evaluation and mitigation strategy

with frequent LFT:

- 2 and 4 weeks after start

- monthly in first 18 months

- thereafter every 3 months

Sitaxentan Endothelin receptor antagonist that had

been authorized in the European Union

for the treatment of PAH

PAH is incurable; therapy is aimed at

slowing the progression or improve

symptoms

Regulatory bodies, after registration

trials47,48,50:

- known DILI risk; therefore, additional

safety LFTs were performed during

treatment

Postmarketing, 2000 treated patients49:

- 4 cases of fatal liver injury

- 1 case of liver transplantation

Cases are thought to be causally related to

sitaxentan and did not resolve after

discontinuation

Authorized by regulatory bodies

Withdrawn by pharmaceutical

manufacturer

Ulipristal Selective progesterone receptor

modulator for treatment of uterine

fibroids

Sole pharmaceutical treatment for long-

term intermittent use

Registration trials; PEARL I-IV19,20,23,30:

- no hepatic toxicity was identified

Postmarketing, 900 000 prescriptions:

- 91 possible adverse effects in the hepatic

disorder spectrum

- including 8 reported cases of severe liver

injury

5 resulted in liver transplantation

1 fatal outcome

Ulipristal 5 mg tablets are suspended from

marketing authorization until a final

decision is made by the European

Commission.

DILI: drug-induced liver injury; LFT: liver function test; PAH, pulmonary arterial hypertension.
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fibroids. However, premature ovarian failure can occur, sometimes

resulting in early menopause and this strategy is therefore not a good

alternative in women who want to preserve their fertility. Studies

show that patients who underwent UAE need repeat UAE, additional

surgery to solve complications and treatment failure leads to second-

ary hysterectomy in up to 35% of cases.65–68 Also, death has been

reported in a number of cases after UAE due to e.g. infection or pul-

monary embolism.69,70 Recent published outcomes from a

randomized–controlled trial from Manyonda et al.71 compare UAE

with myomectomy and find that irrespective of the assigned proce-

dure, complications occur. These complications included both severe

perioperative, pre- and postdischarge complications such as major

haemorrhage and infections.71

2 | DISCUSSION

In this paper, we deliberate on current developments around

ulipristal, a selective progesterone receptor modulator that can be

prescribed as a pretreatment and intermittent long-term treatment

for symptomatic uterine fibroids. We found that there have been

over 900 000 ulipristal prescriptions since 2012, with 8 reported

cases of severe liver injury, 5 liver transplantations and 1 fatal out-

come. Although it is likely that there are more cases of liver injury

or elevated liver transaminases (not requiring liver transplantation)

with ulipristal use, the current known risk for severe DILI is

1.5/100 000 and the known mortality risk is 0.1/100 000. This risk

estimation is supported by the recent published evaluation of Kang

et al.38 In comparison to this, overall DILI incidence is reported to

be 14–19 cases per 100 000 patients in EU and the USA, and

severe liver failure or need for transplantation generally occurs in

10% of those cases if Hy's law is met.16,52,53 These numbers sug-

gest that the risk of a liver transplantation in this ulipristal treated

population is actually corresponding with the general risk on devel-

oping DILI with medicine use. Also, DILI risk with e.g. diclofenac use

is higher than with ulipristal. Nevertheless, ulipristal is currently

suspended from marketing authorization to further evaluate if there

is a causal risk for DILI.

How should we interpret this DILI risk? It should be consid-

ered that ulipristal has a favourable effect on a major

gynaecological problem. It offers women with a benign diagnosis

that significantly impacts QoL a conservative long-term treatment

option. Alternatively, pretreatment can be done with a GnRHa and

the gold standard long-term alternative is hysterectomy. GnRHa as

pretreatment might be superior to ulipristal, but is no optimal alter-

native for long-term treatment because of bone mineral density

loss and increased risk of heart and vessel disease when prescribed

for longer than 6 months. Hysterectomy is a final and invasive

treatment option, but with a disproportionately greater chance of

both short- and long-term minor and major complications than the

current observed DILI risk of ulipristal. If we take the German

study as an example study for the EU, in 2012 the rate of death

was 27.1 per 100 000 hysterectomies for benign indications

(i.e. 1:3700 women).63 To put this into perspective: if 1 patient

dies in 900 000 prescriptions of ulipristal and 1:3700 women dies

after a hysterectomy, that would mean that if all of these 900 000

women would have undergone a hysterectomy, 243 women would

have died. Of course, it is questionable if these numbers can be

extrapolated this way, but a higher mortality and morbidity after

surgery seems apparent in comparison to ulipristal treatment and

TABLE 3 Clinical comparison of ulipristal treatment and GnRHa treatment for controlling symptoms of uterine fibroids while awaiting surgical
treatment.20,56

Therapy Advantages Limitations Mild morbidity

Ulipristal acetate

12 week

treatment

course

Compared to GnRHa20:

- similar reduction of menstrual

bleeding

- similar improved QoL

- similar fibroid volume reduction

- more sustained effect at long term

follow up on fibroid/uterus volume

with −45%/−22% compared to

−17%/−11% for ulipristal and GnRHa

respectively

- less (11%) hot flushes

Frequent LFT

PEARL trials: Fibroid reducing effect, in

population with relatively small

uterine fibroids

Compared to GnRHa:

Less (20%) uterus volume reduction

Reversible endometrial changes

Possible chance for mild/moderate DILI

GnRHa

12 weeks to

6 months

Compared to ulipristal:

- similar reduction of menstrual

bleeding

- similar improved QoL

- similar fibroid volume reduction

- Favourable surgical parameters: Intra-

operative blood loss, suturing time

and several subjective surgical ease

parameters

- more (47%) uterus volume reduction

Long-term treatment correlated with

increased risk of osteoporosis and

cardiovascular symptoms

Compared to ulipristal:

- more (40%) hot flushes

- chance on fibroid size regrowth

Add-back therapy possible to reduce

the risk for osteoporosis and hot

flushes

GnRHa: gonadotropin releasing hormone agonists; QoL: quality of life; LFT: liver function test; DILI: drug-induced liver injury.
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needs to be considered when future use of ulipristal is questioned

and investigated by the EMA.

Long-term treatment would even become more favourable if we

could reduce the risk for severe DILI with frequent monitoring with

LFTs or increase the chance to detect mild DILI in an early stage. This

also means it should be accepted that occasionally this testing will

show enhanced liver transaminases or mild DILI, after which ulipristal

treatment can be stopped if the LFTs increase or reach Hy's criteria to

prevent the development to severe DILI and liver transplantation. It

can even be proposed to upscale the LFTs as a part of a risk evalua-

tion and mitigation strategy comparable to tolvaptan use. So, to per-

form LFTs 2 and 4 weeks after start of treatment and monthly

thereafter as the total treatment duration of 4 intermittent courses is

18 months. However, Kang et al. state that frequent and sustained

LFTs are associated with high healthcare costs and that a liver moni-

toring programme is unlikely to succeed. They also suggest that the

impact of an LFT programme would be small and the burden of imple-

mentation could be substantial.38 Although the risk of DILI and/or

liver transplantation is serious, the alternative surgical treatments

seem to have a higher risk of severe morbidity and mortality than

ulipristal treatment.

The complications of this risk–benefit balance are shown by

the outcomes of the Referral procedure. In September 2020, the

PRAC formulated advice to withdraw ulipristal 5 mg from market-

ing authorization in the EU. However, the EMA's Committee for

Medicinal Products for Human Use (CHMP), advised differently on

13 November. They concluded from the PRAC report that ulipristal

should not be indicated as short-term pretreatment anymore, but

they do not advise to withdraw the authorization of long-term

treatment with ulipristal. Although they endorse the PRAC assess-

ment of ulipristal's possible risk on DILI, they consider that the

benefits of ulipristal treatment may outweigh the risks in women

who are not suitable for surgical treatment or in whom surgery has

failed. It is uncertain which patients are meant by not suitable for

surgical treatment, but we interpret this as a strong advice not to

prescribe ulipristal in general and eligible patients will be a highly

selected group. Ulipristal will stay suspended of the European mar-

ket authorization until a final decision by the European Commission

is made.72 Eventually, if ulipristal is not banned from the market,

more DILI might occur. However, if ulipristal is banned, a far higher

incidence of mortality and morbidity will occur because of increas-

ing numbers of alternative surgery. In a time where shared decision

making is advocated, risks and benefits of all treatment options

should be shared with patients.

3 | CONCLUSION

Symptomatic fibroids are very common in women of reproductive

age. Ulipristal had the potential of being a good alternative for sur-

gery, considering its positive and sustained effect on fibroid size

reduction and fibroid related symptoms in combination with minimal

side-effects. However, ulipristal may be associated with DILI resulting

in a risk of severe liver injury in 1.5:100 000 patients and fatal liver

injury in 0.1:100 000 patients. This needs to be weighed against the

higher risk on major risks with mortality of up to >1:1000 and an even

higher incidence of severe complications after surgical alternatives.

Also, the DILI risk is considerably lower than the risk on severe DILI of

other medicines such as several antibiotics and nonsteroidal anti-

inflammatory drugs that are not suspended, nor need additional LFTs.

When evaluating drugs and drug safety, risks that apply to the alterna-

tive nonpharmacological treatment options should be taken into con-

sideration. However, this requires a proper counselling of patients

concerning pros and cons of all alternatives and thus also education of

clinicians.

3.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, and

are permanently archived in the Concise Guide to PHARMACOLOGY

2019/20.73–76
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