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Abstract

Introduction The analgesic metamizole, which has been withdrawn from the market in several countries due to the risk
of agranulocytosis but is still available on the market in Germany and some other countries, has been associated with liver
injury in published case reports; however, epidemiological studies on the risk of liver injury are limited.

Objective The aim of this study was to compare the risk of liver injury up to 270 days after the first start of treatment with
metamizole with the corresponding risk in patients starting treatment with paracetamol, using a retrospective cohort incident
user design.

Methods The first prescription for either metamizole or paracetamol in the Intercontinental Medical Statistics (IMS)®
Disease Analyzer Germany database during the study period (2009-2018) was identified in patients with at least 365 days
of observation and no prior diagnosis of liver events, cancer or HIV, or treatment within the last 6 months with hepatotoxic
drugs typically administered for chronic conditions. Each patient was followed for specific liver events for 90 days after the
prescription. In case of a new prescription within 90 days, a new 90-day observation period started, up to a maximum of 270
days. Cox regression was used to compare the risk of liver injury in the two groups.

Results Metamizole was associated with a higher risk of liver injury compared with paracetamol (adjusted hazard ratio
1.69, 95% confidence interval 1.46—1.97). Sensitivity analyses were performed to evaluate the robustness of these findings.
In all the sensitivity analyses, metamizole was still associated with a higher risk of liver injury, including an analysis where
naproxen was used as a comparator instead of paracetamol.

Conclusions Results from this study support previous studies suggesting that metamizole is associated with a significant
risk of liver injury. Nevertheless, a possible impact of residual confounding cannot be excluded.

1 Introduction

Key Points
Metamizole (or dipyrone) is a non-addictive analgesic with
analgesic, antipyretic and spasmolytic effects that was intro-
duced in Germany in 1922. Due to the risk of agranulo-
cytosis, metamizole has been withdrawn from the market

Only limited data exist on the comparative risk of liver
injury with metamizole. No previous studies have
focused on first-ever users of metamizole.

in several countries but remains available in some coun- This study aimed to compare the risk of liver injury with

tries, including Germany. It is indicated for severe acute metamizole versus paracetamol up to 270 days after first
initiation of treatment in patients with no history of liver
disease.
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karin.hedenmalm @ema.curopa.eu An increased risk of liver injury that remained significant

in sensitivity analyses was identified in patients start-
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metamizole has a potential for liver toxicity, although an
impact of residual confounding on the study results can-
not be excluded.
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and chronic pain and also for fever that is not responding to
other treatments [1].

Metamizole is extensively hepatically metabolized [2—4].
Severe metamizole intoxication can be associated with liver
cell necrosis [4, 5]. Liver injury in the context of overdose
may be accompanied by renal failure [4, 6]. Furthermore,
liver injury in combination with renal failure has also been
reported in the absence of overdose but with concomitant
paracetamol treatment [7].

In recent years, it has become increasingly recognized
that metamizole can also be hepatotoxic [8, 9] at normal
doses and in the absence of concomitant hepatotoxic treat-
ment, based on published case reports and case series with
drug-induced liver injury (DILI) following treatment with
metamizole [4, 9—15] (for an overview of published cases,
please see Table 1). Four patients have required liver trans-
plantation [9, 14, 15]. Reported Roussel Uclaf Causality
Assessment Method (RUCAM) scores, where reported,
have varied between 3 and 11 [9, 12, 14, 15], with at least
13 cases considered to have a probable or highly probable
causal relationship to metamizole (RUCAM score >6). A
positive rechallenge was recorded in nine patients [9, 13,
15]. Some 18 cases have also been supported by a positive
monocyte-derived hepatocyte-like (MH) cell test result [9,
13], which, in patients with DILI and a positive rechallenge,
has been shown to have a sensitivity of 92% and a specificity
of 100% for the causative agent [13]. Positive lymphocyte
transformation test (LTT) results suggestive of an immune-
mediated reaction were found in a few further cases [10, 11,
14], although none of the above tests (the MH cell test or
the LTT) have been approved as biomarkers for DILI [16]
and RUCAM remains the most widely used method to assess
causality [17]. Hence, there is growing evidence that meta-
mizole can cause DILI, and it has now been proposed that
metamizole qualifies as a medicine with definite hepatotoxic
potential [9].

In the context of the review of cases of DILI reported
in association with metamizole by regulatory authorities in
Europe, collection of additional data on a possible causal
association between metamizole and DILI was considered
necessary. As metamizole is not available on the mar-
ket in all EU countries, the study was undertaken in Ger-
many where metamizole is still prescribed. A protocol for
the study was published on the EU-PAS register (EUPAS
31864) prior to undertaking the study.

There is limited evidence from clinical trials [4] and epi-
demiological studies [12, 18] supporting or refuting an asso-
ciation between metamizole and DILI. A case-control study
of patients hospitalized with acute liver injury in Barcelona
evaluated drug consumption within 15 or 30 days, depending
on whether the reaction was hepatocellular or cholestatic/
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mixed, by interviewing patients and comparing this infor-
mation with drug consumption data in the population [18].
This study found a relative risk of 3.1 for metamizole with a
99% confidence interval (CI) of 0.4—11.4. The 95% CI was
not provided. Another case-control study from Germany,
the Berlin Case-Control Surveillance Study [12], found a
positive association of metamizole with liver injury in out-
patients (odds ratio [OR] 5.2, 95% CI 2.0-13.4). The cases
were identified from a range of hospital admissions, while
the controls were selected from the same hospitals having an
extensive list of possible control diseases. The same study
showed no significant association between metamizole and
DILI in inpatients (OR 1.0; 95% CI 0.4-2.2) [12], however
drug consumption patterns differ between outpatients and
inpatients and treatment duration was not taken into account.

The aim of this study was to further investigate the asso-
ciation between metamizole and an increased risk of hepatic
injury. We chose an incident user design with active com-
parator to allow for a comparison between patients who were
similar regarding indication and decision to start treatment.
Paracetamol was considered appropriate as a comparator
because of its similar use for treatment of both fever and
pain, and low risk of hepatotoxicity when used as recom-
mended [19], although it was not the specific aim of the
study to investigate if metamizole is more hepatotoxic than
paracetamol, e.g. at equipotent doses.

Paracetamol is associated with predictable intrinsic liver
injury [19-21] at repeated or slightly excessive doses [19,
22-27], caused by a reactive toxic metabolite [19, 21, 28] in
the presence of insufficient glutathione [29]. Due to limited
distance between dose response curves for liver injury rela-
tive to desired effects [30, 31], this is seen as a pharmaco-
logical effect. On the other hand, idiosyncratic liver injury
involves the adaptive immune system [32—-34]. Nevertheless,
liver injury with paracetamol is still incompletely under-
stood. Whereas repeated exposure can lead to liver adapta-
tion and reduced risk of liver injury [35], subacute exposure
might increase the risk of liver injury [36]. In exceptional
cases, paracetamol has been suspected of inducing idiosyn-
cratic or allergic hepatitis [37, 38].

It could be argued that metamizole has more restricted
indications than paracetamol; however, metamizole is exten-
sively prescribed by GPs in Germany, its use has increased
by around 80% during the last decade, and a large proportion
of use is believed to be outside of the restricted indications
[39].

Due to a suspected immunological mechanism of liver
injury, and in order to avoid depletion of susceptibles [40],
it was considered important to study the first-ever expo-
sure to metamizole in the database rather than any incident
exposure.



975

Metamizole and Liver Injury

syuanjed Inoj ur d[qrssod pPaIapISU0D sem A)I[esne)) “[OZIWERIOUW )M JUSWIEI) PAATAI pey sjuened I €7 Jo [810) V,

rewrou jo jrwi] Joddn A7) ‘POYISIA JUSWISSASSY AJI[esne)) Je[on) [ossnoy Ny ‘poriodarjou yN ‘orqedridde jou vy ‘oyI1[-91K003eday paALIop-ajkoouowt

4591 uonewojsuen 9kooydwAy 7,777 ‘osepndadsuen [Awrein[3-A 1H-4 ‘Kinfur 10A1] paonpur-3nip j77( ‘Oseldjsuenourwe deyedse gy ‘Oserojsuenoure auiuee 77y ‘osejeydsoyd aureyre J7v

FENh)
I1e ur aAnIsod sem 1s9) [[90 HIA

AN

oozrwejow 03 danisod 11T

sased ITIA
yS1o ur aanisod sem 153} [0 HIN

AN

$JI[OqEIdW 1Y}
pue ojozrwejow 03 aAnisod 1,177

skep z€e

Jo porrad & SuLIp SUOISEI0 ALY

Jo 9a1y) uo ounikdnueourwe-f
1joqerow Ay) 03 aanisod 1T

(L uerpaw) 11—

11

AN

53

AN

AN

skep 7g uerpojy

*SYO9M  URIPIA

syjuow g

juoned auo ur skep 7|

AN

asop

9[3UIS ® I9)J8 PALINOJ0 UOTIRY
IOI[IED SIEAK 7 Q[OZIWEIOW YIIm
Juouneal], “Awo3odIsAo9[0yd
I19}Je 9[oZIWe)ow 0} aInsodxa-o1

JO U 7 UIIIM PALINId0 UOTIORIY

J[nsax aanIsod e Im ‘o3u9|
-[eyda1 Juamiopun syuaned Inoq

Knfur
JIOAT] JO 90URLINDAT AQ PAMOT[O]
SeM [oIyMm ‘9[oZIuejduw o)
pasodxa-a1 a1om sjuaned moq
JUQUIIEAT) PIOIISOONI0D puR
Q[OZIWE)AW JO UOTIENUTUOISIP
Surmoy[oj pasoxdwr aInjrej JoAI[
Qouarradxa jou pIp oym syuaned

s1ojourered

JIOAI] JO uonezIfeuriou Aq

Pamoroj sem yorym ‘juedsuen
JOAI] POATRdRI JUaNed "VN

jinsa1 oanIsod e yim 93u9[
-[eyoa1 Juamiopun juaned suQ

AN

QSua[[eyoaI ON “JUSW)EIN
PIOI9)SODILI0D pue uonenun
-uodsIp Ioyye pasoidwr uonoey

QSuayeyoe1 ON “uonenun
-uodsIp Ioyje pasoidwr uonoeay

uon
-ejuejdsuen 10A1] pasmbar pue
aIn[rey I9A1] 9)nde padooaap
juoned auQ T1IQ Jo urened rey
-ny[eoojeday € pey syuaned SO

S9SBD JO %/ 1
ur O1e)SIAOYD PUB 97 Ul PAXIW
‘%19 ul Ie[nyaooleday sem
I'11d jo urened [esrwoydolq
Ay, 'syuened ¢ ur suonenyur
onkooydwA] yiim uonewweyuL
IOAI] 9I9AS 0} JLIIPOU PAMOYS
yorym ‘syuened /1 ur powrroyrad
sem Asdoiq 10A1T "uonejuerd
-sueJ) JOAI[ Ul Sunnsar aInjrey

10AT] padofaaap syuaned omy,

saIqYy
urnonar Jo asdef[od 219A3s pue
SISOIOQU QAIssew Je[nqojued
asnyyIp ym snneday Anoe
pamoys Asdorq 101 "uonejuerd
-suer) ur Surnsal AInjrej 1A

NTIN XTI TV IO NTIN X T<
uiqniriq pue N0 X €< LSV
Jo/pue NI X 6< LTV WA I'TId

“Ip/3w < urqnuiyiq
[8101.10 NIl X €< LSV 10 1TV
SISOIOQU JUINPUOD
Ie[nuaALiad pue uonenyur
onkooydwA| :Asdorq 1oA1]
‘suneday] oneIsa[oYd ‘ewAYIURXY

15-Apue g1v
‘LSV/LTV POsea1out ‘sniajof

01

£

4

[6] 020T ‘oM

[S11 020T *9p0gas

[¥1] 610T ‘Testy

[€1] 810T *o1sausg

[z1] S10T *somoq

[11]1 200z ‘Sop1oH

[01] 8861 ‘uuewIopag

wisIueyOowW Jo Sunsay,

QI03S INVONY

Q[oZIuwe)oW Jo uoneIn g

J3udqreydar ‘93udfreydeg

uonoeyY

$ased [T[( 9[0Z
-TWE)OUW JO "ON

uoneoriqnd jo 1ok ‘royIne urejy

d[ozrwrejowr 10y KInfur IAT] paonpur-Snip Jo sar1as ased pue sjrodar ased paysiqng | djqeL

A\ Adis



976

K. Hedenmalm et al.

2 Methods
2.1 Study Design

This study was conducted using a comparative incident user
cohort design.

2.2 Setting

2.2.1 Study Period

The study period was from January 2009 to December 2018.
2.2.2 Database

This study used the Intercontinental Medical Statistics
(IMS)® Disease Analyzer Germany database, version June
2019, which has collected computerized information from
specialized and general primary care practices through-
out Germany since 1992, as metamizole is available and
prescribed in Germany. General practitioners (GPs) were
identified as the main prescriber category for metamizole
in the database, and the study was therefore restricted to
GP practices. Data from IMS® Disease Analyzer Germany
has been shown to be representative of German healthcare
statistics [41, 42]. Apart from an underrepresentation of
young children, GP practices in IMS® Disease Analyzer
Germany are broadly representative of the German popula-
tion in terms of sex, age and geographic region. IMS® Dis-
ease Analyzer Germany uses WHO International Classifi-
cation of Diseases, Tenth Revision (ICD-10) codes for the
coding of diagnoses, and European Pharmaceutical Market
Research Association (EphMRA) Anatomical Therapeutic
Chemical (ATC) codes and names of active substances
(ingredients) for the coding of medicines.

2.2.3 Exposure

Patients were followed for 90 days after their first prescrip-
tion for metamizole or paracetamol. A risk window of 90
days was chosen to allow sufficient time for an immuno-
logical response to develop and be recorded in the data-
base, considering that this involves time for the patient to
seek health care for symptoms, time for diagnostic work-
up, and, in case of a diagnosis received in secondary care,
time for the patient to transfer the diagnosis to primary
care at the next visit, in which case the diagnosis date
would be provided as the date of the visit rather than the
date of occurrence of the diagnosis. The usual treatment
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duration for a prescription was only around 7-14 days. If
the patient started treatment on the same day, this would
include around 2'2 months after treatment discontinuation.
DILI is more likely during treatment and up to 1 month
after treatment discontinuation [43, 44], although some
drugs are known to cause delayed liver injury that can
arise more than 30 days after stopping treatment [9, 14,
15]. We included this extra time to increase the likelihood
that any DILI that occurred in the patients would also be
recorded by the GP.

In case of a new prescription during the 90-day risk win-
dow, a new follow-up period of 90 days started. Further pre-
scriptions were then identified up to 180 days after the first
prescription, resulting in a maximum follow-up time of 270
days for each patient. This total maximum length of follow-
up was considered sufficient in order to observe potential
immunological or hypersensitivity reactions that tend to
occur within weeks to months after treatment initiation [45,
46]. RUCAM assigns a higher score (42 vs. +1) for reac-
tions that occur within 5-90 days, as opposed to more than
90 days after the start of treatment [44]. In reported DILI
cases with metamizole, the reported median time to diagno-
sis has varied between 1 month [15] and 52 days [9], with
one case resulting in liver transplantation occurring after
2 months of treatment [14]. However, a longer time win-
dow seemed appropriate in this study considering possible
occasional symptomatic rather than continuous treatment.

2.2.4 Follow-Up

Patients were followed up for 90 days after each pre-
scription, up to a maximum of 270 days after their first
prescription. Follow-up ended earlier in case of switch-
ing to the other treatment group (start of treatment with
paracetamol in a patient in the metamizole group, or vice
versa), start of treatment with a medicine that excluded
the patient from participation in the study, an outcome
event, or the end of observation.

2.3 Participants

No restrictions were applied in terms of sex or age.
Patients were considered observable between the date of
the first consultation and the date of the last consultation
in the practice and were required to have at least 365
days of observation in the database prior to their first
use of either metamizole or paracetamol [47]. Patients
were excluded if they received a first prescription for both
metamizole and paracetamol on the same day, or if the
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first prescription related to a multi-ingredient product,
due to the possibility that other ingredients could have a
hepatotoxic effect, which could bias the results in unpre-
dictable ways. The exclusion of multi-ingredient products
had no impact on metamizole as fewer than 10 patients
were prescribed a multi-ingredient product containing
metamizole during the study period.

Patients were excluded from the study if they had
a history of cancer (ICD-10 codes C00-C97), HIV
(ICD-10 codes B20-B24), viral hepatitis (ICD-10 codes
B15-B19), liver disease (ICD-10 codes K70-K77) or
Budd—Chiari syndrome (ICD-10 code 182.0). Patients
were also excluded from the study if they had received
treatment with medicines that are taken as chronic treat-
ment or for treatment of cancer that have a high risk of
hepatotoxicity (likelihood A and B, corresponding to ‘at
least 50’ and ‘12-49° convincingly documented pub-
lished case reports of clinically apparent idiosyncratic
liver injury [48, 49]), as evidence of well-known potential
for hepatotoxicity [49, 50] within a period of 6 months
(182 days) prior to the start of treatment. These sub-
stances were amiodarone, anabolic corticosteroids, aza-
thioprine, 6-mercaptopurine, busulfan, carbamazepine,
chlorpromazine, chlorzoxazone, cyproterone, dantrolene,
didanosine, disulfiram, efavirenz, flutamide, gold salts,
hydralazine, imatinib, infliximab, interferon-a, peginter-
feron, interferon-f, irinotecan, isoniazid, methyldopa,
nevirapine, phenobarbital, phenytoin, propylthiouracil,
quinidine, pyrazinamide, rifampicin, stavudine, tamox-
ifen, and valproate.

2.4 Variables and Measurement
2.4.1 Outcome Events

We included as outcome events toxic liver disease (ICD-10
code K71), hepatic failure not elsewhere classified (ICD-
10 code K72), nonspecific reactive hepatitis (ICD-10 code
K75.2), granulomatous hepatitis not elsewhere classified
(ICD-10 code K75.3), unspecified and other specified
inflammatory liver disease (ICD-10 codes K75.8-K75.9),
and unspecified and other specified diseases of liver (ICD-
10 codes K76.8-K76.9). Outcome events that co-occurred
with a gall bladder, biliary tract or pancreas disorder (ICD-
10 codes K80—-K87) within a period of + 7 days were cen-
sored. Outcome events were also censored if the patient
had, at any time, an event of overdose of analgesics, anti-
pyretics or antirheumatics (ICD-10 code T39), but no such
events were identified in the patients.

For the distribution of outcome events, toxic liver dis-
ease and hepatic failure were considered as separate cat-
egories. All other outcome events were considered as other
hepatic events.

2.4.2 Exposures

All metamizole-containing products were identified by
searching for substances containing the text string ‘meta-
mizol’, and all paracetamol-containing products were iden-
tified by searching for substances containing the text string
‘paracetamol’. An absence of multiple names for the same
substance (e.g. acetaminophen for paracetamol or dipyrone
for metamizole) had been verified by retrieving all sub-
stance names for analgesics (EphMRA ATC code N02).
All products containing metamizole or paracetamol were
identified regardless of ATC code. Only single-ingredient
products were included in this study.

2.4.3 Potential Confounders

We considered the following potential confounders: sex,
age, use of alcohol, and treatment with medicines taken
in short treatments or as needed that are associated with
a high risk of hepatotoxicity, diabetes and obesity. Age in
years (i.e. 1-year intervals) at the start of treatment was
included as a stratification variable.

Alcohol use was identified by searching the entire his-
tory of the patient, up to the date of starting treatment, for
the following ICD-10 codes: F10 (Mental and behavioural
disorders due to use of alcohol), Z50.2 (Alcohol rehabilita-
tion) and Z72.1 (Alcohol use). Patients without a history
of alcohol use codes were not considered to have a history
of alcohol abuse or misuse.

Treatment with medicines with a high risk of hepato-
toxicity (likelihood A and B) [50] that are taken in short
treatments or as needed was identified within a period of 30
days before and up to the start of treatment. The identified
substances belonged to the nonsteroidal anti-inflammatory
drugs (NSAIDs), antibiotics and antifungals drug classes
and included the following: amoxicillin-clavulanate, azithro-
mycin, diclofenac, erythromycin, flucloxacillin, ibuprofen,
ketoconazole, levofloxacin, minocycline, ofloxacin, oxacil-
lin, sulfamethoxazole/trimethoprim, sulfonamides, telithro-
mycin, and terbinafine.

Diabetes was identified by searching for the ICD-10 codes
E10-E14 in the entire history of the patient up to the start of
treatment. Patients without a history of diabetes codes were
considered nondiabetic.

Obesity was identified by searching the entire history of
the patient, up to the start of treatment, for an ICD-10 code
of obesity (E66), an obesity event (IMS® Disease Analyzer
Germany captures events of obesity and smoking as specific
events and assigns a value of ‘obese’ or ‘non-obese’ to these
events), or a measure of body mass index (BMI). The last
recorded value before the start of treatment was used. BMI
was only considered in case of missing data for obesity or
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obesity events. A BMI >30 was considered to represent obe-
sity. Patients with no information related to obesity were not
classified with respect to obesity.

2.5 Statistical Methods

All analyses in the study were performed by the authors
based on IMS® Disease Analyzer Germany. Multivariable
Cox regression using SAS Enterprise Guide version 7.15
was used to compare the risk of hepatic injury in patients
treated with metamizole versus paracetamol, adjusting for
confounding variables (sex, age, use of alcohol, treatment
with medicines taken in short treatments or as needed that
are associated with a high risk of hepatotoxicity, diabetes).
Analysis was based on patients with complete data. Hepatic
outcome events were analyzed together. The proportional
hazards assumption was assessed by visually inspecting that
the survival curves did not cross, and by use of the Supre-
mum test. A p-value of <0.05 was considered to violate
the proportional hazards assumption. We also investigated
the possibility of an interaction between age and sex and
between sex and alcohol by introducing interaction vari-
ables. Less than 1% of patients had missing data on age
or sex, whereas obesity information was only available in
around 30% of patients. Patients with available obesity infor-
mation were therefore analyzed separately, controlling also
for confounding by obesity.

In addition to the main analysis, we undertook sensitivity
analyses of the association between metamizole and liver
injury to test if the association remained stable under dif-
ferent assumptions. In the first sensitivity analysis, we gave
patients an equal opportunity to provide information on pre-
vious diseases and conditions by analyzing only the data
within the previous 365 days, which was the required obser-
vation period for all patients. In the second sensitivity analy-
sis, we restricted the results to adult patients aged 18-99
years (age is not recorded in patients older than 99 years in
IMS® Disease Analyzer Germany). In the third sensitivity
analysis, we considered infectious diseases, gallbladder, bil-
iary tract or pancreas disorders, other abdominal symptoms
and diseases, and pain (excluding abdominal pain) among
diagnoses recorded on the date of start of treatment with
metamizole or paracetamol as possible confounding factors
for the association between metamizole and hepatic injury.
In the third sensitivity analysis, backwards elimination with
a p-value of 0.2 was used for variables to stay in the Cox
regression analysis model [51].

As a further separate analysis, we considered naproxen
instead of paracetamol as a comparator. The selection of
naproxen was motivated by representativeness of NSAID use
for musculoskeletal pain and avoidance of the most hepato-
toxic NSAIDs [52-54].
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3 Results
3.1 Participants

A total of 489,980 patients with a first prescription for met-
amizole and 143,871 patients with a first prescription for
paracetamol were included in the study (see Fig. 1). Patients
with a first prescription for metamizole were more likely
to be excluded from participation in the study due to a his-
tory of cancer, liver disorder, viral hepatitis, or HIV (12.3%
for metamizole vs. 4.4% for paracetamol) and patients with
a first prescription for paracetamol were more likely to be
excluded due to an insufficient observation period prior to
the start of treatment (51.8% for paracetamol vs. 38.5% for
metamizole). Less than 1% of patients in both groups had
received excluded medications within 6 months prior to the
start of treatment.

3.2 Descriptive Data

Characteristics of the included patients are shown in
Table 2. Patients starting treatment with metamizole were
older and more often female compared with patients start-
ing treatment with paracetamol (mean age 54.6 years for
metamizole and 36.6 years for paracetamol; 58.1% of met-
amizole patients and 49.3% of paracetamol patients were
female). Confounding factors for hepatic injury were also
more frequent among metamizole patients compared with
paracetamol patients.

The reasons for censoring are shown in electronic sup-
plementary Table S1 and differed between groups. Apart
from outcome events, censoring due more than 90 days
after the last prescription or due to prescription of an
excluded medication was more frequent in patients treated
with metamizole, whereas censoring due to crossing over
to the other treatment group or due to the end of follow-up
was more frequent in patients treated with paracetamol.
The mean duration of total follow-up (maximum of 270
days) was shorter in patients treated with paracetamol
(mean 81 days, standard deviation [SD] 30 days) compared
with patients treated with metamizole (mean 91 days, SD
41 days).

3.3 Outcome Data

A total of 1920 patients had an outcome event, of whom
1723 patients were treated with metamizole and 197 patients
were treated with paracetamol. The median time to an out-
come event was 32 days (interquartile range 9-67 days).
The distribution of outcome events over different types of
hepatic diagnoses is shown in Table 3. The distribution of
outcome events was similar for metamizole and paracetamol.
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Metamizole

Patients with a first
prescription for
metamizole during study
period: 1,011,386

V

Patients with > 365
days observation:
622,134

389,252 excluded
(38.5%)

Patients with no prior
cancer, viral hepatitis,
liver disease, Budd
Chiari syndrome or
HIV: 497,515

124,619 excluded
(12.3%)

Patients with no
prescription for excluded
medications within 182
days prior to first
metamizole prescription:
489,980

7535 excluded
(0.7%)

Fig. 1 Flowchart of patients included in the study

Furthermore, the time to an outcome event was not signifi-
cantly different for the different types of hepatic diagnoses
(p-value 0.22 for toxic liver disease or hepatic failure vs.
remaining events, median two-sample test).

A comparison of survival curves for a hepatic outcome
in patients treated with metamizole versus patients treated
with paracetamol is shown in Fig. 2 for all patients, and for
patients with known information on obesity. Survival curves
include patients with at least 1 day of follow-up after the
start of treatment.

3.4 Main Results

Compared with paracetamol, metamizole was associated
with an increased adjusted hazard ratio (HR) of 1.69 (95%
CI 1.46-1.97) for hepatic injury (Table 4). Separate results

Paracetamol

Patients with a first
prescription for
paracetamol during study
period: 331,248

V

Patients with > 365
days observation:
159,519

171,729 excluded
(51.8%)

Patients with no prior
cancer, viral hepatitis,

liver disease, Budd 14,524 excluded

Chiari syndrome or (4.4%)
HIV: 144,995
Vv

Patients with no
prescription for excluded
medications within 182
days prior to first
paracetamol
prescription: 143,871

1124 excluded
(0.3%)

in patients with known information on obesity are provided
in Table 5. The analyses were stratified by age, in years, due
to significant non-proportional hazards for the age variable,
which was confirmed graphically by looking at the survival
curves. We also investigated the possibility of interaction
between age and sex and between sex and alcohol, and sig-
nificant interactions were identified; however, the effect of
these interactions on the HR for metamizole was not consid-
ered to be of clinical importance and interaction variables
were therefore not included in the model. Apart from age,
obesity was also associated with non-proportional hazards.
A comparison of survival curves in patients with and with-
out obesity is shown in electronic supplementary Fig. S1.
Survival curves for patients with and without obesity ini-
tially separated, then converged, and then separated again,
but did not cross.
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Table 2 Characteristics of

patients included in the study

Table 3 Distribution of
hepatic outcomes over hepatic

diagnoses

All patients (n=629,580)

©
g

g
g

Proportion without an event
o
2 °
& 8

g
e

0.982

Numberat Metamizole 460116
risk Paracetamol 132567

1

51

437733
126197

e Metamizole

61136 30877 15616 6332
4195 1803 276 63 risk

Patients treated with

metamizole [n = 489,980]

Patients treated
with paracetamol
[n=143,871]

No. of female patients
No. of patients with missing sex
Mean age, years [SD]
No. of patients with missing age

Prescription for confounding medication within 30
days prior to the start of study treatment

Alcohol abuse or misuse in history of the patient
Diabetes mellitus®

Obese in latest information on obesity or BMI®
Non-obese in latest information on obesity or BMI
Information on obesity or BMI available

Median cumulative dose, g (interquartile range)®

284,852 (58.1)
101 (0.0)

54.6 [20.5]
3667 (0.7)
88,784 (18.1)

7446 (1.5)
75,523 (15.4)
57,225 (11.7)
104,042 (21.2)
161,267 (32.9)
25.0 [10.0-25.0]

70,910 (49.3)
32(0.0)

36.6 [22.2]
471 (0.3)
16,558 (11.5)

1218 (0.8)

9481 (6.6)
10,425 (7.2)
29,269 (20.3)
39,694 (27.6)
10.0 [10.0-10.0]

Data are expressed as n (%) unless otherwise specified

SD standard deviation, BMI body mass index, /CD-10 International Classification of Diseases, Tenth Revi-

sion

“Includes both type I and type II diabetes mellitus

bObesity was defined as a WHO ICD-10 code of obesity (E66), a recorded event of ‘obese’, or a recorded

BMI value >30

“Excluding 86 patients who had received metamizole products for which information on strength was miss-

ing, not allowing the dose to be calculated

Type of hepatic outcome (ICD-10 codes)

Patients treated with metami-

zole [n = 489,980]

Patients treated
with paracetamol
[n=143,871]

All hepatic outcomes 1723

Toxic liver disease [K71] 60 (3.7)
Hepatic failure [K72] 27 (1.7)
Other hepatic events [K75-K76] 1638 (95.1)

197

6 (3.0)
1(0.5)
190 (96.4)

Data are expressed as n (%)

ICD-10 International Classification of Diseases, Tenth Revision

Patients with known information on obesity (n=200,330)

Proportion witho!

s g g
e & B
& 8

Paracetamol

°
S &
o

2 8

101 151 201 251
Days since treatment start

1 51 101

201 251

Days since treatmentstart

Number at Metamizole 154762 148204 22604
Paracetamol 37217 35389 1083

Fig.2 Survival function in patients treated with metamizole versus patients treated with paracetamol
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3.5 Other Analyses

As it seemed possible that differences in indications for
treatment between patients in the two groups could have
contributed to a higher risk estimate for metamizole com-
pared with paracetamol, we undertook sensitivity analy-
ses to further analyze the association between metami-
zole and liver injury; in all of the analyses, metamizole
was still significantly associated with hepatic injury. The
results of the first sensitivity analysis that included data
on diagnoses and conditions within the previous 365 days
only are shown in electronic supplementary Table S2.
It shows a similar result as in the main analysis. The
analysis included more patients than the main analysis
because fewer patients were excluded due to prior dis-
eases. The second sensitivity analysis in adult patients
only also showed a similar result (electronic supplemen-
tary Table S3), while the third sensitivity analysis that
considered a larger number of covariates showed a slightly
lower but still significantly increased HR for metamizole

(electronic supplementary Table S4) [see the electronic
supplementary text for how the different variables were
defined]. Abdominal diseases and symptoms showed non-
proportional hazards, but there was no evidence of cross-
ing of survival curves (electronic supplementary Fig. S2).

In a separate analysis, we also compared metamizole
with naproxen. The characteristics of patients treated
with metamizole versus patients treated with naproxen
are shown in electronic supplementary Table S5. This
comparison includes a higher number of patients treated
with metamizole than the comparison with paracetamol
because more patients had a first prescription for meta-
mizole with no prior prescription for naproxen, whereas
some of the patients had a prior paracetamol prescription
and were therefore allocated to the paracetamol group.
Compared with patients treated with paracetamol, patients
treated with naproxen were more similar to patients treated
with metamizole. The analysis comparing patients starting
metamizole with patients starting naproxen also showed
an increased HR for metamizole (electronic supplementary

Table 4 Multivariable analysis

. . 4 HR 95% CI Supremum test PH*

of time to hepatic outcome in

patients treated with ?etgr}r:izole Metamizole (metamizole vs. paracetamol)® 1.69 1.46-1.97 p=0.137

versus patients treated wit . Lo . g _

paracetamol (n = 629,580 Alcohol abuse or misuse in history of the patient 1.66 1.28-2.15 p =0.985

patients) Sex (female vs. male) 0.90 0.83-0.99 p=0.494
Presence of any confounding medication 0.88 0.78-0.99 p=0.338
Diabetes mellitus® 0.97 0.85-1.10 p=0.527

CI confidence interval, HR hazard ratio, PH proportional hazards

The HR is adjusted for all other variables in the table. Results have been stratified by age, in years

4A non-significant p-value for the Supremum test indicates that the assumption of proportional hazards is

not violated

®Limiting follow-up to the first 90 days in the main multivariable analysis, the HR for metamizole still
remained significant (HR 1.90, 95% CI 1.63-2.22)

“Includes both type I and type II diabetes mellitus

Table 5 Multivariable analysis

. . ! HR 95% CI Supremum test PH*
of time to hepatic outcome in
patients treated witlhfme;amizole Metamizole (metamizole vs. paracetamol) 1.72 1.43-2.50 p=0.18
Versus paracetamo or the Alcohol abuse or misuse in history of the patient 1.35 0.82-2.22 p=0.651
subset of the population for
which information on obesity Sex (female vs. male) 0.97 0.82-1.14 p=0.932
was recorded (n = 200,330 Presence of any confounding medication 0.99 0.81-1.21 p=0.462
patients) Diabetes mellitus 0.94 0.77-1.14 p=0575
Obesity® 1.24 1.05-1.46 p=0.014

CI confidence interval, HR hazard ratio, PH proportional hazards, BMI body mass index, /CD-10 Interna-
tional Classification of Diseases, Tenth Revision

The HR is adjusted for all other variables in the table. Results have been stratified by age, in years

4A non-significant p-value for the Supremum test indicates that the assumption of proportional hazards is

not violated

®Includes both type I and type II diabetes mellitus
“Obesity was defined as a WHO ICD-10 code of obesity (E66), a recorded event of ‘obese’, or a recorded

BMI value >30
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Table S6). The flowchart for patients in each of the two
cohorts is shown in electronic supplementary Fig. S3. As
naproxen may be preferentially prescribed to patients with
musculoskeletal disorders, the analysis was also repeated
in patients who had a diagnosis of musculoskeletal disor-
der (ICD-10 code M) on the start of treatment date (elec-
tronic supplementary Table S7). In that analysis, metami-
zole was also associated with an increased HR for hepatic
injury versus naproxen.

4 Discussion
4.1 Key Results

We found an increased HR for hepatic injury after initiation
of treatment with metamizole compared with initiation of
treatment with paracetamol, which remained in all the sensi-
tivity analyses that were undertaken to further investigate the
association between metamizole and hepatic injury. The HR
was also increased for hepatic injury with metamizole versus
naproxen. These results indicate a possible increased risk
of DILI with metamizole. However, it is important to point
out that most patients initiating treatment with metamizole
were aged 18 years or older and the study could therefore not
provide any insight into the risk of liver injury in children.

4.2 Strengths and Limitations

This analysis has some strengths. First, we included patients
at the time of their first identified prescription for metami-
zole or paracetamol in the database, which is vital in order
to capture hypersensitivity reactions that occur within the
first few weeks to months after the initial exposure. Repeated
exposures after an initial sensitization period, even if such
exposures were incident, would result in a lower risk of
hypersensitivity reactions due to the depletion of suscep-
tibles [40, 55, 56]. In this regard, our study may be more
useful compared with studies that did not consider the cumu-
lative duration of use of metamizole [12, 18]. Second, the
follow-up period was relatively short in order to increase
the likelihood that the patient was still under active surveil-
lance by the prescribing physician, and, third, patients were
required to have a minimum observation period prior to the
start of treatment to ensure that the first treatment was inci-
dent and to collect sufficient data on baseline variables.
Our study also has limitations. In Germany, patients
are not required to register with a physician and are free to
visit their physician of choice. For this reason, longitudi-
nal follow-up of patients may be limited and all healthcare
encounters by the patient may not be captured. Moreover, if
a patient visits another practice, he/she is not recognized as
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the same patient in IMS® Disease Analyzer Germany. We
attempted to minimize these risks by choosing patients who
had a history of visiting the same practice and by selecting a
relatively short follow-up period after the start of treatment.
Nevertheless, IMS® Disease Analyzer Germany has shown
to be of value, e.g. in the follow-up of clinical events in
patients treated with oral anticoagulants [57, 58].

Another limitation is the possibility that risk factors for
hepatic injury could be incompletely recorded in patients
treated with metamizole, and that these risk factors, if
known, including the potential use of herbal medicines,
could have explained the difference in the risk of liver
injury between patients initiating treatment with meta-
mizole and patients initiating treatment with paracetamol.
However, considering that metamizole was still associated
with an increased risk of liver injury compared with nap-
roxen, despite the fact that the patients in this comparison
were more similar, even when the analysis was restricted to
patients with a musculoskeletal disorder, it seems unlikely
that a difference in risk factors for liver injury alone could
explain the findings in this study.

We included a broad range of ICD-10 codes for hepatic
events and it is possible that some of the codes have low
validity for DILI. A previous study has shown that acute
liver injury was more specifically coded at discharge from
hospital than in outpatients [59]. That study also found that
the validity of different codes was not consistent across
databases [59]. Our study was conducted in GP patients
where non-specific liver events were the most frequently
recorded outcome events. We also did not have access to
liver biochemical test results. This calls for caution in the
interpretation of the findings of our study. When our study
was conducted, DILI was not listed as an adverse reaction
to metamizole in Germany. Knowledge of the association
between metamizole and DILI is therefore unlikely to have
had an impact on the results of this study.

A further limitation is that metamizole was only avail-
able on prescription, whereas paracetamol was also avail-
able over-the-counter (OTC), which could lead to the pos-
sibility that some patients in the metamizole group also use
paracetamol without prescription, whereas such use may be
less likely in the paracetamol group. If such concomitant
use is extensive, it could be argued that an increased risk
of hepatic events could be due to an interaction between
metamizole and paracetamol rather than due to metamizole
alone. The likelihood of liver injury with paracetamol when
used as recommended is regarded as low [19] but may not
be negligible [22-26]. Due to the widespread availability of
paracetamol OTC, it is also possible that the paracetamol
group may be less restricted to true incident users. How-
ever, as hepatotoxicity due to treatment with paracetamol is
mainly dose-dependent [22, 60] and not unpredictable, the
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restriction to incident users would have little impact on the
rate of hepatic events in patients treated with paracetamol.

A period of 90 days after each prescription was chosen
to capture the period of risk of a hypersensitivity reaction,
allowing for a likely exposure duration and enough time
after the end of exposure for events to occur and be recorded,
while at the same time considering that a longer period of
follow-up could dilute the risk estimate. The maximum dura-
tion of follow-up was 270 days. However, the actual duration
of total follow-up was shorter in patients treated with par-
acetamol compared with patients treated with metamizole,
hence there were more limited data relating to longer follow-
up times in patients treated with paracetamol compared with
patients treated with metamizole. However, metamizole was
still associated with a significantly increased HR compared
with paracetamol when the follow-up time was restricted to
90 days (Table 3, footnote).

Female sex is a known risk factor for DILI [61], although
this is not shown for all types of DILI, and it is also possi-
ble that female sex is mainly a risk factor in older patients
[62]. In our study, we identified an interaction between sex
and age, but, overall, female sex was not associated with an
increased risk.

4.3 Relevance

Metamizole has been on the market in Germany for almost
100 years. During the last 20 years, emerging evidence sug-
gests that metamizole can cause significant hepatotoxicity
in individual patients [9-15]. This study was conducted
to provide further epidemiological evidence to support or
refute the association. The results of this study are in line
with the statement that there may be a significant risk of
hepatic injury with metamizole that is currently underrated
[15]. However, epidemiological studies that allow a better
classification of the liver injury and RUCAM scores in indi-
vidual cases are needed to provide a more definitive answer
regarding the risk of liver injury with metamizole.

4.4 Conclusion

We found an increased risk of hepatic injury in adult patients
who initiated first-ever treatment with metamizole versus
paracetamol, which is considered to have a low risk of hepa-
totoxicity when used as recommended, in the IMS® Disease
Analyzer Germany database. The findings are in line with
findings in a previous case-control study in outpatients from
Berlin that also suggested an association between metami-
zole and hepatic injury, and with published cases. Our find-
ings provide further support for the association but should be
viewed cautiously and in conjunction with data from other
studies, as residual confounding could not be excluded.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40264-021-01087-7.
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