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Abstract Background: Although known as a rare adverse drug reaction (ADR), drug
fever (DF) remains an important issue in medicine, with the risk of leading to
inappropriate and potentially harmful diagnostic and therapeutic interven-
tions. Only sparse data regarding DF have been published.

Objective: The aim of the study was to investigate which drugs were asso-
ciated with DF, and report outcomes.

Methods: Cases of DF without skin reactions were selected from all ADRs
reported from 1986 to 2007 in the French National Pharmacovigilance
Database. Drugs potentially responsible for DF were assessed using a qual-
itative case-by-case analysis (Naranjo’s criteria) and quantitative measure-
ment (proportional reporting ratio [PRR]). A drug was implicated as the
cause of DF when the following criteria were validated: three or more cases
and PRR of at least two with a Chi-squared value of at least four.

Results: A total of 167 DF cases involving 115 drugs were eligible. Based on
the PRR, 22 drugs were significantly associated with DF. Antibacterials
represented the most frequently reported drugs, including amikacin (PRR
39.6[95% CI 23.6, 69.0], oxacillin (9.1 [3.6, 23.4]), cefotaxime (5.5 [2.0, 15.3]),
ceftriaxone (5.4 [2.6, 11.3]), rifampicin (4.0 [1.8, 9.2]), vancomycin (4.0 [1.4,
11.5]), ciprofloxacin (3.1 [1.2, 8.0]), isoniazid (3.9 [1.4, 11.4]), pristinamycin
(3.1 1.0, 9.1]) and cotrimoxazole (2.6 [1.2, 5.8]). Median time [interquartile
range] from drug administration to fever onset was 2 days [1.0-10.5]. A
diagnosis of DF was made following cessation of the suspected drugs (3 days
[1.0-11.5] after fever onset. Drug rechallenge was performed (38.0%), re-
sulting in recurrence of DF in all cases. DF resulted in life-threatening events
(0.6%), hospitalization or prolonged hospital stay (24.5%) and persistent
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disability (0.6%). Final outcome was favourable in 96.9% of cases after drug

discontinuation.

Conclusion: Diagnosing DF is challenging. Based on this large series, anti-
bacterials remain the major class of drugs responsible for DF.

Background

Drug fever (DF) is a febrile reaction occurring
with drug administration and disappearing after
drug discontinuation, in the absence of other
causes of fever as ascertained through careful
physical examination and appropriate laboratory
tests.l! DF is generally defined as a febrile res-
ponse to a drug without any skin reaction.l)

DF as an isolated symptom is rare, representing
0.01-5% of all adverse drug reactions (ADR) among
inpatients.l'-*) However, it remains underrecogn-
ized. The diagnosis of DF is challenging as
(i) risk factors have not been clearly identified;!
(i) the disease requiring the drug may manifest
initially with fever, potentially obscuring the diag-
nosis;>” and (iii) final diagnosis requires drug
discontinuation, which is not easy if the drug is
essential for patient recovery.[® To date, reports
of DF have been based on single cases and small
hospital series published in the 1980s and 1990s,!
with the largest series from 1987 reporting 51 con-
secutive cases.!'! In the English literature, at least
81 different drugs have been implicated in inducing
fever,® with the four most frequent pharma-
cological classes being antimicrobials (mostly anti-
bacterials), anticonvulsives, antidysrhythmics and
other cardiac agents.[-1%)

Previous reports identified DF using qualitative
case-by-case analyses.[!>>79 A quantitative anal-
ysis (proportional reporting ratios [PRRs]) was
developed for signal generation from large data-
bases of spontaneous ADR reports to find a sta-
tistical link between one studied ADR and one
given drug.'' To date, this quantitative methodol-
ogy has never been used to identify causal drugs
responsible for DF. We sought to evaluate cases
of DF using both qualitative case analyses as well
as PRR analyses, using 20 years of data from the
large French National Pharmacovigilance Database
(FNPD).
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Methods
Source of Data

Created in 1986, the FNPD collects all ADRs
from in- and outpatient settings, as spontaneously
reported by physicians, dentists, midwives and
pharmacists to the network of the 31 Regional
Centers of Pharmacovigilance (RCPV) in France.
The FNPD has been previously described.l'?] In
2001, a total of 197 580 spontaneous reports of
ADRs were present in the FNPD; in November
2011, this number has grown to more than
431000 cases. Case records contain minimal in-
formation about the patient (including demo-
graphics and medical history), the suspected drug
and ADR description. It has been previously esti-
mated that no more than 5% of serious ADRs are
reported in the FNDP.[13]

Definition of Drug Fever (DF)

We used the following diagnostic criteria
adapted from those described by Young et al.[%]
and modified by Pleasants et al.l'¥ and Johnson
and Cunha:™ (i) an oral or rectal body tempera-
ture above 38°C; (ii) the absence of other causes
of fever as determined by physical examination
and appropriate biological and microbiological
tests (i.e. absence of any infection); (iii) the ab-
sence of any underlying condition causing fever
by itself; (iv) the absence of skin reactions; (v) the
coincidence of fever onset with drug administra-
tion; (vi) disappearance of the fever within 72 hours
following drug discontinuation without any other
intervention; (vii) no recurrence of fever within at
least 72 hours after normalization of temperature;
and (viii) exclusion of other differential diagnoses
for hyperthermia, including antipsychotic malig-
nant syndrome, serum sickness-like reactions,
serotonin syndrome and malignant hyperthermia.
Although debated in the literature,!'-* we did not
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consider fevers associated with skin reactions as
DF in this study, since isolated fevers represent
the most challenging situations for clinicians.
Moreover, we included DF independently from
their related mechanisms, although, based on the
literature,® the majority of these mechanisms are
related to hypersensitivity.

Case Selection

To assess the causal drugs responsible for DF,
reports recorded in the FNPD between January
1986 and December 2007 were reviewed by search-
ing for ‘DF’ (based on the Medical Dictionary for
Regulatory Activities [MedDRA®])I'3! and pre-
selected if meeting the criteria for DF. Each
suspected drug was classified according to the
Anatomical Therapeutic Chemical (ATC) classifi-
cation first-level code.l'®! Preselected cases were
subjected to Naranjo scoring (table I): to assess
causality for individual cases (i.e. the likelihood
that fever was caused in each selected report
by the suspected drug),[!”l a weighted score from
+2 to —2 was determined for each of ten questions.
Where insufficient data was available, the ques-
tion received a score of ‘0’. A total score corre-
sponding to the likelihood of DF as ‘doubtful’,
‘possible’, ‘probable’ or ‘definite’ was calculated
for each case. Only reports with “possible’, ‘prob-
able’ or ‘definite’ were considered for further
evaluation using a description of DF (qualitative

case-by case analysis) and PRR calculation (quanti-
tative methodology). Blinded chart reviewing was
performed by two experienced specialists in phar-
macovigilance (Drs LeBeller and Lillo-Le-Louet).
In case of disagreement between the two evaluators,
the lowest Naranjo score was considered.

Description of DF Cases

For cases selected from the Naranjo criteria,
the following data were collected: demographics,
medical history, fever characteristics (continuous
vs intermittent), general symptoms, biological data
(C-reactive protein, aminotransferases, haemo-
globin, platelet and white blood cell counts) and
outcome. Patients’ underlying health disorders
were classified according to the International
Statistical Classification of Diseases and Related
Health Problems — 10th revision (ICD-10).[181 DF
cases were codified according to the WHO Ad-
verse Reaction Terminology,!'”) and classified as
‘non-serious’ or ‘serious’. Cases were considered
‘serious’ if resulting in death, life-threatening
event, hospitalization, prolonged hospital stay
or persistent disability. The following periods of
time were collected: onset of fever after drug ad-
ministration, onset of fever to drug discontinua-
tion, discontinuation of drug to disappearance
of fever and drug discontinuation to drug re-
challenge if performed. For unavailable data in
the FNPD, a personalized questionnaire was sent

Table 1. The Naranjo’s adverse drug reaction probability scale® (reprinted by permission from Macmillan Publishers Ltd: Clinical Pharma-

cology & Therapeutics,!'”1 © 1981)

Yes No Do not know
1. Are there previous conclusive reports on this reaction? +1 0 0
2. Did the adverse event occur after the suspected drug was administered? +2 -1 0
3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered?  +1 0 o0
4. Did the adverse reaction reappear when the drug was readministered? +2 -1 0
5. Are there alternative causes (other than the drug) that could have on their own caused the reaction? -1 +2 0
6. Did the reaction reappear when a placebo was given? -1 +1 0
7. Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? +1 0 0
8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased?  +1 0 0
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0
0. Was the adverse event confirmed by any objective evidence? +1 0 o0

1

a The Naranjo criteria assess the probability that an adverse event is related to drug therapy based on a list of weighted questions. Where
insufficient data are available, the question received a score of ‘0’. A total score corresponding to the likelihood of drug fever as ‘doubtful’
(0), ‘possible’ (1-4), ‘probable’ (5-8) or ‘definite’ (9 or greater) was calculated for each case.
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to the corresponding RCPV to retrieve additional
information. The completion rate was 80%.

Quantitative Analysis

After a case-by-case evaluation using the
Naranjo score and for all cases selected, a PRR
was calculated. The PRR is currently used for
signal generation (quantitative methodology) from
spontaneous reporting data.l''1 The PRR compares
the proportion of DF linked to a particular drug
with the corresponding proportion of all drugs in
the database. It is recognized that the quantitative
detection is a potentially useful adjunct to tradi-
tional pharmacovigilance practices such as case-
by-case analysis;>¥ PRR allows to quantify the
strength of the association between the ADR and
the suspected drug. In the case of DF, the dis-
proportionality analysis using the PRR may be
useful to evaluate potential signals for DF that
could have been excluded due to underlying dis-
ease, such as fever induced by the infection that
required the prescription of the incriminating anti-
biotic (confounding by indication).

Statistical Methods

To calculate the PRR with 95% CI, the pro-
portion of DF with one drug was compared with
the same proportion for all drugs in the database,
in a 2x 2 table. This measure of disproportionality
was combined with an estimator of the statistical
association, i.e. a Chi-squared test at one degree
of freedom with Yate’s correction. We used as the
minimum criteria for a signal, three or more
cases, a PRR of at least two (with a lower limit of
the 95% CI >1) and Chi-squared test of at least
four (threshold value at one degree of freedom
with p<0.05in a 2x 2 table). These cut-off values
are those usually applied by the UK Medicines
and Healthcare products Regulatory Agency to
routinely scan the Adverse Drug Reactions On-line
Information Tracking database of spontaneous
reports for signals.?!'l When a specific drug-DF
association met all the criteria mentioned above,
it indicates that DF has been disproportionately
reported for that drug. A significant increase in
PRR supported by any other information on a
particular drug-DF combination contributes to

Adis © 2012 Springer International Publishing AG. All rights reserved.

the creation of a signal. Results are expressed as
median [interquartile range] or percentages when
appropriate. Differences with p-values <0.05 were
considered as significant. All calculations were
performed using Prism v5.0 (GraphPad Software,
Inc., San Diego, CA, USA).

Results

Overall, 174 recorded files over a 20-year period
from the FNPD were eligible for further evalua-
tion as potentially true DF cases. Three cases with
missing data and four other cases with ‘doubt-
ful’ Naranjo’s assessment were excluded, leaving
167 cases enrolled in this study.

DF represented 0.05% of all ADR cases reported
to the FNPD during the study period (167/323
340). The median number of DF cases notified
per year was 7.5 [5.7-9.2] (figure 1). On the basis of
Naranjo’s criteria, 33% of the cases were ‘poss-
ible’, 47% were ‘probable’ and 20% were ‘definite’.
Patients (age 52 years [32—-69]) were <18 years
(16%) and >65 years (29%). Male/female sex ratio
was 1.01. An underlying health disorder was pre-
sent in 70% (116/167) of cases, including cardio-
vascular disease (40/167; 24%), cancer (26/167,
16%), endocrine disease (16/167; 10%) and un-
specified allergy (6/167; 4%) [table I1].

The reported median peak fever was 39°C
[38.7-39.8] (103°F [102-104]) and DF pattern was
continuous (71/137; 52%) or intermittent (66/137;
48%). Time from drug administration to fever onset
was 2 days [1.0-10.5] (n=133). DF appeared <12
hours after first exposure to the drug in 11% of
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Fig. 1. Number of drug-induced fever cases reported each year to
the Regional Centers of Pharmacovigilance in France from 1986 to
2007.
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Table Il. Patients’ underlying health disorders according to the
International Statistical Classification of Diseases and Related Health
Problems — 10th revision

Underlying health disorders (N=167) N (%)

No medical background 47 (30.0)
Medical background 120 (70.0)
Diseases of the circulatory system 40 (24.0)
Neoplasms 26 (15.6)
Endocrine, nutritional, and metabolic diseases 16 (9.6)
Infectious and parasitic diseases 15 (9.0)
Mental and behavioural disorders 15 (9.0)
Diseases of the digestive system 14 (8.4)
Diseases of the genitourinary system 14 (8.4)
Diseases of the musculoskeletal system and 12(7.2)
connective tissue

Diseases of the nervous system 11 (6.6)
Diseases of the respiratory system 9 (5.4)
Diseases of the blood 8 (4.8)
Allergy (unspecified) 6 (3.6)
Diseases of the skin and subcutaneous tissue 5(3.0)
Diseases of the ear and mastoid process 2(1.2)

patients (14/137) and within 10 days in 74% of
patients (101/137). The responsible drug was
discontinued 3 [1.0-11.5] days after fever onset
(n=128). DF duration was 1 [1.0-2.0] days after
drug cessation (n=101).

General symptoms were reported in 18.4%
(22/120) of the cases, including chills (18/120; 15%)
and fatigue (4/120; 3.4%). Biological disorders
(22/112; 19.8%) included increased C-reactive
protein (10/112; 8.9%), increased aminotransf-
erases (9/112; 8.0%), thrombocytopenia (3/112;
2.7%), hypereosinophilia (1/112; 0.9%) and neu-
tropenia (1/112; 0.9%). Cases were classified as
‘serious’ (43/167; 25.7%) if requiring hospitaliza-
tion or prolonged hospitalization (41/167; 24.5%)
or resulting in persistent disabilities (1/167; 0.6%)
and life-threatening events (1/167; 0.6%). Outcome
(n=159) was favourable with complete recovery
(154/167; 96.9%), incomplete recovery (3/157; 1.9%)
and recovering (1/157; 0.6%). One death (1/157;
0.6%) occurred during follow-up with no relation
to DF (cardiac infarction). Rechallenge was per-
formed in 38.0% (63/167) of cases resulting in DF
recurrence in all cases.

Based on Naranjo’s criteria, 115 different drugs
were shown to be responsible for DF (table III).

Adis © 2012 Springer International Publishing AG. All rights reserved.

The median number of suspected drugs implicated
in each case was 1.0 [1.0-1.0]. Antibacterials (43
cases), immune sera and globulins (21 cases) and
antineoplastic drugs (15 cases) were the most fre-
quently reported drugs. Based on the PRR method,
drugs significantly associated with fever are listed
in table IV. Antimicrobial agents were the most
frequently reported drugs associated with DF
(figure 2).

Discussion

We report the largest series of 167 DF cases
based on a national pharmacovigilance database
analysis collected by the French National
Pharmacovigilance Database from 1986 to 2007.

DF diagnosis remains difficult. About 1.3% of
fevers of unknown origin could correspond to
DF .[?>33 As previously reported, DF is rarely asso-
ciated with severe symptoms (as generally well
tolerated by patients) or blood abnormalities,®!
although it may mimic sepsis.[l>1 DF appeared
mostly within 10 days from drug administration
(74%); however, in some cases, onset could be
delayed up to several months.['l Rapid DF resolu-
tion after drug discontinuation is the key to
diagnosis.[>3¢1 However, time from fever onset
to drug discontinuation was prolonged (3.0 days
[1.0-11.5]) in our series, in relation to the time
required to make the diagnosis. Consistent with
this, in another cases series, 14.8% of DFs were
diagnosed 21 days after fever onset, fulfilling the
criteria of fever of an unknown origin®? and thus
underlining the difficulty of diagnosis.

DF is not generally a serious ADR;®I however,
it may be the reason for the patient’s hospitali-
zation or prolonged hospitalization (25% of cases
in our series). Additional hospitalization days attri-
butable to DF have been estimated to be about
5.49-8.7 days.3-*71 Additional costs, including di-
agnostic procedures and treatments, have been
estimated to be upwards of $US9022 per inpatient
(year of costing 1997).5) In our series, no death
was directly related to DF although six deaths were
reported in the other large series.!'l Rechallenge rate
with the suspected drug was surprisingly high in the
current series (38%) but DF was not worse than
when it developed following the first exposure.

Drug Saf 2012; 35 (9)
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However, caution with drug rechallenging is ad-
vised as more severe reactions could be triggered.
The suspected drug must be withdrawn while an
alternative treatment is chosen.”

Consistent with previous reports,[!>>8 anti-
infective agents were most frequently related to
DF in our series (113), followed by drugs acting
on the nervous system (28), antineoplastics and

immunomodulating drugs (27), and cardiovascular
agents (12) [table III]. Overreporting of DF from
antimicrobials when compared with other drugs
is likely due to the more difficult diagnosis in the
setting of infection. In our series, when the anti-
biotic was administered to treat an evidenced
infection, DF diagnosis was suspected due to the
remaining or persistent fever while other markers

Table lll. Classification of the drugs reported to induce fever based on Naranjo’s criteria (i.e. ‘possible’, ‘probable’ or ‘definite’) in the French
National Pharmacovigilance Database according to the Anatomical Therapeutic Chemical classification

ATC classification first-level code

Number  Drugs responsible for drug fever (number of cases)

of drugs

A - Alimentary tract and metabolism 2 Calcium phosphate (1), sulfasalazine (2)

B - Blood and blood forming organs 11 Acenocoumarol (1), albumin (2), dalteparin (1), darbepoetin alfa (1),
enoxaparin (1), etamsylate (1), ferrous fumarate (1), fluindione (4),
gelatin agents (1), heparin (1), streptokinase (1)

C — Cardiovascular system 8 Atenolol (1), bisoprolol (3), clonidine (1), dobutamine (1), fenofibrate (1),
furosemide (1), captopril (1), methyldopa (3)

G - Genito-urinary system and sex hormones 5 Cyproterone (1), lynestrenol (2), medrogestone (1), misoprostol (1),

H — Systemic hormonal preparations, excluding 1
sex hormones and insulins

J — Anti-infectives for systemic use 34

L — Antineoplastic and immunomodulating agents 20

M — Musculo-skeletal system 6
N — Nervous system 19
P - Antiparasitic products, insecticides and 1
repellents

V — various 2

nomegestrol (4)
Hydrocortisone (3)

Penicillins (13): amoxicillin (3), amoxicillin + enzyme inhibitor (3),
bacampicillin (1), oxacillin (3), piperacillin (2), piperacillin + enzyme

inhibitor (1)

Cephalosporins (12): cefotaxime (3), ceftazidime (2), ceftriaxone (6),
cephalexin (1)

Aminoglycosides (7): amikacin (5), tobramycin (2)

Glycopeptides (5): vancomycin (3), teicoplanin (2)

Fluoroquinolones (9): ciprofloxacin (4), enoxacin (1), levofloxacin (1),
ofloxacin (2), pefloxacin (1)

Antituberculosis agents (11): ethambutol (2), isoniazid (3), pyrazinamid (1),
rifampicin (5)

Other antibacterials (13): metronidazole (2), nitrofurantoin (1),

pristinamycin (3), roxithromycin (1), cotrimoxazole (6)

Other antimicrobials (43): abacavir (1), acyclovir (3), amphotericin B (6),
flucytosine (2), human polyvalent immune globulins (21), vaccines (10)
Adalimumab (1), antilymphocyte immunoglobulin [horse] (1), azathioprine (2),
carboplatin (1), chlorambucil (1), cisplatin (1), cyclophosphamide (1),
cytarabine (3), daunorubicin (1), doxorubicin (2), hydroxycarbamide (3) ,
interferon a-2a (1), L-asparaginase (1), methotrexate (1), molgramostim (1),
oxaliplatin (2), rituximab (1), thalidomide (1), triptorelin (1), vincristine (1)
Allopurinol (1), flurbiprofen (1), ketoprofen (1), pamidronic acid (2),
phenylbutazone (1), urate oxidase (1)

Carbamazepine (3), chlorpromazine (1), clomipramine (2), fipexide (1),
fluoxetine (1), haloperidol (2), imipramine (1), lorazepam (2), metapramine (5),
mianserin (1), nomifensin (1), periciazine (1), phenobarbital (1), clorazepate
dipotassium (1), sulpiride (1), valproic acid (1), venlafaxine (1), viloxazine (1),
zuclopenthixol (1)

Primaquine (1)

Edetates (1), mesna [2-mercaptoethane sulfonate sodium] (1)

ATC =Anatomical Therapeutic Chemical.

Adis © 2012 Springer International Publishing AG. All rights reserved.
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Table IV. Drugs reported in the French National Pharmacovigilance
Database to significantly induce fever onset using the proportional
reporting ratios method

Drugs Chi-
squared

PRR (95% Cl)

Anti-infectives

Antibacterials
Classes
Aminoglycosides 25.3 5.6 (2.9, 11.0)
B-lactams 14.2 2.2(1.5,3.4)
Glycopeptides 14.3 4.7 (2.1,10.6)
Streptogramins 41 3.1(1.1,9.1)
Subclasses
Third-generation cephalosporins 27.2 4.4 (2.5,7.8)
Molecules
Amikacin 82.4 39.6 (23.6, 69.0)
Cefotaxime 11.0 5.5 (2.0, 15.3)
Ceftriaxone 21.0 5.4 (2.6, 11.3)
Ciprofloxacin 5.5 3.1(1.2,8.0)
Isoniazid 6.5 3.9(1.4,11.4)
Oxacillin 21.2 9.1 (3.6,23.4)
Pristinamycin 4.1 3.1(1.0,9.1)
Rifampicin 11.0 4.0 (1.8,9.2)
Cotrimoxazole 5.7 2.6(1.2,5.8)
Vancomycin 6.6 4.0 (1.4,11.5)

Other anti-infectives

Acyclovir 12.3 6.0 (2.21, 16.4)
Amphotericin B 74.2 14.8 (8.04, 27.4)
Attenuated diphtheria, Haemophilus 113.5 40.5 (20.9, 81.9)
influenzae, Bordetella pertussis,

poliomyelitis, tetanus vaccine

No anti-infectives

Bisoprolol 11.7 5.8 (2.12,15.9)
Cytarabine 20.3 8.8 (3.4,22.7)
Hydroxycarbamide 27.5 11.2 (4.6, 28.0)
Hydrocortisone 103.8 37.2(18.8,76.2)
Human immunoglobulins 581.1 33.6 (25.6, 45.5)
Metapramine 422.6 98.1(60.5, 143.6)
Methyldopa 22.0 9.4 (3.7, 24.0)
Nomegestrol 105.4 28.9 (15.4, 56.0)

PRR =proportional reporting ratios.

of infection resolved. When the antibiotic was
administered for prophylaxis, diagnosis was sus-
pected based on the occurrence of fever while no
infection was evidenced. About 13% of the
patients receiving more than 7 days of intravenous
antibacterials were estimated to experience DF in

Adis © 2012 Springer International Publishing AG. All rights reserved.

one study.”’) In our study, antibacterials signif-
icantly associated with DF occurrence included
B-lactams, third-generation cephalosporins, anti-
tuberculous agents and glycopeptides, as previously
reported,®] while streptogramins and aminogly-
cosides, which we found to be significantly associ-
ated with DF, have not been previously reported.
Regarding aminoglycosides, we could not eliminate
a bias related to their frequent co-prescription
with other antibacterials. Surprisingly, ciproflox-
acin was also significantly associated with DF, as
only levofloxacin had previously been reported to
induce fever.B®]

DF involves either a single drug molecule or a
whole pharmacological class. The syndrome is
related to six possible mechanisms: (i) altered
regulation of body temperature due to increased
heat production or diminished heat dissipation
with drugs such as antipsychotics or thyroid hor-
mones;>7-31 (ii) presence of pyrogenic impurities
during manufacturing processes (e.g. vancomycin
as described in historical cases);*-4?1 (iii) compli-
cations due to intravenous drug administration
such as phlebitis; (iv) pyrogenic particle release
(e.g. endotoxins/lipopolysaccharides from bacterial
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Fig. 2. Drugs classified according to Anatomical Therapeutic Che-
mical classification first-level code and implicated in the reports
classified as ‘serious’ or ‘not serious’ according to the WHO Adverse
Reaction Terminology.
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antibiotic-induced wall destruction or cytokine
release following tumour destruction with antic-
ancer agents); (v) idiosyncratic reactions, including
genetically-determined variations in drug pharm-
acokinetics or pharmacodynamics; (vi) hypersensi-
tivity explaining the tricky frontier between DF and
allergy.

Our study has significant strengths. No cases
of antipsychotic malignant syndrome, serum
sickness-like reaction, serotonin syndrome and
malignant hyperthermia misdiagnosed as DF
were considered in this study. Imputability of the
suspected drug for DF was determined in all the
cases and no ‘doubtful’ cases were included. A
two-step approach based on initial qualitative
individual case analysis followed by quantitative
PRR methodology was used to ascertain the ob-
served causal link between each DF case and its
corresponding drug. While PRR is useful to deter-
mine a signal in a database of spontaneous report-
ing, allowing investigators to study the strength of
the association between the ADR and each drug
identified by the qualitative approach, care is nee-
ded on how to interpret the PRR. The results of
quantitative signal detection should be considered
as an additional source of information, comple-
mentary to the traditional analysis.[>"]

However, several limitations also exist. Cases
were based on spontaneous reporting which clearly
suffered from underreporting.!'>#3 DF prevalence
among all ADRs reported to the RCPV was 0.05%
in this study, while retrospective series monitor-
ing ADRs or DF with associated skin reactions
reported higher rates up to 5%.[":>*38! Clinical
data were not always available despite additional
information requests sent to the RCPV. The dis-
proportionality measurement used here is a sta-
tistical tool requiring at least three cases.[#4-40]
For some drugs, Chi-squared and PRR tests were
significant but the reported number of cases was
lower than three, leading to exclusion. Thus,
other drugs potentially responsible for DF may
have remained undisclosed in our study.

Conclusions

DF is induced by a wide variety of drugs and
probably remains underdiagnosed and under-

Adis © 2012 Springer International Publishing AG. All rights reserved.

reported. The quantitative PRR approach improves
the analysis to assess a causal relationship of a
specific pharmaceutical agent to DF. We observed
that DF occurs more frequently with antibacterials.
Outcome is generally favourable; however, DF
may lead to costly hospitalizations and unnecessary
laboratory testing and imaging for patients.
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