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Although infrequent, drug-induced agranulocytosis can be caused by antibiotics.
Here, we analyzed the Japanese Adverse Drug Event Report (JADER) database to
identify profiles of antibiotic-induced agranulocytosis.

We analyzed reports of agranulocytosis from April 2004 to January 2021 from the
JADER database. The reporting odds ratio and 95% confidence interval were used to
detect agranulocytosis signals. We evaluated the time-to-onset profile and hazard
type using the Weibull shape parameter.

Ten out of 60 antibiotics showed signals for agranulocytosis; the reporting odds
ratios (95% confidence intervals) for ampicillin/sulbactam, amikacin, cefmetazole,
cefozopran, clindamycin, ciprofloxacin, imipenem/cilastatin, kanamycin,
teicoplanin, and vancomycin were 2.65 (1.79-3.80), 2.94 (1.91-4.34), 4.48 (2.27—
6.92), 2.77 (1.88-3.95), 1.64 (1.04-2.47), 2.01 (1.40-2.82), 2.78 (2.11-3.60), 6.05
(2.16-13.7), 2.05 (1.31-3.07), and 3.54 (2.73—4.54), respectively. The median times-
to-onset of agranulocytosis for ampicillin/sulbactam, cefmetazole, cefozopran,
clindamycin, imipenem/cilastatin, kanamycin, teicoplanin, and vancomycin were 20,
6, 10, 16, 12, 3, 18, and 13 days, respectively. The 95% confidence intervals of the
Weibull shape parameter f for these antibiotics were over and excluded 1, indicating
that the antibiotics were the wear out failure type.

We identified 10 antibiotics that may be associated with high risk of
agranulocytosis, suggesting that absolute neutrophil counts in patients taking these
drugs should be monitored carefully in the clinical setting.
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Introduction

Neutropenia is characterized as a decrease in the absolute neutrophil count, categorized as
mild (1,000-1,500/uL), moderate (500—1,000/uL), or severe (< 500/uL)". The most severe form,
called agranulocytosis, is a life-threating condition in which the patient becomes highly suscepti-
ble to infectious diseases and shows a mortality rate of 10-20%?>. Agranulocytosis can be caused
by a wide range of medications, including clozapine® and antibiotics", and infection control be-
comes particularly difficult in patients with antibiotic-induced agranulocytosis. Furthermore, in
patients who continue to have a fever, it is necessary to switch to another antibiotic and add con-
comitant treatment with granulocyte-colony-stimulating factor®. Accordingly, there is an urgent
need to identify antibiotics that have a low risk of inducing agranulocytosis.

Although the mechanisms of antibiotic-induced agranulocytosis remain unknown, Weitzman
and Stossel® speculated that antibiotic-induced agranulocytosis may be caused by opsonizing an-
tineutrophil antibodies, i.e., an IgG or [gM immune-mediated hypersensitivity reaction. However,
because agranulocytosis is a rare adverse event (AE)?, it is difficult to collect a sufficient number
of samples to conduct clinical studies. Recently, spontaneous reporting systems (SRSs) have been
shown to be useful for detection of rare AEs and used as primary tools in post marketing surveil-
lance. In Japan, individual AEs are collected by healthcare workers at the Pharmaceuticals and
Medical Devices Agency (PMDA). The Japanese Adverse Drug Event Report (JADER) database,
which is available online, was established in April 2004 by the PMDA and reflects the realities of
clinical practice”. Thus, data mining using the JADER database can be used as a screening tool
for antibiotic-induced agranulocytosis.

In this study, we evaluated the expression profiles of antibiotic-induced agranulocytosis
using the JADER database.

Materials and Methods

Data source

The JADER database, including data from April 2004 to January 2021, was searched from
the PMDA website (https://www.info.pmda.go.jp/fukusayoudb/CsvDownload.jsp). The JADER
database consisted of four data tables, as follows: 1) DEMO (patients’ demographic information,
including sex, age, and weight); 2) DRUG (drug name, causality, etc.); 3) REAC (AEs, outcomes,
etc.); and 4) HIST (medical history, primary illness, etc.). We created relational database from the
four data tables according to patient identification numbers using Microsoft Access 2019 (Micro-
soft, Redmond, WA, USA). Because duplicate reports in the SRS database may affect the evalua-
tion from the relational database, we extracted only the latest of AE reports based on the DEMO
file. Data with inaccurate dates were excluded.
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Drugs and AE names

The 60 antibiotics analyzed in the current study are shown in Table 1. We focused on agranu-
locytosis, the most life-threatening type of neutropenia. Agranulocytosis was defined using the
preferred term (PT) code (10001507) according to the Medical Dictionary for Regulatory Activi-
ties version 23.1J.

Data analysis

We selected the reporting odds ratio (ROR) for the detection of signals associated with anti-
biotic-induced agranulocytosis. As shown Fig. 1, the ROR and 95% confidence interval (95% CI)
were calculated from a two-by-two contingency table. Signal detection was defined as follows:
ROR greater than 1, lower limit of the corresponding 95% CI greater than 1, and number of cases
three or more®. Conversely, the condition of ROR less than 1 was considered no exposure-event
association. The adjusted odds ratio was not calculated by multivariate analysis because the data
mining by JADER cannot evaluate risk factors for the development of agranulocytosis. Statical
analysis was conducted with SPSS Statistics version 27 (IBM Japan, Tokyo, Japan). In addition,
the clinical outcomes from agranulocytosis develops were investigated for signal-detected antibi-
otics.

The median of period until agranulocytosis onset from the time of first administration for
each patient was evaluated using the Weibull shape parameter (WSP), which does not require a
reference population?. The elapsed time from the first administration was calculated by subtract-
ing the first administration date from the agranulocytosis expression date. Fifty cases were ex-
cluded because the date of first administration or onset of agranulocytosis was not available. The
combination of WSP f and 95% CI could be interpreted as follows: when £ was equal to 1 (ran-
dom failure) and 95% CI of f included the 1, the hazard was estimated to be constant over time;
if § was greater than 1 (wear out failure) and the 95% CI (lower) of f§ exceeded 1, the hazard was
considered to increase over time; if § was less than 1 (early failure) and the 95% CI (upper) of f
was less than 1, the hazard was considered to increase at an early stage and then decrease. Time-
to-onset analyses were performed using JMP version 15 software (SAS Institute, Cary, NC,
USA).

Ethics approval and consent to participate

Ethics approval and consent to participate were not applicable to this study because we used

publicly available voluntarily provided reports.

Results

As shown in Fig. 2, we extracted 72,723 reports of suspected AEs related to antibiotic treat-
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Fig. 1. Two-by-two contingency table for the calculation of reporting odds ratios

Adverse Drug Event Other Adverse
of Agranulocytosis Drug Event
Target antibiotics a b
Other antibiotics c d
Total a+c b+d

axd 1 1 1
ROR= — SE = + + +
bXxc

95%CI| = exp [log(ROR) =* 1.96 X SE{log(ROR)}]

Fig. 2. Flowchart for the construction of data analysis tables from the JADER database

All reports from JADER
(n =1,048,576)

|

Reports limited with “antibiotic agents”
(n=72,723)

!

3,221 reports limited with “Agranulocytosis”
PT code: 10001507

|
Calculation of ROR

|

10 antibiotics with signal detection
(n = 342)

Data of 50 declined because the date of start of administration or
onset of agranulocytosis were unknown.

Amikacin (n = 2), Ampicillin/sulbactam (n = 16), Cefmetazole (n = 0),
Cefozopran (n = 8), Ciprofloxacin (n = 1), Clindamycin (n = 2),
Imipenem/cilastatin (n = 9), Kanamycin (n = 0), Teicoplanin (n = 4),
Vancomycin (n = 8)

Analyzing of time-to-onset profile and hazard type by Weibull shape parameter
(n =292)

ment among the 1,048,576 reports in the JADER database between April 2004 and January 2021.
The number of reports of agranulocytosis was 3,221. As shown in Table 1, 10 out of 60 antibiot-
ics were detected as signals; the RORs (95% Cls) for ampicillin/sulbactam, amikacin, ce-
fmetazole, cefozopran, clindamycin, ciprofloxacin, imipenem/cilastatin, kanamycin, teicoplanin,
and vancomycin were 2.65 (1.79-3.80), 2.94 (1.91-4.34), 4.48 (2.27-6.92), 2.77 (1.88-3.95),
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Table 1. Number of reports and reporting odds ratios of agranulocytosis associated with antibiotics

Group Antibiotics Total (n) Case (n) Non-case (n) ROR 95%ClI
Anti-MRSA agents  Arbekacin 435 3 432 0.74 0.15-2.19
Linezolid 74 0 74 NA  0.00-5.48
Teicoplanin 1,356 25 1,331 2.05 1.31-3.07
Vancomycin 2,428 72 2,356 3.54 2.73-4.54
Anti-fungal agents  Amphotericin B 1,055 0 1,055 NA  0.00-0.37
Fluconazole 2,960 22 2,938 0.80 0.49-1.22
Flucytosine 22 0 22 NA  0.00-19.6
Fos-fluconazole 2,002 24 1,978 1.31  0.83-1.97
Iltraconazole 1,646 4 1,642 0.26 0.07-0.66
Ketoconazole 125 0 125 NA  0.00-3.21
Micafungin 2,482 3 2,479 0.13  0.03-2.40
Miconazole 351 0 351 NA  0.00-1.13
Voriconazole 378 0 378 NA  0.00-1.04
Aminoglycoside Amikacin 1,037 27 1,010 294 191434
Dibekacin 9 0 9 NA  0.00-54.3
Gentamicin 467 4 463 0.92 0.25-2.40
Kanamycin 113 6 107 6.05 2.16-13.7
Streptomycin 183 0 183 NA  0.00-2.18
Quinolone Ciprofloxacin 2,005 36 1,969 2.01 1.40-2.82
Gatifloxacin 673 0 673 NA  0.00-0.58
Levofloxacin 4,267 15 4,252 0.36  0.20-0.61
Norfloxacin 111 0 111 NA  0.00-3.62
Pazufloxacin 1,072 3 1,069 0.30 0.06-1.34
Tosufloxacin 448 1 447 0.24 0.01-0.92
Macrolide Azithromycin 1,508 5 1,503 0.35 0.11-0.83
Clarithromycin 3,921 17 3,904 0.45 0.26-0.73
Erythromycin 651 1 650 0.16  0.004-0.92
Carbapenem Imipenem/cilastatin 2,734 65 2,669 278 2.11-3.60
Doripenem 18 0 18 NA  0.00-24.41
Biapenem 535 4 531 0.81  0.22-2.08
Meropenem 3,651 33 3,618 0.98 0.67-1.39
Tetracycline Doxycycline 23 0 23 NA  0.00-18.67
Minocycline 1,908 25 1,883 144 0.92-2.15
Anti-viral agents Acyclovir 2,012 8 2,004 0.42 0.18-0.84
Valaciclovir 1,927 1 1,926 0.05 0.00-10.30
Penicillin Amoxicillin 805 1 804 0.13 0.003-0.74
Amoxicillin/clavulanate 59 0 59 NA  0.00-6.92
Ampicillin 341 0 341 NA  0.00-1.16
Ampicillin/sulbactam 1,365 32 1,333 265 1.79-3.80
Benzylpenicillin 18 0 18 NA  0.00-24.43
Faropenem 187 1 186 0.58 0.01-3.26
Piperacillin 1,670 14 1,656 0.90 0.50-1.53
Piperacillin/tazobactam 535 6 529 122 0.44-2.68
Cephalosporin Cefaclor 439 3 436 0.74 0.15-2.17
Cefazolin 1,446 14 1,432 1.05 0.57-1.78
Cefcapene 2,191 4 2,187 0.19 0.05-0.49
Cefditoren 541 2 539 0.40 0.01-1.44
Cefepime 1,572 9 1,563 0.61 0.28-1.17
Cefmetazole 561 22 539 448 2.77-6.92
Cefoperazone/sulbactam 1,565 12 1,553 0.82 0.43-1.45
Cefotaxime 259 3 256 1.26 0.26-3.73
Cefotiam 1,884 18 1,866 1.03 0.61-1.65
Cefozopran 1,351 33 1,318 277 1.88-3.95
Ceftazidime 1,408 5 1,403 0.38 0.12-0.89
Cefteram 156 2 154 1.39 0.17-5.13
Ceftriaxone 1,415 12 1,403 0.91 0.47-1.61
Cephalexin 67 0 67 NA  0.00-6.07
Flomoxef 959 11 948 1.25 0.62-2.26
Lincomycin Clindamycin 1,612 24 1,588 1.64 1.04-2.47
Other Trimethoprim/sulfamethoxazole 5,730 47 5,683 0.88 0.64-1.18

NA; not available. MRSA: methicillin-resistant Staphylococcus aureus. ROR: reporting odds ratio. 95%Cl: 95%
confidence interval.
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Table 2. Clinical outcomes after the onset of antibiotic-induced agranulocytosis

Outcomes (n)

Total (n)
Recovery Unrecovered Death Unknown
Amikacin 27 27 0 0 0
Ampicillin/sulbactam 32 29 0 3 0
Cefmetazole 22 19 0 2 1
Cefozopran 33 26 1 6 0
Ciprofloxacin 36 21 0 15 0
Clindamycin 24 22 0 2 0
Imipenem/cilastatin 65 58 0 7 0
Kanamycin 6 3 0 3 0
Teicoplanin 25 25 0 0 0
Vancomycin 72 71 0 1 0

Table 3. Time-to-onset analysis of antibiotics using Weibull distributions

o Case Median Day Scale parameter: a Scale parameter: 8
Antibiotics Pattern
(n)  (25-75%) a 95% ClI B 95% Cl
Amikacin 25 2(1-3) 6.76 3.87-11.44 0.80 0.59-1.04 Random failure
Ampicillin/sulbactam 16 20 (14-29) 23.37 18.7-28.8 2.57 1.66-3.70 Wear out failure
Cefmetazole 22 6 (4-8) 6.59 6.62—7.68 2.95 2.09-3.90 Wear out failure
Cefozopran 25 10 (8-17) 12.55 9.32-12.65 1.49 1.03-2.06 Wear out failure
Ciprofloxacin 35 4 (1-8.5) 7.32 4.73-11.10 0.85 0.64-1.07 Random failure
Clindamycin 22 16 (10-23) 18.32 15.6-21.3 2.98 2.06-4.12 Wear out failure
Imipenem/cilastatin 56 12 (9-23) 16.56  14.16-19.27 1.81 1.43-2.24 Wear out failure
Kanamycin 6 3(2-4) 3.36 2.47-4.48 3.46 1.61-6.35 Wear out failure
Teicoplanin 21 18 (6-20) 16.49  12.76-19.53 2.74 1.82-3.95 Wear out failure
Vancomycin 64 13 (9-20) 17.42  15.40-19.63 217 1.78-2.59 Wear out failure

0<p<1, early failure; f=1, random failure; > 1, wear out failure.
95% CI: 95% confidence interval.

1.64 (1.04-2.47), 2.01 (1.40-2.82), 2.78 (2.11-3.60), 6.05 (2.16-13.7), 2.05 (1.31-3.07), and
3.54 (2.73-4.54), respectively. The clinical outcomes after the onset of antibiotic-induced agranu-
locytosis were evaluated (Table 2). Most antibiotics were found to be recovered from agranulocy-
tosis.

For the time-to-onset analysis, we extracted 292 cases for the 10 antibiotics with signal de-
tection (Table 3). The median durations (interquartile ranges) of agranulocytosis onset following
treatment with amikacin, cefmetazole, ciprofloxacin, and kanamycin were within 1 week of the
first treatment. Although the 95% Cls of WSP § for eight antibiotics (excluding amikacin and cip-
rofloxacin) were over and excluded 1, indicating a wear out failure type, the profiles of amikacin

and ciprofloxacin were consistent with the random failure type (Table 3).

Discussion

Since the occurrence of agranulocytosis is rare, retrospective study are difficult to evaluate

the profiles of antibiotic-induced agranulocytosis. Therefore, data mining may be appropriate
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method as a pilot study for developing antibiotic-induced agranulocytosis.

Because neutrophils are produced in bone marrow, we speculated that antibiotics with high
migration to bone marrow may have a high risk of inducing agranulocytosis before data mining.
However, signals were not detected for antibiotics with high cerebrospinal fluid transferability,
such as ceftriaxone'” and cefotaxime'?, whereas teicoplanin'?, an antibiotic with poor cerebro-
spinal fluid transferability, was detected. Therefore, these findings suggested that the risk of
agranulocytosis could not be clarified by analysis of migration to the bone marrow only. A retro-
spective study reported that the development of vancomycin-induced neutropenia was not associ-
ated with the dosage, trough concentration, or administration period'®. Although other antibiotics
also need to be investigated, antibiotic-induced agranulocytosis may not be a cumulative toxicity.

The incidence of neutropenia induced by vancomycin is approximately 2-18%'*'>. In con-
trast, Smith er al. reported that linezolid, an anti-methicillin-resistant Staphylococcus aureus
(MRSA) agent, may be safe and effective for the treatment of febrile neutropenia'®. In addition,
carbapenems targeting Pseudomonas aeruginosa are empirically used for the treatment of febrile
neutropenia'”, indicating that when using antibiotics with anti-Pseudomonas aeruginosa or anti-
MRSA activity in the empirical treatment of high-risk patients, such as those with febrile neutro-
penia, it may be better to preferentially use antibiotics with the same spectrum for which no sig-
nal was detected in this study.

In the clinical setting, aminoglycosides are often administered with f-lactam antibiotics to
induce synergistic effects'®!?. Moreover, infective endocarditis caused by MRSA may be treated
with vancomycin or teicoplanin in combination with aminoglycosides®”. In the current study, be-
cause amikacin and kanamycin were detected as signals, we speculate that it may be better to use
gentamicin as the aminoglycoside in combination therapy.

It was suggested that even if agranulocytosis develops, it may be recovered by discontinuing
the causative drug (Table 2). Because the data mining method using the JADER database does
not include the number of all patients who received antibiotics, the recovery rate of agranulocyto-
sis cannot be compared among antibiotics. On the other hand, based on analysis using medical re-
ceipt data, the recovery rate can be calculated and may be compared among antibiotics. This
should be considered to be an area for future study.

In recent reports of SRS data mining, WSP analysis has been performed to evaluate the time-
to-onset data for target AEs”). Accordingly, time-to-onset analysis using WSP is likely to be a use-
ful tool for determination of the specific safety monitoring period for agranulocytosis. The mech-
anisms of agranulocytosis involve immune responses toward opsonizing antineutrophil
antibodies® or drugs themselves, suggesting that the differences in the time-of-onset of agranulo-
cytosis may occur through different mechanisms.

Data mining using the JADER database has some limitations that should be considered be-
cause the JADER database has several biases. First, because the JADER database does not con-
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tain information for control patients, the intensity of RORs cannot be quantified and compared
among antibiotics. Second, there are also some reporting biases, such as under-reporting and lack
of data. Third, the number of reports was small and may have been underestimated because the
PT codes 10018687 (granulocytopenia) and 10018681 (granulocyte count decreased) were not in-
cluded in the current study. Fourth, because agranulocytosis may be induced by severe infec-
tions®", the agranulocytosis reported by SRS may not be caused by administration of antibiotics.
Fifth, data mining methods cannot evaluate comorbidities that are involved in the risk of develop-
ing agranulocytosis.

In conclusion, this comprehensive analysis was the first report evaluating the incidences of
antibiotic-induced agranulocytosis. Despite the various limitations of using the JADER database,
we identified 10 antibiotics that may be associated with high risk of agranulocytosis, suggesting
that absolute neutrophil counts in patients taking these drugs should be monitored carefully in the
clinical setting. Finally, further clinical studies are needed to verify the mechanisms through
which ampicillin/sulbactam, amikacin, cefmetazole, cefozopran, clindamycin, ciprofloxacin, imi-
penem/cilastatin, kanamycin, teicoplanin, and vancomycin may induce agranulocytosis. The dif-
ference in the onset time may have been related to the variations in pharmacokinetics of each an-
tibiotic and the onset mechanism of agranulocytosis; however, the details are unknown, and

further research is needed.
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