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ABSTRACT

Background: This study aimed to analyze the adverse events to bendamustine using data obtained
from the Food and Drug Administration open public data project (openFDA) and to provide a reference
for its use in clinical practice.

Research design and methods: Adverse events (AEs) due to bendamustine usage reported from
1 January 2008 to 31 March 2023 were collected from the FDA Adverse Event Reporting System
(FAERS). The reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian plausible propaga-
tion neural network (BCPNN), and multinomial gamma-Poisson distribution shrinking (MGPS) algorithms
were used to identify signs of adverse reactions caused by bendamustine.

Results: A total of 4214 AE reports where bendamustine was considered as the first suspected drug
were obtained from FAERS. The analysis revealed 214 AE risk signals, among which 141 met the criteria
but they were not listed as possible side effects on the drug information sheet provided in the package.
Conclusion: Our findings identified numerous common AEs with previously reported clinical observations.
We also identified some signs of potential new AEs, indicating the need of careful clinical monitoring of
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patients treated with bendamustine and further risk identification research about this drug.

1. Introduction

Bendamustine is a bifunctional nitrogen mustard derivative con-
taining a purine-like benzimidazole ring, which may enhance its
clinical efficacy [1]. The chemical structure of bendamustine com-
prises a nitrogen mustard moiety, benzimidazole ring, and n-buty-
ric acid side chains. Bendamustine is active against both quiescent
and dividing cells and exerts its antitumor effects through the
alkylation of deoxyribonucleic acid (DNA), causing longitudinal
and transverse crosslinking of single or double strands and inter-
fering with further DNA synthesis and repair. Preclinical studies
suggest that bendamustine can cause cell death through apopto-
sis and other pathways that disrupt normal cell division. Clinical
trials have shown that bendamustine significantly reduces recur-
rence and mortality rates in cancer patients.

Bendamustine was approved by the U.S. Food and Drug
Administration (FDA) for the treatment of chronic lymphocytic
leukemia and inert B-cell non-Hodgkin’s lymphoma that pro-
gressed after treatment with rituximab or a rituximab-containing
regimen in March 2008 and October 2008, respectively. In
December 2018, it was approved for marketing in China.

The FDA’s open public data program, openFDA, was estab-
lished in June 2014 that allowed the public to retrieve and access
public data from FDA databases. In this paper, we retrieved the AE
reports of bendamustine and its characteristics from the data
obtained from openFDA, analyze the reports from multiple per-
spectives to provide reference for prescribing clinical medication,

and promote the rational application of drugs. The management
procedures for adverse drug reactions mainly include monitoring
and identifying side effects. Relevant personnel such as healthcare
providers and patients closely observe any potential adverse drug
reactions, assess and categorize them, promptly report them
through the adverse reaction reporting system, and take corre-
sponding measures.

2. Methods
2.1. Data sources

The data were obtained from the Adverse Drug Events (ADR)
database on the openFDA platform. Data were extracted using
the Open-Vigil-FDA analysis tool, which directly extracts struc-
tured ADR information from the openFDA database using an
application program interface (API) in an efficient and accurate
manner. AEs were described using preferred terms (PT)
included in the Medical Dictionary of Regulatory Activities
Adverse Drug Event Thesaurus, and AEs were classified using
the System Organ Classification (SOC). The reports recorded
from January 2008 to March 2023 were analyzed.

2.2. Statistical analysis

Disproportionality analysis was performed by combining four
algorithms: reporting odds ratio (ROR), proportional reporting
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ratio (PRR), Bayesian plausible propagation neural network
(BCPNN), and MGPS methods. ROR and PRR have high sensi-
tivity, whereas BCPNN and MGPS have satisfactory adverse
drug reaction (ADR) prediction ability. These were used to
quantify the signs of bendamustine-associated adverse events
(AEs). The used calculation formulas, detection indices, and
thresholds are shown in Table 1. Cases where AE criteria
were met with at least one of the four algorithms were con-
sidered as positive drug-associated signals. In this study we
selected AE signals that simultaneously met the criteria of the
four algorithms to make the results more convincing.

3. Results
3.1. General characteristics

A total of 4214 AE reports for bendamustine were found from
1 January 2008 to 31 March 2023. The annual distribution, as
shown in Figure 1, increased year by year from 2008 to 2012,
reaching a peak in 2012 with a total of 1156 cases, and then
gradually decreased and stabilized. The characteristics of bend-
amustine-associated AEs are shown in Table 2. Except for unspe-
cified reported cases, the proportion of AE reports due to
bendamustine was higher among males than among females
(49.88% vs. 32.25%). In terms of age distribution, the highest

number of reports were recorded for the elderly (aged >65 years;
35.86%; n=1511), followed by adults (aged 18-65 years; 22.62%;
n=953), with a small number of reports being reported in minors.
Bendamustine-associated adverse reactions were primarily
reported from the United States, accounting for > 55% reports,
followed by Japan (12.72%), Germany, France, and Italy. Overall,
2,340 reports of serious adverse reactions (including hospitaliza-
tion, death, life-threatening, and disability) were found, account-
ing for 55.53% reports.

3.2. Adverse reaction risk signal analysis results

Figure 1 illustrates the annual distribution of adverse drug
reactions to bendamustine, peaking in 2012 and gradually
decreasing thereafter, stabilizing over time. With the increasing
use of bendamustine, there might be an enhanced awareness
of its potential adverse reactions, leading to proactive measures
for their prevention. The details of 10 most common types of
adverse reaction to bendamustine after removing logically
implausible adverse reactions are listed in Table 3. Our analysis
showed that the PTs for the top 10 AEs reported were fever,
rash, neutropenia, febrile neutropenia, pancytopenia, malignant
progression, infectious  pneumonitis, thrombocytopenia,
reduced platelet count, and anemia. SOC categorizes systemic

Table 1. Four main algorithms used to assess the potential association between bendamustine and AEs.

Algorithms Equation Criteria

ROR ROR=ad/b/c lower limit of 95% CI>1, N>3

PRR PRR=a(c+d)/c/(a+b) PRR =2, ¥* 24N >3
y’=l[(ad-bc)A2](a+b+c+d)/[(a+b)(c+d)(a+c) (b+d)]

BCPNN IC=loga(a+b+c+d)/((a+c)(a+b)) 1C025 >0
95%CI=E(IC)+2 V(IC)A0.5

MGPS EBGM=a(a+b+c+d)/(a+c)/(a+b) EBGMO5 > 2

95%C|:e|n(EBGM)x1.96(1/a+1/b+1/c+1/d)’\0.5

Notes: Equation: a, number of reports containing both the target drug and target adverse drug reactions; b, number of
reports containing other adverse drug reactions to the target drug; ¢, number of reports containing the target adverse
drug reactions to other drugs; d, number of reports containing both other drugs and other adverse drug reactions.

Abbreviations: 95% Cl, 95% confidence interval; N, number of reports; )(Z,chi—squared; IC, information component; 1C025,
the lower limit of 95% IC; E(IC), the IC expectations; V(IC), the variance of IC; EBGM, empirical Bayesian geometric

mean; EBGMO5, the lower limit of 95% Cl of EBGM.
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Figure 1. The annual distribution of bendamustine adverse reaction reports.



Table 2. Clinical characteristics of bendamustine use reported in the FAERS
Database (January 2008 to March 2023).

Case Number,

Case Proportion,

Characteristics n %

Number of events 4214

Gender

Male 2102 49.88

Female 1359 32.25

Unknown 753 17.87

Age(years)

<18 14 0.33

18-65 953 22.62

>65 1511 35.86

Unknown 1736 41.2

Reported countries (top five )

United States ( US ) 2346 55.67

Japan ( JP) 536 12.72

Germany ( DE ) 342 8.12

France ( FR) 21 5.01

Italy(IT) 130 3.08

Serious outcome

Hospitalization - initial or prolonged 1464 34.74
(HO)

Death (DE) 603 14.31

Life-threatening (LT) 206 4.89

Disability (DS) 67 1.59

diseases and various reactions by the site of administration, skin
and subcutaneous tissue diseases, blood and lymphatic system
diseases, benign, malignant, and tumors of undetermined nat-
ure, respiratory, thoracic, and mediastinal disorders, and various
investigations. The number of cases for these 10 AEs was 1,835,
accounting for 43.55% adverse event reports.

Table 3. Top 10 types of adverse reactions to bendamustine.
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ADR risk signal analysis was performed for the 4214
adverse reaction reports. A total of 214 adverse reaction risk
signals were detected, among which 141 were not listed as
AEs in the drug specification, involving 20 system organ clas-
sifications, with variations in each system organ (Table 4).The
detailed results of the PTs of the AEs involved in the 214 risk
signals are shown in Table 5.

4. Discussion
4.1. Analysis of ADR composition

The acquisition of the highest number of reports from the
United States (55.67%) can be attributed to the fact that FDA
database is a U.S.A.-based resource. The time of commerciali-
zation of bendamustine in different countries could also be
considered as a dictating factor. One may assume similar
guideline-based treatments in US and the reporting countries
in CLL and NHL. The fact that Centres in Japan and Europe
contribute to the database is a strength, making results more
representative. ADR were mainly reported in patients aged
>65 years, which may be related to the predominance of
elderly patients. The high proportion of serious ADR events
(including hospitalization, death, life-threatening, and disabil-
ity) (55.83% of all reports) suggests that more attention should
be paid while clinically using this drug, more related ADRs
should be explored, and clinicians should increase alertness
toward the occurrence of serious ADRs.

Preferred Terms (PTs) PT/N Case Proportion, % SOC
Pyrexia 344 8.16 General disorders and administration site conditions
Rash 332 7.88 Skin and subcutaneous tissue disorders
Neutropenia 200 4.75 Blood and lymphatic system disorders
Febrile neutropenia 157 3.73 General disorders and administration site
Pancytopenia 152 3.61 Blood and lymphatic system disorders
Malignant neoplasm progression 141 335 Neoplasms benign, malignant and unspecified (incl cysts and polyps)
Pneumonia 140 332 Respiratory, thoracic and mediastinal disorders
Thrombocytopenia 130 3.08 Blood and lymphatic system disorders
Platelet count decreased 120 2.85 Investigations
Anaemia 119 2.82 Blood and lymphatic system disorders

Table 4. ADR events involving system organs.
SoC PT/N ROR (95%(Cl) PRR (95%Cl) IC (IC025)  EBGM (EBGMO5)
Blood and lymphatic system disorders 1164 11.34 (10.6-12.31) 8.48 (8.08-8.91) 3.08 (2.86) 8.46 (7.91)
General disorders and administration site conditions 976 10.47 (9.74-11.25) 8.28 (7.83-8.74) 3.04 (2.81) 8.25 (7.68)
Skin and subcutaneous tissue disorders 564 5.67 (5.19-6.19) 5.04 (4.67-5.45) 2.33 (2.04) 5.03 (4.61)
Infections and infestations 560 8.19 (7.49-8.95) 7.23 (6.69-7.81) 2.85 (2.55) 7.21 (6.6)
Investigations 559 10.25 (9.38-11.21) 9.02 (8.35-9.75) 3.17 (2.87) 8.99 (8.23)
Respiratory, thoracic and mediastinal disorders 357 4.53 (4.07-5.05) 4.24 (3.83-4.68) 2.08 (1.72) 4.23 (3.79)
Neoplasms benign, malignant and unspecified (incl cysts and polyps) 195 9.16 (7.93-10.58) 8.78 (7.66-10.08) 3.13 (2.65) 8.76 (7.58)
Immune system disorders 180 7.04 (6.07-8.18) 6.79 (5.88-7.83) 2.76 (2.26) 6.77 (5.83)
Metabolism and nutrition disorders 127 7.79 (6.53-9.3) 7.59 (6.39-9.01) 2.92 (2.33) 7.57 (6.34)
tissue disorders
Vascular disorders 118 9.77 (8.13-11.74) 9.53 (7.97-11.38) 3.25 (2.64) 9.49 (7.9)
Neoplasms benign, malignant and 108 5.47 (4.52-6.63) 5.36 (4.45-6.46) 2.42 (1.79) 5.35 (4.42)
Congenital, familial and genetic disorders 90 4.93 (4-6.08) 4.85 (3.95-5.95) 2.27 (1.59) 4.84 (3.93)
Cardiac disorders 71 3.69 (2.91-4.66) 3.64 (2.89-4.59) 1.86 (1.09) 3.64 (2.88)
Injury, poisoning and procedural complications 68 14.52 (11.42-8.46) 14.3 (11.29-8.11) 3.83 (3.04) 14.22 (11.18)
Gastrointestinal disorders 40 8.01 (5.87-10.95) 7.95 (5.84-10.82) 2.99 (1.98) 7.92 (5.8)
Renal and urinary disorders 21 9.94 (6.47-15.27) 9.9 (6.45-15.17) 3.3 (1.95) 9.86 (6.42)
Hepatobiliary disorders 20 11.89 (7.65-18.47) 11.84 (7.64-18.35) 3.56 (2.17) 11.79 (7.59)
Social circumstances 13 11.73 (6.79-20.24) 11.69 (6.79-20.14) 3.54 (1.86) 11.64 (6.75)
Musculoskeletal and connective tissue disorders 8 26.23 (13.06-52.67)  26.18 (13.05-52.51) 4.7 (2.63) 25.92 (12.9)
Endocrine disorders 5 22.72 (11.47-66.95) 27.68 (11.47-66.8) 4.78 (2.3) 27.39 (11.34)




—
<
—
w
L)
=z
<
=)
T
o

(panunuod)

(€L°€) ¥L'6 (L£70) 8T€ (8€°0€-S1°€) 86 (croe-sLe) 64°6 € +SIsdas pajejas ad1Asp
(s'€) vLoL (50) €v'€ (Ls'ee-L¥€) 6L°0L (95'€€-L¥'€) 6L°0L € #5150320201dA1d
(95°9) S¥°0C (¢r'l) s€v (6L'79-79'9) 19°0T (8T'¥9-79'9) £9'0C € wOhadiay sijeydssusobuiusw
(£09) 6881 (LE'L) vTv (¥T'65-119) €061 (€€'65-119) SO°6L € %SNO0[31d34ul S131]020493Ud
(¢8'9) LL'8L (sTl) 8Ly (9£/95-98°S) ¥T'8L (58'95-98'G) ST'8L € <UOI1D3JUI SNUIA ISISOZ B[[3LBA PIJRUIWISSIP
(s0'v) z8oL (8L°0) v¥'€ (L0'62-L0%) L80OL (90'62-L0%) 88°0L 14 uoidRuIl JIWisAs
(Lrg) zeie (L) vy (85'85-61'8) 6'LT (6985-61'8) 76'LT 14 KShnewlspolede
(65'6€) 68'£0L (L0Y) S£9 (£6'90€-LY'LY) SL°TLL (#S°20€-TF'LY) 98°CLL 14 4Sisdas euais|
(L) vTLL (€8°0) 67°€ (€Loe-€Ty) 6TLL (8L0g-€TY) €11 ¥ uond3yul dnsiunpoddo
(189) LT8L (zs') 6Ly (co'6-989) vE'8L (LL'6¥—98'9) 9€°8L 14 xuond3uI snUIA f
(cTsl) T8t (eeo Ts (€06-St'SL) 9€'L€ (5°06-9%'SL) ¥'LE S ¥SHIunal
(€879) 8¥'91 (85°L) ¥O'¥ (€6'6€-88'9) 8591 (¢0o'0-889) 991 S *SIH|0D snuiAojebawo1fd
(89'S) 89°€L (Le'L) L€ (L'ee-LLS) SLEL (LLUee-1L8) LLEL S *SI|0d snoueiquidwopnasd
(60'9) LTTL (911 z9¢€ (L9'6T-tlL'S) €€7CL (eL/6T-tl's) ¥e'TL S xS1sdas erydLayYdss
(619) 18°€L (6v'L) 6L°€ (S6'0€-€79) 88€L (€0'Le-€T9) €L 9 LS1sdas |euseq
(9£7T0) T8y (7€) 65°S (89°€0L-€T’€T) SO°6¥ (£8'€0L-¥T€D) €L6Y L uonddul duadosnau
(68'£1) 9L'L€ (90°€) ¥T'S (18'08-81'8L) £€'8€ (#0'18-61'81) 6€'8€ L danoif spsk>ownaud
(€9%) ¥L'6 (¢1'1) 8Te (15°02-S9%) LL'6 (£5'02-99%) 6L'6 L xUO11D3Jul |eIPLISO
(€T°€) 9v9 (#9°0) 69T (S6'TL-¥T€) L¥'9 (66'CL-¥T€) 879 8 «euapeq eluownaud
(62°7) 85'¥ (S10) Te (£L1'6-6T°T) 65V (C6-6T°7) 65V 8 siselpipued |eio
(8L77) S€°S (Ly'0) Tr'e (LE0L-6477) 9€°S (PE0L-6L70) LES 6 elWaRIRR]
(cevy) €798 (ev'y) €v9 (¢S'€L1-96'SY) €68 (CL'vL1L-66'SP) 67'68 6 xSIH|020131UR snJIA0jehaW0IAd
(19°2) L1'pL (S6'L) T8'€ (15°97-99Z) sTvlL (9°97-99°2) 8T¥L oL «lebuny ejuownaud
(€5°0) LSV (r0) 61°C (97'8-+5°7) 85t (€'8-+57) 651 LL xUO11D3)ul paje|al ISP
(ev'¥T) 8€TY (99°€) L¥'S (S6'18-677) LL'S¥ (8T°T8-€6'7T) 6T°SY LL [eainojeb3w01£d ejuownaud
(18L1) €Ce (Te) 10°G (97°65-9081) TL'TE (5'65—80'81) 8¢ Ll UOIIRAIIDRAI UOND3)UI SNJIACeBaW 01D
(§9) TT'LL (18°1) 67°€ (Lr'6L-¥59) LTLL (§61-559) €11 €l x5150]|161adse Areuow|ndoyduoiq
(¥80) 6% (29°0) 67T (S¥'8-98°7) L6V (8¥'8-98°0) T6V €l xU0ID3UI [eLRIORY
(9) 9g01 (L) Le€ (16'£1-¥0'9) ¥0L (66'LL-70'9) €7°0L €l xuondyul snjjibiadse
(EV'0) 18°€ (LS°0) €6'L (86'S—¥¥'T) T8’ (LO'9-¥¥'0) €8°€ 6l uondajul [eJIA
(z8'6Y) STOL (6'7) ST'9 (80°0ZL-6¥'LS) €98/ (96'07L-59°LS) ¥0'6L w ¥SIIunNRIoLoYd sniinojebaw01fd
(€€'19) 6T'LL (60°5) 919 (65'10L-86'CS) 9€°€L (LL'T0L-6T°€S) vL L€ eIWaIA sniiAojebawolfd
(£8°€) €1'S (1) 9€T (6£9-68°€) ¥1'S (88'9-16€) 61'G 6% 191507 sadiay
(££77) 66'C (L8'0) 85°L (£L€-8€T) 66'C (€8°€-v'T) €0°€ WA uondsjul
(Lr'€T) 9v'6T (€L') 881 (Pe'LE-8L'€T) 86T (SL'8€-1¥7) TE0E SL uond3UI SNIA0JeBAWO0IAD
(LL'y) £0'S (S9'1) vE'T (T o-v1'v) 80°S (8€'9-6L%) £1'S 68 sisdas SUOIIRIS3JUI PUB SUOIIIBU|
(55°€) ¥5'8 (#9°0) 60°€ (9°07-95°€) 958 (#9°07-95°€) LS8 € uoneaindeal q sheday
(c18) S€lL (8L'7) sL€ (Ls'zT-£18) 95°€L (€9°TT-61'8) L9°€EL Sl q shneday
(€8'6) TL €T (1'7) LSV (VL LS-€6'6) ¥6'€T (98'£L5-€6'6) L6'E€T S xsnpidisul sa19qelp d1usboiydau
(LS'Y) 8¥'6 (80°L) vT'€ (96'61-€SY) LS'6 (z0'0z-€5Y) TS'6 L xelwaeijeusadAy
((WARY4 4 (8L°1) €8°€ (59'87-S1Z) LEYL (PL'8T-SLL) €€¥L 8 LelwseduniadAy
(69°€) 59 (£6°0) L'T (¥'LL-£€) LS9 (¢s'LL-2€) €59 Cl xelwaedjedsadAy
(£€77) sTe (89°0) £'L (P v-8€7) STE (8¥'¥7—6€7) LTE 6€ ainjiey K103eadsal
(z€0€)55°6€ (Wry) LES (cTs-6'0€) LLO (60°€S—T'LE) L'OV 95 awolpuAs sisA| inown} SISPIOSIP UONIINU pue Ws|[oqRISy
(SOWD93) Wogd3 [Cr4in])B] (1D%56)44d (1D%56)404 N/1d sld J0S

‘uonedyIssed JOS Aq s|aAs] wis) pasajaid 1e sunsnwepuag 4oy pauoday Ausualu| [eubis jo uosuedwo) *g ajqe



EXPERT OPINION ON DRUG SAFETY (&) 5

(panunuod)
(£€8) TL'9T (L) 1Ly (8T'78-91'8) 6€'9C (r'z8-9%'8) L¥9T € xShoauejuods xesoylownaud
(L€'S) ¥59L (¢L'1) oy (6£715-S€'S) S99L (£8'15-5€°S) 9991 € abewep Jejoanje asnyip
(L¥) €971 (56'0) £8'€ (PL'SY-€L'Y) LLYL (8'Sy-€LY) TL YL € «[ead0d0wnaud euownaud
(€9°6) 90°S1 (ST'1) L6°€E (9r'0v-£9°6) SL'SL (#S0¥—£9'9) 9L'SL 14 «leuowopnasd ejuownaud
(vOy) ¥L'6 (¢80) 8T€ (LS'€2-90Y) LL'6 (95°€7-90'%) 826 S eluownaud [edidke
(lze) 9LL (¥5°0) ¥8'C (86'S1-TT’€) 8L'L (zo9L-tTe) 8L'L 9 ejuownaud buisiuebio
(9T°0) ¥0'S (¥0'0) €€C (ETLL-LTT) ¥O'S (9T'11-£T0) SO'S 9 fpixoy Lreuow|nd
(89°0) ¥9'S (€€°0) 6¥°C (S8'11-697) S9'S (88'L1-69'7) 59'S L xSIse1s|ale
(Ls1) LTee (£87) S0°S (6'0L-L6'S1) S9°€€ (1'LL-86S1) L'€€ L 14ou0iq dAIlRIRNqO
(920 80y (€T°0) €0 (8€°L-9T°T) 60'% Wi-tzo U Ll «Xesoyjownaud
(¥8v) SL'8 (e€1) €Le (S8'51-98'%) 8£'8 (16'51-98'7) 8'8 L xuonesnyur bun|
(¥8'6) TL'SL (957) T6'€ (ce'ct-16'6) LTSL (6t'cT-v6'6) 8T'SL 4 ¥U0I23JUl SNIIABUOIOD
(€87 6T (£L0) 1'T (15'9-€8'7) 6C% (55'9-€80) L€V [44 xeixodAy
(9Tv) Te9 (Lr'L) 99T (9€'6-8TY) €€°9 (E¥'6-6T%) 9€°9 14 spiuownaud
(8L¥l) vm 6l (sT€) 6TY (90'LT-€€¥1) 69°61 (L€' LT-1¥'pL) 98°61 8¢ ejuownaud a0l sisk>ownaud
(5€) £ (8T'1) €TT (€9-15°€) LLY (LE9-¥5€) SL Y 94 Luoisnya jeanaid
0 G 4 (¢80) 8€'L (L0€-tTD) 19T (SL'€-ST7) 99T ovL eluownaud SI9PIOSIP [euliseIpaw pue dideioy) ‘Alojelidsay
(6Tl) T6'ST (€90 L¥ (1§'75-S0°€L) 819 (£9'T5-90°€l) €79 8 s19plosip dnausb pue [eljiwey ‘jeyusbuo)
(€6°€) ¥8'% (6S°1) LTT (56'5—56°€) S8V (809-v) €67 06 SI3PIOSIP ANSSI} BAID3UUOD pue [I3[3NSOINISNIN
(66'5) 99°81 (6T°L) TT¥ (6¥'85-%0"9) 6£'8L (85'85-%09) 8'8L € ewasAydwa m:omcﬁsunsm
(6€%) 159 (st'1) LT (¥9'6-1¥Y) 259 (¢L6-tvy) SS9 14 ¥950pIapun paqudsaid
(€5°£8) ¥'LS (99%) 89°'S (99'LL-T¥'8€) L¥'TS (§5°7L-19'8€) 96'CS or snigapyd suoned|dwod [einpadoid pue Bujuosiod ‘Ainfu
(679) 6561 (9¢'1) 671 (SV'L9-¥€9) vL61 (SS'19-¥€9) SL6L € «Ayredoinaukjod Buneuipiwap
(cLrel) sLee (85°7) S0'S (6L°18-16°€L) LO€EE (£€'18-T6€L) S9°¢E S %Slsowse|doxoy |eigalad
(68) 8'LL (15'1) 95°€ (€L'€T-76'S) S8'LL (8'€t-16'5) 88°LL 8 ¥dWOIPUAS du1eq-ute|inb
(€1°€) T8'S (£9°0) ¥5'T (P80L-¥L€) ¥8'S (88°0L-¥1€) S8'S oL «Ayredoinaukjod
(so'sL) ov'Le (8T€) try (8L°0€-TT'SL) ¥9'LT (80'L€-6T'SL) 81T LE xAUzedojeydaduaoynay [edoynw aAissaiboud
(1v'd) 8le AR 0) L9°L (8L'v—tv'D) 8L°€E (ETr-€vD) LTE LS xlesdyduad Ayredoinau SI9PIOSIP WalsAS SNOAIBN
(£€8) TL'9tT (e Ly (8T°78-91'8) 6€'9C (¥'78-9¥'8) L¥9T € xpaseanur abejuadiad jiydonnau
(€27 8’8 (£1°0) 80°€ (Lr'9T-vL7) LS8 (S¥'9T-vL'7) LS8 € ¥OAIs0d 1591 [eusioeq
(90°€l) 6'07 o) se's (LO'0EL-6T€EL) LS LY (LToEL-6T€L) I'LY € xlewsouge moutew suoq Asdoiq
(€S°LY) v6'TEL (L0y) S0°L (FL'6vv-68°€Y) Ly OVl (L8'6¥v—68'€Y) SOVL € x[BWIOUgE MOLIBW duoq uonelidse
(¥r'8) LT'9T (8L1) 1LY (LS't8-61'8) 87'9C (£'T8-6%'8) §'9C € paseanap 1unod 2140ydwA|-}
(9g79) L6'TL (€T'l) 69°€ (cTie-6€9) L6TL (6T°LE-6ES) 66TL S «OAIIsod a1n3nd poojq
(SS°0L) 8¥'ST (0 L9 (£0'T9-L901) €£'ST (LTT9-L901) 9£°ST S pasea.dap Junod ahdojnueld
(96°07) S80S (8L°€) £L9'S (SL'STL-LY'LT) 68°LS (€0'9TL-T¥'LT) S6°'LS S «9NIsod 159) e|[a1sgapy
(9g°¢) 8v'L (19'0) 6'C (LL9L-L£€) §'L (SL9L-LE€) LS'L 9 %Pasealdul pide dun poojq
(sTe) 789 (19°0) ££T (SevL-97°€) ¥8'9 (6€¥1-9T°€) 589 L «paseanul uuodony
(¢L1) Tsee (50 95'¥ (65 Ly—¥8'LL) vL€C (L Ly-S8'LL) 8L€T 8 paseanap sarkooydwi| ypd
(L0 vLe (€0°0) 6'L (56'9-10'7) ¥L'€ (£6'9-10'7) SL°€ ol xPaseanap uonodely uondale
(£0'TT) 80'0F (15°€) T€'S (Y8'€L-9v'CT) €L°0V (rL'vL-8Y'CT) €8°0F LL aAlsod 1533 snuaojehaW 01>
(S0 L'y (55°0) ¥0'T (199-957) L'y (¥9'9-957) 7Ly L1 pasealdul uigniljiq poojq
(L€ vy (¢6'0) ¥T'T (CL-€1€) vL'y (T L-€1€) 9LV [44 «paseaidul usjoid aARdeaI-d
(5T6) LSEL (rso) 9Le (8'61-7€'6) 85€L (L6'61-5€°6) 99°€1 LT xPpaseanul aseusboipAyap aleide| poojq
¥8'12) v LT Wov) LLY (Tye-91°Ta) €5°LT (66'7€-6¥'CT) S0'8T 18 paseanap 1unod a1ooyduwi|
(68°€L) 9891 (b7'€) 80% (6¥°'07-50%L) £6'9L (60 LT-TEPL) wm AN 901 paseasdap Junod iydonnau
(81°9) ¥T9 (€0'0) ¥9'C (§L-TTS) 979 (¢LL-te9) v vl Pasea.dsap Junod |[3> poojq uym
(9£9) 169 (6177) 6L°T (97'8-8'S) 269 (Ls'8-76'9) L ozl pasealnap 1unod 1aj1ed suonebisanu|
(SoWod3) Wog3a (S2odNDI (1D%56)44d A_uo\ommEOx N/1d sld J0S

‘(p3nunuo)d) °S 3|qel



_
<
=
w
)
P4
<
=)
T
o

(panunuod)

(86'C2) ¥0'C9 (ST°€) 96°S (ZS'LLL-65€T) 9°€9 (¥8'1LL-6S€T) 99°€9 14 *SOIISIA 9IS uoIsnjul
(wr'€) T6 (¥s0) T€ (E9VT-9¥°€) €T6 (L9VT-9v°€) ¥T'6 14 ¥S1S03eWLISP DljIydoInau 3juga) dnde
(L6'6L) 8T'8Y (1€) 65°S (Lz6LL-TE0D) TToY (L¥6LL-TE0T) LT6Y S %UOJeINOJOISIp 93IS uoIshjul
(9%) 80°LL (1o°L) Lv'e (9£'92-79%) Tl'LL (€8'9T-79%) €L'LL S <wlojljjiqiow ysel
(zLe) e8'L (8°0) L6'C (L¥9L-vL€) S8'L (LS'9L-¥L€) 98°'L L Apixoy upys
(81°0) ¥6'€ (81°0) 86'L (L1'£-810) v6'E (¥1'L-81T) S6'€ Ll «iejnded ysel
(€6'0L) T9LL (590 vL'¥ (95'8T-20LL) ¥L'LL (¢L8T-—¥0LL) L8LL A} «BWIYILId 3)S uolshjul
(L6Y) 8L (SS°1L) 96°C (9T'TI-66) T8'L (VETL-5) 98°L 6l uoldeas upjs
(65°7) L0V (190) T0'C (8€'9-97) L0V (T¥'9-97) 601 6l «lejnoew yses
(tTo) vee (6°0) 69'L (eLy-tTo vre (SLv-€TD) STe LT »onunid yses
(9¢7€) T8 (¢LL) Lze (68'9-8€°€) T8V (56'9-6£°€) S8'Y 0€ ¥SnojewsyIkia yses
(€1'8) ST'LL t¥'0) 6v'€ (85°S1-61'8) €'LL (S£'SL-€T'8) 6E°LL L€ xiejnded-ojndew ysel
(L¥'6) ¥9°TL (¢Lo) 99°¢ (68'9L-556) LTl (Tl'L1-29%6) €8°CL Ly 3WOoIpuAs UOSUYO[-SUA3LS
(¢8€) 8TY (e 1e (SLy-98°€) 8TV (1'S-80'%) 95'% 433 ysel SI9PIOSIP BNSSI) SNOJURINOGNS PUR UNS
(FeLL) 6€°LC (€7) 8Lv (8'99-£¥'L1) 89°LT (S6'99-L¥'LL) TL LT S ¥UDJS BY} JO BUIOUIDIED SULDOPUIOINU SI9pIOSIp BuLdOpU]
(t60) 6L°L (€0) 96'C (¥8'07-€6'7) 18'L (88°07-€6'7) T8'L ¥ xPas|eIauab aAleIoXD SIewIdp
(€87) L9°S (s¥°0) ST (9€'LL-¥8'7) 89'S (6€°L1L-¥87) 69°S 8 Luondnia upjs d1xo}
(€'8¥71) 8L°L6T (L19) T8 (€'8£9-89'891) ST'8EE (#9°089-78'891) £68EE 6 129j39p dunwiwi [eJowny
(50°€) 88'S (90) 95T (Z€'L1-907€) 68'S (9€°L1-90°€) 6'S 6 xeluadorfooquiosyy sunwwi
(L17) T6'€ (10) £6'L (6TL-11'0) T6'E (LEL-1L1'D) €6'€ oL sishjodau [ewapida dixoy
(L8Y) LL8 (zel) Te (8L'SL-¥8Y) €48 (¥8'SL-¥8Y) SL'8 Ll xuolssarddnsounwwy
(SS°T) 6V'7 (ev'0) £L1°T (64950 SV (S6'£-95°0) LSV cl xuondnia bnip
(¥57) 89°€ (69°0) 88'L (€€'6-¥S0) 89°€ (LES-SSD) L€ 8¢ aseasip bunj jennsisiul
(91°€) 95'% (zo'l) 61°C (95'9-L1°¢) 99V (L9°9-81°€) 651 6C uo1eal pajeal uoisnjul
(8'€7) 8€vE (€6€) L'S (zT0s-6177) S8¥E (89'05-67°17) 60°SE 6C <elwaeulngolbewwebodAy
(ELTL) 6TLL (L6 LY (SLYT-vTTl) LWLl (86'vT-€Cl) €5°LL [£3 %SI[NJseA S19pIosip wlsAs aunwiw|
(6) 60'8C (£8°1) 18 (9°88-11'6) ¥'8C (€£'88-1'6) T¥'8T € xeuloyluedeolelay
(6'€) ¥L'TL (89°0) 9°€ (L6'Le-€6€) TTL (L6'L€-T6E) LTTL € xuoisnya [enajd jueubijew
(LEV) L9°€EL (¥8°0) LL°€ (eSTr-vv) 89°€L (6S'Tr—v'v) 69°€L € %9SeISIP S,Usmoq
(LLsg) 6L'TL (60%) LL'9 (90°051L-189€) TEVL (¥S'0S1L-€89€) ov'vL 8 «91€J} Jnowin}
(ELY) SL9 (cTL) sLe (¥O'LL-SL'¥) 929 (L'LL-SLY) 649 9l «eulouidied |3 |eseq
(L¥'8) z6'TL (€€0) 69°€ (c6'61-LV'8) 86°CL (S0°0z-6%8) ¥0°€L 1z Lewoupied (|93 snowenbs
(8£9) 708 (sv'0) € (9¥'6-€8'9) ¥0'8 (8'6-£) 8T8 R4 xuoissaiboid wsejdoau jueubiew  (sdAjod pue s1sA> pul) payadsun pue jueubijew ‘ubjuag swsejdoan
(sowog3) wog3 (5zo2NDI (1D%56)44d (1D%S6)404 N/1d sld J0S

“(panupuod) °s |qeL



EXPERT OPINION ON DRUG SAFETY (&) 7

(panunuo)d)
(#6'8L) 9565 (t60) 6'S (89°L6L-L¥'61) L9 (L6'L6L-L¥'6L) ¥0'L9 € ¥SISOqUIOIY1 3)Is uond3(ul
(99°9) ¥9°/L (1z'1) vy (LTSS-1LS) 9L LL (SE°SS—1LS) LLLL € suted Jejnosea
(8L°0L) L8'LE (S0°0) 66 (85°00L-Z€°0L) LT'CE (€2°00L-T€0L) bT'TE € ¥BUWOJRWdRY 3)Is uolsnjul
(8L7TL) ToOY (L€0) T€'S (CLTI-€1) 99'0F (6€°LTL-€1) 69°0F € xUONRINOJOISIP UISA
(LLY) S9°01 (LL'L) Lre (€8°€7-8%) 69°0L (68'€-8%) LLOL 9 %SISOUR)S d1lIoe
(€0°€) S£9 (9t'0) SL°C (90°SL-¥0'€) 94°9 (L'SL-¥0€) ££9 9 Ayredoibue
(15'2) S0°SL (98'1) L6°€ (L€'0€-952) ¥L'SL (14'0€-952) 9L'SL 8 xsiugajydoquioyy
(€2'9) ¥S°TL (LL1) S9°€ (eV'€T-£L9) 9TL (vs'€-829) 19Tl oL ¥9SBISIP IDAI| SAISN|IIO0UDA
(51'8) 8€vL (117 s8¢ (8Y'ST-T'8) 9F'vlL (65°ST-17°8) 6111 4} 13p.osIp uldA
(€5°€) 609 (€6'0) 19°C (LS0L-¥S€) L'9 (SS°0L-65°€) TL'9 €l xuonenGeod JendseAeiul pajeuIWISSIp
(L1790 ¥S'65%  (L'2) ¥8'8 (££/986-80°7C¢) SL'€9S (6'L66-LTC€E) 92'59S Sl simga|yd aus uoisnyul
(wLy) SL°Ss (L¥'1) TsT (86'L-9L'%) 9L°'S (908-8LY) 18'S 9€ ¥doys dndas SI9PIOSIP Jejndsep
(£8°€) €01 (12°0) ££°€ (€£°£T-68€) 6£°0L (8£°£7-68°€) ¥0L 14 xelwuyIkyLeAyoey
(z6'€) vr'6 (8£°0) vT'e (6LTC-V6€) LV'6 (¥8'TT-16'€) 876 S ¥22U319dWOdU 3A[eA DijIoe
(6£77) ¥€'S (TLo) e (6'LL-+7) S€°S (€6'LL-¥'T) SE'S 9 ¥UO1DUNYSAP JBINDLIIUDA Y3)
(1'¢) LT9 (85°0) €9°C (St'Ti-LLe) 2T9 (6Y'TL-LLE) ¥T'9 8 *9NNY eie
(€2°0) 96'C (¥9°0) £5°L (€6'€-vT'T) L6'T (£6'€-ST'T) 66'C 8y uone||Lqy [eue S19plosIp deipie)
(P€°€) 801 (91°0) 8¢°€ (8€7ze-5¢€€) Trol (ev'ze-s€e) €voL € +S11j0d dluadosinau
(s0€) 89 (L¥0) 9LT (£1°51-90°€) 189 (T'S1-90°€) 789 ¥ xuondNIsqo-opnasd [eunsaiul
(9£7) ¥99 (LT0) €LT (91-££77) 599 (€09L-££77) 999 S Adixoy [eunsajulonseh
(20€) s€9 (50) £9C (SE°€L-£€0€) 9£79 (6£°€L-€0°€) LE9 9 +SI|020131U
(Sv'2) €661 (s9'1) tev (£€5-152) 60°0C (8'€5-15°2) 10T L #IIWIRYDS S[}|0d
(96'7) ST'8 (L¥'L) ¥0°€ (¢LreL-66'v) LT8 (6L°€L-66'7) €8 Sl *SN3|l SI9pIOSIp [eunsajuloslsen
(€6'8) T6'€T (16'L) 85% (9v9-20°6) vLtC (TL'¥9-70'6) 9L'¥T 14 £92U3aUIRUodUI Aleunn $sails
(#0'9) LLTL (SL) £9€ (¢8'97-809) £L7TL (68'97-809) 6£°CL L »1beyuowsaey snnisko
(18°€) 80°Z ($6'0) 28'C (Cel-z8¢) L'L (STeL-ege) ¢l'L oL xSIsdasoun s1apiosip Aleuln pue [eusy
(s8'TL) vTov (8€70) €£°S (L6°£TL-L0°EL) 6801 (1'8CL-L0EL) T6'0F € suspuadap uoisnysuesy 3onpoid poojq
(51'9) 96 (6€°1) 9T’€ (6£1-8L°S) €96 (£6°'£1-81'S) S9°6 oL xiuaned £q juswiea Jo |esnjal SIOURISWINDID [B120S
(Fe€) ol (9t°0) 8€°€ (€v'7€-9€°€) ¥i0L (Ly'Te-9€°€) ¥ioL € xBWIP30 IS uondaful
(9'9) 95°0C (€v'l) 9€¥ (§5'%9-99'9) €£°0C (¥9'%9-99'9) ¥£°0C € *UlWIem a)Is uoisnyul
(Fe€) ol (9t°0) 8€°€ (ev'7€-9€7€) ¥i0L (Ly'Te-9€€) ¥ oL € xdWoIpus sea| Kedes
(8%) S67L (86°0) 6'€ (S2'9%-€8'Y) €0°SL (T8'9r-€8'Y) ¥0'SL € «eIse|dsAp
(€5'9) ¥€°0C (¢r'l) S (€8'€9-85'9) §°0C (€6'€9-85'9) L5°0C € £U0ND3JUI 3]Uqdy
(9¥'0) £L59 (90°0) 7T (LS L1-1¥'T) 659 (9'£L1-L¥'T) 659 14 awoipuAs asuodsal A1ojewwelyul dIWa1sAs
(¢87) 629 (L€0) 94T (9€791-€8'7) 89 (6£91-€87) 189 S xPaseanap sniels aduew.opad
(#9°0€) ¥'65 (16°€) 68'S (9L°£11-TF'LE) €809 (LL'8LL-b¥'LE) 9609 6 xuoleinpul d1is uolsnjul
(197) 20's (L£0) €£°C (99°6-79°7) €0°'S (69'6-79°7) ¥0'S 6 ¥BWIAPI0 pasi|esaush
(95's€l) LT'L9T  (€0'9) €08 (S5°195-59°LS L) T8'L6T (£9°€95-8'LS1) TS'T6C oL stugajyd ayus uondaful
(8€'7) 918 (9L'1) €0°€ (lzsL-v) 818 (9TSL-¥'v) T8 oL eluIayUadAy
(8¥°€) 69 (98°0) S9°C (6€°LL-6¥€) LE9 (EV'LL-S€) T€9 Ll xiapuodsay |eiued Adesayy
(LT'SL) £5°LT (86°0) 6L'% (9v'05-¥'S1) £8'LT (99°05-L¥'SL) ¥6'LC Ll xeIse|de mossew suoq 3|1gay
(60°€) S8'% (980) 8C'C (19'2-1°€) 981 (§9°£-1°€) 18 6l xUoljewiWeUl [esodnW
(88°LY) €199 (L9%) S0'9 (LO°Z0L-L'EY) 1629 (LL'L0L-T'€¥) LT'89 6l uopeas s uolsnjul
(zs'8l) €7'8C (8v'€) 78'% (rev—14:81) ¥S'8C (TL'ev-78'8l) 69'8C 44 Buijisms aus uorsnyul
(#'20L) ££795L (¥6'S) 6T°L (8L'¥ST-8¥'601) 78'99L (¢1'95C-+8'601L) €£7491 €C uonelul 3)s uoisnjul
(92°00) L¥'LT (8°€) 8LY (9€'26-¥5°07) £'L¢ (68'£€-89'07) 86'LT 134 uted ays uoisnyul
(67°0) L0°€ (£0) 651 (s6'€-€70) L0'€ (b-1€7) v0'€ 43 uoneson3ap yieay [edishyd essusb
(LL'SY) 1665 (€0'S) 6'S (90°08-50°LY) LE'L9 (8€°L8-6V'LY) L1'T9 SS +UOI1BSBARIIXD 91IS UOIShjul
(€1°18) 60°€0L (6'S) 699 (609€L-16+8) TS L0L (¥6'8€1-5098) €601 Lz UOIIBSeARIIXD
(FL€) 88°€ (9T'1) 96'L (6£'7-91°€) 68°€ (88'7-61°€) S6'€ 8 xuolssaiboid aseasip
(95¥1) 80°ZL (95°€) 60 (90°0z-¥LYL) TLL (L6'07-61'GL) T8LL LS1 eluadoninau 3|1gay
(8£°5) %9 (¢€0) 69°C (SL'L-18'S) 9¥'9 (92'£-TT9) S6'9 4%3 eixauAd SUOILIPUOD 3)IS UONBJISIUILIPE PUB SI9PIOSIP [BIBUSD
(sowoga) Wodl  (SzodI)dI (1D%56)44d (1D%S6)404 N/Ld sid 20S

‘(Penunuod) *g 3|qel



—
<
—
w
L)
=z
<
=)
T
o

‘onedyads dulsnWepAzuag Sy} Ul PAUOIIUSW 10U JUIAS ISISAPE U S31edIPUl,

(L1'99) £'T1T o) €LL (EL'65LVT'LL) SSTET (ST09L-€T'LL) LLTET € x elsejdoau (|3 diupusp proyhoewseld dnselq
(8907) £1°£78  (T0'9) 696  (LSLS6V-8TOLE) STOVTL  (LEWI6V—E0LE) ¥LL¥TL € » JuauNd31 ewoydwA| suoz [euibiew djua|ds
(€Th) SLEL (6£0) TL'€ (60'LY-STY) TTEL (SL'LY-STY) €T€L € « JuaLNd31 ewoydwiA| [[3>-q dbie| asnyip
(St'SL) €5°LY (69°7) 8€'S (8s°€LL-TLSL) TTTY (6SELL-TLSL) 97T 12 « BlWIeulngojbo.dew s,woisuspjem
(9°61) 8'CS (coe) s (FL'S¥L-€00T) T6'€S (L¥'SyL-€00T) L6°€S ¥ x SIS0300nsY (> sueysabue
(€1°07) ¥T VS (90°€) 927§ (¥T6¥1-6507) €7°SS (¢56v1-6507) 87°SS v » U331 ewoydwi| s,upjbpoy-uou
(86'97) 66°TL (L¥'€) 619 (91°€0T-18°£7) L1'SL (rS'€0T-18°LT) vT'SL v « JuaLN31 ewoydwiA| |13 sjuew
(8€7) € (L1'0) 1¥'T (€8°LL-6£7) LES (S8'LL-6€7) TES 9 siskjowaey
(19°07) vTov (LT€) €5°S (£§'SOL-LO°LD) L'Ly (¥8'S0L-T0°LT) 9L LY 9 x JUBMIND3 elwin3| dnA>0ydwA| duolyd
(80%) 858 (¥60) L€ (90°8L-1'¥) 9'8 (LL'8L-L'Y) T9'8 L « elwaue dnsejde
(95°€) 8L (¥£20) 6T (€L'S1-45€) 'L (8L'SL-£S€) LS. L xBwWoydwi| (j23>-q abue| asnyip
(18¢) €€2 (6'0) £8°T (TLy1-T8°€) SE°2 (LL'y1-T8°€) 9€°L 6 LSisdas djuadonnau
(€5°€) 959 ¥80) LLT (€TTL-1S€E) 859 (LTTL-S°€E) 659 oL xs1s0)fo0ns1yoydwiA| suk>obeydowsey
(L07) S8°€ (£L0°0) 6L (91£-80'7) ow.m (61'£-807) 98°€ oL douisoa
(6£7) 6L°S (50) LET (996-80) T (696-87) LTS oL «Kjebawousds
(LooL) vL'8L (857 8Ly (zoge-101) omﬁ (9L€e-L1°01) LESL L xewoydwA| j190-q
(290 197 (L¥'0) 12T (€1'8-€9'0) 79Y (L1'8-€9°7) €9F 14! LS1s01f00|nueibe
(69°€) £9S (€1'%) €8S (E7°001-6+°€€) 85 (16:001L-¥S°€E) £1°8S €l xewoydwi| (19> spuew
(€L9) LL'S (T80) 5T (SE'8-¥L'E) TU'S (r'8-vL€) ¥L'S 9l xewoyduwi|
(85°S) 66'8 (89°L) £L'€ (S¥L-9°9) 106 (8S¥1-19°S) S0°6 [l eluadoifd
(¥0'0L) 6191 (ts0) 0w (€7°9z-T1°0L) 6791 (8€'9Z-¥1°01) 9€91 L1 «ewoydwA| s,upbpoy-uou
(zv'8) 80°€L (€D 1Lg (8€°07-8¥'8) SLEL (z5°07-5'8) LTEL 0z Adixor03eWaey
(6SH) €12 (S¥'L) €8T (LO'LL-19%) SL'L (FL'LL-T9Y) 8L°L 0T eIW N3] plojaAw 3inde
(L0'2) L€°L€ (€8°€) TS (26'85-1¥¥T) €6'LE (Te65-87'77) L'8€E (174 x93 pa1 2ind eisejde
(8T°S) TL'8 (99°1) 20'€ (8Y'TL-LES) ¥L'8 (95°71-2€°9) 8L'8 (4 awolpuAs dnsejdsApojaAw
(2L LT) €€°0p (€1'%) €€°5 (SV'65-¥T'87) 86'0F (66'65-9€'87) ¥T LY 8T «Blwaeue dnAjoway sunwwione
(18€) S¥'S (6T°1) S¥'T (18°£-78°€) 9'S (L8'L-¥8€) 6¥'S 0€ «Ayredouapeyduwi
(9z0l) L¥'¥L (5£7) s8'€ (97°07-SE°01) SSPL (99°07-6€01) SOl €€ eluadoyduwiA|
(65°€) LY (L1'1) €TT (€59-¥'€) LLY (85°9-LV'E) ¥L¥ o€ eluadoxna)
(r'6l) ¥9°97 (L€ vLy (58'9€-99°61) 76'9C (6TLE-8L°61) 91'LT 6 xBlWaRUE dAjowaey
(16'9€) L£°0S (S9%) 59°S (16'69-8L°LE) 6£°LS (6£:0.-£0'8€) 88'LS 12 «elwaeyna| onfoydwA| d1uoiyd
(L9°€) S6'F (re'L) LT (59'9-69€) S6'F (€£9-1L9) S 24 xewoAw |j2> ewseld
(95°01) 6£°€L (t6Q) 61°€ (¥0'8L-99°0L) £8°EL (€€°'8L-SL°0L) ¥O¥L sS ¥2IN|le} MOlew duoq
(€€°€) 66'€ (61 T (LLY-SE€) ¥ (67-v€) 80% 6LL elwaeue
(LT9) vt (teD 6T (£8'8-7€9) 6V'L (91'6-9v'9) 69°£ o€l eluadorfroquioiyy
(9z'S1) 96°£L (€9°€) Ll (SL'Lz-9¥'SL) 8081 (zozz-16'SL) TL8L 149! ejuadoifoued
(92) 928 (9970) €1°€ (900L-£9°2) 88 (L50L-96'2) LL'6 00T ejuadonnau siapiosip washs dneydwA| pue poolg
(sowog3) woga  (szodNdI (1D9%56)44d (1D%S56)404 N/1d sld 20S

“(Panunu0)) °s s|gel



4.2. Analysis of screened ADR signals

Based on a disproportionality analysis, this study found that
ADRs to bendamustine primarily occurred in patients with
blood and lymphocyte disorders, skin and subcutaneous tissue
disorders, systemic disorders, infections, and reactions at the
site of administration. The ROR, PRR, and EBGMO5 were > 70.0
for ADRs including but not limited to infusion site phlebitis,
humoral immunodeficiency, injection site phlebitis, infusion
site irritation, Listeria sepsis, extravasation, cytomegalovirus
small intestinal colitis, cytomegalovirus choroidal retinitis,
and cytomegalovirus-associated viremia. The distribution of
adverse reactions, mostly consistent with the indications, indi-
cates a certain representativeness of the clinical studies,
revealing the most significant as well as new severe adverse
reactions.

Bendamustine is a bifunctional mescaline-alkylating agent
that is used to treat patients with hematologic malignancies.
We found that hematologic AEs [2,3] such as neutropenia,
decreased lymphocyte count [4], pancytopenia, thrombocyto-
penia, and anemia frequently occurred after bendamustine
administration. In patients with prolonged myelosuppression,
delayed dosing is required [5,6]. This myelosuppressive and
cytotoxic drug reduces the number of CD4* lymphocytes [7]
and the CD4/CD8 ratio, causing dose-dependent immunosup-
pression. This increases the risk of infection-related complica-
tions in patients. Previous research has demonstrated the
need for careful monitoring of lymphocyte counts during
clinical treatment with bendamustine [8,9]. A meta-analysis
that presented data on the AEs associated with bendamus-
tine-containing regimens revealed infections as the most com-
mon AE, followed by neutropenia and lymphocytopenia. This
study, based on data obtained from openFDA, identified the
signs of blood and lymphocyte ADRs and diseases that devel-
oped due to bendamustine administration with significant
signal intensity. These signs included pancytopenia, lympho-
penia, hemolysis, myelodysplastic syndromes, and acute mye-
loid leukemia of AEs (Table 5). This finding was in line with the
drug specifications. Although autoimmune hemolytic anemia
and aplastic anemia were reported, these were not listed in
the drug specifications. These newly identified ADRs will be
valuable for clinicians. Drug-induced immune hemolytic ane-
mia is a rare and serious complication in the treatment of
blood disorders [10,11]. More than 100 drugs have been asso-
ciated with immune hemolytic anemia [12]. Neta reported that
5 (16%) of 31 patients with chronic lymphocytic leukemia
receiving bendamustine developed some degree of hemolysis.
This is possibly related to the combined alkylating and purine
analogue properties of the drug. Immune hemolytic anemia
previously associated with fludarabine may be a risk factor for
bendamustine-induced hemolysis.

Notably, long-term use of bendamustine has been asso-
ciated with an increased risk of cytomegalovirus (CMV) infec-
tion and reactivation of a previous CMV infection.
A retrospective study observed a frequency of CMV viral reac-
tivation of up to 19% [13]. This may be attributed to the
attenuation of immune response by bendamustine, making
patients vulnerable to opportunistic infections, including
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cytomegalovirus reactivation. However, another study found
no difference in the incidence of CMV reactivation at any stage
in patients with lymphoma who received a bendamustine-
containing regimen as a first-line therapy [14]. This supports
the likelihood that viral reactivation is related to immune
damage induced by chemotherapeutic agents rather than by
the disease itself. Moreover, the incidence of CMV reactivation
is high among older adults (aged >60 years) with newly diag-
nosed and relapsed/refractory inert and invasive disease trea-
ted with bendamustine-containing regimens and CMV lesions
in the liver, gastrointestinal tract, lungs, or retina [15].
Therefore, early and close monitoring of clinical and laboratory
findings in elderly hematologic patients treated with benda-
mustine may improve the clinical management and prognosis
of these patients. In addition to viral infections [16], invasive
fungal and bacterial infections have been reported to be
caused by bendamustine [13,17]. This study supported this
finding and reported that AEs such as fungal pneumonitis,
bronchopulmonary aspergillosis, Aspergillus infections, and
bacterial infections are not documented in the drug package
inserts. This highlights the need for clinical attention to the
signs of infection and use of appropriate anti-infective pro-
phylaxis when necessary.

Bendamustine has potent immunosuppressive effects and
can lead to reactivation of hepatitis B virus (HBV) [18,19].
Yoshiki has reported two cases of lymphoma patients with reac-
tivation of preexisting HBV infections due to bendamustine che-
motherapy, In these patients, prompt treatment with entecavir
resulted in a rapid turnaround of HBV DNA levels and prevented
its progression [20]. However, HBV reactivation has also been
reported due to bendamustine and prophylactic entecavir
administration, and entecavir has been associated with mortality
in patients with HBV reactivation due to increased lactic acidosis
and encephalopathy [21]. This suggests that caution should be
exercised when using entecavir as preemptive therapy. This
study found AE-related signs of HBV and HBV reactivation
among the AE reports, consistent with the drug specifications,
suggesting the need for close clinical monitoring of HBV DNA
levels during bendamustine treatment.

Cutaneous AEs are concern during bendamustine treat-
ment. A clinical trial showed that the occurrence of benda-
mustine-related skin AEs, in descending order of frequency,
are infusion-related reactions (ROR=5.708), herpes zoster
(ROR=4.658), allergy (ROR=3.271), and rash (ROR=1.472)
[22]. In this study, the strongest associations found were infu-
sion site vesicles (ROR=63.66), infusion site discoloration
(ROR=49.27), infusion site erythema (ROR=17.81), and
Stevens - Johnson syndrome (ROR=12.83), in that order. It
was considered to be related to the extraction of the database
and the number of reported cases. Lysis of toxic skin necrosis
has also been reported in clinical trials and post-
commercialization [23]. No signal intensity for toxic skin necro-
lysis was found in our study. We believe that it reflects under-
reporting of life-threatening toxic reactions such as Stevens -
Johnson syndrome and toxic epidermal necrolysis and this
question needs to be explored further.

Of the respiratory, thoracic, and mediastinal diseases found in
our analysis, Pneumocystis jirovecii pneumonia, and diffuse
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alveolar injury were mentioned in the drug specifications.
A retrospective study found that, among adult cases of NHL
treated with bendamustine and a CD20-targeted monoclonal
antibody (rituximab or ofatumumab), the Pneumocystis jirovecii
pneumonia infection rate was 6% [2]. Another single-center
retrospective cohort study [24] showed a cumulative incidence
of Pneumocystis carinii pneumonia of 1.7% (95%Cl 0.8%-3.3%;
maximum follow-up of 2.5 years) after initiation of bendamus-
tine. Additionally, pleural effusion, coronavirus infection, occlu-
sive  bronchiectasis, = Pseudomonas  aeruginosa-induced
pneumonia, pneumococcal pneumonia, and spontaneous pneu-
mothorax were identified in this analysis. These are newly iden-
tified serious AEs to bendamustine that are not documented in
the drug specifications. Among these, pleural effusion had the
highest incidence (n=48) and was highly correlated with the
signal intensities of ROR 4.75 (3.54-6.37), PRR 4.71 (3.52-6.3),
1C025 2.23 (1.28), and EBGM 4.7 (3.5).

Other severe AEs identified for the first time in this study were
progressive multifocal leukoencephalopathy (PML), Guillain -
Barré syndrome, and demyelinating polyneuropathy. PML [25] is
arare and severe central nervous system disease [26,27] caused by
John Cunningham (JC) virus infection [28]. High-intensity signals
of JC virus infection were consistently found in our analysis in
infectious and invasive diseases with an ROR of 18.36 (6.86-49.11),
PRR 18.34 (6.86-49.02), 1C025 4.19 (1.52), and EBGM 18.21 (6.81).
T-cell defects are a major contributor to drug-associated PML and
a common risk factor [29]. Such T-cell defects may result from
decreased T-cell counts due to bendamustine. CD4* T-cells play
a central role in the control of intracerebral JC virus [30]. CD4*
T-cells and Th1 cells act synergistically to control the dissemination
of intracerebral JC virus infection by driving the activation and
proliferation of CD8" T-cells, which ultimately direct the produc-
tion of JC virus-specific effector cells [29,31]. Therefore, when
patients treated with bendamustine develop unexplained neuro-
logic symptoms, they should undergo prompt magnetic reso-
nance imaging to facilitate the swift diagnosis of JC virus in the
cerebrospinal fluid by polymerase chain reaction.

5. Limitations

Our study had several limitations. First, FAERS data comes from
a voluntary reporting system, which may be subject to incom-
plete reports and biases. Second, because some drugs are used
more often than others, reports of AEs associated with them will
show corresponding differences in frequency, resulting in the
potential over- and underestimation of the incidences of AE.
Third, there is no comparison or control group, making it difficult
to determine whether the ADRs associated with bendamustine
use are higher than the expected baseline risk or not. Fourth, the
data provided by FAERS show only correlations between the
occurrence of ADRs and the use of a particular drug, they do
not prove the direct causal relationship. Demonstrating causality
will require further clinical studies and evaluation. Fifth, in clinical
practice, most adverse drug reactions, especially rare complica-
tions and infectious complications, occur during the combined
treatment with bendamustine. Therefore, it is difficult to clearly
separate them, and further clinical research is needed to confirm
this.

6. Conclusion

This study scientifically and quantitatively analyzed the AE
risks of bendamustine using reports from the FAERS database.
Unexpected and previously unidentified major AEs were iden-
tified, including autoimmune hemolytic anemia, pleural effu-
sion, PML, and JC virus. Hematologic and cutaneous reactions,
infections, and infusion reactions were found to be common
AEs that should be of great concern. This research provides
a reference for clinicians and a springboard for further
research. It is recommended to closely monitor the infusion
sites and skin changes of patients during the clinical use of
bendamustine. Dynamic monitoring of blood routine, coagu-
lation function, inflammatory markers, ultrasound, and ima-
ging examinations is essential to promptly detect possible
adverse drug reactions caused by the medication. Early inter-
vention should be taken to minimize the associated risks that
may occur during the course of treatment.
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