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Abstract

Background: The use of antineoplastic agents is one of the important triggers of tumor lysis
syndrome (TLS), but there is still a lack of comprehensive understanding of antineoplastic agents
that may trigger TLS and the TLS risk differences between different antineoplastic agents.
Objectives: This study aims to investigate the TLS risk of different antineoplastic agents and
provide reference information for clinical practice.

Design: Real-world adverse events data in the FDA Adverse Event Reporting System (FAERS])
database were used as the basis for the disproportionality analysis.

Methods: We reviewed the TLS reports in the FAERS database from 2004 to 2022 to
summarize an antineoplastic agent list that was reported to trigger TLS, based on which we
conducted disproportionality analysis to assess the TLS risk of each antineoplastic agent.
Results: In all, 164 antineoplastic agents were reported to trigger TLS. On the whole,
rituximab was the most reported antineoplastic agent in TLS reports, followed by
cyclophosphamide, venetoclax, doxorubicin, and etoposide, while tagraxofusp was the
antineoplastic agent with the highest adverse drug reaction (ADR] signal strength in signal
detection, followed by floxuridine, pentostatin, tebentafusp, and venetoclax. Integrating

ADR signal detection results, 129 of 164 antineoplastic agents showed at least one positive
ADR signal, and six antineoplastic agents (bevacizumab, carboplatin, cisplatin, fluorouracil,
lenvatinib, and paclitaxel) have the highest total number of positive signals. Further
classifying the 164 antineoplastic agents into 46 chemical subgroups to conduct ADR signal
detection, nitrogen mustard analogs were the most reported antineoplastic agent subclasses,
followed by clusters of differentiation 20 inhibitors, and pyrimidine analogs, while clusters

of differentiation 22 inhibitors were the antineoplastic agent subclass with the highest ADR
signal strength, followed by podophyllotoxin derivatives and actinomycines.

Conclusion: Our study showed the TLS risk characteristics of 164 antineoplastic agents by
detecting and integrating ADR signals, which may help to optimize clinical practice.

Plain language summary
Antineoplastic agent and the risk of tumor lysis syndrome

Background: Antineoplastic agents are medicines that help treat cancer. It is one
of the most outstanding achievements of human beings in medicine, which plays an
increasingly important role in improving human health and prolonging the life span
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of cancer patients. However, adverse reactions (ADRs] associated with the use of
antineoplastic agents may also cause unexpected harm to patients. Therefore, it is
essential to have a comprehensive understanding of antineoplastic-related ADRs to
ensure the lives of cancer patients. Tumor lysis syndrome (TLS] is a potentially life-
threatening ADR that may occur during antineoplastic agent treatment. However, there is
still a lack of comprehensive understanding of antineoplastic agents that may trigger TLS
and their risk differences. This study aimed to comprehensively investigate the TLS risk
of antineoplastic agents from the pharmacovigilance perspective, providing reference
information for patients, health professionals, regulators, and others concerned with
antineoplastic agent safety. Methods: Using data from the FDA Adverse Event Reporting
System (FAERS) between the years 2004 and 2022, we reviewed TLS reports associated
with antineoplastic agent exposure, summarized an antineoplastic agent list that was
reported as the potential culprit-drug of TLS, and explored the TLS risk of different
antineoplastic agents by disproportionality analysis. Results: Our results showed that

164 antineoplastic agents, involving 64 antineoplastic agent subclasses, were reported

as the potential culprit-drug of TLS in the FAERS database, in which 129 antineoplastic
agents and 39 antineoplastic agent subclasses were associated with increased TLS risk
to varying degrees. Conclusions: Our research expounded the differences in TLS risks of
different antineoplastic agents, which helps us pay attention to the occurrence of TLS and
give timely treatment when prescribing high-TLS-risk antineoplastic agents to patients.

Keywords: antineoplastic agent, disproportionality analysis, pharmacovigilance, tumor lysis

syndrome
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Introduction

Tumor lysis syndrome (TLS) is a potentially life-
threatening metabolic complication during anti-
neoplastic therapy, which results from the rapid
destruction of malignant cells and the abrupt
release of their cellular contents into the blood-
stream, leading to the characteristic findings of
hyperuricemia, hyperkalemia, hyperphosphatemia,
and hypocalcemia.!-3 These electrolyte and meta-
bolic disturbances can progress to significant clini-
cal toxic effects, including kidney insufficiency,
cardiac arrhythmias, seizures, and death due to
multiorgan failure.2%5 It is reported that the inci-
dence of TLS ranges from 3% to 40% among
patients with high-risk hematological malignan-
cies,® and the overall in-hospital mortality of TLS
can even reach 28% in patients with certain types
of cancer.” Because of its high mortality, TLS has
become a common but challenging emergency in
oncologic patient management.3

In clinical practice, recognition of risk factors,
close monitoring of at-risk individuals, and

implementing appropriate preventive measures
are critical components in TLS medical manage-
ment because prevention of TLS may be more
effective than treatment.>%89 In this regard, to
optimize the identification of high-risk patients
and the timely implementation of preventive
measures, an international TLS expert consensus
panel developed a risk assessment strategy to clas-
sify the final TLS risk of tumor patients from
three risk factors, including biological signs of
TLS, malignant disease type, and renal func-
tion.1® However, although the above-mentioned
work has made an excellent critical summary of
the literature, standards of practice and clinical
experience, the antineoplastic agents, as one of
the main triggers of TLS,!!"13 is not included in
the risk assessment items. The existing literature
has shown that even the same class of antineo-
plastic agents with similar indications may have
different risks of triggering T1.S.14-16 Therefore, it
is necessary to apply feasible methods to fully
understand the risk differences of TLS triggered
by different antineoplastic agents, providing extra
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reference information for evaluating the TLS risk
of tumor patients.

Pharmacovigilance is the science and activities
relating to the detection, assessment, understand-
ing, and prevention of adverse effects or any other
possible drug-related problems, in which evaluat-
ing the drug safety profile using real-world adverse
events (AEs) data in pharmacovigilance database
is one of its important contents.!” Currently, prob-
ing for disproportionality between drug use and
AE occurrence, namely adverse drug reaction
(ADR) signal detection, is one of the main ways to
apply the real-world AE data recorded in the phar-
macovigilance database.!8 In clinical practice, the
ADR signal detection results can be used as a ref-
erence tool to provide information for identifying
the etiological drugs of specific AE, exploring the
drug—drug interaction, and optimizing the drug
selection for individual patients.!® In this regard,
TLS is a significant AE during antineoplastic agent
use, so real-world AE data in the pharmacovigi-
lance database can provide an unprecedented
opportunity to fully understand the risk differences
of antineoplastic agents triggering TLS.

In this study, we reviewed the TLS cases associ-
ated with the use of antineoplastic agents in the
FDA Adverse Event Reporting System (FAERS)
database, summarized the antineoplastic agents
that may trigger TLS, and evaluated the TLS risk
of different antineoplastic agents using well-
acknowledged ADR signal detection method, try-
ing to provide extra drug reference information
for evaluating the TLS risk of tumor patients.

Materials and methods

Data source

The data of this study come from the FAERS
database, which is an important component of
the US FDA'’s post-marketing safety surveillance
program and is used to collect safety data for drug
and therapeutic biological products submitted by
manufacturers, consumers, and healthcare pro-
fessionals. openFDA is an official innovation pro-
ject supported by the US FDA, aiming at realizing
easy access to public data.?® At present, it pro-
vides query access and original download access
to the structured information of more than 16
million post-marketing AE reports received by
the US FDA since 2004. Through the applica-
tion programming interface (API) provided by

openFDA, the structured information of AE
reports can be retrieved, including but not limited
to the patient’s basic information (e.g., age, sex,
and weight), sources of reports (reporter and
reporting country), medication information (e.g.,
drug name, dosage, and duration of medication),
AEs submitted, and patient outcomes. Therefore,
the TLS reports in the FAERS database can be
screened, collected, and downloaded by con-
structing a reasonable query request through the
API provided by openFDA.

Identifying TLS reports related to antineoplastic
agents in the FAERS database

In the FAERS database, the AEs that occur in
patients are uniformly coded as a standard term
called Preferred Terms (PTs) using the Medical
Dictionary of Regulatory Activities (MedDRA).
Therefore, the AE reports of interest can be identi-
fied by selecting appropriate PTs. Standardized
MedDRA queries (SMQs) are a collection of PT's
that directly or indirectly point to the medical sta-
tus of interest, which are developed to assist in the
retrieval of cases of interest from a MedDRA-
coded database.?! In MedDRA, an SMQ can pro-
vide two types of retrieval modes to identify target
AE reports, namely broad-scope search and nar-
row-scope search. Among them, a broad-scope
search contains all the PT's that potentially point to
the medical condition of interest, while a narrow-
scope search only consists of PTs that are closely
associated with the medical condition of interest.??
TLS is one of the SMQs included in MedDRA,
but to accurately identify the TLS reports, this
study only uses PT's included in the narrow-scope
search of “Tumour lysis syndrome (SMQ)” to
retrieve the FAERS database (Table 1).

For the returned TLS reports, the generic name
of the drug recorded in the “patient.drug.
openfda.generic_name” field of the reports will

Table 1. The Preferred Terms included in the narrow-
scope search of Tumour lysis syndrome (SMQ).

Preferred Term MedDRA code
Hemorrhagic tumor necrosis 10054096
Tumor lysis syndrome 10045170
Tumor necrosis 10054094

The MedDRA version used in this study is 23.0.
MedDRA, Medical Dictionary of Regulatory Activities.
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Table 2. The two-by-two contingency table for ADR signal detection.

Drug of interest Other drugs Total
AE of interest a b a+b
Other AEs c d c+d
Total atc b+d at+b+c+d

AE, adverse event.

be coded according to the Anatomical Therapeutic
Chemical (ATC) classification system. If any
drug in the TLS report can be classified into
“antineoplastic agents (LL01),” we considered that
the occurrence of TLS is potentially related to the
use of antineoplastic agents and included the
report in the final analysis.

ADR signal detection method

Disproportionality analysis is a validated statisti-
cal approach in drug safety research and surveil-
lance, which is widely used to analyze AE reports
and identify potential ADR signals.?3:?* In this
study, we used the reporting odd ratio (ROR), a
well-established  disproportionality  analysis
method, to conduct ADR signal detection. The
ROR method includes two main parameters in
ADR signal detection, namely the number of
cases and the 95% confidence intervals (CIs) of
the ROR value.!® The number of cases is the
reporting quantity of the combination of target
drug and target AE, which can help us under-
stand the common culprit drugs that may trigger
the AE of interest. However, a high reporting
quantity of a drug is not exactly equal to a high
ADR risk because the difference in the frequency
of drug use in the real world will greatly affect this
figure. To cope with this problem, the ROR value
is introduced as an index to reflect the differences
between the real frequency and background fre-
quency of target drug-induced target AE, which
can quantitatively represent the strength of statis-
tical correlation between target drug and target
AE, thus evaluating the risk of target AE induced
by target drug. Based on the classical two-by-two
contingency table (Table 2), the ROR value and
its corresponding 95% CIs can be calculated by
the following formula:

a/c ad

ROR = =—,
b/d bce

In(ROR) +1.96 (LLLL]
95% Cl =e abcd)

When the lower-limit 95% CI of ROR value is
above 1.0, and the number of cases is greater than
or equal to 3 (a=3 in Table 2), it suggests that
the target drug has the potential high risk of caus-
ing target AE, namely a positive ADR signal.
Instead, if the lower-limit 95% CI of ROR value
or the number of cases cannot meet the above-
mentioned criteria, it suggests that there is no sig-
nificant statistical association between the target
drug and the occurrence of target AE, namely a
negative ADR signal. In addition, for drugs with
positive ADR signals, the ROR value is a quanti-
tative index reflecting the statistical correlation
between the drug of interest and AE of interest,
so the ROR value can represent the ADR signal
strength of the target drug and can be used to
compare the risk differences of different drugs
quantitatively.1%22

Data acquisition, processing, and analysis

In this study, we obtained the data through the
openFDA platform and conducted a follow-up
analysis. The detailed steps are as follows. First,
refer to the API construction instructions issued
by the openFDA (https://open.fda.gov/apis/drug/,
accessed on September 15, 2023), we used the
PTs in Table 1 to retrieve and download all the
TLS-related AE reports in the FAERS database
from January 1, 2004 to December 31, 2022.
Second, we extracted the generic name of drugs
recorded in the “patient.drug.openfda.generic_
name” field of all the TLS reports, and the drugs
were coded and classified by the ATC system.
Third, according to the ATC code of drugs, TLS
reports that do not involve antineoplastic agents
were excluded, and the basic information of the
retained reports was extracted and summarized.
Fourth, according to the list of antineoplastic
agents that may trigger TLS, the ADR signals
were detected at the SMQ level and PT level,
respectively, yielding one ADR signal at the SMQ
level and three ADR signals at the PT level. Fifth,
the ADR signal detection results were integrated
to show the risk characteristics of different anti-
neoplastic agents triggering TLS.

In this study, R version 4.1.0 (R Foundation for
Statistical Computing, Vienna, Austria) was used
for data acquisition, processing, and analysis.
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Results

The basic information and patient

characteristics of antineoplastic agent-related

TLS reports

Using PTs in Table 1 to retrieve AE reports in the
FAERS database, a total of 7269 TLS reports
were returned, which involved 50,878 drugs.
After removing drugs with missing generic names,
removing duplicate drugs, excluding non-anti-
neoplastic agents, and integrating synonymous
drugs, a total of 164 antineoplastic agents were
identified to be related to TLS. Meanwhile, the
list of antineoplastic agents was used to match
TLS reports further, and finally, 5819 antineo-
plastic agent-related TLS reports were screened
for subsequent analysis (Figure 1).

The basic information and patient characteristics
of 5819 TLS reports are shown in Figure 2. In
recent years, the number of TLS reports related
to antineoplastic agents has been increasing, and
2022 is the year with the largest number of reports
(Figure 2(a)). In terms of reporting sources, most
reports (49.49%) are submitted by physicians
(Figure 2(b)), and the United States is the coun-
try with the most reports (Figure 2(c)). With
regard to the demographic characteristics of
patients, male patients (52.74%) account for the
majority of TLS patients (Figure 2(d)), and most
patients are in the age group of 60-70years old
(Figure 2(e)). In addition, TLS usually results in
serious adverse outcomes, and it is even directly
related to the death of 1142 (19.63%) patients to
some extent (Figure 2(f)).

s

TLS-related AE reports
recorded in FAERS database
between Jan 1, 2004 and Dec

31,2022: n=7269

r

—
N
Drugs included in AE reports:
n=50,878
. J

y
Exclude drugs missing generic
name: n = 15,584

-
Remove duplicate drugs:
n=34,214

Y

Drug name
matching

J |

Deduplicated drug names:
n=1080

Exclude drugs that are not
under LO1 of the ATC system:
) 4 n=902

r

\_

Drugs categorized as
antibacterials for systemic use
(Under LO1 of the ATC
system) : n =178

~

J

Integrate drugs with same
ingredient manually

A\ 4

'

TLS-related AE reports that
associated with antineoplastic
agents exposure: n = 5819

The final drug list used for
disproportionality analysis and
evaluating TLS risk:
n=164

Figure 1. Flowchart of determining TLS reports related to antineoplastic agents.
AE, adverse event; ATC, Anatomical Therapeutic Chemical; FAERS, FDA Adverse Event Reporting System; TLS, tumor lysis

syndrome.
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Figure 2. The basic information and patient characteristics of antineoplastic agent-related TLS reports. (a) Annual distribution
of reported quantity; (b) occupational distribution of the reporters; (c) top 15 countries with the largest number of reports; (d) sex

distribution of patients; (e] age distribution of patients; and (f) distribution of severe adverse outcomes suffered by patients.
TLS, tumor lysis syndrome.

ADR signal detection results for 164
antineoplastic agents

In the FAERS database, 164 different antineo-
plastic agents were reported to trigger TLS. To
investigate the association between TLS occur-
rence and the use of antineoplastic agents, we
conducted ADR signal detection at SMQ level
and PT level for 164 different antineoplastic
agents, respectively. For each antineoplastic
agent, there were four ADR signal detection
results, including one at the SMQ level and three
at the PT level. The ADR signal detection results
at the SMQ level are shown in Supplemental
Table S1, and the ADR signal detection results at
the PT level can be found in Supplemental Tables
S2-S4. On the whole (at SMQ level), the
results showed that rituximab (a=1036) was
the most reported antineoplastic agent in TLS

reports, followed by cyclophosphamide (a=981),
venetoclax (a=727), doxorubicin (a=7006),
etoposide (a=604), while tagraxofusp
(ROR=141.89, 95% CI: 85.54-235.34) was the
antineoplastic agent with the highest ADR signal
strength followed by floxuridine (ROR=140.75,
95% CI: 61.64-321.38), pentostatin
(ROR=73.82, 95% CI: 51.27-156.29), teben-
tafusp (ROR=67.47, 95% CI: 21.39-212.89),
and venetoclax (ROR=53.08, 95% CI:
49.13-57.35).

To further summarize the risk characteristics of
different antineoplastic agents triggering TLS, we
integrated the ADR signal detection results of
164 antineoplastic agents (Figure 3). In this
study, the ADR signal detection results can be
classified into three types, namely negative ADR
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12 Dabrafenib + + + NR Il 70 Eribulin 2 + + — — Il 128 Tebentatusp 1 + — NRNR
13 Dactinomycin + + + NR :: 71 Everolimus 2 + — + NR :: 129 Vemurafenib 1 + — — NR
14 Docetaxel + + + — || 72 Floxuridine 2 + + NRNR || 130 Abemaciclib — NR — NR
15 Doxorubicin + + + NR Il 73 Fludarabine 2 + + — Nr I 131 Afatinib — — NR —
16 Etoposide SFaE e — :: 74 Gemtuzumab ozogamicin 2 + + NR NR :: 132 Aflibercept — — NR NR
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18 Ifosfamide + + + — Il 76 Hydroxycarbamide 2 + + — Nr I 134 Alpelisib — — NRNR
19 Imatinib B — :: 77 Ibrutinib 2 + + NRNR :: 135 Anagrelide — — NR NR
20 Ipilimumab + + + NR || 78 Idarubicin 2 + + NR NR || 136 Avapritinib — NR — NR
21 Trinotecan + + + NR I 79 1delalisib 2 + + NR NR Il 137 Belzutifan — — NRNR
22 Mitomycin SRS NR :: 80 Inotuzumab ozogamicin 2 + + NRNR :: 138 Bosutinib — — NR NR
23 Nivolumab + + + — || 81 Isatuximab 2 + + NRNR || 139 Brigatinib — — NRNR
24 Oxaliplatin + + + — Il 82 ixazomib 2 + + NR NR I 140 Cemiplimab — NR — NR
25 Panitumumab + + + NR :: 83 Lapatinib 2 SR NR :l 141 Ceritinib — — — NR
26 Pazopanib + + + NR || 84 Lorlatinib 2 + + — NR || 142 Cobimetinib = = = NI
27 Pembrolizumab + + + — Il 85 Lutbinectedin 2 + + NR NR Il 143 Enfortumab vedotin — — NR NR
28 Pemetrexed + + + :: 86 Melphalan 2 EREENEE NR :: 144 Entrectinib — — NR NR
29 Rituximab + 4+ + — || 87 Mercaptopurine 2 + + NR NR || 145 Idecabtagene vicleucel — — NR NR
30 Sorafenib + + + — Il 88 Mitotane 2 + NR + NR I 146 Ivosidenib — — NRNR
31 Sunitinib + + + NR :: 89 Mitoxantrone 2 + + NR NR :: 147 Ixabepilone — — NR NR
32 Trastuzumab + 4+ + NR || 90 Mogamulizumab 2 + + NR NR || 148 Midostaurin — — NR NR
33 Vincristine + + + NR Il 91 Nelarabine 2 + + NRNR I 149 Niraparib — NR — NR
34 Vinorelbine + + + NR :: 92 Nilotinib 2 RN NR " 150 Olaparib — — NR NR
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40 Azacitidine 2 + + NR NR :: 98 Pertuzumab 2 S NR :: 156 Sotorasib — — NR NR
41 Bendamustine 2 + + NR — || 99 Polatuzumab vedotin 2 + + NR NR || 157 Tafasitamab — — NRNR
42 Bexarotene 2 + + — Nr Il 100 Ponatinib 2 + + NR NR Il 158 Tazemetostat — — NRNR
43 Binimetinib 2 + + NR NR :: 101 Pralatrexate 2 + + NR NR T 159 Thiotepa — — — NR
44 Blinatumomab 2 + + NR NR J] 102 Pralsetinib 2 + + NRNR || 160 Tremelimumab — — NR NR
45 Bortezomib 2 + + — Nr Il 103 Ramucirumab 2 + + — NR I 161 Tretinoin — — NRNR
46 Brentuximab vedotin 2 + + NR NR :: 104 Regorafenib 2 AR NR :: 162 Trifluridine and tipiracil — — — NR
47 Brexucabtagene autoleucel 2+ + NR NR || 105 Romidepsin 2 + + NR NR || 163 Vandetanib — — NR NR
48 Busulfan 2 + + — Nr Il 106 Selinexor 2 + + NR NR I 164 Vismodegib — — — MR
49 Cabazitaxel 2 + + NR NR :: 107 Tagraxofusp 2 + + NR NR :: Total number of positive signals 124 110 49 6
50 Cabozantinib 2 + — + NR || 108 Talimogene laherparepvec 2 + NR + NR ||
51 Capecitabine 2 + — + Nr Il 109 Temozolomide 2 + — +
52 Carfilzomib 2 + + NR NR :l 110 Temsirolimus 2 N NR
53 Chlorambucil 2 + + NR NR || 111 Tioguanine 2 + + NRNR ||
54 Cladribine 2 + + Nr NR I 112 Topotecan 2 + + — w1l
55 Clofarabine 2 + + NRNR :: 113 Trabectedin 2 + + NRNR :: e
56 Copanlisib 2 + + NR NR || 114 Trametinib 2 + = + NR | | + Positive signal |
57 Crizotinib 20T + NR Il 115 Trastuzumab deruxtecan 2 + + —nr 1l 1— Negative signal |
58 Cytarabine 2 = R NR n 116 Trastuzumab emtansine 2 + + = NR ] ll\lililzla_teﬂe_poﬁ_______l

Figure 3. Pharmacovigilance signal distribution at the SMQ level and PT level for 164 antineoplastic agents.
PT, Preferred Term; SMQ, standardized MedDRA query.
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signal, positive ADR signal, and no related
reported cases of the combination of antineoplas-
tic agent and SMQ (or PT). Of the 164 antineo-
plastic agents, 129 showed at least one positive
ADR signal, while the remaining 35 did not show
any positive ADR signal at the SMQ level or PT
level. Among the 129 antineoplastic agents with
at least one positive ADR signal, it is noteworthy
that six antineoplastic agents, namely bevaci-
zumab, carboplatin, cisplatin, fluorouracil, len-
vatinib, and paclitaxel, have four positive ADR
signals.

TLS risk evaluation for different antineoplastic
agent subclasses

Based on the ATC classification system, the 164
antineoplastic agents can be further classified into
46 chemical subgroups (fourth ATC level). To
explore the whole TLS risk difference between
different antineoplastic agent subclasses, we con-
ducted ADR signal detection at the SMQ level for
those 46 chemical subgroups (Table 3). Among
the 46 chemical subgroups, 39 showed positive
ADR signals except for ethylene imines, Janus-
associated kinase inhibitors, epidermal growth
factor receptor tyrosine kinase inhibitors, cyclin-
dependent kinase inhibitors, hedgehog pathway
inhibitors, methylhydrazines, and poly (ADP-
ribose) polymerase inhibitors. In terms of report-
ing quantity, nitrogen mustard analogs (a=1421)
were the most reported antineoplastic agent sub-
class followed by clusters of differentiation 20
(CD20) inhibitors (a=1253) and pyrimidine
analogs (a=1154). With regard to ADR signal
strength, CD22 inhibitors (ROR=33.78, 95%
CI: 23.24-49.10) were the antineoplastic
agent subclass with the highest ADR signal
strength followed by podophyllotoxin derivatives
(ROR=28.68, 95% CI: 26.38-31.19), and actin-
omycines (ROR=25.75, 95% CI: 17.48-37.94).

Discussion

The pharmacovigilance database provides an
unprecedented opportunity to fully understand
the potential ADR risk information of antineo-
plastic agents, and such information is of great
significance for identifying toxic side effects of
antineoplastic agents in time and providing early
intervention for cancer patients.?> In this study,
we reviewed all the TLS reports recorded in
the FAERS database from 2004 to 2022 and

presented a comprehensive overview of TLS risk
characteristics related to antineoplastic agents.

Our study provided a multi-dimensional evalua-
tion perspective. First, we summarized 164 kinds
of antineoplastic agents reported to be related to
the occurrence of TLS from the FAERS data-
base. To our knowledge, this is the most compre-
hensive list of antineoplastic agents used to
evaluate the TLS risk signals so far. Although
previous studies have used the real-world AE data
in the FAERS database to investigate the risk
relationship between antineoplastic agent use and
the occurrence of TLS,26-30 these studies usually
focus on limited anti-tumor drugs, such as lurbi-
nectedin,?% immune checkpoint inhibitors,?8 and
monoclonal antibodies,?® which makes their
results insufficient to show the TLS risks related
to antineoplastic agents comprehensively.
Meanwhile, due to the difference in research pur-
pose and research design, it is also difficult to
summarize a comprehensive drug list based on
the above research to integrally present the TLS
risk of antineoplastic agents. In this study, the
scope of research objects has been greatly
expanded, covering 164 potential culprit anti-
tumor drugs of TLS reported in the FAERS data-
base from 2004 to 2022, which is helpful for
medical personnel, patients, and others con-
cerned about drug safety to comprehensively
understand the antineoplastic agents that may
trigger TLS.

In addition, based on the narrow-scope search of
“Tumour lysis syndrome (SMQ)” in MedDRA
23.0 (International Conference on Harmonization
of Technical Requirements for Human Use,
Geneva, Switzerland), we introduced the ROR
method to evaluate the TLS risk for 164 antineo-
plastic agents at the SMQ level and PT level in a
unified standard (Supplemental Tables S1-S4).
Our results showed that 129 (78.7%) antineo-
plastic agents were associated with the increased
TLS risk, and even some presented a strong ADR
signal combined with a large number of TLS
cases. For example, venetoclax ranks fifth in the
signal strength of ADR (ROR=53.08, 95% CI:
49.13-57.35) and third in the number of TLS
cases (a=727) in our study (Supplemental Table
S1), which obviously indicates its potential high
TLS risk. In current literature, the TLS risk of
venetoclax has been widely recognized, and
prophylaxis and treatment strategies have been
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Table 3. ADR signal detection results for 46 antineoplastic agent subclasses at the SMQ level.

Antineoplastic agent subclasses a b c d ROR (95% CI)

Alkylating agents

Nitrogen mustard analogs 1421 5848 159,790 15,855,854 24.11 (22.75-25.56)
Other alkylating agents 78 7191 20,624 15,995,020 8.41(6.73-10.52)
Nitrosoureas 19 7250 6163 16,009,481 6.81 (4.34-10.69)
Alkyl sulfonates 13 7256 13,440 16,002,204 2.13(1.24-3.68)
Ethylene imines* 9 7264 6173 16,009,471 1.79 (0.74-4.29)

Antimetabolites

Pyrimidine analogs 1154 6115 225,439 15,790,205 13.22 (12.41-14.08)
Purine analogs 235 7034 48,533 15,967,111 10.99 (9.65-12.52)
Folic acid analogs 41 7228 24,486 15,991,158 3.70 (2.72-5.04)

Plant alkaloids and other natural products

Podophyllotoxin derivatives 604 6665 50,442 15,965,202 28.68 (26.38-31.19)
Vinca alkaloids and analogs 254 7015 27,936 15,987,708 20.72 (18.27-23.50)
Taxanes 309 6960 115,055 15,900,589 6.14 (5.47-6.88)
TOP1 inhibitors 31 7238 13,610 16,002,034 5.04 (3.54-7.17)
Other plant alkaloids and natural 4 7265 1754 16,013,890 5.03 (1.88-13.41)
products

Cytotoxic antibiotics and related substances

Actinomycines 26 7243 2232 16,013,412 25.75 (17.48-37.94)
Anthracyclines and related 743 6526 80,293 15,935,351 22.60 (20.94-24.38)
substances

Other cytotoxic antibiotics 63 7206 11,513 16,004,131 12.15 (9.48-15.58)

Protein kinase inhibitors

BTK inhibitors 362 6907 66,136 15,949,508 12.64 (11.37-14.05)

Pi3K inhibitors 52 7217 13,497 16,002,147 8.54 (6.50-11.23)

Other protein kinase inhibitors 293 6976 116,391 15,899,253 5.74 (5.10-6.45)

BCR-ABL tyrosine kinase 165 7104 93,415 15,922,229 3.96 (3.39-4.62)

inhibitors

MEK inhibitors 44 7225 25,919 15,989,725 3.76 (2.79-5.05)

BRAF inhibitors 51 7218 32,199 15,983,445 3.51(2.66-4.62)

ALK inhibitors 22 7247 20,659 15,994,985 2.35(1.55-3.57)

VEGFR tyrosine kinase inhibitors 15 7254 14,740 16,000,904 2.24(1.35-3.73)
(Continued]
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Antineoplastic agent subclasses a b c d ROR (95% Cl)
mTOR kinase inhibitors 57 7212 63,119 15,952,525 2.00 (1.54-2.59)
HER2 tyrosine kinase inhibitors 13 7256 14,657 16,000,987 1.96 (1.13-3.37)
JAK inhibitors* 27 7242 44,507 15,971,137 1.34 (0.92-1.95)
EGFR tyrosine kinase inhibitors* 33 7236 67,372 15,948,272 1.08 (0.77-1.52)
CDK inhibitors* 26 7243 94,522 15,921,122 0.60 (0.41-0.89)

Monoclonal antibodies and antibody drug conjugates
CD22 inhibitors 28 7241 1833 16,013,811 33.78 (23.24-49.10)
CD20 inhibitors 1253 6016 162,948 15,852,696 20.26 (19.06-21.54)
CD38 inhibitors 191 7078 25,373 15,990,271 17.01 (14.72-19.65)
Other monoclonal antibodies and 285 6984 58,876 15,956,768 11.06 (9.82-12.45)
antibody-drug conjugates
VEGF/VEGFR inhibitors 284 6985 96,819 15,918,825 6.69 (5.94-7.53)
PD-1/PDL-1 inhibitors 351 6918 146,878 15,868,766 5.48 (4.92-6.10)
HER2 inhibitors 112 7157 56,960 15,958,684 4.38 (3.64-5.29)
EGFR inhibitors 66 7203 37,262 15,978,382 3.93(3.08-5.01)

Other antineoplastic agents
Other antineoplastic agents 955 6314 102,256 15,913,388 23.54 (21.98-25.20)
HDAC inhibitors 34 7235 3287 16,012,357 22.89 (16.32-32.12)
Proteasome inhibitors 605 6664 108,666 15,906,978 13.29 (12.23-14.45)
Platinum compounds 956 6313 180,848 15,834,796 13.26 (12.39-14.19)
Antineoplastic cell and gene 32 7237 6265 16,009,379 11.30 (7.98-16.00)
therapy
Retinoids for cancer treatment 8 7261 6247 16,009,397 2.82 (1.41-5.65)
Hedgehog pathway inhibitors* 4 7265 7499 16,008,145 1.18 (0.44-3.13)
Methylhydrazines* 1 7268 3424 16,012,220 0.64 (0.09-4.57)
PARP inhibitors* 6 7263 26189 15,989,455 0.50 (0.23-1.12)

Columns a, b, ¢, and d correspond to the four data in Table 2, respectively.
*Antineoplastic agent subclasses with negative ADR signal.
ADR, adverse drug reaction; ALK, anaplastic lymphoma kinase; BRAF, B-Raf serine-threonine kinase; BTK, Bruton’s
tyrosine kinase; CD20, clusters of differentiation 20; CD22, clusters of differentiation 22; CD38, clusters of differentiation
38; CDK, cyclin-dependent kinase; EGFR, epidermal growth factor receptor; HDAC, histone deacetylase; HER2, human
epidermal growth factor receptor 2; JAK, Janus-associated kinase; MEK, mitogen-activated protein kinase; mTOR,
mammalian target of rapamycin; PARP, poly (ADP-ribose) polymerase; PD-1/PDL-1, programmed cell death protein 1/
death ligand 1; Pi3K, phosphatidylinositol-3-kinase; SMQ, standardized MedDRA query; TOP1, topoisomerase 1; VEGF,
vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.
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implemented as standard of care in patients
receiving venetoclax to minimize the risk of
TLS,31:32 which demonstrated that our ADR sig-
nal detection results can reliably reflect the TLS
risk of antineoplastic agent to some extent, thus
providing reference information in clinical prac-
tice. Meanwhile, to intuitively present the TLS
risk of 164 anti-tumor drugs, we integrated the
tedious ADR signal detection results into a posi-
tive-negative ADR signal distribution map
(Figure 3). For each antineoplastic agent, the
total number of positive ADR signals is between
zero and four, which can be used as a concise tool
to understand and compare the TLS risks of dif-
ferent antineoplastic agents conveniently.?? For
example, bevacizumab, one of six antineoplastic
agents with four positive ADR signals, has theo-
retically higher TLS risk than an antineoplastic
agent without a positive ADR signal (e.g., vismo-
degib). Moreover, when it is necessary for clinical
practice, the positive—negative ADR signal distri-
bution map can also be used to guide query of
the ROR values and its corresponding 95% CI of
the antineoplastic agent in Supplemental Tables
S1-S4 to understand and (or) compare the
TLS risk difference between drugs in detail, pro-
viding a reference for drug selection or drug
discontinuation.

Besides paying attention to the TLS risk of a sin-
gle antineoplastic agent, our study also classified
164 antineoplastic agents into 46 antineoplastic
agent subclasses and explored their TLS risk
(Table 3). Our results showed that 39 (84.8%)
antineoplastic agent subclasses have positive
ADR signals and showed potential TLS risk.
Although part antineoplastic agent subclasses,
such as programmed cell death protein 1/death
ligand 1 (PD-1/PDL-1) inhibitors,2® CD20 inhib-
itors,3° and phosphatidylinositol-3-kinase (Pi3K)
inhibitors,33 have been reported to be associated
with the occurrence of TLS, there is still a lack of
clear comparison of risk differences among differ-
ent antineoplastic agent subclasses. In this
respect, our research has supplemented the infor-
mation in this field to some extent and provided a
reference for understanding the TLS risk differ-
ence of different antineoplastic agent subclasses.

Limitation

Although our study comprehensively evaluated
the risk of antineoplastic agents triggering TLS
from a pharmacovigilance perspective, there

are still inevitable limitations. First, the FAERS
database is a spontaneous reporting database;
therefore, underreporting, repeated reporting,
missing data, notoriety bias, and Weber effect
may exit, resulting in the deviation of ADR signal
detection results.?234 Second, patient age, gen-
der, accompanying therapeutic medications, dos-
age and duration of antineoplastic agents use,
comorbidities, malignant disease type, and renal
function influence TLS occurrence,!%:22:35 but we
cannot shield the influence of these factors on
ADR signal detection results due to the inherent
limitation of spontaneous reporting database.
Hence, it is necessary to keep in mind that the
results of this study can only provide a reference
for the culprit-drug identification of TLS and
cannot replace the professional opinion given by
oncologists or clinical pharmacists after compre-
hensive consideration of patients’ conditions.
Third, for antineoplastic agents that are not com-
monly used (e.g., tagraxofusp and inotuzumab
ozogamicin), a small increase in reported TLS
instances will significantly increase the ADR sig-
nal strength and make its feedback on TLS risk
higher than the actual level, so this factor should
be taken into account when explaining the TLS
risk of specific antineoplastic agents. Finally, the
ADR signal detection result only indicates the
statistical correlation between the target drug and
the target AE, but whether there is a real causality
needs further verification in a well-designed clini-
cal study.

Conclusion

In this study, we focused on the issue of TLS risk
in the process of using antineoplastic agents. As
an exploratory pharmacovigilance study, the real-
world AE data in the FAERS database were used
to summarize the TLS risk of different antineo-
plastic agents, and we obtained meaningful
results. We found that 164 antineoplastic agents,
involving 64 antineoplastic agent subclasses, were
reported as the potential culprit drugs of TLS in
the FAERS database. The ADR signal detection
results showed that 129 antineoplastic agents and
39 antineoplastic agent subclasses may be closely
related to the occurrence of TLS, suggesting that
we need to attach importance to the TLS risk of
these antineoplastic agents and antineoplastic
agent subclasses in the process of medication. In
addition, we integrated the TLS risk characteris-
tics of 164 antineoplastic agents based on the
ADR signal detection results at the SMQ level
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and PT level, which can be used as a handy tool
to quickly understand and compare the TLS risks
of different antineoplastic agents, providing refer-
ence information for regulators, health profes-
sionals, and others concerned about the safety of
antineoplastic agents. However, it is particularly
noteworthy that the ADR signals data given in
this study only represent statistical correlation
rather than a real causal relationship, so our
results cannot replace the professional opinions of
oncologists or pharmacists in clinical practice.
Besides, due to the uncertainty of causality, it is
still necessary to further assess or validate the real
TLS risks of some antineoplastic agents in well-
designed clinical studies.
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