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nary for Regulatory Activities. irAEs were categorized as follows: adrenal insuffi-
ciency, colitis, eye diseases, hematological disorder, hepatitis, hyperthyroidism,
hypopituitarism, hypothyroidism, myasthenia gravis, myocarditis, nephritis/renal dys-
function, pneumonitis, rash, and type 1 diabetes mellitus. We used several indices
such as reporting odds ratio (ROR) to assess disproportionality in pharmacovigilance
data, time-to-onset analysis using Weibull shape parameters, and the association rule
mining technique to evaluate possible risk factors between variables in the spontane-
ous reporting system database.

Results: The JADER database contained 534 688 reports from April 2004 to June
2018. The RORs of pneumonitis including interstitial lung disease for nivolumab,
pembrolizumab, and ipilimumab were 7.02 (95% confidence interval: 6.55-7.52), 9.08
(8.28-9.97), and 1.74 (1.27-2.38), respectively. The median onsets (quartiles, 25-75%)
of myocarditis caused by nivolumab and pembrolizumab were 28.0 (15.5-60.5) and
18.0 (13.0-44.5) days, respectively. Co-therapy with nivolumab and ipilimumab may
be associated with irAEs in several categories as per the association rule mining
analysis.

Conclusion: Our results demonstrated a potential risk of irAEs associated with ICls,

based on RORs and time-to-onset analysis. Furthermore, our findings indicated that
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1 | INTRODUCTION

Immune checkpoints are involved in maintaining immune response
homeostasis and are closely involved in the development of peripheral
immune tolerance to self-antigens and autoimmune diseases.!
Immune checkpoint inhibitors (ICls) are monoclonal antibodies that
act against cytotoxic T lymphocyte antigen-4 (CTLA-4), programmed
cell death protein (PD-1), and its ligand PD-L1 to eliminate cancer cells
and restore immune control.}3

ICIs are one of the most important breakthroughs in cancer
treatment,* but are associated with a spectrum of drug-related auto-
immune disorders and inflammatory diseases known as immune-
related adverse events (irAEs).>® These irAEs represent a serious
clinical problem during treatment with ICls. In patients treated with
anti-PD-1 antibodies, the rate of overall irAEs is approximately 64%
and 13% for any and severe grades,” whereas in patients treated with
ipilimumab, the rate of irAEs is 72% and 24%, respectively.® Thus, all
potential irAEs should be brought to the attention of healthcare pro-
fessionals in a timely manner because early intervention can prevent
progression and permanent damage.>?

The symptoms and progression of irAEs are different from those of
adverse events (AEs) caused by conventional anticancer agents.® irAEs
may affect any organ or system such as the colon (colitis), eye disease,
hematological disorder, liver (hepatitis), nervous system (myasthenia
gravis), heart (myocarditis), kidneys (renal dysfunction), lungs (pneumo-
nitis), skin (rash), and endocrine system (adrenal insufficiency, hypopitu-
itarism, thyroiditis, diabetes mellitus).>?*° Such irAEs are mostly
transient and mild and can lead to the discontinuation of therapy with
ICIs or immunosuppressive agents.'? Although fatal toxic effects associ-
ated with ICls are uncommon and compare favorably with fatal toxic
effects that occur with other oncologic interventions, they do occur, at
a rate of 0.3-1.3%.2 Healthcare professionals should be aware of poten-
tial irAEs since occasional fatalities have also been observed.!!

The spontaneous reporting system (SRS) has been used for
pharmacovigilance assessments that reflect the realities of clinical
practice.12 The US Food and Drug Administration (FDA) has devel-
oped the FDA Adverse Event Reporting System (FAERS), and based
on this data, the irAE profiles of ICIs'® and the risk factors of associ-
ated myocarditis*®> have been reported. The Pharmaceuticals and
Medical Devices Agency (PMDA), a regulatory authority in Japan, has
developed the Japanese Adverse Drug Event Report (JADER) data-
base. Neurological and related AEs of ICls have been reported using
the reporting odds ratio (ROR) and median onset of AEs, based on the
JADER database.'*

patients receiving nivolumab and ipilimumab as co-therapy should be carefully

adverse events report, immune checkpoint inhibitor, immune-related adverse event, JADER,

KEY POINTS

1. We used a spontaneous reporting system (SRS), the Japa-
nese Adverse Drug Event Report (JADER) database, as a
data source to analyze immune-related adverse events
(irAEs) in a real-world scenario.

2. Despite the inherent limitations associated with SRS, we
demonstrated the potential risks of irAEs associated with
immune checkpoint inhibitors (ICls) based on dis-
proportionality and time-to-onset analyses.

3. Our results, based on the evaluation of JADER, are con-
sistent with those of previous studies and represent a
valuable contribution to improve the understanding of
ICl-induced irAEs.

4. Patients administered nivolumab and ipilimumab as co-
therapy regimens require close monitoring for irAEs.

5. Our comparative safety study indicated the importance of
comparing safety profiles of ICls using post-marketing

real-world data.

The detailed time-to-onset profiles of irAEs in many organs are
not clear in clinical settings; therefore, we focused on this aspect in
our present study. Furthermore, association rule mining has been pro-
posed as a novel analytical technique to identify undetected relation-
ships such as possible risk factors between variables in the SRS
database.’>*® Two widely used SRS databases are the JADER and
FAERS databases. In this study, we conducted a retrospective analysis
of the JADER database to address irAEs in patients receiving ICI ther-
apy and to primarily identify the time-to-onset profiles of irAEs in a
real-world setting. Additionally, we reviewed current studies to deter-
mine appropriate steps in patient evaluation for the prompt diagnosis
of irAEs. We also determined suitable strategies for optimizing patient

outcomes to prevent fatalities.

2 | METHODS

21 | Datasource

Healthcare professionals, marketing approval holders, patients, and
consumers voluntarily send AE reports to the PMDA. The JADER data
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from April 2004 to June 2018 are publicly available and can be down-
loaded from the PMDA website (www.pmda.go.jp). All reported AE
data are fully anonymized by the PMDA before inclusion in the
JADER database. This database has four tables: patient demographic
information containing the sex, age, and reporting year (demo); drug
information, including drug name, purpose of administration, its asso-
ciation with AEs, routes of drug administration, and the start and end
date of administration (drug); information of AEs indicating outcome
and onset dates (reac); and medical history, describing patient history
(hist). The “drug” column assigns a code to each drug, namely,
suspected, concomitant, or interacting. In this study, the analyses
were restricted to reports where drugs were coded as “suspected.”

2.2 | Targetdrugs and irAEs

Between the years 2014 and early 2018, five ICls were available in
Japan: the anti-PD-1 antibodies nivolumab and pembrolizumab; the
anti-PD-L1 antibodies atezolizumab and avelumab; and the anti-
CTLA-4 antibody ipilimumab.

The AEs in the JADER database are coded according to the termi-
nology preferred by the Medical Dictionary for Regulatory Activities/
Japanese (MedDRA/J) version 19.0 (www.pmrj.jp/jmo/php/index;.
php). Several studies on irAEs have been reported; however, we could
not find a gold standard for the classification and selection of pre-
ferred terms (PTs) in each category. For example, the clinical guide-
lines of Japan Endocrine Society indicate the classifications of irAE in
the endocrine region.?” Other reviews and papers>®?!! listed other
irAEs such as colitis, hyperthyroidism, and hypothyroidism. Further-
more, the research using the SRS database focuses on myasthenia
gravis,»* and myocarditis.'® Using the FAERS database, Ji et al'°® com-
prehensively evaluated AE profiles, including irAEs using Standardized
MedDRA Queries?® that consist of PTs grouped according to the level
that relates to a defined medical condition. Based on previous

3.69-111314.19.21 \ye categorized irAEs into the following

reports,
14 groups: adrenal insufficiency, colitis, eye disease, hematological
disorder, hepatitis, hyperthyroidism, hypopituitarism, hypothyroidism,
myasthenia gravis, myocarditis, nephritis/renal dysfunction, pneumo-
nitis, rash, and type 1 diabetes mellitus and selected PTs for each cat-

egory (Table 1).

23 | ROR

The ROR is the odds of reporting a specific AE caused by a particular
drug, divided by the odds of the same AE caused by all other drugs
present in the database.'??2 This ratio assesses disproportionality in
pharmacovigilance data and evaluated the association between the
drugs of interest and a specific AE. We calculated RORs using a two-
by-two contingency table to detect potential associations between
ICls and irAEs. A signal was considered positive when the lower limit

1.22

of 95% confidence interval (Cl) of the ROR was greater than Two

or more cases were required to define a signal.?%2°

The data subsetting strategy may help mitigate indication bias on
signal detection by limiting the analysis to a population of patients
that are thought to share common risk factors and diseases.?*?” We
defined a patient subset with anticancer therapies from the whole
JADER data and evaluated the intra-class RORs of this subset. We
extracted the purpose of administration from the cases that were
administered ICls as listed in the “drug” table of the JADER database.
Patients receiving anticancer therapies similar to therapy with ICls
were subsetted by the term of the medical history as indicated in the
supplemental material (S1 Table). If the indication field in the “hist”
table was incomplete, that particular record was excluded from the
subset data. Since the JADER database does not contain information
on the severity of disease, this parameter was not considered in our

analyses.

24 | Time-to-onset analysis

The JADER database includes the date of first administration of each
individual drug and the onset date of each individual AE, whereas the
FAERS database lacks this dated information for each drug recorded
in its databases. Using the JADER database, we calculated the time
span between the date of first administration of the drug and the date
of first occurrence of the AE. We excluded reports that lacked com-
plete AE occurrences and prescription start dates. If the same drug
was prescribed in the report, duplicate prescriptions were also
excluded from the analysis. To evaluate the onset profiles of AEs, we
used median onset, quartile, and Weibull shape parameter tests.?8-%°
The ROR is a disproportionality measure that detects signals of spe-
cific AEs in excessive frequencies over other AEs. Recently, time-to-
onset analysis has been proposed as a method to detect signals for
AEs in the SRS. The rate of AEs after prescription is thought to
depend on a causal mechanism and often varies over time. In contrast,
AEs not associated with the drug will occur at a constant background
rate. Therefore, varying rates of AEs over time may indicate a drug-AE
relationship. The Weibull shape parameter test is used for the statisti-
cal analysis of time-to-onset data, and it describes the non-constant
incidence rates of AEs (ie, changes in risk over time).223132 The scale
parameter o determines the scale of the distribution function, while
the shape parameter § determines the shape of the distribution func-
tion. A larger o value shows stretch distribution, whereas a smaller
value indicates shrinkage. The hazard function for the Weibull model
increases over time if f > 1 (wear-out failure type), decreases if g < 1
(initial failure type), and remains if = 1, where it reduces to the expo-

nential distribution.3!

2.5 | Association rule mining

Association rule mining is a useful technique for inferring relationships
between drugs and possible risk factors.2>83334 An association rule
is a pair of a set of attributes (X, Y) that can be expressed as the ante-

cedent X [(left-hand-side, Ihs) of the rule] leading to the consequent Y
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TABLE 1 Preferred terms (PTs) associated with immune-related adverse events (irAEs) in MedDRA
Categories PT PT code Categories PT PT code
Adrenal Addison's disease (1 case) - Hypopituitarism Hypophysitis (67 cases) -
insufficiency
Adrenal androgen deficiency (O case) - Hypopituitarism (128 cases) -
Adrenal atrophy (4 cases) - Hypothyroidism Autoimmune hypothyroidism (0 10076644
case)
Adrenal insufficiency (602 cases) - Hypothyroidic goitre (3 cases) 10059844
Adrenal suppression (23 cases) - Hypothyroidism (662 cases) 10021114
Acute adrenal cortex dysfunction (67 = Premature transient =
cases) hypothyroxinosis (O case)
Glucocorticoid deficiency (1 case) - Primary hypothyroidism (7 cases) 10036697
Hypoaldosteronism (4 cases) - Secondary hypothyroidism (9 cases) 10039840
Mineralcorticoid deficiency (O case) - Tertiary hypothyroidism (O case) 10043289
Primary adrenal insufficiency (6 cases) - Thyroid atrophy (O case) 10043693
Secondary adrenal cortex dysfunction - Viscous edema (O case) -
(102 cases)
Steroid withdrawal syndrome (29 cases) 10042028 Myasthenia gravis Myasthenia gravis (201 cases) -
Colitis Acute haemorrhagic ulcerative colitis (1 10075634  Myocarditis Autoimmune myocarditis (1 case) 10064539
case)
Allergic colitis (3 cases) 10059447 Eosinophilic myocarditis (25 cases) 10014961
Autoimmune colitis (22 cases) - Lupus myocarditis (O case) 10066391
Colitis (760 cases) 10009887 Myocarditis (203 cases) 10028606
Colitis erosive (7 cases) 10058358 Radiation myocarditis (O case) 10076389
Colitis ischaemic (707 cases) 10009895  Nephritis/renal Acute renal failure (O case) -
dysfunction
Colitis microscopic (465 cases) 10056979 Autoimmune nephritis (7 cases) 10077087
Colitis psychogenic (0 case) 10053397 Lupus nephritis (44 cases) 10025140
Colitis ulcerative (342 cases) 10009900 Nephritis (162 cases) 10029117
Crohn's disease (64 cases) 10011401 Nephritis haemorrhagic (2 cases) 10029132
Diarrhoea (7532 cases) 10012735 Perinephritis (162 cases) -
Diarrhoea haemorrhagic (38 cases) 10012741 Renal failure (2220 cases) 10038435
Diarrhoea neonatal (O case) 10012743 Renal impairment (8050 cases) 10062237
Enterocolitis (1023 cases) 10014893 Tubulointerstitial nephritis (1533 10048302
cases)
Enterocolitis haemorrhagic (741 cases) 10014896 Tubulointerstitial nephritis and 10069034
uveitis syndrome (44 cases)
Eosinophilic colitis (4 cases) 10057271 Pneumonitis Acute interstitial pneumonitis (13 10066728
cases)
Inflammatory bowel disease (11 cases) 10021972 Interstitial lung disease (24 123 10022611
cases)
Necrotising colitis (82 cases) 10051606 Pneumonitis (967 cases) 10035742
Neutropenic colitis (19 cases) 10062959 Rash Erythema (2350 cases) 10015150
Pseudopolyposis (1 case) - Pemphigoid (1052 cases) 10034277
Eye disease Uveitis (275 cases) 10046851 Pruritus (1463 cases) 10037087
Hematological Autoimmune hemolytic anemia (205 10073785 Pruritus allergic (1 case) 10063438
disorder cases)
Immune thrombocytopenic purpura 10074667 Pruritus generalised (276 cases) 10052576
(733 cases)
Hepatitis Abnormal liver function test (O case) - Rash (6302 cases) 10037844
Acute hepatic failure (332 cases) 10000804 Rash erythematous (223 cases) 10037855
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TABLE 1 (Continued)

Categories PT PT code Categories PT PT code

Alanine aminotransferase increased 10001551 Rash generalised (2194 cases) 10037858
(2772 cases)
Aspartate aminotransferase increased 10003481 Rash macular (22 cases) 10037867
(2537 cases)
Autoimmune hepatitis (283 cases) 10003827 Rash maculo-papular (157 cases) 10037868
Hepatic enzyme increased (627 cases) 10060795 Rash papular (124 cases) 10037876
Hepatic failure (1084 cases) 10019663 Rash pruritic (114 cases) 10037884
Hepatitis (465 cases) 10019717 Type 1 diabetes Diabetic ketoacidosis (482 cases) 10012671
mellitus
Hepatitis acute (893 cases) 10019727 Fulminant type 1 diabetes mellitus 10072628
(136 cases)
Hepatotoxicity (102 cases) 10019851 Latent autoimmune diabetes in 10066389
adults (9 cases)

Liver disorder (9664 cases) 10024670 Type 1 diabetes mellitus (549 cases) 10067584
Liver injury (84 cases) 10067125
Transaminases increased (137 cases) 10054889

Hyperthyroidism  Basedow's disease (145 cases) 10004161
Hyperthyroidism (857 cases) 10020850
Marine Lenhart syndrome (O case) 10068828
Primary hyperthyroidism (O case) 10075899
Secondary hyperthyroidism (1 case) 10053260
Thyroid dermatopathy (1 case) 10069771
Thyrotoxic crisis (38 cases) 10043786
Thyrotoxic periodic paralysis (3 cases) 10043788
Toxic goitre (O case) 10075050
Toxic nodular goitre (1 case) 10044242

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; PT, Preferred Term.

[(right-hand-side, rhs) of the rule], where X and Y are mutually exclu-
sive sets of items.>>3¢ It can be represented as X = > Y. The Apriori
algorithm was used to find association rules, which are a set of rules
that can identify population at a high risk of developing a particular
disease. Support, confidence, and lift were the measures of statistical
significance used as indicators to decide the relative strength of the

rules, and these parameters were calculated as follows:
support =P (XNY)={XNY}/{D}
confidence =P(XNY)/P(X) (1)

lift =P (XNY)/P (X) P(Y)

where, D is the total number of transactions. Support in an itemset is
defined as the proportion of transactions and shows how frequently
the rule appears in the transaction.3¢ Confidence is the proportion of
cases covered by the |hs of the rule that was covered by the rhs and
provides an estimate of the conditional probability P (Y | X).16:17.36:37
It is important for a rule to have high confidence because it accurately

predicts the association between the items in the rule. The lift of an

association rule is the frequency used to gauge the interestingness of
a rule and represents the ratio of probability. Since P (Y) appears in
the denominator of the lift equation, the lift can be expressed as the
confidence divided by P (Y). Lift is a measure of the importance of the
association, and it is independent of coverage, which is a measure of
how often the rule can be applied. It is the confidence divided by the
proportion of all cases that are covered by the rhs. In other words, lift
is the ratio between the confidence of the rule and the support of the
itemset in the consequent of the rule. It is evaluated as follows: lift = 1,
>1,or<1if XandY are independent, positively correlated, or nega-
tively correlated, respectively. Furthermore, we calculated the chi-

squared values to evaluate the association rules:t”

Support x Confidence

i — e 2
Chi—-squared =D(lift —1) (Confidence — Support) * (Lift — Confidence)

The association rule mining was performed using the Apriori func-
tion of arules library in the arules package of R version 3.3.3 software.
In the first step, the Apriori algorithm searched for itemsets in
the database that had more than minimum support as applied by the

user.*®38 In the second step, rules were generated by selecting the
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itemsets from the first step and applying minimum confidence.
Because all possible rules were extracted from this large database, the
first step was to narrow these down. In order to extract association
rules efficiently, thresholds for minimum support and confidence were
defined based on factors such as data size and the number of items.
For the whole data set, we defined the minimum support and confi-
dence thresholds at 0.00001 and 0.0001, respectively. Furthermore,
the maximum length of the itemset per rule (maxlen), a parameter in
the arules package, was restricted to 3. For the subset data, we
applied the minimum support and confidence thresholds, 0.00007 and
0.001, respectively, and maxlen was restricted to 3.

3 | RESULTS

The JADER database contained 534 688 reports from April 2004 to
June 2018. The
pembrolizumab, ipilimumab, atezolizumab, and avelumab were 4419,
2148, 545, 41, and 5, respectively (Table 2). The RORs of whole data

with nivolumab, pembrolizumab, ipilimumab, and atezolizumab in

reported number of irAEs of nivolumab,

pneumonitis including interstitial lung disease were 7.02 (95% CI:
6.55-7.52), 9.08 (8.28-9.97), 1.74 (1.27-2.38), and 5.71 (2.73-11.97),
RORs of
pembrolizumab, ipilimumab, and atezolizumab in pneumonitis were
2.18 (95% Cl: 2.03-2.35), 2.79 (2.54-3.07), 0.51 (0.38-0.70), and 1.70
(0.81-3.56), respectively. The RORs of whole data for type 1 diabetes
mellitus with nivolumab, pembrolizumab, and ipilimumab were 20.13
(16.77-24.15), 308.92 (196.82-484.87), and 16.62 (10.07-27.45),

respectively, while values for subset data for type 1 diabetes mellitus

respectively. The subset data with nivolumab,

caused by nivolumab, pembrolizumab, and ipilimumab were 31.58
(22.76-43.82), 177.53 (110.62-284.90), and 9.15 (5.45-15.39), respec-
tively. The RORs of whole data for myasthenia gravis caused by
nivolumab and pembrolizumab were 37.68 (26.62-53.34) and 41.25
(26.96-63.10), respectively, and the values of subset data for myas-
thenia gravis caused by nivolumab and pembrolizumab were 13.55
(8.61-21.32) and 11.61 (7.18-18.77), respectively.

The median onsets (quartiles, 25-75%) of adrenal insufficiency
caused by nivolumab, pembrolizumab, and ipilimumab were 156.0
(98.0-214.0), 118.0 (75.3-168.3), and 60.0 (27.5-84.5) days, respec-
tively (Figure 1). The median onsets (quartiles, 25-75%) of pneumoni-
tis caused by nivolumab, pembrolizumab, ipilimumab, and
atezolizumab were 56.0 (19.0-133.0), 41.0 (13.0-80.5), 38.0
(22.0-76.0), and 13.0 (7.5-31.5) days, respectively, whereas median
onsets (quartiles, 25-75%) for colitis caused by nivolumab,
pembrolizumab, and ipilimumab were 74.0 (35.0-141.0), 62.0
(25.5-105.5), and 32.5 (16.3-55.0) days, respectively (Figure 1). The
median onsets (quartiles, 25-75%) for type 1 diabetes mellitus caused
by nivolumab, pembrolizumab, and ipilimumab were 190.0
(109.0-328.0), 129.0 (81.0-180.0), and 46.0 (26.0-64.5) days, respec-
tively, and the corresponding values for myocarditis caused by
nivolumab and pembrolizumab were 28.0 (15.5-60.5) and 18.0
(13.0-44.5) days, respectively. The Weibull shape parameter § for

nivolumab and pembrolizumab in pneumonitis was determined to be
0.89 (0.85-0.94) and 0.90 (0.84-0.96), respectively, while the B value
for nivolumab and ipilimumab in colitis was 1.12 (1.02-1.21) and 1.21
(1.03-1.40), respectively. In type 1 diabetes mellitus, the Weibull
shape parameter for nivolumab and pembrolizumab was determined
to be 1.34 (1.14-1.55) and 1.72 (1.19-2.37), respectively.

We used a mosaic plot to summarize the outcome profiles of
irAEs encompassed by the 14 categories (Table 3 and Figure 2). The
plot indicated that nivolumab, pembrolizumab, and ipilimumab
showed improvement or recovery in more than 40% of cases in each
category, except in the case of eye disease related to ipilimumab,
hematological disorder and myocarditis related to pembrolizumab, and
type 1 diabetes mellitus related to nivolumab and ipilimumab. The
reporting ratios of outcomes for colitis to all AEs for nivolumab,
pembrolizumab, and ipilimumab were 14.64% (387/2643 cases),
12.34% (161/1305 cases), and 24.78% (115/464 cases), respectively.
For colitis, the ratios of AEs that were assigned a status of unim-
proved, with sequelae, or death due to nivolumab, pembrolizumab,
and ipilimumab were 10.34% (40/387), 20.50% (33/161), and 8.70%
(10/115), respectively. The reporting ratio for pneumonitis caused by
nivolumab, pembrolizumab, and ipilimumab were 41.73% (1103/2643
cases), 50.04% (653/1305 cases), and 9.27% (43/464 cases), respec-
tively. For pneumonitis, the ratios of AEs designated as unimproved,
with sequelae, or death due to nivolumab, pembrolizumab, and
ipilimumab in pneumonitis were 25.75% (284/1103), 26.34%
(172/653), and 9.30% (4/43), respectively.

Next, we evaluated the possible association between irAEs and
demographic data in the whole data set. The mining algorithm identi-
fied the following rule between each irAE and co-therapy of
nivolumab and ipilimumab (supplemental materials: S2-S15 Table):
adrenal insufficiency (S2 Table {nivolumab: id [6]}), colitis (S3
Table {nivolumab: id [15]}), eye disease (S4 Table {nivolumab: id [5]}),
hematological disorder (S5 Table {nivolumab: id [1]}), hepatitis (S6
Table {nivolumab: id [10]}), hyperthyroidism (S7 Table {nivolumab: id
[6]}), hypopituitarism (S8 Table {nivolumab: id [2]}), hypothyroidism
(S9 Table {nivolumab: id [28]}), nephritis/renal dysfunction (512
Table {nivolumab: id [34]}, pneumonitis (S13 Table {nivolumab: id
[2371}), rash (S14 Table {nivolumab: id [20]}), and type 1 diabetes
mellitus (515 Table {nivolumab: id [8]}). According to the predefined
minimum support and confidence thresholds, no association rules
between co-therapy of nivolumab and ipilimumab for myasthenia
gravis and myocarditis were detected (510 and S11 Tables).

Furthermore, we evaluated the possible association between
irAEs and co-therapy of nivolumab and ipilimumab in the subset data.
The following rules were observed between each irAE and co-therapy
of nivolumab and ipilimumab (supplemental materials: S16-527 Table,
S$1-S12 Figure): {hypopituitarism, nivolumab+ipilimumab} = > {adrenal
insufficiency} (S16 Table: id [1]), {adrenal insufficiency, nivolumab
+ipilimumab} = > {hypopituitarism} (522 Table: id [1]), {hypothyroid-
ism, nivolumab+ipilimumab} = > {hypopituitarism} (522 Table: id [2]),
and f{hypopituitarism, nivolumab+ipilimumab} = > {hypothyroidism}
(523 Table: id [7]).
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4 | DISCUSSION

Due to limitations of the SRS, disproportionality measures such as
RORs neither quantify risk nor does not demonstrate causality, but
merely offer an estimate of the signal strength and thus only relevant
to the hypothesis being studied.?? ROR is an indicator of an increased
risk in AE reporting, but does not indicate the risk of AE occurrence in
absolute terms.3? Therefore, careful attention has to be paid while
interpreting these values. Since the lower limits of the 95% Cl of
RORs of the whole data for all irAE categories except hepatitis,
nephritis/renal dysfunction, and rash were more than 1, an association
between ICls and most irAEs may be suggested. The irAE profiles of
the anti-PD-1 antibodies nivolumab and pembrolizumab were remark-
ably similar.4®

To better understand the detailed time-to-onset profiles of irAEs
in clinical settings, we used the time-to-onset analysis and validated
the results. As anti-PD-1 antibodies, nivolumab and pembrolizumab
had similar median onset times and Weibull shape parameter § in our
study, the timing of an intervention for the irAEs of these two drugs
will be similar. In contrast, the onset profiles of irAEs with ipilimumab
were different from those exhibited by the anti PD-1 antibody.

Many irAEs of ipilimumab occur earlier than those of
nivolumab.®1?%142 |n our results, almost all irAEs occurred faster in
ipilimumab than in anti-PD1 antibodies, except hyperthyroidism. A
precise explanation for these observed time-to-onset results is
unknown. The PD-1 pathway in T-cells is involved with the tumor
microenvironment.*® CTLA-4 is expressed by activated T-cells. The
CTLA-4 pathway predominantly acts in lymph nodes.** These differ-
ent mechanisms and targets of anti-PD-1 and anti-CTLA-4 antibodies
might, in part, explain the differences in time-to-onset profiles
between them.

The irAEs of the endocrine system include primary adrenal insuffi-
ciency, hypopituitarism, thyroid dysfunction, and type 1 diabetes
mellitus.*®*> Primary adrenal insufficiency and type 1 diabetes
mellitus are rare, but can lead to life-threatening consequences if not
promptly recognized and treated.'” A systematic review reports that
the rate of primary adrenal insufficiency was 0.7%, of which 0.2% was
graded 3 or higher.*® A case report shows that primary adrenal insuffi-
ciency developed 8 weeks after initiation of nivolumab treatment*’
and 16 weeks after initiation of ipilimumab.'”*® The median onset
time of adrenal insufficiency was shorter for ipilimumab than that for
the anti-PD-1 antibody. In either case, monitoring adrenal insuffi-
ciency is required for several months, if detected.

Thyroid dysfunction following treatment with anti-PD-1 anti-
bodies is reported to be 5% to 10%, which is higher than the outcome
with anti-CTLA-4 antibody therapy, which is reported to be 0% to
59%.19:42:4649.50 Thyroiditis induced by ICls usually causes transient

hyperthyroidism?>?

and develops 2 to 6 weeks after administration in
most cases. Hyperthyroidism is often followed by the subsequent
development of hypothyroidism.>® The median onset date of hyper-
thyroidism induced by nivolumab and pembrolizumab was closer than

that of hypothyroidism in our results.

Hypopituitarism induced by the anti-PD-1 antibody and
ipilimumab was <1% and 10% to 17%, respectively.1?424649:52 Hyno-
pituitarism induced by ICls can develop even after drug withdrawal.'?
Hypopituitarism was observed approximately 10 weeks after com-
mencement of anti-CTLA-4 antibody therapy®? and up to several
months after the initiation of anti-PD-1 antibody therapy.’®>>* The
median onset time of ipilimumab was shorter than that of the anti
PD-1 antibodies for hypopituitarism. Our results are consistent with
these reported findings.

The rate of type 1 diabetes mellitus in patients treated with ICls
was 0.2%,% and the rate was higher with anti-PD-1 antibody therapy
than with anti-CTLA-4 antibody therapy.?” Type 1 diabetes mellitus
developed within 3 months commencement of anti-PD-1 or PD-L1
antibody therapy.>® Another study reports a mean duration of type
1 diabetes mellitus as 22 weeks with a range from 2 to 72 weeks.1?%¢
Our results showed a median duration of approximately 18 to
27 weeks and 7 weeks, for the anti-PD-1 antibody and ipilimumab
therapies, respectively. The median onset time of ipilimumab was
shorter than that of the anti PD-1 antibodies for type 1 diabetes
mellitus.

All grades of colitis were more frequent with anti-CTLA-4 anti-
body therapy.”” The rate of colitis induced by nivolumab and
ipilimumab was 1%° and 8% to 22%,°%°° respectively. Life-
threatening diarrhea and colitis occurred with anti-PD-1 therapy (1%-
4%) and in co-therapy with ipilimumab and nivolumab (15%).%°1>7
Nivolumab and pembrolizumab had a lower reporting ratio for colitis
than ipilimumab did (Table 3). Diarrhea and colitis have been reported
to occur within 6 to 18 weeks after initiating anti-PD-1 antibody ther-

apy, and within 6 to 7 weeks in

b 41,60,61

patients treated with
ipilimuma

The median onset time for the development of colitis with anti-
PD-1 antibody therapy was approximately 9 to 11 weeks, whereas
that for ipilimumab was 5 weeks. Our results are consistent with
these previous reports.

In the FAERS database, ROR signals for autoimmune hemolytic ane-
mia and immune thrombocytopenic purpura are detected in nivolumab
and ipilimumab therapies.’® We observed similar results; however, the
number of reports was small, and further research is required.

A meta-analysis shows that hepatitis develops in 5% to 10% of
patients when nivolumab, pembrolizumab, or ipilimumab is used as
monotherapy.®?> Hepatitis begins to develop approximately 4 to
10 weeks after ipilimumab administration, of which 1% to 2% cases
are grade 3.43%* Severe autoimmune hepatitis occurred in 20% of
patients who were co-administered nivolumab and ipilimumab.®? It
is reported that the ROR signals of nivolumab, pembrolizumab, and
ipilimumab were detected in the FAERS database,’® whereas the sig-
nal of pembrolizumab was not detected in the JADER database. Con-
flicts between reporters and reported AE terms, discrepancies in
reported drugs, reported AEs, reporter type, anomalies between
reporting systems across countries as a result of country-specific reg-
ulation, etc., are well-known.®> Such possibilities should not be over-

looked when comparing different SRSs.
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Box plot and Weibull shape parameter (B) of immune-related adverse events (irAEs) of immune checkpoint inhibitors (ICls)

FIGURE 1

recorded; consequently, matching the date of onset of AEs and treat-

A study has reported that 0.1% to 0.2% of patients treated with
ICls develop myasthenia gravis® with an onset of 2 to 3 weeks after

ment initiation of individual drugs was difficult. Nevertheless, our

results obtained for the JADER data set complement the results

obtained for the FAERS data set.

the commencement of therapy,® whereas another study reports an

onset range of 2 to 12 weeks.®® In our study, the median onset of

A wide range of renal dysfunction symptoms were often

myasthenia gravis induced by anti-PD-1 antibody therapy was

observed with the anti-PD-1 antibody.>?*® Rash was a common der-

approximately 4 weeks. Sato et al reported this value as 4 weeks

matological AE induced by anti-PD-1 antibodies and the anti-CTLA-4

using the JADER database,** which is consistent with our results.

antibody, ipilimumab.>1%870 |n our study, the ROR signals of the

Myocarditis can follow a lethal course.®” Several studies based on

the FAERS database have reported ROR signals for myocarditis.1%12

whole data for rash and nephritis/renal dysfunction were not

detected. ROR signals can be suppressed in a large number of reports

We conducted a time-to-onset analysis of the JADER data set and

in which the same AE is connected with other drugs. This is referred

found that the median onset of myocarditis was 3 to 4 weeks follow-

to as the masking or cloaking effect,”* and considered to be one rea-

ing a treatment with anti-PD-1 antibodies. In the FAERS database,
information including the date of therapy commencement was not

son for a lack of signal.
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(Continued)

TABLE 3

Type 1

diabetes

Nephritis/renal

Myasthenia

Hematological

Adrenal

Rash @ mellitus ® Total

Pneumonitis *

Myocarditis * dysfunction ?

Hyperthyroidism ® Hypopituitarism ® Hypothyroidism @ gravis ?

Hepatitis *

Eye disease ® disorder ®

insufficiency ® Colitis ®

Outcome

6.25% 7.54%

5.26%

6.98%

11.11%

7.14%

12.50%

1.06% 13.64%

0.00%

12.96% 6.96% 12.50%

Uncertain

(85/464)

(1/16)

(3/43) (1/19)

(1/9)

(1/94) (3/22) (8/64) (1/14)

(1/8) (0/8)

(8/115)

(7/54)

9.27% 4.09% 3.45% 464

1.94%

3.02%

13.79%

24.78% 1.72% 1.29% 20.26% 4.74%

11.64%

Total

(16/464)

(43/464) (19/464)

(9/464)

(64/464) (14/464)

(115/464) (8/464) (6/464) (94/464) (22/464)

(54/464)

2The number in parentheses the sum of outcomes from the 14 categories.

The ROR signal of nivolumab and pembrolizumab for nephritis/
renal dysfunction was detected from the subset data, but not from
the whole data. This difference may be owing to a different risk
among groups or an inconsistent reporting rate of nephritis in the
whole data set vs subset data. Disproportionality by therapeutic area
may provide an intra-class analysis from a clinical perspective and
help reduce indication bias by selecting a data set where only AEs
reported with ICls are represented. Subsetting strategy may be
applied in the evaluation of AE associations in disproportionality
analyses using the ROR, if these values are suspected to be affected
by the cloaking effect. However, the data subsetting strategy does
not account for channeling bias, which arises when drugs are pre-
scribed differently based on the disease severity?? or on the basis of
their alternative use as first-, second-, and third-line therapies. Since
we could not obtain detailed information on disease severity using
therapy with ICIs from the JADER database, our results may be
biased. In addition to this channeling bias, other sources of bias are
inherently and inadvertently included in the SRS data. These biases
can potentially be overcome by considering various clinical settings
during calculations.

Pneumonitis in patients treated with anti-PD-1 antibodies was
approximately 3%.8 The median time-to-onset for the anti-PD-1 anti-
bodies categorized as initial failure type was approximately 6 to
8 weeks, whereas that for ipilimumab was approximately 5 weeks.
The rate of occurrence of AEs after commencing drug therapy
depends on the causal mechanism and often varies with time. A non-
constant rate (initial failure type) over time may indicate a drug-AE
association. The median onset time of pneumonitis induced by anti-
PD-1/PD-L1 was reported to be 4.5 weeks.”? Immune-related pneu-
monitis was observed 8 to 14 weeks after the first dose of
ipilimumab.*?

Eye disease caused by ICls are rare but clinically important; they
manifest as uveitis, conjunctivitis, and keratitis. The occurrence rate
of uveitis ranged from 0.3 to 6% following treatment with ICls.”®> We
found a disproportionality in signals in the PT of uveitis.

The treatment regimens were classified as PD-1 or CTLA-4 inhibi-
tor treatment when the agents were administered as monotherapy, or
as co-therapy when ipilimumab and nivolumab were administered
concurrently. 24474 We observed association rules with nivolumab
and ipilimumab co-therapy in most related categories of irAEs. Many
studies have reported that the use of a combination of nivolumab and
ipilimumab poses a high risk for irAEs.2%%¢>? Therefore, healthcare
professionals should pay attention to the risk of irAEs in patients
administered ICls as a co-therapy. Optimized interventions such as
corticosteroid administration to treat irAEs should be introduced.®*”?
The Apriori algorithm can generate many rules that meet minimum
support and confidence criteria. However, some of the rules can be
redundant, and this is a drawback of the algorithm. We should be
mindful of this problem and accordingly scrutinize several rules in
order to find meaningful rules.”

We evaluated the association rules between irAEs and co-therapy
of nivolumab and ipilimumab in the subset data (S16-S27 Table, S1-
S12 Figure). The pituitary, thyroid, and adrenal glands are endocrine
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A mosaic plot is divided

).

into rectangles where each vertical length represents the proportion of each level of the Y variable within each level of the X variable
cases of ipilimumab therapy.”® The precise mechanism by which ICls

ipilimumab.”®”” Hypophysitis, which can result in hypopituitarism, is
associated with hypothyroidism and adrenal insufficiency in most

High incidences of hypo-

75

b) Colitis, c) Eye disease, d) Hematological disorder, e) Hepatitis,
Hypopituitarism, h) Hypothyroidism, i) Myasthenia gravis, j) Myocarditis,

k) Nephritis/renal dysfunction, I) Pneumonitis, m) Rash, n) Type 1 diabetes mellitus

a) Adrenal insufficiency,

f) Hyperthyroidism, g)
FIGURE 2 Mosaic plot of outcomes of immune-related adverse events (irAEs) by immune checkpoint inhibitors (ICls

thyroidism (17%), hypophysitis (13%), and hyperthyroidism (10%) of
any grade have been reported with the co-therapy of nivolumab and

organs that are typically affected by ICls.
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leads to endocrinopathies remains unknown. We observed the associ-
ation rules between hypopituitarism and adrenal insufficiency and
between hypopituitarism and hypothyroidism. The objection will no
doubt be raised that the results from association rule mining do not
prove causality; however, the detected association rules in the co-
therapy of nivolumab and ipilimumab are thought-provoking
observations.

Some limitations of our present analysis using the SRS JADER
database should be noted. The choice of PTs should be made in accor-
dance with the purpose of the study; the calculated RORs may vary
significantly depending on the selection of PTs. The JADER database
does not contain detailed information such as clinical background,
types and stages of cancers, and chemotherapy regimens. Further-
more, SRSs are subject to either over- or under-reporting, con-
founding factors, and a lack of a control population or reference
group.?® The intervention of regulatory authorities may influence the
JADER database reporting based on the year of reporting. However,
we did not evaluate the subsets as before/after the PMDA regulation
in this study. Multivariate regression analyses may be an approach to
deal with affect the

results.18377980 We suggest that they should be assessed in a struc-

confounders that reliability of the
tured manner and include more complex interactions of the possible
confounders. The use of propensity scores®®? to reduce bias by
equating groups based on covariates or other appropriate parame-

ters83-85

would be a useful assessment approach. We consider the
results of the JADER database analysis to be valid owing to appropri-
ate methods of analyses and believe that the evaluation of subsets
are valuable in disproportionality analysis. The results of analysis using
SRSs should be cautiously interpreted, while keeping in mind the exis-

ting clinical outcomes.

5 | CONCLUSIONS

Despite the inherent limitations associated with SRS data, we dem-
onstrated the potential risks of irAEs associated with ICls based on
RORs and time-to-onset analysis. Our findings indicated that
patients who are co-administered nivolumab and ipilimumab should
be carefully monitored. Our results, based on the evaluation of
JADER, are consistent with those previously reported and represent
a valuable contribution in improving the understanding of ICI-
induced irAEs. These data may be particularly beneficial to medical
practitioners and could contribute to improving the management of
irAEs. Finally, our comparative safety study indicated the importance
of comparing safety profiles of ICls using post-marketing real-

world data.
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