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Abstract
Introduction Many serious drug adverse events (AEs)
only manifest well after regulatory approval. Therefore, the
development of signaling methods to use with post-approval AE databases appears vital to comprehensively
assess real-world drug safety. However, with millions of
potential drug–AE pairs to analyze, the issue of focus is
daunting.
Objective Our objective was to develop a signaling
platform that focuses on AEs with historically demonstrated regulatory interest and to analyze such AEs with a
disproportional reporting method that offers broad signal
detection and acceptable false-positive rates.
Methods We analyzed over 1500 US FDA regulatory
actions (safety communications and drug label changes)
from 2008 to 2015 to construct a list of eligible signal AEs.
The FDA Adverse Event Reporting System (FAERS) was
used to evaluate disproportional reporting rates, constrained by minimum case counts and confidence interval
limits, of these selected AEs for 109 training drugs. This
step led to 45 AEs that appeared to have a low likelihood of
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being added to a label by FDA, so they were removed from
the signal eligible list. We measured disproportional
reporting for the final group of eligible AEs on a test group
of 29 drugs that were not used in either the eligible list
construction or the training steps.
Results In a group of 29 test drugs, our model reduced the
number of potential drug–AE signals from 41,834 to 97
and predicted 73 % of individual drug label changes. The
model also predicted at least one AE–drug pair label
change in 66 % of all the label changes for the test drugs.
Conclusions By concentrating on AE types with already
demonstrated interest to FDA, we constructed a signaling
system that provided focus regarding drug–AE pairs and
suitable accuracy with regard to the issuance of FDA
labeling changes. We suggest that focus on historical regulatory actions may increase the utility of pharmacovigilance signaling systems.

Key Points
Signaling methods that calculate disproportional
reporting rates are used to analyze post-approval
adverse event (AE) databases. However, given that
there are millions of potential drug–AE pairs to
analyze, the issue of focus is a significant challenge.
In a test group of 29 drugs, our model drastically
reduced the number of potential drug–AE signals
and predicted 73 % of individual drug label changes.
By concentrating on AE types with historic interest
to FDA, the model provided robust accuracy with
regard to the issuance of future FDA labeling
changes.
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1 Introduction
It is a widely accepted concept that pre-approval drug
clinical trial programs often fail to uncover serious and lifethreatening side effects. In fact, many adverse events (AEs)
only become evident well after a regulatory body has
approved a drug [1–4].
Drug-prescribing information documents (‘labels’ or
‘inserts’) are widely used sources of safety information for
the healthcare industry. In theory, this information is supposed to provide comprehensive and continually updated
information regarding AEs potentially associated with the
use of a given prescription drug. However, in practice, discrepancies occur between safety data disclosed in label
inserts and side effects that occur in the real world because
(1) there is often a significant discrepancy between AEs
observed in clinical trials compared with those reported in
corresponding publications on the same trials [5–7], and (2)
publication and industry bias can obstruct the disclosure of
relevant adverse reactions [6, 8–14]. Therefore, fundamental
evidence regarding drug safety data appears to be routinely
missing from drug inserts that are a main information source
relied upon by healthcare providers [1, 15, 16].
Accordingly, the analysis of real-world, post-approval
safety data appears vital to comprehensively assess a
drug’s true safety profile. US FDA collects post-marketing
AE data in the FDA Adverse Event Reporting System
(FAERS) [17]. FDA uses these data internally to issue
safety warnings, update drug information labels, and
restrict the use of or remove medications from the market.
The use of these data by broader groups within the
healthcare community is a growing trend.
The probability that an AE–drug pair may be a relevant
safety issue can either be derived expertly or by data-driven
techniques. One data approach involves the use of disproportional reporting methods that measure observed versus
‘expected’ reporting rates of AE–drug pairs. This technique
has been successfully applied to the analysis of post-marketing AE reporting databases such as FAERS [17],
EudraVigilance [18], and VigiBase [19].
A shortcoming of disproportionality methods is that they
are typically calculated for a single drug–AE pair. With
more than 30 million drug–AE pairs in the FAERS database alone, the issue of what to focus on is formidable.
Most drug–AE pairs are not serious, possibly related to an
underlying disease or condition or of little real-world
concern.
Therefore, two key issues for developing a pertinent
drug–AE signaling platform are (1) being able to properly
identify AEs of interest and (2) using a disproportional
reporting method that balances the need for broad signal
detection thresholds with acceptable false-positive rates.

Our approach was to use FAERS data in conjunction
with AE types that had a demonstrated interest to FDA
because they had been subject to past regulatory action.
Our goal was to develop a model that could significantly
reduce the number of potential drug–AE signals of interest
and also reliably predict individual drug label changes.

2 Methods
2.1 FDA Adverse Event Reporting System (FAERS)
Data Processing
Publically available FAERS ASCII data files were downloaded from FDA’s website [20], and then each raw
FAERS table was extracted with open source technologies
(Oracle MySQL, Python, and PHP). Validation of key
identification fields within all FAERS reports included
verification of Individual Safety Report number (ISR),
patient number, drug sequence identification, and Medical
Dictionary for Regulatory Activities (MedDRAÒ) [21] AE
terms. Case reports that were missing or contained malformed key identification fields were discarded. As long as
the aforementioned fields were contained in a given case
report, allowable missing data included age, gender,
weight, outcome, and condition. Cases were discarded if
the drug name was found to be indeterminate.
Drug name text mapping was accomplished as previously
described [22]. Multiple names for the same drug were normalized into a single brand name. National Drug File Reference Terminology [23] was used to provide ancillary
information on class and mechanism of action. In brief, for
each case report, drug names, route of administration and dose
form were matched to pre-existing, manually verified mappings stored in the ‘Reference Set.’ Cases that matched stored
results in the Reference Set were automatically mapped to the
appropriate brand name. The automated matching process
then utilized a combination of fuzzy string matching, string
distance, and phonetic matching algorithms to correct for drug
name misspellings and incorrect data within major fields (i.e.,
removal of non-alphanumeric characters, whitespaces, line
breaks, and the inclusion of dosages or routes of administration as part of the drug name field). For automated matching,
we used processes described by Peters et al. [24] with modifications including utilization of Dice’s coefficient instead of
Jaccard’s coefficient as the string similarity metric, and
additional pre-classifications of drug names based on the
presence of key features: route of administration, salt name(s),
multiple ingredients, and dose form. The feature-based preclassification step was used to optimize subset selection of the
reference drug set for a given input string.
Case reports left unmapped after automated matching
procedures were manually processed and assigned to
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specific brand names by a team of analysts. These
manually verified assignments were then added back to
the Reference Set. Duplicate case reports were removed
by using the earliest Individual Case Safety Report
(ICSR) for the same patient ID number in the same
calendar year. Figure 1 is a visual representation of the
methods.

case reports were quantified in an attempt to restrict the
analysis to those drugs directly suspected of causing the
AE. A discrepancy occasionally observed with FAERS
case reports is that disease-related symptoms are sometimes listed in the ‘adverse event’ field. In instances where
such mistakes were easily identified, we excluded those
‘AEs’ from analysis.

2.2 Removal of Disease-Related Adverse Events
(AEs)

2.4 Disproportionality Analysis

For each drug–AE pair, we cross checked the AE with the
approved indications listed in that drug’s prescribing
information. If the medical and clinical literature indicated
that the AE could be related to the underlying disease or
disorder, we labeled that AE disease related and removed it
from our analysis.
2.3 AE Coding
AE information was coded according to MedDRAÒ version 18.0 [21]. ‘Primary suspect’ designations in FAERS

Data-mining algorithms based on disproportionality can be
used to estimate the relative frequency of AE reporting
associated with the use of a specific drug. The Reporting
Odds Ratio (ROR) is a disproportionality measure commonly used by drug safety professionals to help identify
drug–AE pairs that are reported more frequently than
expected. The method compares expected AE reporting
frequencies (based upon all drugs and all AEs in the
FAERS database) with the amounts reported for a given
drug. An ROR score [1.0 indicates that there is a higher
than expected reporting rate for a given drug–AE combination. We derived ROR by the use of standard formulas
[25].
2.5 Minimum Cases for Inclusion
If a drug–AE combination had between two and five cases,
it was deemed to be an active signal if the ROR had a lower
95 % confidence interval [2.0.
2.6 Construction of the Eligible Signal AE list

Fig. 1 Visual representation of data scrubbing and optimization
methods we applied to raw FDA Adverse Event Reporting System
(FAERS) data

The signal-eligible AE list was made by (1) identifying
165 Important Medical Event (IME) term serious [26]
AEs from 427 FDA Drug Safety Communications [27]
issued from January 2008 to March 2014; (2) adding 79
FDA Designated Medical Event (DME) [28] AEs; and (3)
adding select IME serious AEs from 1232 FDA drug
safety labeling changes [29] issued from January 2008 to
July 2015. These processes were limited to AEs and
therefore did not consider specific drugs. Changes that
detailed AEs that were already listed on a given drug’s
label (i.e. instances where the change constituted a clarification on earlier guidance or detailed an AE move from
one section of a label to another) were not included. We
also eliminated any labeling changes that were based
entirely on data derived from clinical trials, animal
studies, or class-wide changes based on another drug’s
FAERS-based label change. These processes added an
additional 350 AEs to the signal eligible list, for a total of
594 eligible AEs.
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2.7 Different Inclusion Criteria for Three Especially
Serious AEs
Three DME AEs are so closely watched by FDA that we
lowered the primary suspect count minimum to just one
case, with no ROR minimum, to generate an active signal.
These ‘especially serious’ AEs were progressive multifocal
leukoencephalopathy (PML), Stevens–Johnson syndrome
(SJS), and toxic epidermal necrolysis (TEN).
2.8 Training Group of Drugs to Find AEs Not
Typically Acted On by FDA
We selected a training group of 109 drugs that each had
been subjected to at least one FDA mandated label change
from 2008 to 2015. We mined all historical labels for each
of these drugs to determine exact label change dates. This
group was used to determine which AEs were most likely
to result in false signals (a measure of how often a signal
was triggered but did not end up on a given drug’s label).
AEs that had a minimum of three false signals and an
overall label change success rate of B25 % were excluded
from the signal eligible list. A total of 45 AEs were
excluded based on this process. The top ten excluded AEs
were multi-organ failure, cholestasis, hepatocellular injury,
coma, hypothermia, tubulointerstitial nephritis, maternal
drugs affecting foetus, pneumonia aspiration, circulatory
collapse, and encephalitis (please see supplemental Table 1
for a list of all 45). After these 45 were removed, the total
eligible AE list was reduced to 549.
2.9 Testing Group of Drugs to Determine Signaling
Accuracy
A test group of 29 drugs was selected because they each
had been subjected to at least one FDA mandated label
change from 2008 to 2015 and each was approved from
2005 to 2010. Accordingly, they were relatively current
medications and had also been on the market long enough
to have produced numerous true and false signals. None of
the 29 test drugs were included in the construction of the
signal eligible list or the training processes described
above. Using the final signal eligible list of 549 AEs, we
analyzed the test group of 29 drugs for successful and
unsuccessful signal rates (percentage of time that a given
drug–AE combination was put on a label by FDA action
within 5 years after the signaling date) (Tables 1, 2, 3). We
also quantified the number of times the model predicted at
least one AE–drug pair for each labeling change for each
drug (Table 4). Finally, we measured the recall rate for all
drug–AE pairs added to labels. For a visual representation
of the method please see Fig. 2.

3 Results
The exclusion and inclusion criteria for relevant FDA
actions and AEs resulted in the designation of just 97 drug–
AE pairs as eligible signals. As of July 2015, this group of
29 drugs had 41,834 potential drug–AE pairings. Therefore, the 97 signals signified a substantial focus because
they represented just 0.23 % of potential drug–AE pairs for
this group of medications.
Over the time period examined, 71 label changes, containing 168 AEs, were issued for the group of 29 test drugs.
Table 1 shows that on a per-drug basis, 73.21 % of
signaled AE–drug pairs were added to their corresponding
drug labels within 5 years after the signal trigger date.
Table 2 lists the successful (within 5 years after the
trigger date) signals in detail, with trigger date, trigger
ROR values, and label added dates.
Table 3 lists the unsuccessful (within 5 years after the
trigger date) signals in detail, with trigger date and ROR
values.
Table 4 shows that for all FDA alerts that met our
inclusion criteria, the system correctly identified one or
more drug–AE parings in 47 of 71 future alerts (66 %) for
the 29 drugs. The recall rate was 111 signaled AE–drug
pairs added to their respective drug labels out of a possible
287 AE–drug pair changes for the 29 drugs.

4 Discussion
Much of the public and many healthcare providers assume
that a given medication is safe because a regulatory body
such as FDA approved it. History and post-marketing
experiences have seriously challenged such assumed
safety. Pre-approval clinical trials simply cannot be large,
long, or varied enough to provide a comprehensive picture
of a drug’s safety profile; yet, it is precisely these incomplete results that form the majority of safety information
contained in drug label inserts. AEs associated with the
real-world use of approved drugs impact patient safety as
well as downstream medical costs. Approximately
1,500,000 new annual AE case reports are now submitted
to FDA alone, and there are millions of possible drug–AE
pairs to track. This represents an obvious challenge on how
best to provide focus regarding emerging drug issues.
Therefore, we used FDA’s repository of post-marketing
AEs (FAERS) to analyze side effects that had a historical
demonstrated interest to FDA. We developed a set of rules
to construct an eligible AE signal list that could be used to
significantly reduce the number of potential drug–AE signals of interest. By using independent training and testing

Tapentadol hydrochloride
Tolvaptan

Sunitinib malate

Ranolazine
Regadenoson

Pitavastatin calcium

Ofatumumab
Pazopanib hydrochloride

Mesalamine

Formoterol fumarate;
mometasone furoate
Maraviroc
Mecasermin recombinant

Dexamethasone

Angiotensin II antagonists and
calcium channel blockers
Osmotically acting laxatives;
ascorbic acid (vitamin C), plain

Hypertension

Chronic lymphocytic leukemia
Renal cell carcinoma; soft tissue
sarcoma
Hyperlipidemia; hypercholesterolemia;
hyperlipoproteinemia;
hypertriglyceridemia
Angina pectoris (chest pain)
Diagnostic agents; pharmacologic
(coronary) stress agent; myocardial
perfusion imaging
Renal cell carcinoma; gastrointestinal
stromal tumors; neuroendocrine
tumors of pancreatic origin; pancreatic
neuroendocrine tumors (islet cell
tumors)
Acute pain
Hypervolemic and euvolemic
hyponatremia

HIV/AIDS
Growth failure in children with severe
primary IGF-1 deficiency; growth
hormone gene deletion who have
developed neutralizing antibodies to
growth hormone (no NDFRT)
Ulcerative colitis

Castration-resistant or hormonerefractory prostate cancer
Macular edema; retinal vein occlusion;
uveitis; posterior segment uveitis;
choroiditis; diabetic macular edema;
diabetic retinopathy
Asthma

Other opioids
Vasopressin antagonists

Protein kinase inhibitors

Other cardiac preparations
Other cardiac preparations

HMG CoA reductase inhibitors

Aminosalicylic acid and similar
agents
Monoclonal antibodies
Protein kinase inhibitors

Corticosteroids, plain;
corticosteroids/anti-infectives/
mydriatics in combination;
corticosteroids
Adrenergics and other drugs for
obstructive airway diseases
Other antivirals
Somatropin and somatropin
agonists

Taxanes

Angiotensin II antagonists, other
combinations

Hypertension

Amlodipine besylate;
hydrochlorothiazide;
olmesartan medoxomil
Amlodipine besylate; olmesartan
medoxomil
Ascorbic acid; polyethylene
glycol 3350; potassium
chloride; sodium ascorbate;
sodium chloride; sodium
sulfate
Cabazitaxel
Cleansing of the colon as a preparation
for colonoscopy

ATC code

Approved indications

Compound

20 Nov 2008
19 May 2009

26 Jan 2006

27 Jan 2006
10 Apr 2008

3 Aug 2009

26 Oct 2009
19 Oct 2009

16 Jan 2007

6 Aug 2007
30 Aug 2005

22 Jun 2010

17 Jun 2009

17 Jun 2010

2 Aug 2006

26 Sep 2007

23 Jul 2010

Approval date

1
1

8

1
5

2

1
2

2

1
2

2

1

8

5

2

1

Success

0
0

0

0
0

0

0
0

0

0
0

0

0

0

0

0

0

Failure

100.00
100.00

100.00

100.00
100.00

100.00

100.00
100.00

100.00

100.00
100.00

100.00

100.00

100.00

100.00

100.00

100.00

Success (%)

Table 1 Compound name, approved indications, ATC code, approval date, and how many signals were successes or failures for that given drug within a 5-year period from the signal trigger
date
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Breast cancer; ductal carcinoma (breast
cancer); neuroendocrine tumors of
pancreatic origin; pancreatic
neuroendocrine tumors (islet cell
tumors); renal cell carcinoma; renal
angiomyolipoma; tuberous sclerosis
complex; subependymal giant cell
astrocytoma
Iron overload; patients with nontransfusion-dependent thalassemia
syndromes; thalassemia; congenital
hemolytic anemia
Atrial fibrillation
Hepatocellular carcinoma; renal cell
carcinoma; thyroid carcinoma
Rheumatoid arthritis; Juvenile idiopathic
arthritis
Postmenopausal osteoporosis; prevent
fractures; Paget’s disease of bone
(osteitis deformans)
Pulmonary arterial hypertension
Seasonal allergic rhinitis; perennial
allergic rhinitis; chronic idiopathic
urticaria
Renal cell carcinoma
Smoking cessation

Everolimus

Protein kinase inhibitors
Drugs used in nicotine
dependence
Diazepines, oxazepines,
thiazepines and oxepines

13 Aug 2009

30 May 2007
10 May 2006

15 Jun 2007
25 May 2007

16 Apr 2007

Bisphosphonates

Other antihypertensives
Piperazine derivatives

8 Jan 2010

1 Jul 2009
20 Dec 2005

2 Nov 2005

30 Mar 2009

8 Jan 2008

Approval date

Interleukin inhibitors

Anti-arrhythmics, class III
Protein kinase inhibitors

Iron-chelating agents

Non-nucleoside reverse
transcriptase inhibitors
Protein kinase inhibitors

ATC code

0

0
0

0
0

1

1

3
1

9

3

4

Success

0

3
2

2
3

5

3

2
2

6

1

1

Failure

ATC anatomical therapeutic chemical, HMG-CoA 3-hydroxy-3-methyl-glutaryl co-enzyme A, IGF insulin-like growth factor, NDFRT National Drug File Reference Terminology

Average success %

Asenapine maleate

Temsirolimus
Varenicline tartrate

Ambrisentan
Levocetirizine dihydrochloride

Zoledronic acid

Tocilizumab

Dronedarone hydrochloride
Sorafenib tosylate

Schizophrenia; bipolar disorder

HIV/AIDS

Etravirine

Deferasirox

Approved indications

Compound

Table 1 continued

73.21

0.00

0.00
0.00

0.00
0.00

16.67

25.00

60.00
33.33

60.00

75.00

80.00

Success (%)
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GI hemorrhage
Hematemesis
Hematochezia
Hypotony of eye
Melena
Rectal hemorrhage
Ulcer hemorrhage

Deferasirox

Deferasirox

Deferasirox

Dexamethasone

Deferasirox

Deferasirox

Deferasirox

Osteonecrosis of jaw

Sunitinib malate

Dyspnea at rest

Interstitial lung disease

Pitavastatin calcium

Dronedarone hydrochloride

Hepatitis C

Pitavastatin calcium

Diarrhea hemorrhagic

Ischemic stroke

Dronedarone hydrochloride

Chronic hepatic failure

Toxic epidermal necrolysis

Sorafenib tosylate

Deferasirox

Respiratory arrest

Regadenoson

Deferasirox

Anaphylactic reaction

Formoterol fumarate; mometasone furoate

Angioedema

Interstitial lung disease

Dronedarone hydrochloride

Acute hepatic failure

Pulmonary thrombosis

Sunitinib malate

Deferasirox

Disseminated intravascular coagulation

Sunitinib malate

Formoterol fumarate; mometasone furoate

DME

Anaphylactic shock

Ascorbic acid; polyethylene glycol 3350; potassium
chloride; sodium ascorbate; sodium chloride; sodium
sulfate

Yes

30 Jun 2009

DME

Anaphylactic reaction

Ascorbic acid; polyethylene glycol 3350; potassium
chloride; sodium ascorbate; sodium chloride; sodium
sulfate

DME

DME

DME

DME

31 Dec 2006

Ischemic stroke

30 Jun 2008

31 Mar 2008

30 Sep 2008

30 Jun 2011

30 Jun 2011

31 Dec 2007

30 Sep 2008

30 Sep 2011

31 Mar 2010

30 Jun 2010

30 Jun 2008

30 Sep 2011

30 Sep 2010

31 Dec 2009

31 Dec 2009

30 Sep 2011

30 Sep 2009

31 Mar 2010

30 Jun 2011

30 Sep 2010

31 Mar 2007

30 Sep 2006

31 Mar 2010

31 Mar 2006

31 Mar 2006

30 Sep 2006

30 Jun 2009

30 Sep 2008

31 Jul 2009

30 Jun 2009

Sunitinib malate

DME

DME

Yes

Hemorrhage intracranial

Hepatitis acute

Mesalamine

DME

DME

Sunitinib malate

Toxic epidermal necrolysis

Etravirine

31 Dec 2008
30 Jun 2009

Cerebral hemorrhage

Hepatic failure

Etravirine

DME

Sunitinib malate

Acute hepatic failure

Etravirine

Seizure

Loss of consciousness

Regadenoson

31 Dec 2008

31 Mar 2007

Trigger date

Cerebral hematoma

Atrioventricular block complete

Regadenoson

Especially
serious

Sunitinib malate

Atrial fibrillation

Zoledronic acid

DME

Regadenoson

AE

Compound

8.41 (2.70–26.19)

2.12 (0.95–4.73)

2.09 (0.94–4.66)

2104.26 (501.15–8835.55)

2.09 (1.53–2.87)

2.06 (0.85–4.97)

2.11 (1.27–3.52)

19.21 (6.15–60.08)

2.57 (1.28–5.15)

16.92 (4.15–69.01)

9.21 (2.29–36.99)

7.62 (2.42–24.02)

2.77 (1.49–5.17)

33.56 (7.87–143.18)

76.59 (17.95–326.80)

10.35 (6.72–15.92)

0.15 (0.02–1.04)

7.78 (3.67–16.49)

14.25 (5.22–38.91)

2.16 (0.97–4.82)

7.75 (2.49–24.15)

3.41 (1.41–8.23)

13.78 (4.36–43.56)

9.60 (2.34–39.36)

5.63 (2.11–15.07)

11.27 (2.78–45.62)

14.28 (4.54–44.98)

25.30 (6.27–102.00)

2.05 (1.01–4.16)

82.73 (20.02–341.90)

2.59 (0.36–18.47)

5.40 (2.22–13.13)

26.77 (6.64–107.96)

3.26 (1.44–7.38)

13.16 (3.26–53.14)

10.97 (2.60–46.32)

Trigger ROR (95 % CI)

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Sep 2012

1 Aug 2012

1 Apr 2012

1 Feb 2012

1 Feb 2012

1 Dec 2011

1 Oct 2011

1 Sep 2011

1 Aug 2011

1 Jun 2011

1 May 2011

1 May 2011

1 Nov 2010

1 Nov 2010

1 Jul 2010

1 Jul 2010

1 Jul 2010

1 Jul 2010

1 Dec 2009

1 Oct 2009

27 Aug 2009

27 Aug 2009

27 Aug 2009

1 Mar 2009

1 Mar 2009

1 Jun 2008

Label added date

Table 2 Adverse event name, Designated Medical Event designation, ‘especially serious’ designation, trigger date, trigger reporting odds ratio result, and the date the given drug label was
changed for all successful signals within a 5-year period from the signal date
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Yes

31 Mar 2009

31 Mar 2011

31 Dec 2012

31 Dec 2009

Cerebrovascular accident
Cerebrovascular accident

Amlodipine besylate; olmesartan medoxomil

Amlodipine besylate; hydrochlorothiazide; olmesartan
medoxomil

Retinal detachment
Retinal tear

Tocilizumab

Pazopanib hydrochloride

Pazopanib hydrochloride

DME

Yes

30 Jun 2009

31 Mar 2012

30 Jun 2012

30 Jun 2013

31 Dec 2011

31 Dec 2012

31 Mar 2010

30 Sep 2010

31 Mar 2012

31 Dec 2009

31 Mar 2013

31 Mar 2010

30 Sep 2010

30 Jun 2012

30 Sep 2012

31 Dec 2011

31 Dec 2011

31 Mar 2013

31 Mar 2013

31 Dec 2010

31 Mar 2012

30 Sep 2013

31 Mar 2010

31 Dec 2010

AE adverse event, CI confidence interval, DME Designated Medical Event, GI gastrointestinal, ROR reporting odds ratio, SJS Stevens–Johnson syndrome

Anaphylactic reaction
SJS

Tapentadol hydrochloride

DME

Angioedema

Mecasermin recombinant

Transient ischemic attack

Upper GI haemorrhage

Cabazitaxel

Pulmonary embolism

Rectal haemorrhage

Cabazitaxel

Regadenoson

Neutropenic colitis

Cabazitaxel

Everolimus

Melena

Cabazitaxel

Embolism arterial

Large intestine perforation

Cabazitaxel

Everolimus

Intestinal hemorrhage

Cabazitaxel

Papilledema

GI hemorrhage

Cabazitaxel

Embolic cerebral infarction

Gastric haemorrhage

Cabazitaxel

Everolimus

DME

Mecasermin recombinant

DME

SJS
Ventricular fibrillation

Ascorbic acid; polyethylene glycol 3350; potassium
chloride; sodium ascorbate; sodium chloride; sodium
sulfate

Ascorbic acid; polyethylene glycol 3350; potassium
chloride; sodium ascorbate; sodium chloride; sodium
sulfate

Mesalamine

DME
DME

Renal impairment
Seizure

Ranolazine

30 Jun 2010

Emphysematous cholecystitis

Sunitinib malate

Yes

30 Sep 2010

Celiac disease

Amlodipine besylate; olmesartan medoxomil

DME

Tumor lysis syndrome

Drug-induced liver injury

Tolvaptan

31 Mar 2009

Trigger date

Loss of consciousness

Toxic epidermal necrolysis

Maraviroc

Especially
serious

Ascorbic acid; polyethylene glycol 3350; potassium
chloride; sodium ascorbate; sodium chloride; sodium
sulfate

Drug reaction with eosinophilia and
systemic symptoms

Etravirine

DME

Ofatumumab

AE

Compound

Table 2 continued

8.86 (2.21–35.56)

4.58 (1.90–11.02)

0.08 (0.01–0.53)

3.37 (1.51–7.53)

2.00 (0.83–4.83)

3.11 (1.61–6.03)

48.59 (15.51–152.21)

17.82 (4.41–72.08)

34.17 (8.42–138.71)

5.57 (2.23–13.87)

3.77 (1.52–9.30)

6.34 (2.02–19.94)

9.64 (2.40–38.81)

5.82 (2.40–14.11)

237.07 (58.35–963.22)

8.63 (2.75–27.07)

12.67 (3.15–50.90)

18.61 (4.63–74.79)

8.72 (2.10–36.20)

11.70 (2.90–47.14)

10.57 (3.38–33.05)

2.20 (0.31–15.76)

2.48 (1.01–6.08)

2.19 (0.91–5.30)

3.97 (1.62–9.73)

118.78 (43.41–325.07)

393.92 (65.80–2358.21)

30.54 (7.57–123.18)

30.22 (7.52–121.49)

2.35 (0.33–16.77)

25.68 (6.36–103.63)

Trigger ROR (95 % CI)

1 Mar 2015

1 Mar 2015

1 Nov 2014

1 Nov 2014

1 Sep 2014

1 Jul 2014

1 Jul 2014

1 Jul 2014

1 Jun 2014

1 Jun 2014

1 Jun 2014

1 Jun 2014

1 Mar 2014

1 Mar 2014

1 Mar 2014

1 Mar 2014

1 Mar 2014

1 Mar 2014

1 Mar 2014

1 Mar 2014

12/1/2013

1 Dec 2013

1 Dec 2013

1 Dec 2013

1 Dec 2013

1 Sep 2013

1 Aug 2013

1 Jul 2013

1 Apr 2013

1 Feb 2013

1 Feb 2013

Label added date
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Table 3 Adverse event name, Designated Medical Event designation, ‘especially serious’ designation, trigger date, and trigger reporting odds
ratio figure for all unsuccessful signals within a 5-year period from the signal date
Compound

AE

DME

Especially
serious

Trigger date

Trigger ROR (95 % CI)

Zoledronic acid

Death

30 Sep 2009

Zoledronic acid

Lung infection

30 Sep 2007

45.24 (11.05–185.15)

NA

Zoledronic acid
Zoledronic acid

Osteomyelitis
Paralysis

30 Jun 2008
31 Dec 2008

8.82 (3.29–23.63)
3.83 (1.72–8.56)

NA
NA

2.24 (1.86–2.70)

Label
add date
NA

Zoledronic acid

Soft tissue infection

31 Mar 2010

9.34 (2.99–29.18)

NA

Everolimus

Transplant rejection

31 Dec 2009

25.46 (8.14–79.67)

NA

Ambrisentan

Device-related infection

Ambrisentan

SJS

Sorafenib tosylate

Posterior reversible
encephalopathy syndrome

Sorafenib tosylate

Tumor lysis syndrome

Varenicline tartrate

Progressive multifocal
leukoencephalopathy

DME

Yes

Varenicline tartrate

Toxic epidermal necrolysis

DME

Yes

Temsirolimus

Hemothorax

Temsirolimus

Pulmonary fibrosis

Temsirolimus
Deferasirox

DME

Yes

30 Sep 2008

8.16 (3.38–19.70)

NA

31 Dec 2009

0.18 (0.03–1.28)

NA

30 Sep 2006

68.31 (21.61–215.87)

NA

31 Mar 2010

2.54 (1.06–6.13)

NA

30 Jun 2007

3.77 (0.53–26.85)

NA

30 Sep 2008

0.06 (0.01–0.40)

NA

31 Mar 2010

11.09 (3.56–34.53)

NA

31 Mar 2009

4.54 (1.88–10.96)

NA

Pulmonary toxicity

30 Sep 2008

14.09 (3.51–56.63)

NA

Aortic stenosis

30 Jun 2007

25.63 (6.36–103.31)

NA

Deferasirox

Cerebral hemorrhage

30 Sep 2008

2.38 (0.99–5.72)

NA

Deferasirox

Myelodysplastic syndrome

Deferasirox

Progressive multifocal
leukoencephalopathy

Deferasirox
Deferasirox
Dronedarone
hydrochloride

DME

30 Jun 2006

34.36 (8.41–140.44)

NA

Yes

31 Dec 2009

0.94 (0.13–6.71)

NA

Subdural hematoma

31 Mar 2010

Subdural hematoma evacuation
SJS

DME

Yes

31 Dec 2008
31 Dec 2009

Dronedarone
hydrochloride

Toxic epidermal necrolysis

DME

Yes

31 Dec 2009

2.34 (0.33–16.70)

NA

Etravirine

Drug reaction with eosinophilia
and systemic symptoms
Congenital anomaly

31 Mar 2009

25.68 (6.36–103.63)

NA

DME

30 Sep 2009

9.00 (2.23–36.36)

NA

Levocetirizine
dihydrochloride

SJS

DME

Yes

30 Jun 2008

4.39 (0.61–31.69)

NA

Levocetirizine
dihydrochloride
Tocilizumab

Toxic epidermal necrolysis

DME

Yes

31 Mar 2009

5.15 (0.72–36.91)

NA

Acute respiratory distress
syndrome

DME

31 Mar 2010

8.69 (3.87–19.50)

NA

31 Mar 2010

5.62 (2.10–15.08)

NA

DME

31 Mar 2010

7.35 (2.74–19.73)

NA

Levocetirizine
dihydrochloride

Tocilizumab

Cerebral infarction

Tocilizumab

Pancreatitis acute

DME

2.44 (1.27–4.70)
264.88 (60.50–1,159.66)
1.18 (0.17–8.41)

NA
NA
NA

AE adverse event, CI confidence interval, DME Designated Medical Event, GI gastrointestinal, NA not applicable, ROR reporting odds ratio, SJS
Stevens–Johnson syndrome
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Table 4 US FDA label change date, indication whether there was a signal, signaled adverse event(s) that were eventually added to the drug’s
label, and the web address for the alert
Ruling

Successful adverse event

Alert sourcea

Compound

FDA label
change date

Moviprepb

Feb 2008

No signal

Mesalamine

Oct 2009

Success

Ambrisentan
Etravirine

Oct 2010
Dec 2010

No signal
No signal

Dronedarone

Feb 2011

Success

Hepatic failure; acute hepatic
failure; mixed liver injury;
hepatocellular injury

ucm243762.htm

Dronedarone

Jun 2011

Success

Interstitial lung disease

ucm243762.htm

Asenapine

Aug 2011

Success

Anaphylactic shock

ucm271083.htm

Sorafenib

Oct 2011

Success

Toxic epidermal necrolysis

ucm280363.htm

Dronedarone

Dec 2011

Success

Ischemic stroke; hypoxicischemic encephalopathy

ucm243762.htm

Pitavastatin

Feb 2012

Success

Hepatitis C; interstitial lung
disease

ucm296184.htm

Maraviroc

Aug 2012

No signal

Formoterol/mometasone

Aug 2012

Success

Angioedema

ucm319217.htm

Deferasirox

Sep 2012

Success

GI haemorrhage;
hematochezia; rectal
haemorrhage; hematemesis;
melena; diarrhea
hemorrhagic; ulcer
hemorrhage; gastritis
hemorrhagic; upper GI
hemorrhage; duodenal ulcer
hemorrhage; hepatic failure;
acute hepatic failure; chronic
hepatic failure

ucm255103.htm

Dronedarone

Sep 2012

Success

Angioedema; hypoxia; dyspnea
at rest

ucm243762.htm

Dexamethasone

Sep 2012

Success

Hypotony of eye

ucm295117.htm

Sunitinib

Aug 2013

Success

Cholecystitis infective;
emphysematous cholecystitis

ucm224050.htm

Pazopanib

Aug 2013

No signal

Ofatumumab

Sep 2013

Success

Tumor lysis syndrome

ucm372685.htm

Levocetirizine

Nov 2013

No signal

Mesalamine

Dec 2013

Success

Stevens–Johnson syndrome

ucm367419.htm

Moviprepb

Dec 2013

Success

Atrial fibrillation; ventricular
fibrillation; renal failure
acute; convulsion; loss of
consciousness

ucm372725.htm

Ranolazine

Dec 2013

Success

Renal failure acute; renal
impairment; renal failure

ucm229433.htm

Tolvaptan

Feb 2014

No signal

Cabazitaxel

Mar 2014

Success

GI hemorrhage; rectal
hemorrhage; melena; gastric
hemorrhage; upper GI
hemorrhage; intestinal
hemorrhage; intestinal
perforation; large intestine
perforation; ileus;
neutropenic colitis

ucm392358.htm

Amlodipine/olmesartan

Jun 2014

Success

Cerebrovascular accident

ucm258787.htm

Sunitinib

Jun 2014

Success

Toxic epidermal necrolysis

ucm224050.htm

ucm115268.htm
Hepatitis acute

ucm190418.htm
ucm233391.htm
ucm239762.htm

ucm215506.htm

ucm303649.htm
ucm250634.htm

ucm294226.htm
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Table 4 continued
Compound

FDA label
change date

Ruling

Successful adverse event

Alert sourcea

Mecasermin recombinant

Jun 2014

Success

Osteonecrosis; papilledema

ucm246758.htm

Amlodipine/hydrochlorothiazide/
olmesartan

Jun 2014

Success

Cerebrovascular accident

ucm250610.htm

Everolimus

Jul 2014

Success

Pulmonary embolism;
embolism; embolism arterial;
embolic cerebral infarction

ucm409257.htm

ucm418726.htm

Varenicline

Sep 2014

No signal

Regadenoson

Sep 2014

Success

Transient ischemic attack

ucm240390.htm

Tapentadol

Nov 2014

Success

Anaphylactic reaction

ucm426033.htm

Tocilizumab

Nov 2014

Success

Stevens–Johnson syndrome

ucm352022.htm

Temsirolimus

Feb 2015

No signal

Pazopanib

Mar 2015

Success

Asenapine

Mar 2015

No signal

Zoledronic acid

Apr 2015

Regadenoson

ucm262796.htm
Retinal detachment; retinal tear

ucm303649.htm

Success

Stevens–Johnson syndrome;
toxic epidermal necrolysis

ucm250242.htm

Mar 2009

Success

Atrioventricular block
complete; loss of
consciousness

ucm133515.htm

Regadenoson

Dec 2009

Success

Seizure

ucm197103.htm

Regadenoson

Sep 2011

Success

Anaphylactic reaction;
respiratory arrest

ucm197103.htm

Sunitinib

Jul 2010

Success

Cerebellar infarction; cerebral
hematoma; cerebral
hemorrhage; cerebral
infarction; embolic stroke;
hemorrhage intracranial;
hemorrhagic stroke;
hemiparesis; ischemic stroke;
subarachnoid hemorrhage;
subdural hematoma; transient
ischemic attack

ucm224050.htm

Amlodipine/olmesartan

May 2011

No signal

Formoterol/mometasone

Aug 2011

Success

Anaphylactic reaction

ucm271264.htm

Mecasermin recombinant

Feb 2011

Success

Anaphylactic reaction;
angioedema

ucm246758.htm

Etravirine

Aug 2009

Success

Toxic epidermal necrolysis;
acute hepatic failure; hepatic
failure

ucm180579.htm

Sorafenib

Mar 2011

No signal

ucm233695.htm

Dexamethasone

Feb 2012

No signal

ucm295117.htm

Tolvaptan
Tolvaptan

Nov 2012
Apr 2013

No signal
Success

Sunitinib

May 2011

Success

Disseminated intravascular
coagulation; embolism;
pulmonary embolism;
pulmonary thrombosis

ucm224050.htm

Sunitinib

Apr 2012

Success

Osteonecrosis of jaw; tumor
lysis syndrome

ucm224050.htm

Sunitinib

Nov 2012

Success

Necrotizing fasciitis

ucm224050.htm

Temsirolimus

Jun 2011

No signal

ucm262796.htm

Amlodipine/hydrochlorothiazide/
olmesartan

Mar 2011

No Signal

ucm250610.htm

ucm271083.htm

ucm258787.htm

Death; drug-induced liver
injury

ucm294226.htm
ucm294226.htm
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Table 4 continued
Successful adverse event

Alert sourcea

Compound

FDA label
change date

Ruling

Pazopanib

Oct 2011

No signal

Pazopanib

Mar 2012

No signal

Levocetirizine

Mar 2011

Success

Levocetirizine

Sep 2012

Success

Urinary retention

ucm250634.htm

Deferasirox

Oct 2013

Success

Stevens–Johnson syndrome

ucm255103.htm

Sorafenib

Oct 2013

No signal

Sorafenib

Nov 2013

No signal

Maraviroc

Feb 2013

Success

Amlodipine/hydrochlorothiazide/
olmesartan

Jul 2013

No signal

Amlodipine/olmesartan

Jul 2013

Success

Celiac disease

ucm258787.htm

Etravirine

Feb 2013

Success

Drug reaction with eosinophilia
and systemic symptoms

ucm239762.htm

Asenapine

Mar 2013

No signal

Cabazitaxel

Jun 2015

Success

Bone marrow failure

ucm392358.htm

Mecasermin recombinant

Jun 2012

No signal

ucm279961.htm
ucm279961.htm
Angioedema

ucm250634.htm

ucm280363.htm
ucm319233.htm
Toxic epidermal necrolysis;
drug reaction with
eosinophilia and systemic
symptoms

ucm215506.htm

ucm250610.htm

ucm271083.htm
ucm311224.htm

Ambrisentan

Jul 2009

No signal

Zoledronic acid

Jun 2008

Success

Atrial fibrillation

ucm120143.htm

ucm173079.htm

Moviprepb

Nov 2010

Success

Anaphylactic reaction;
anaphylactic shock

ucm121364.htm

GI gastrointestinal
a

http://www.fda.gov/safety/medwatch/safetyinformation/

b

Ascorbic acid; polyethylene glycol 3350; potassium chloride; sodium ascorbate; sodium chloride; sodium sulfate

groups of drugs, we constructed a model that reliably
predicted future drug label changes.
While the use of disproportional reporting methods has
successfully been used by many before us to obtain signals
of interest from AE databases such as FAERS [30–37], we
know of no other previous effort that comprehensively
focused on prior regulatory actions to drive inclusion and
exclusion criteria for signaling.
In summary, by focusing on AE types that already had a
demonstrated interest to FDA, we were able to construct a
signaling system that could be used to highlight drug–AE pairs
in FAERS data that might result in future regulatory action.
We suggest that such a focus on historical regulatory
actions may increase the utility of signaling systems. We
are encouraged that this method appears to offer both a way
to focus on drug–AE pairs of particular interest and to
provide suitable accuracy with regard to the issuance of
FDA labeling changes. Future work will test these methods
by using additional drugs, analytical reporting methods,
and FDA labeling change data.

4.1 Limitations
While we limited this investigation to ‘primary suspect’
case reports in an attempt to restrict the analysis to those
drugs directly suspected of causing a given AE, potential
interactions with other drugs were not considered.
The group of training and/or test drugs may not have
been representative of typical drugs, for reasons unknown
to us, and therefore may not accurately represent the much
broader group of all FDA-approved drugs.
The minimum case counts and ROR confidence interval
limitations and/or the inclusion and exclusion criteria
regarding eligible AEs and FDA alerts may have eliminated important regulatory actions from our analysis.
The choice of the ROR as a disproportional reporting
measure may have affected inclusion and exclusion criteria, false positives, and success rates in materially different
ways than what would have been obtained by using alternative methods such as the Bayes multi-item gamma
Poisson shrinker, proportional reporting ratio, the Poisson–
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Fig. 2 Visual representation of the inclusion and exclusion criteria for eligible signals. AE adverse event, PML progressive multifocal
leukoencephalopathy, PS primary suspect, ROR reporting odds ratio, SJS Stevens–Johnson syndrome, TEN toxic epidermal necrolysis

Dirichlet process, or the information component, for
example [30–37]. Comparing the ROR method against
such other techniques was outside the scope of this
analysis.
Eligible AEs were largely selected because FDA subjected them to past action. Accordingly, AEs that have
never been subject to FDA regulatory action might be
missed with this system.
Given the breadth of systems that prescription drugs can
affect, some of the AEs analyzed here might be associated
with the disease itself and perhaps not directly caused by
the administered drug(s). While we were careful to attempt
to omit all ‘disease-related’ AEs from analysis, it cannot be
stated that our methods excluded all of them. Alternatively,
the removal of disease-related AEs may mask instances
where drugs lead to exacerbations of underlying disease.
In general, post-marketing data may be subject to
underreporting, reporting bias, masking, and confounding
by comorbidities. An AE report does not definitively

ascertain causality. For additional reviews regarding limitations associated with FAERS, please see Edwards et al.
[38], Tatonetti et al. [39], and Auerbach and Kane [40].

5 Conclusion
The methods disclosed here enabled a focus on only
0.23 % of potential drug–AE signals for a test group of
drugs. Of those pairs, 73 % of triggered signals were added
to their corresponding drug’s label. In addition, 66 % of
eligible FDA label changes listed one or more drug–AE
pairs that the method signaled for. Accordingly, this
appears to be an approach that can provide both focus, with
regard to the vast number of potential drug–AE pairings,
and a signal accuracy that may be useful for pharmacovigilance programs.
Future work will incorporate the analysis of additional
label changes, a larger selection of drugs, inclusion of other
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disproportional reporting methodologies, and an exploration of those AEs that were not successfully signaled for.
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