Evaluation of MedDRA Search Strategies for
Potential Osteonecrosis of the Jaw

Alan Hochberg & Cornelis Schep




Outline

= Bisphosphonates and osteonecrosis of the jaw (ONJ)

= (Case-finding search strategies for company safety databases

= Statistical background: sensitivity, specificity, and ROC curves

= Definition of “Cases Warranting Investigation for ONJ”"

= How do the search strategies perform? (Graphical representation)
= Further observations

= Conclusions



Bisphosphonates
Treatments for osteoporosis and for metastatic bone

disease
= (Osteoporosis*

Occurs when bone resorption exceeds bone formation
May be postmenopausal, drug-induced, or secondary
Affects 75 million people in Europe, USA, and Japan

Hip fractures have a 20-24% mortality rate in the first year after fracture
= 330 are totally dependent or in a nursing home at one year

Treatment typically includes calcium and vitamin D supplementation, as well as a
bisphosphonate or another class of anti-resorption drug

= |Vetastatic bone disease

Bisphosphonates used at high doses to inhibit the formation and growth of bone
metastases in cancer patients

- Intravenous administration is more common for this indication

= Representative bisphosphonates: alendronate, zoledronate, risedronate, pamidronate,
ibandronate

*International Osteoporosis Foundation web site, Facts and Statistics



Osteonecrosis of the Jaw (ONJ)

Definition*: Exposed bone in the maxillofacial region

- Confirmed case: duration more than 8 weeks; history of bisphosphonate use; no history of
radiation to the maxillofacial region

True incidence unknown; A reported estimate of incidence is 0.0004-0.06% in osteoporosis, 0.8%-12%
cancer (www.aaoms.org)

Some reported risk factors (AAOMS):
— Cancer, anticancer therapy
Dental or periodontal disease; dental procedures
Duration of bisphosphonate exposure; intravenous vs. oral use
Use of steroids, alcohol to excess, tobacco

Mechanism unknown: bone turnover? angiogenesis?
- Role of infection, particularly Actinomyces, controversial

Regulatory: Class labeling; Ongoing reporting of possible and confirmed cases

*Kholsa, J Bone Mineral Res 2007; 22(10):1479-91.



Search Strategies for Potential ONJ Cases
MedDRA Preferred Terms in Company Databases

Osteonecrosis of jaw was promoted from an LLT to a PT in MedDRA 13.0
— Previously was under PT: Osteonecrosis

= Roche prior to 2008 searched the eight terms osteonecrosis, jaw disorder, osteomyelitis,
necrosis, dental necrosis, bone disorder, resorption bone increased and bone erosion

= 2008 EMA Pharmacovigilance Working Party: 18-term list
*New* MedDRA SMQ for Osteonecrosis in Version 13.0

=  Anywhere from one to 60* search terms have been used in various publications
How do these search strategies compare?

Can a Osteonecrosis-SMQ-derived search be useful for ONJ research?

*Grbic, J Am Dent Assoc 2008;139:32-40.



Three Search Strategies (Terms: frequent to rare)

ROCHE-8 (2007) EMA-18 (2008) SMQ-Derived (2010)
PAIN IN JAW PAIN IN JAW
BONE DISORDER BONE DISORDER
AW DISORDER JAW DISORDER
TOOTH ABSCESS
TOOTH INFECTION TOOTH INFECTION
ULCER
BONE SCAN ABNORMAL
ABSCESS
[NEcrosis NECROSIS
JAW FRACTURE
OSTEITIS OSTEITIS
BONE SWELLING
JAW OPERATION
ABSCESS JAW
ABSCESS ORAL
BONE GRAFT
BONE INFARCTION
|DENTAL NECROSIS DENTAL NECROSIS DENTAL NECROSIS
ORAL SURGERY
OSTEOMYELITIS BACTERIAL
|RESORPTION BONE INCREASED RESORPTION BONE INCREASED RESORPTION BONE INCREASED
U




Terms which yielded no additional reports
(Previous slide color code plus: EMA-18 only = gray; SMQ-derived = dark

blue)
ALVEOLAR OSTEITIS JOINT PROSTHESIS USER OSTEOMYELITIS VIRAL
BIOPSY BONE ABNORMAL JOINT RESURFACING SURGERY OSTEORADIONECROSIS
BONE ABSCESS MAXILLOFACIAL OPERATION OSTEQTOMY
PERIODONTAL
BONE DEBRIDEMENT OSTEOARTHROPATHY DESTRUCTION
BONE EROSION OSTEOMYELITIS ACUTE PRIMARY SEQUESTRUM
IBONELESION™ " |OSTEOMYELITIS BLASTOMYCES SECONDARY SEQUESTRUM
CANDIDA OSTEOMYELITIS OSTEOMYELITIS CHRONIC SEPTIC NECROSIS |
FACE AND MOUTH X-RAY
ABNORMAL OSTEOMYELITIS DRAINAGE SEQUESTRECTOMY
STAPHYLOCOCCAL
JAW ARTHROPLASTY OSTEOMYELITIS FUNGAL OSTEOMYELITIS
JAW LESION EXCISION OSTEOMYELITIS SALMONELLA TERTIARY SEQUESTRUM




Search strategy discussion

= Scientifically, osteomyelitis (infection) is distinguished from osteonecrosis (tissue death,
may be aseptic)

- In a pharmacovigilance context for the jaw (non-sterile site), searches for ONJ include
osteomyelitis

= Non-jaw terms from the Osteonecrosis SMQ were removed to form the “SMQ-derived”
search for potential ONJ:

- Arthrodesis, groin pain, hip arthroplasty, hip surgery, x-ray limb abnormal, x-ray of
pelvis and hip abnormal

= Bone pain was removed for the SMQ-derived search: over 1800 reports for ibandronate in
company safety database

- Too nonspecific, and does not yield potential ONJ cases

= Bone scan abnormal was retained in the SMQ-derived search:
- Intent was probably to find positive radioisotope scans for osteomyelitis
- However, in a bisphosphonate context, this finds reports of reduced bone density



Statistical Interlude
Detection: Sensitivity and specificity

= Suppose we want to detect something:
— ONJ cases
- Pregnancy

— Guns and knives carried by air travelers

= \We have a detection device:

= How good is our detection?



Statistical Interlude, cont.
Detection: Sensitivity and specificity

Suppose our device has an adjustable threshold:

High sensitivity Low Sensitivity
= E.g. the sensitivity of an airport metal detector (always high!)

= We also need a “Gold standard™:
- Pregnancy A baby; metal detector A find knife in pocket

= And we need to have a database of tested subjects for whom the “gold standard”
result is known
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Statistical Interlude, Definitions
Pregnancy testing example

Term

Test result

Gold standard

True Positive (TP)

False Positive (FP)

True Negative (TN)

False Negative (FN)




Interlude (cont.): Results depend on the threshold
Pregnancy testing example

True Positive (TP)

False Negative (FN)

= Sensitivity = TP / (TP + FN) = Positive Tests / Number of eventual babies

- How good are we at detecting pregnancy?

= Specificity = TN / (TN + FP) = Negative Tests / Non-pregnant patients

- How good are we at detecting “non-pregnancy”?
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Interlude (cont.): Receiver Operating Characteristic (ROC)

curve
How do sensitivity and specificity change as the threshold is

varied?

Desirable Region
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Materials and Methods
How does this apply to searching for potential ON]

cases?

= Study encompassed all cases from the Roche ADVENT safety database which met
all of the following criteria:

— Ibandronate

— Reports from June 30 2008 to December 31, 2009

— Osteoporosis or unknown indication and no history of cancer

— One or more of the MedDRA PTs in Roche-8, EMA-18, or SMQ-derived

= MedDRA 12.1 in use at time of study

= Instead of varying a “threshold”, we start with an “empty” search and add terms to
our search, one by one

- From the most-frequently occurring to the least-frequently occurring

= Now all we need is a “gold standard”
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The narrative specifically states that osteonecrosis of the
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mentioned as the healthcare provider.
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ROC Curve for Three Potential-ONJ Searches
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Search performance

With all terms included

Search Specificity Sensitivity
Strategy
Roche-8 YAWA 95.4%
SMQ- 25.7% 92.7%
Derived
Onein 4
isa TP
EMA-18 6.9% 98.7%
Onein 15
isa TP
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Additional cases of interest, which include none of
the search terms
Identified by weekly review of serious adverse events

=  Primarily reports from consumers

= Referred for query, and Guided Questionnaire to healthcare provider

Impaired healing, tooth extraction

Bone density decreased, coded from the verbatim term bone loss in jaw. Patient
treated with 2 years antibiotics and mouth wash

Bone density decreased, coded from verbatim term bone loss in jaw
Gingival infection reported as occurring following a root canal procedure

Mouth ulcer; oral disorder from the verbatim bone exposed at roof of mouth. Reported
by physician

Bone density decreased, coded from the verbatim term lost jaw bone
Oral disorder from the verbatim cavity under bridge of mouth
Tooth disorder: verbatim bone was growing into her tooth

Postoperative wound complication: verbatim necrotic sequestrum at dental extraction
site. Reported by physician
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Comments

= Including pain in jaw reduces specificity. However, health authorities have
specifically requested follow-up of pain in jaw cases.

= |n the context of bisphosphonates, bone pain is too nonspecific for practical use
as a potential-ONJ search term.

= |n the context of bisphosphonates, bone scan abnormal yields mainly false
positives.

= A small number of additional cases warranting investigation for ONJ were
identified through periodic review of all SAEs, which contain none of the terms in
the 3 search strategies.

- However, additional terms would only marginally increase sensitivity, and
would further reduce specificity.
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Ideal future state
OWI sh |1 sto for ONJ research

= A bisphosphonate-oriented Osteonecrosis of the Jaw SMQ
- Harmonized with EMA

— Accepted by FDA
— Validated to be sensitive and specific

= A search strategy for another emerging bisphosphonate question:
- “Atypical” fracture
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