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ABSTRACT

Background: The utility of electronic medical records (EMRs) for pharmacovigilance (PV) has
been highly anticipated, because analysis using appropriately selected EMRs enables accurate
evaluation of adverse drug event (ADE) frequencies and thus promotes appropriate regulatory
actions. As one of the clinically important ADEs, statin-induced myopathy (SIM) has been widely
reported, but pharmacoepidemiological methodology for detecting this ADE with high predictability
has not yet been established.

Objectives: The current study aimed to develop a detection algorithm highly specific for SIM using
EMRs.

Methods: We collected EMRSs on prescriptions, laboratory tests, diagnoses and medical practices
from the hospital information system of Kobe University Hospital (Japan) for a total of 5,109
patients who received prescription of statins (atorvastatin, pravastatin, pitavastatin, rosuvastatin,
simvastatin and fluvastatin) from April 2006 to March 2009. Our developed algorithm for extracting
SIM-suspected patients consisted of three steps: 1) event detection: increase of creatine kinase
(CK) and subsequent statin discontinuation, 2) filtration by exclusion factors (disease diagnosis/
medical practices), and 3) judgment on the time course of CK values (baseline, event and
recovery). A causal relationship between the event and statin prescription (probable/possible/
unlikely) was judged by experienced pharmacists’ review of patient medical charts. The utility of
the current algorithm was assessed with positive predictive value (PPV).

Results: Among 5,109 statin-treated patients, five SIM-suspected subjects were identified by the
current algorithm at a frequency of 0.1%. Review of the medical charts revealed that the causality
of statin use for SIM for all five suspected patients were judged as “Likely (probable/possible)’;
thus, PPV was estimated as 100% (95% confidential interval: 56.6-100%).

Conclusions: We successfully developed a detection algorithm for SIM with high PPV. Further
study is needed to confirm the utility of the current algorithm and its applicability to PV in a larger
population.

METHODS

This study was approved by the ethics committees of the National Institute of Health Sciences and Kobe University Hospital.
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BACKGROUND

» Demonstration of utility of electronic medical records (EMRs) for pharmacovigilance
has been highly anticipated.

- Statin-induced myopathy (SIM) is a clinically important adverse drug event but
pharmacoepidemiological methodology for detecting SIM with high predictability has
not yet been established.

OBJECTIVES

We aimed to develop a detection algorithm with high selectivity for SIM, in terms of
myositis and rhabdomyolysis, using EMRs.

Table 1. Patient demographics

R e ___ Numberfvalue
Total patient number 5,109
1. Data source: Linkable anonymous EMRs glfli{"emale P 2(5%41/%2732
: p . . arting age of statin treatment, yrs +12.
from. Hebe U.n DegEsity H0§plta| 1 palients who Step 3: Refi t Number of inpatients/outpatients 3,143/4,433
persaiver] el o PSRN0 e;)) E preiong Step 3: Refinement Total number of departments 39
were used (Table 1). yent:timing 3) Recove Patients in major department
ry j partments
: - : 7 cardiovascular internal medicine 1,565
2. SIM algorithm: Algorithm was. developed . Step 1: Event detection diabetes and endocrinology 1,370
based. on three-st_ep procedure;. 1) ever:t g CKZ3ULN cardiovascular surgery 607
detection, 2) filtration by exclusion factors*, € 2) statin discontinuation geriatrics 437
and 3) refinement with CK time course (Fig. 1). & | 3xULN- oo oo __ Patients with statin treatment
*includes diseases [acute cardiac vascular £ alovasiatiy 1,979
disease, primary diseases (brain, muscle and 2 Step 3: Refinement pravastatin 1,540
thyroid), serious infection, ‘etc.] and medical B 1) CK at baseline pitavastatin 874
practices (surgery and treatments) rosuvastatin 753
. | st s i e e i tati 504
3. Assessment: A causal relationship between YRR fsllurc;:tsaﬁr:n 204
the event and statin-prescription was judged | ° @, .. . w..... - o
by medical chart review and classified into R it =gy " i Table 2. Classification of causal relationships between the event
three categories (Table 2). Developed fescripen Elrs! nal : <7d S7di(< 30d for hypothyroidism) and statin prescription by medical chart review

algorithm was assessed by positive predictive
values for “Likely (probable/possible)’ and
compared with another typical method using
disease diagnosis data for rhabdomyolysis/
myopathy .

1. SIM detection: Among 5,109 patients, five SIM-suspected subjects were
detected by the current algorithm at a frequency of 0.1% (Fig. 2).

( Subjects for analysis )
With statin treatment

L N = 5,109 y
o

Event detection

1) CK23xULN
2) Statin discontinuation

N =100

step1 [ B

P\

Comparative

/ % analysis
Step 2 Exclusion by diagnosis/ Extraction by
medical practice data diagnosis data
1) Disease (ICD-10 codes/terms) Myopathy/Rhabdomyolysis
2) Medical practice (JK codes/terms) (ICD-10 codes/terms)
N=19 N = 3 (SIM-compared)
Refinement by time- < b @ Assessment
Step 3 course of CK value

1) Baseline level < ULN
2) Timing of event
3) Recovery period

N =5 (SIM-suspected)

Review of medical charts
Likely (Probable/possible)
N =9 (SIM-reviewed)

Assessment

Fig. 2 Scheme and results of algorithm-based extractions of patients suspected to have experienced
statin-induced myopathy using electronic medical records and validation by medical chart review.

Step 2: Exclusion / '{mmmmmmm)' e . Category riteria e
1) Disease [(A) Probable With description on relationship of statin prescriptlonJ

Fig. 1 Diagram of the developed algorithm for detecting statin-induced myopathy.
CK, creatine kinase; d, days; ULN, upper limit of normal

RESULTS

CONCLUSIONS*

+ We have developed a detection algorithm with high predictability for SIM using EMRs.
- Combined use of exclusion criteria for disease, medical practice data, and time-course of CK values contribute to better prediction of SIM.
+ This study supports the utility of EMR-based research for improving pharmacovigilance.

* Sai K, et al. Development of a detection algorithm for statin-induced myopathy using electronic medical records. J Clin Pharm Ther. 2013; 38, 230-235.

(B) Possible  With no description of any non-statin-related causes
(C) Unlikely ~ With description on non-statin-related causes*

*Includes surgery, acute cardiovascular disease, primary diseases (brain,
muscle and thvroid). serious infection. serious enteritis. ascites and
excessive muscular exercise.

2. Medical chart review: Three and six subjects were judged as (A) Probable and
(B) Possible (nine for “Likely”) by medical chart review for 100 subjects extracted
with step 1 (Table 3).

Table 3. Judgment on statin-induced myopathy by medical chart review*

(A) Probable 3
(B) Possible 6
(C) Unlikely surgery 64
acute cardiovascular disease 16

primary disease 8

her! 3

fo)
* For 700 patients screened in step 1.
TIncludes sepsis, ascites and excessive exercise.

3. Assessment of the algorithm: The PPV for the developed algorithm (SIM-
suspected) was estimated as 100% (95% ClI: 56.6-100%), being much higher
compared with another typical method using disease diagnosis data (SIM-
compared) (Table 4).

Table 4. Results of the algorithm-based method and its assessmen by medical chart review

Developed algorithm

Step 1: event detection 100 9 9.0 (14.8-16.2)
Step 2: exclusion 19 9 47.4 (27.3-68.3)
Step 3: refinement  (SIM-suspected) 5 5 100 (56.6-100)

Comparative analysis

Step 1 & extraction by diagnosis data (SIM-compared) 3 1
* Classified into "(A) Probable" or "(B) Possible" by medical chart review

T ICD-10 codes/terms for myopathy/rhabdomyolysis

33.3 (61.5-79.2)
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Table 3. Characteristics of suspected AGRA patients who had Hb at least 9 g/dL

1 ID| Gender | age | ANC(/pL) PLT(10%/uL) Hb(g/dL) Suspected drugs '} Period(2) Period(5)
1
11 male 51 0 417 15.8 MM 76 0
2 female 49 455 213 11.3 PTU 11 0
2 female 49 455 21.3 11.3 MM 29 15
| B3 male 51 190 ZALl 14.2 PTU 14 0
8 male 51 190 21.1 14.2 MMI 56 14
4 female 34 322 243 ikl MMI 25 0
5 female 73 140 33.6 9:3 Ticlopidine 47 7/
6 male 70 400 30.7 Gl Chlorpromazine 22 19
7 female 23 9 38.4 9.9 SASP 20 -10 (5) **
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5-ASA (N=297). Clozapine (N=5). Chlorpromazine (N=851), Mianserin (N=817)

v

SERBMBIZE T, FHEERAR#es A LINIZ B MEk S (WBC) . 5 ERKIR
(SEG) , 1BRELIK (STAB) . ANES OE E (Hb) |, M/MREL (PLT) D IEFER A
REkSNh TS ESE (N=4,921)

RS o E#EL:N=17
By E#E2:N = 40

| ji;f (1) EEFEA E 5908 LINIZANC < 500 /uLZ528% N =43 (3F 5B 0)
T—HIR—R: ,E#’L\l’éﬂjt-?E%‘BWE%F#‘F&ET%E&&F?&&? VAT LIDKDY
‘ (r ., BEE. KRT—3%80) o
AR 1996 1A ~ 201242 A £ CIRANER R EF SR B0 CRIEEELA ST (BRI SRl e S e L e Bk L (ANCORRE)
2BE
| A REIVER : EEBRIBRIE (AGRA) % T % 7
| #%E% 3 : Ticlopidine. Thiamazole (MMI), Propylthiouracil (PTU), Salazosulfapyridine (SASP), (3)EEEHIBRAE R RE 230 H LINICHEER B R EMN R oL : N=9 (HR3E)
] Mesalazine (5-ASA), Clozapine, Chlorpromazine, Mianserin
| fRHTU Tk SAS9.3 — -
| BRoM R F)E 5 %90 H LA CANCE H R AL (8)EFEHIBRAE R AR 30 H LLRIZANC = 500 / pLERRERL . T DEHANC = 500 / ()
| BRYME 2 FfE (ANC < 500/ ub) 30 B LLRICHEFID R 5HY ULZEHERF : N=6
| AR IE A ETRTIAFEFBRCEREN KFEFBOMEEEZESORBEHTERL:. [E 48 R B A T i N=1
*1 ANC: Absolute Neutrophil Count (5B 15 B (BARAL 5 E +15 5 B ) 2521 E BURISA Rk g
AUE o [SEHSIANE SRR R0 ( ANC < 500 /pL& Hb 2 10 g/dL & PLT = 1075 /uL) Hi4ELTL B :N=4
1. BEVVERI R VBRSSO RIS E Hb
! Table 5 Characterlstlcs of suspected AGRA atlents ANC (g/dL)
(10%/1)
1 ma'e 6,000 1)(2)within 90d hin 30d 60
ithi *2 §(3)(4)within 30 |
2 female = 49 455 21.3 11.3 ':'T'Y'J' ﬁ 105 | IR >(<)( o }
5,000 - I 50
3 male 51 190 211 14.2 ':‘T'\G' ii 1; ‘ i
} (5)within 21d°3 ‘
| 4  female 34 322 24.3 11.5 MMl 25 0 4,000 ‘ 40
D BRI B BRIIES ~ FiE B ETOMMES L Z2BR LN TH AT LR M1, | Y% |
*2 PETEEH~AANUREAEB ORI (H) Recovery \
3 BEBEBE~IRUEEROBM(E) 3,000 r 30
Table 2. Frequency of suspected AGRA
1 0 it 0 0 0 0 AGRA ;
2 0 1 il 0 0 0 0 0 LA s .._.\./._. i
3 0 1 1 (o 0 0 0 0 N |
: . i : . 3 5 5 [ e R L }
| 0 0
suspected
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Fig 1. Algorithm for identifying AGRA

| BRERUER

|| OPTUIZ £ 2 RAHARE0.78% ThY . MERE S TS REMELRBETHo1=, 15
| A THRESKTUOAEELEBL TEERERBOHONED ST,
| (Chi-square test : P = 0.4540 > 0.05) *S

OB REHEN S EFTELTL  TiclopidinelZEAL T, AR EX TIXRHE TEE NS

I T=o THIZEAL T, ANC < 500/uLZ 5283 L f=Ticlopidine (R B E D T —2Z B LI E.
56.3%DEENARUINRIEZRLIRAERGEL TO SN DM otz EF-ARDNFRIAER |
DHbIF8.6£1.3 (FHHZERE) LAEFELTRERLIBEENZL SERRXDEREIZEH |
WTHhEDREBDRENEEICLLEREDNS, ‘

| | DEEBHIERIE DA EFANCOIE T (< 500/uL) THDAS, HoAOPLT, 511, RikZ 5 H
NoREFTOHEIPRRADBRE-FEREICREBEEZHLEEZOND, EFIZ, HbOD |
BAEBEEE R HETRESHIZERVEGISD S ADDT AL, ChbEREA
AV TEIZRET HILET SUBEDBVRRANBRETETLIENTE SN,

O RREELEORRMFHHZEA S HhE S ETERBNIKEDRIMEAZRE TE,
ERBCEDOREMEDLENTRETHSEATERENT,

*5 Vanderlaan,W.P,, et al.: Pharmacol.Rev. 1955;7:301-334
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