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93 Abstract

94 Background and Aims: Roussel Uclaf Causality Assessment Method (RUCAM) for drug-induced 

95 liver injury (DILI) has been hindered by subjectivity and poor reliability. We sought to improve 

96 the RUCAM using data from the Drug-Induced Liver Injury Network (DILIN) and the Spanish 

97 DILI Registry, published literature and iterative computer modelling. 

98 Approach and Results: RUCAM criteria were updated, clarified and computerized.  We removed 

99 criteria 3 (risk factors) for lack of added value and criteria 4 because we felt it more useful to 

100 assess each drug separately.  Criteria 6 (drug specific risk) was anchored to LiverTox® likelihood 

101 scores.  Iterative testing in subsets of 50-100 single agent, non-herbal cases from both registries 

102 was done to optimize performance.  We used classification tree analysis to establish diagnostic cut-

103 offs for this revised electronic version (RECAM) and compared RECAM with RUCAM for 

104 correlation with expert opinion diagnostic categories in 194 DILI cases (98 DILIN, 96 Spanish 

105 DILI). Area under receiver operator curves (AUC) for identifying at least probable DILI were the 

106 same at 0.89 for RECAM and RUCAM. However, RECAM diagnostic categories have better 

107 observed overall agreement with expert opinion (0.62 vs. 0.56 weighted kappa, p = 0.14), and had 

108 better sensitivity to detect extreme diagnostic categories (73 vs. 54 for highly likely or high 

109 probable, p=0.02; 65 vs. 48 for unlikely/excluded, p = 0.08) than RUCAM diagnostic categories. 

110 Conclusions: RECAM is an evidenced based update that is at least as capable as RUCAM in 

111 diagnosing DILI compared to expert opinion but is better than RUCAM at the diagnostic extremes. 

112 RECAM’s increased objectivity and clarity will improve precision, reliability and standardization 

113 of DILI diagnosis but further refinement and validation in other cohorts are needed.

114
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115 Introduction

116 The diagnosis of drug-induced liver injury (DILI) is primarily based on clinical judgment and the 

117 elimination of alternate diagnoses.  Lack of an evidence-based and reliable diagnostic tool is a 

118 significant hindrance to clinical care and research.  In 1993, Danan and Benichou published the 

119 Rousell Uclaf Causality Assessment Method (RUCAM, also credited to CIOMS,  Council of 

120 International Organizations of Medical Sciences), which is a diagnostic scorecard based on 7 

121 clinical criteria.1   It is the most widely used and accepted DILI diagnostic tool.2, 3  However, 

122 clinical and research usefulness is still debated.4, 5  

123 Since 1993, there have been three major problems with RUCAM: (1) unclear operating instructions 

124 and subjectivity leading to poor reliability and usability, (2) unclear validity due to lack of an 

125 accepted gold standard and (3) domain criteria that are not evidence-based.6  Even the updated 

126 RUCAM, which is quite similar to the original, retains a significant degree of subjectivity in terms 

127 of ruling out competing diagnoses.7 Nevertheless, RUCAM’s criteria include most of the critical 

128 elements needed to make a diagnosis of DILI, thus providing a framework for evaluation.  Despite 

129 its limitations, this framework has led to RUCAM’s durability in publications. However, 

130 establishing a causal relationship between exposure to an agent and the appearance of liver injury 

131 remains the Achilles heel in DILI research, and improved standardization, automation and 

132 reproducibility in causality assessment are needed.

133 Using an evidence-based approach, we sought to revise the RUCAM, with an aim of having an 

134 instrument that not only had criterion and construct validity against the current RUCAM but 

135 improved precision and reproducibility. We used data from two large prospective DILI registries of 

136 well-vetted cases, the US Drug-Induced Liver Injury Network (DILIN) and the Spanish DILI 

137 Registry, to refine and develop instrument domains and scoring.  We then piloted the instrument in 
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138 randomly selected cases to determine the instruments performance properties in comparison to 

139 RUCAM.  

140

141 Methods

142 Process overview: Since 2015, the authors met regularly to modify the RUCAM criteria using data 

143 from the DILIN and Spanish Registry cases. In addition, a review of the published literature and 

144 expert opinion were used when robust data were lacking.  The development was restricted to 

145 provide assessment of single medication cases because full separate assessment for each 

146 competing agent would have been needed to achieve reliable scoring. Herbal and dietary 

147 supplements (HDS) product cases were also excluded due to the uncertainty of product contents 

148 and less well established causality assessment methods.  

149

150 The new instrument was developed through 5 sequential stages: (1) Each of the 7 RUCAM criteria 

151 were separately analyzed and revised to optimize diagnostic scoring.  Registry data for latency and 

152 dechallenge were robust and well-suited to optimize cut-off values and scores.  Contrary to 

153 expectations, distinction between hepatocellular and cholestatic/mixed injuries was not necessary 

154 for latency and dechallenge scoring.  Other criteria changes were based on a combination of 

155 registry data, expert opinion and available literature;  (2) the revised criteria, renamed domains, 

156 were tested for ability to detect at least probable drug-induced liver injury cases in the DILIN. 

157 During this stage, revisions were made including elements added or discarded based on 

158 performance contribution; (3) computer programming was applied to extract data directly from the 

159 DILIN database and Spanish Registry with single agent DILI cases of varying levels of prior 

160 causality scoring.  We assessed concordance of computer scoring with human scoring to ensure 
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161 proper computer programming; (4) the revised electronic causality assessment method (RECAM) 

162 scored groups of 50-100 single medication cases from the DILIN stratified equally on DILIN’s 5 

163 expert diagnostic categories (see next paragraph).  Scoring outputs were used to revise the 

164 RECAM and programming to optimize performance.  (5) RECAM was then applied to groups of 

165 50-100 single agent, non-HDS cases randomly selected from the Spanish DILI Registry to assess 

166 instrument performance including domain validity and comparison of scoring obtained with 

167 RUCAM. Through this final phase, the RECAM went through modifications by an iterative 

168 process of testing both DILIN and Spanish-DILI cases.  RECAM was applied across the range of 

169 DILI likelihood categories used by the DILIN and Spanish DILI Registry.  Throughout the 

170 process, an emphasis was placed on clarity, performance and precise language that would be 

171 adaptable to a clinically useful website application with minimal subjective opinion from the user.  

172

173 Likelihood Categories and Causality Assessment in the DILIN: DILIN uses a consensus expert 

174 opinion method of causality assessment previously described.8  Each case was evaluated by 3 

175 DILIN hepatologists who independently assigned an ordinal causality score or category 

176 representing percent likelihood of attribution (1 = definite or > 95% likelihood, 2 = highly likely or 

177 75-95%, 3 = probable or 50-74%, 4 = possible or 25-49%, and 5 = unlikely or < 25%).  Consensus 

178 was reached by e-mail and monthly conference calls.  The enrolling DILIN investigator also 

179 provides a RUCAM score for each case.

180

181 Likelihood Categories and Causality Assessment in the Spanish DILI Registry:  Each case referred 

182 to the Spanish Registry was independently assessed and adjudicated by at least 3 expert 

183 investigators.  Expert opinion is used to assess whether DILI consideration was reasonable and 

184 further data requested from the referring providers as needed.  Case likelihood categorization is 
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185 based on traditional RUCAM categories, but expert opinion can over-ride the RUCAM assigned 

186 category as necessary (e.g. drugs with long half-lives and known long latencies after drug stop, 

187 mandatory testing of hepatitis E).9,10

188

189 RECAM and RUCAM Performance in Diagnosing DILI in DILIN and Spanish DILI Registry 

190

191 A total of 100 and 96 single agents, non-HDS cases from the DILIN and Spanish-DILI, 

192 respectively were randomly chosen for testing the 12th and final version of RECAM. We used the 

193 R-value ([ALT/ULN] ÷[ALP/ULN]) to categorize cases as hepatocellular (R >5), cholestatic (R 

194 <2) or mixed (2< R <5).  The DILIN cases were stratified equally across its 5 likelihood 

195 categories.  One DILIN case was excluded due to data entry error in DILIN adjudication requiring 

196 re-assessment and another DILIN case was excluded due to an indirect, atypical liver injury of 

197 drug induced sphincter of Oddi dysfunction. Therefore, 98 DILIN cases were used for RECAM 

198 scoring.   

199

200 RECAM scoring was undertaken via semi-automated computer data extraction and scoring from 

201 both registries. Computer programming used software version 9.4 and R language version 4.02 for 

202 the DILIN cases where R language version 3.5.0 was used for Spanish Registry cases. However, 

203 both registry databases contain free text fields (e.g., imaging, histology findings) that required 

204 some human interpretation and input for the computer to score the RECAM correctly. 

205

206 Area under the curves (AUCs) and Diagnostic Cut-offs for RECAM: For the purposes of 

207 comparing performance between registries and combining data, the DILIN definite and highly 

208 likely cases were combined and considered equivalent to the highly probable Spanish cases.  
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209 Similarly, the unlikely and excluded cases in the Spanish Registry were combined and considered 

210 equivalent to the DILIN unlikely cases. The other category labels of probable and possible are the 

211 same in both registries.   AUC values were generated for both RECAM and RUCAM scores.  

212 RECAM and RUCAM AUC values for identification of at least high probable (or at least highly 

213 likely), at least probable and at least possible DILI were determined for both registries.  Overall, 

214 correlation of RECAM and RUCAM to DILIN and Spanish Registry expert opinion diagnostic 

215 categories was assessed by using Spearman’s Rho coefficient.

216

217 Using the combined DILIN and Spanish Registry data, we built a classification tree11 based on 

218 RECAM scores to obtain three cut-offs for classifying each case into four categories:  highly 

219 likely/high probable, probable, possible and unlikely/excluded. Performance of RECAM 

220 classification based on these cut-offs was compared to the performance of RUCAM classification 

221 based on its published cut-off scores of highly probable (≥9), probable (8 to 6), possible (5 to 3), 

222 unlikely/excluded (≤2). We tested the overall percent agreement, and Cohen’s weighted kappa 

223 coefficient between the RECAM and RUCAM scales with expert’s opinion. Diagnostic 

224 performance, sensitivity and specificity values were calculated for the diagnostic categories. P-

225 values are reported for testing the equality of agreement metrics (overall agreement, sensitivity and 

226 specificity) of RECAM and RUCAM diagnostic categories with expert’s opinion via the 

227 generalized estimating equations and for testing equality of weighted Kappa statistics of RECAM 

228 and RUCAM diagnostic categories with expert’s opinion via bootstrap approach to account for 

229 correlation of RECAM and RUCAM diagnostic categories within the same subject. 

230

231 Role of Funding Source and Institutional Board Review (IRB): An American Association for the 

232 Study of Liver Diseases (AASLD) Innovations Fund awarded in 2016 supported this project. The 
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233 DILIN Network is structured as a U01 cooperative agreement with funds provided by the National 

234 Institute of Diabetes and Digestive and Kidney Diseases (NIDDK).  Separate IRB approvals were 

235 maintained at each center throughout study participation.   The Spanish DILI Registry is funded by 

236 competitive grants from National Health Institute-FEDER and the Spanish Medicines Agency.  All 

237 patients enrolled in both registries provided written informed consent. 

238

239 Results

240 RUCAM Modifications for RECAM Development:

241 The 7 original RUCAM Criteria (Supplement Table 1) were modified, reordered and renamed as 

242 Domains. The resulting 5 domain RECAM is shown in Table 1.  Below, we describe how each 

243 RUCAM criteria was modified and resulted in the 5 domain RECAM. 

244

245 Criteria 1 (Time to onset): We retained latency from both drug start and stop to form Domains 1a 

246 and 1b, but time intervals for scoring revised and the need to stratify by type of liver injury 

247 (determined by R-value) was eliminated (Table 1a). The original RUCAM was unclear as to 

248 whether both or only one latency is to be scored. Unlike the updated RUCAM which scores one or 

249 the other,7 the RECAM requires both latencies from drug start (Domain 1a) and stop (Domain 1b) 

250 to be scored. However, latency after stopping drug can only hurt the case for DILI by subtracting 

251 up to 6 points.  Some drugs (e.g. monoclonal antibodies) clearly have long half-lives and long 

252 latency to DILI.  For these drugs, Domain1b is passed over with no points taken. Cut-offs for point 

253 allocations were based on the DILIN and Spanish registry latency data across likelihood 

254 categories.  Time intervals were expanded creating a wider range of scores compared to RUCAM.

255
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256 Criteria 2 (Course): In RUCAM, dechallenge time cut-offs and scoring are different for 

257 hepatocellular and cholestatic/mixed cases.  Based on analysis of DILIN and Spanish Registry 

258 data, dechallenge timing is similar for hepatocellular and cholestatic/mixed cases in terms of 

259 causality.  Therefore, dechallenge time cut-offs are the same regardless of R-value and were based 

260 on the observed distribution of dechallenge times across definite to unlikely DILIN cases.  R-value 

261 still defines which liver biochemistry to use for dechallenge scoring. Hepatocellular injury cases 

262 follow the course of ALT, while cholestatic and mixed injury cases follow alkaline phosphatase or 

263 total bilirubin whichever yields a higher score (Table 1a).  This modified dechallenge criteria 

264 became Domain 2.  

265

266 Criteria 3 (Risk factors): For the standard RUCAM and new RECAM, these 3 variables did not 

267 contribute significantly to logistic regression modeling to diagnose at least probable DILIN cases 

268 (age, odds ratio [OR] 1.12 (95% CI 0.71-1.76), p = 0.62; alcohol and pregnancy, OR 0.90 (0.47-

269 1.73), p = 0.75).  This lack of Domain 3 contribution coincided with expert opinion and clinical 

270 experience of the group.12, 13  Therefore, Criteria 3 (Risk Factors) was eliminated.  

271

272 Criteria 4 (Concomitant drugs): We reasoned that concomitant medications of clinical significance 

273 should be scored separately for simplicity and reliability of scoring.  The assessment of competing 

274 drugs in RUCAM is prone to subjectivity (e.g. “suggestive” timing, “known as hepatotoxin”) and 

275 does not provide detailed assessment for these agents (Supplemental Table 1).1  Therefore, we 

276 limited this revised RUCAM to assess drugs individually, and these concomitant drug criteria are 

277 not included in the RECAM.   

278
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279 Criteria 5 (Search for Non-Drug Causes): This RUCAM Criteria became RECAM Domain 4 

280 (Table 1b).  All competing diagnoses in the RUCAM were retained, but HEV, congestive 

281 hepatopathy, infiltrating cancer and cholestasis of sepsis based on what is considered necessary 

282 evaluation testing in the literature was added.14, 15  We chose to only penalize for competing 

283 diagnoses because DILI is a diagnosis of exclusion where competing causes should only hurt the 

284 case.  All diagnoses in this Domain should be addressed.  At this point, the RECAM will suggest 

285 obtaining these data before proceeding.  Otherwise, points are taken away for missing such 

286 information. Specific tests and scoring instructions are provided to minimize subjectivity. Viral 

287 tests are specified, including HEV antibodies. Evaluation for acute hepatitis C include HCV RNA, 

288 history of prior hepatitis C and risk factors.  The RECAM provides scores based on pre-specified 

289 test results.  Consideration for alcoholic hepatitis diagnosis is prompted by the AST:ALT ratio and 

290 AST less than 500 U/L. Only if prompted, will the user need to enter information about the amount 

291 of alcohol use.  Imaging data are clarified with 3 binary questions based on evidence of 

292 pancreaticobiliary disease, and cancer infiltration.  Autoimmune marker interpretation was aligned 

293 more closely with the simplified autoimmune hepatitis score16 but also scored differently for 

294 certain medications known to cause DILI with autoimmune marker positivity.  

295

296 Criteria 6 (Previous Information on Hepatotoxicity of the Drug): We moved these criteria to 

297 Domain 3 reasoning that most clinicians seek this information early in their consideration of DILI.   

298 To increase objectivity and reliability, scoring was anchored to LiverTox® likelihood scores17 

299 which are loaded into the RECAM.  Based on iterative performance testing, the likelihood scores 

300 were grouped into 3 categories of LiverTox® likelihood scores (Table 1a), and the RECAM will 

301 automatically input the corresponding score upon entering the implicated medication.  If an agent 
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302 is not listed in LiverTox® (e.g., flucloxacillin), then the user will be given the opportunity to 

303 assign a score of 0, 1 or 3 (Table 1a).

304

305 Criteria 7 (Response to Readministration): Because rechallenge was so infrequent in both registries 

306 and clinical practice, these criteria were incorporated as part of a new Domain 5 of additional 

307 (optional) data (Table 1c).  We distinguish between a rechallenge prospectively documented with 

308 laboratory testing and a retrospective rechallenge which is elicited in a patient history only and 

309 laboratory data may be lacking.  We provide specifics on scoring each. Rechallenge is infrequent, 

310 but a positive prospective rechallenge is highly indicative of DILI and awarded more points than 

311 any other component in the RECAM (+6). 

312

313 RECAM Domain 5 (Additional Data):  

314

315 Besides rechallenge, liver histology, atypical viral testing and presence of severe skin reactions 

316 were newly included in Domain 5.  Liver histology is uncommonly diagnostic of DILI, so points 

317 awarded were limited.  However, the case is penalized heavily if the biopsy findings yielded an 

318 obvious competing diagnosis (Table 1c).  The presence of severe cutaneous drug reactions adds a 

319 point.  The presence of non-hepatotropic viral infection, for which testing should be done 

320 according to clinical context (e.g., fever, lymphadenopathy, immunocompromise), leads to loss of 

321 points. 

322

323 RECAM warnings and stops: When a firm alternate diagnosis or inconsistent timing for DILI is 

324 evident, the user is warned to stop with a -6 final score automatically rendered.  The user may 

325 over-ride this warning, but -6 points will be deducted from the overall score, and the user should 
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326 recognize that DILI as sole cause of liver injury is questionable due to a competing explanation or 

327 inconsistent timing, regardless of total score obtained. 

328

329 RECAM and RUCAM Performance:

330

331 RECAM went through 12 versions based on iterative testing of cases and meetings. The RUCAM 

332 and final version of RECAM scoring was done on 98 DILIN and 96 Spanish DILI cases. 

333 Characteristics of each cohort are shown in Table 3.  Spanish cases were older and had a greater 

334 proportion of probable cases. The DILIN had more definite and highly likely cases compared to 

335 the Spanish Registry. Supplemental Table 2 shows the most common medications implicated.  

336

337 Both RECAM and RUCAM had similarly high statistical correlation between the resulting scores 

338 and the four ordinal diagnostic categories provided by experts (Spearman Rho 0.85, p<0.001 and 

339 0.87, p<0.001, respectively). By using classification tree approach, we estimated RECAM 

340 diagnostic cut-offs of ≥8 for highly likely/high probable, 7 to 4 for probable, 3 to -3 for possible, 

341 and, ≤ -4, , unlikely/excluded DILI, respectively.  Classification of combined DILIN and Spanish 

342 Registry cases along diagnostic categories using the RECAM and traditional RUCAM cut-off are 

343 shown by boxplots in Figure 1.  In a stratified analysis by separate cohorts, the 96 Spanish DILI 

344 cases were better classified when using the RECAM compared to the 98 DILIN cases 

345 (Supplemental Figure 1).  The AUCs for cumulative cut-offs in likelihood category for both 

346 cohorts combined are shown in Table 4.  RECAM and RUCAM performed similarly well across 

347 all three cut-offs (AUC > 0.8 in all likelihood categories).  In a stratified analysis by cohort the 

348 RECAM and the RUCAM scale AUCs showed better performance in Spanish DILI cases 

349 compared to DILIN cases. For the Spanish cases, the RECAM AUCs ranged from 0.95 (at least 
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350 probable cases) to 0.99 (at least possible cases), while in DILIN cases AUCs ranged from 0.80 (at 

351 least possible cases) to 0.86 (at least probable cases) (Supplemental Table 3).  

352 The overall percent agreements between the RECAM and RUCAM scales with expert’s opinion 

353 were 62% and 59%, respectively (p=0.44). By Cohen’s weighted Kappa coefficient, RECAM had 

354 better observed overall agreement compared to RUCAM (0.62 vs 0.56), although statistical 

355 significance was not reached (p=0.16) (Table 4). The RECAM had a markedly greater sensitivity 

356 for classifying extreme likelihood categories of high likely/high probable and unlikely/excluded.  

357 Both scales showed great and similar specificity along likelihood categories, except for probable 

358 cases, where the RECAM scale showed better performance (Table 4).

359

360 Discussion

361 This revised electronic causality assessment method, RECAM, provides an evidence-based update 

362 of RUCAM. Both RECAM and RUCAM had good diagnostic performance in classifying cases 

363 across varying cut-offs in likelihood of DILI based on expert opinion in two large DILI registries.  

364 However, RECAM tended to have better observed overall agreement with expert opinion and to 

365 better discriminate diagnostic categories especially at the extremes, i.e., highly likely/probable and 

366 unlikely.  It also had higher specificity to correctly classify probable cases.  These differences were 

367 likely due to a wider scoring range for latency and dechallenge that was developed from case data 

368 and the heavier penalization for lack of data or data indicating a non-DILI diagnosis. RECAM also 

369 offers an automated scoring with less subjective input which should lead to better reliability.  

370 Computerization of RECAM (http://gihep.com/dili-recam/) is important because RUCAM’s 

371 because poor inter-user reliability have been obstacles for wider use in clinical practice and 

372 research.  The RECAM automatically scores test results, latency, dechallenge, medication specific 
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373 DILI risk and most competing diagnoses without the need for user opinion. The user merely enters 

374 dates, lab values and test result data.  The only subjective information needed for Domains 1 

375 through 4 are the presence of biliary obstruction, >50% malignant liver infiltration on imaging, 

376 sepsis, shock or congestive hepatopathy as these defied consistent objective parameters for 

377 computer entry.  Similarly, subjective opinion in Domain 5 is limited to histology and presence of 

378 drug reaction with eosinophilia and systemic symptoms (DRESS) or Steven Johnson Syndrome. 

379 The heterogeneity of DILI phenotypes makes it difficult to develop a single, easy-to-use diagnostic 

380 tool for all medications.  The DILIN and Spanish DILI experts rely on knowledge of recent DILI 

381 research and emerging phenotypes that can be difficult to put into algorithmic scoring. Patients 

382 may have symptoms but delay seeking medical care artificially lengthening the latency. Experts 

383 will correctly adjust their opinion of what an algorithm considers a latency too long for DILI.  

384 Death or transplant short circuit dechallenge leading to lower scores in an algorithm, but experts 

385 will see a typical case of fatal DILI.  Experts may accurately diagnose chronic DILI despite the 

386 incomplete dechallenge.  Inability to capture such factors led to an AUC ceiling of 0.85-0.89 for 

387 both the RECAM and RUCAM when compared to expert opinion.  Considering these limitations, 

388 such AUCs are quite good and competitive with other clinical diagnostic tools. For the clinician, 

389 the cut-offs of at least probable may be most useful when weighing the risks of rechallenge with a 

390 highly needed medication or need for further diagnostic evaluation. RECAM’s AUC of 0.89 and 

391 better ability to separate diagnostic categories (Figure 1) provide a useful framework for such 

392 decision making.  The improved stratification may better classify cases for genetic (e.g., HLA) and 

393 other DILI biomarker development, and increased consistency will make it a better teaching tool.

394 RECAM’s remarkably high AUCs in the Spanish DILI Registry (Supplemental Table 3) provide 

395 some criterion validity as the Spanish experts rely more on RUCAM for their diagnostic 
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396 categories. The high performance suggests enough retained similarity to support RECAM’s 

397 application to that Registry and others currently based on RUCAM. The comparable AUCs for 

398 RUCAM and RECAM also confirms that the risk factors of age ≥55, alcohol intake, and 

399 pregnancy do not add value to the diagnosis of DILI (Supplemental Case 1) and suggests that the 

400 5-domain RECAM without differentiation between hepatocellular and cholestatic/mixed injury is 

401 adequate. RECAM’s separation of diagnostic categories, especially unlikely and excluded cases, 

402 was also better in Spanish cases (Supplemental Figure 1c) because the DILIN often excludes cases 

403 that have definitive competing diagnoses arise during screening, while the Spanish group retains 

404 such cases for data analyses.

405 The RECAM has several other notable changes. The elimination of alternate diagnoses only 

406 prevents a loss of points because ruling out competing etiologies does not directly support a DILI 

407 diagnose in the same way as latency and dechallenge do.  The RECAM has automatic warnings for 

408 data inconsistent with DILI, which is not a part of RUCAM.  In the RUCAM, an alternate 

409 diagnosis or other data could rule out DILI, but the case would still gain points in other criteria 

410 (Supplemental Cases 2 and 3). Even when data clearly diagnose acute viral hepatitis or 

411 autoimmune hepatitis by simplified autoimmune hepatitis score 16 points are still given for latency, 

412 dechallenge or underlying hepatotoxicity risk of the drug.  In these situations of highly implausible 

413 DILI, RECAM gives warnings to stop with an imputed total score of -6.  One can over-ride these 

414 warnings, if one believes DILI may be concurrent with the non-DILI diagnosis. However, -6 points 

415 are still assessed.  Similarly, warnings to consider stopping or proceeding with a -3 penalty occur 

416 when critical data are missing.  Such prompts firmly remind the user of tests needed during DILI 

417 evaluation. These stops and penalizations led to downward distribution of scores in both registries, 

418 particularly unlikely or excluded cases.  
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419 The RUCAM assigns a single point for any latency from 5 to 90 days after drug start, while the 

420 RECAM has 3 different scores within the span of 2 to 90 days regardless the type of liver injury.  

421 Gradation of cut-offs was increased for latency times based on latencies in DILIN cases, expert 

422 opinion and iterative testing of cases. This may have led to better identification of highly likely or 

423 high probable cases (Supplemental Case 3). A pre-assessment DILI risk score (Domain 3) for 

424 specific medications is automatically assigned based on LiverTox® likelihood score, thus 

425 clarifying one of the more ambiguous domains in RUCAM.18  These changes also may have 

426 helped RECAM better identify more of the highly probable cases.

427 Incorporating liver histology into a categorical scoring system was challenging.  Certain findings 

428 may be quite consistent with a specific DILI episode (e.g. ring granulomas with allopurinol liver 

429 injury), but we felt even these readings are open to interpretation and need clinical context.  Thus, 

430 only 1 point is awarded for histologic findings, but histology can hurt the case for DILI when a 

431 clear alternate diagnosis is found like infiltrating cancer or ischemic injury.  In these cases, a heavy 

432 penalty of -6 and warning are given.  In both registries, liver biopsy was often not obtained, and 

433 pathognomonic signs of DILI or alternate diagnosis were even less common.  Therefore, the 

434 impact of histology on RECAM performance was minimal. Nevertheless, the computer program 

435 used to develop the RECAM will allow us to adjust this variable as more data on how histology 

436 influences the diagnosis of DILI become available.19  

437 The RECAM has limitations. It was developed in US and Spanish cohorts, so we do not know how 

438 it may perform in other regions, particularly Asia. Also, both registries have minimum enrollment 

439 criteria for liver enzyme and bilirubin elevation, so it is unclear how the RECAM may perform in 

440 less severe injuries.8, 10  The RECAM needs testing in a broader group of clinicians including non-

441 hepatologists. It is limited to single agent medication cases leaving the user to score each 
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442 medication individually in multi-drug cases.  However, any competing medication causing loss of 

443 points in the RUCAM, probably deserves its own RECAM score. The RECAM is also not 

444 designed nor tested for HDS liver injury which is increasingly reported.20-22  While simplified with 

445 fewer Domains and clearer operating instructions, the web application increases the amount of data 

446 entry compared to the RUCAM. Yet, we believe the increased data entry will be offset by 

447 automated latency and dechallenge calculations by the computer.  Also, users no longer need to 

448 render a subjective opinion on competing diagnoses.  They simply choose test results regarding 

449 competing diagnoses from short dropdown menus. The RECAM retains few parameters that need 

450 clinical judgement.  Whether a biliary stricture is clinically insignificant is still left up to the user. 

451 Drugs not included in LiverTox® must still be scored by opinion of labeling and available 

452 literature.   

453 RUCAM has been a valuable clinical framework for DILI diagnosis since 1993.  However, user 

454 subjectivity made it unreliable, and it was overdue for an evidence-based update. RECAM has 

455 better sensitivities at the extreme diagnostic categories and tends to have better overall agreement 

456 with expert opinion.  It will likely have better inter- and intra-rater reliability due to computerized 

457 data entry and minimized subjective opinion. It cuts unnecessary variables that were not 

458 diagnostically helpful and is less subjective.  Domains are based on data from well-vetted cases 

459 that were often followed for a minimum of 6 months.  Accuracy of 80-90% for identifying at least 

460 probable DILI compared to expert opinion is high, but not high enough to make the RECAM a 

461 standalone diagnostic tool.  For now, nothing can replace good history taking, chart review, and 

462 thorough evaluation for competing causes.  Further refinement and validation are anticipated. 

463 Indeed, the RECAM provides an opportunity to conduct causality assessment using standardized, 

464 quantitative and categorical data fields which should lead to improved case identification and 
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465 possibly earlier diagnosis.   The electronic, automated platform that is available for all to use on 

466 the Internet should also help with efforts at harmonization and standardization in DILI research.   
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519

520 Figure Legends

521 Figure 1: Box and whisker plots showing median, inter-quartile, outliers and Spearman’s rho 

522 values for (a) RECAM and (b) RUCAM scores by expert opinion diagnostic categories. 98 DILIN 

523 and 96 Spanish Registry cases combined (n = 194).  Horizontal lines represent diagnostic score 

524 cut-offs for RECAM and RUCAM. Downward pointing arrowheads indicate that the cut-off 

525 integer value is included in the category below the line. DILIN categories of definite and highly 

526 likely were combined and considered equivalent to Spanish Registry high probable category 

527 (labeled High Probable/Highly Likely).  Spanish Registry unlikely and excluded categories were 

528 combined and considered equivalent to DILIN unlikely category (labeled Unlikely/Excluded).

529 Supplemental Figure 1:

530 Figure 1: Box and whisker plots showing median, inter-quartile, outliers and Spearman’s rho 

531 values for (a) RECAM and (b) RUCAM scores by expert opinion diagnostic categories for 98 

532 DILIN cases.   Similar box and whisker plots for (c) RECAM and (d) RUCAM scores by expert 

533 opinion diagnostic categories for 96 Spanish Registry cases. Horizontal lines represent diagnostic 

534 score cut-offs for RECAM and RUCAM. Downward pointing arrowheads indicate that the cut-off 

535 integer value is included in the category below the line. DILIN categories of definite and highly 

536 likely were combined, and Spanish Registry unlikely and excluded categories were combined.
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Table 1a: RECAM algorithm (Domains 1-3)

    -6: Data entered suggests a DILI is not explanatory of liver injury.  User should consider this case as 
excluded or unlikely DILI with a total score of -6.  If user chooses to proceed, 6 points will be deducted 
from the running score, and user should recognize that DILI as the cause of liver injury is questionable 
due to inconsistent latency or dechallenge, regardless of total score obtained.

*Agents with estimated half-life or pharmacodynamic effect greater than or equal to 15 days.

LiverTox® categories of DILI risk:  A: Well-known, well described and characteristic signature.  More 
than 50 well reported cases in the literature; B: Known or highly likely to cause DILI with characteristic 
signature. 12-49 cases in the literature; C: Probably causes DILI. No characteristic signature. Less than 12 
cases in the literature; D: Possible cause of DILI.  Less than 3 cases in the literature.  E: Unlikely to 
causes DILI due to extensive use.  Cases in the literature may exist but are unconvincing. E*: Unproven 
but suspected to cause DILI.  Suggestion of liver injury exists outside of published literature (e.g. trial 
data reported to regulatory agencies) X: Unknown.  Agents recently approved or rarely used. For 
complete information go to LiverTox® online.17
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Table 1b: RECAM (Domain 4)

When critical data are missing in Domain 4, -3 points are assessed, but user should consider obtaining these data and 
then proceeding with scoring.      -6*: Data entered suggests a non-DILI explanation for liver injury. User should 
consider the case as excluded DILI with a total score of -6. . If user chooses to continue, 6 points will be deducted 
from the running score, and user should recognize that DILI as sole cause of liver injury is questionable due to a 
competing explanation, regardless of total sum score obtained.  SIRS (systemic inflammatory responses).
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Table 1c: RECAM (Domain 5) 

    -6*: Data entered suggests a non-DILI explanation for liver injury.  User should consider the case as excluded 
DILI with a total score of -6.  If user chooses to continue, 6 points will be deducted from the running score, and user 
should recognize that DILI as sole cause of liver injury is questionable due to a competing explanation, regardless of 
total sum score obtained.
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Table 2. Critical clinical elements for the diagnosis of DILI

Element Comments
Minimum liver test elevations14

     ALT ≥5x ULN*
     ALP ≥2x ULN
     ALT > 3x ULN + total Bilirubin > 2x ULN

ULN may be replaced by the mean baseline values 
obtained prior to exposure to drug if baseline 
values are abnormal.

Temporal sequence for latency & dechallenge
(RECAM Domains 1 & 2)

Consider temporal relationship between drug 
exposure, injury onset and improvement. 

Competing Medications Obtain thorough pharmacologic history of other 
drugs that have appropriate temporal relationship 
between drug exposure, injury onset and 
improvement. Consider obtaining a separate 
RECAM score for these drugs.

Alternative diagnoses (RECAM Domains 4)
     Viral hepatitis A, B, C, and E For chronic hepatitis B or C try to establish a 

baseline and course for liver enzymes, bilirubin 
and viral load to help exclude disease exacerbation.

     Alcoholic hepatitis Obtained detailed alcohol intake history
     Biliary obstruction Imaging studies needed
     Autoimmune hepatitis Testing for ANA, ASMA, total IgG
     Hypotension due to shock and/or heart 
failure

Clinical diagnosis

     Cholestasis of sepsis Clinical diagnosis
     Malignant infiltration of the liver Imaging studies needed.  Biopsy may be needed.

*ULN = upper limit of normal
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Table 3: Clinical characteristics of 98 DILIN and 96 Spanish DILI Registry cases

Patient Characteristics from DILIN and Spanish DILI Registries

Characteristic DILIN
N= 98

Spanish Registry
N=96

Age in years, mean (SD) 48 (18.4) 58 (17.3)

Women 56 (57%) 48 (50%)

Race
Caucasian
Black
Asian
Other

80 (82%)
9 (9%)
4 (4%)
5 (5%)

95 (99%)
0 (0%)
0 (0%)
1 (1%)

Injury Pattern*
Cholestatic
Mixed
Hepatocellular

22 (23%)
22 (23%)
51 (54%)

 
17 (18%)
21 (22%)
58 (60%)

Likelihood category:
Definite/Highly likely or High probable
Probable
Possible
Unlikely or Excluded

38 (39%)
20 (20%)
20 (20%)
20 (20%)

10 (10%)
49 (51%)
17 (18%)
20 (21%)

*Based on R-value (ALT/ULN ÷ ALP/ULN).  R-value > 5 hepatocellular, 2< R-value <5 mixed, 
R-value < 2 cholestatic.1
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Table 4: Diagnostic performance of RECAM and RUCAM compared to expert opinion for 
DILIN and Spanish Registry cases combined (n = 194)

Performance category RECAM RUCAM p-value

Area under the receiver operator curve (95% CI)

  At least Highly likely or Highly probable   0.87 (0.81, 0.92)   0.85 (0.80, 0.91)   0.73

  At least Probable   0.89 (0.84, 0.93)   0.89 (0.84, 0.93)   0.92

  At least Possible   0.88 (0.81, 0.94)   0.87 (0.81, 0.93)   0.90

Overall Agreement (95% CI)

   Percent agreement  62.4 (55.6 - 69.2)  58.8 (51.8 - 65.7)   0.44

   Weighted Kappa  0.62 (0.53, 0.70)  0.56 (0.48, 0.65)   0.16

Sensitivity (95% CI) 

 Highly probable, Definite or Highly likely 72.9 (60.4 - 85.5) 54.2 (40.1 - 68.3) 0.02

 Probable 49.3 (37.5 - 61.1) 68.1 (57.1 - 79.1) 0.03

 Possible 70.3 (55.5 - 85.0) 59.5 (43.6 - 75.3) 0.20

 Unlikely or Excluded 65.0 (50.2 - 79.8) 47.5 (32.0 - 63.0) 0.08

Specificity (95% CI) 

Definite, Highly likely, or Highly probable   86.3 (80.7, 91.9)   89.0 (84.0, 94.1)    0.41

 Probable   82.4 (75.7, 89.1)   63.2 (54.8, 71.7)   < 0.01

 Possible   82.8 (76.9, 88.7)   89.2 (84.3, 94.0)    0.08

 Unlikely or Excluded   97.4 (94.9, 99.9)   99.4 (98.1, 1.00)    0.18

CI = confidence interval

Page 30 of 40

Hepatology

Hepatology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

 

Figure 1: Box and whisker plots showing median, inter-quartile, outliers and Spearman’s rho values for (a) 
RECAM and (b) RUCAM scores by expert opinion diagnostic categories. 98 DILIN and 96 Spanish Registry 
cases combined (n = 194).  Horizontal lines represent diagnostic score cut-offs for RECAM and RUCAM. 

Downward pointing arrowheads indicate that the cut-off integer value is included in the category below the 
line. DILIN categories of definite and highly likely were combined and considered equivalent to Spanish 
Registry high probable category (labeled High Probable/Highly Likely).  Spanish Registry unlikely and 

excluded categories were combined and considered equivalent to DILIN unlikely category (labeled 
Unlikely/Excluded). 
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Supplemental Table 1: Roussel UCLAF Causality Assessment (RUCAM)1

Hepatocellular Type Cholestatic Type Assessment
1. Time to onset
   Incompatible Reaction occurred before starting the drug 

or more than 15 days after stopping the drug 
(except for slowly metabolized drugs)

Reaction occurred before starting the drug or 
more than 30 days after stopping the drug 
(except for slowly metabolized drugs) 

Unrelated

  Unknown When information is not available to calculate time to onset then the case is Insufficiently 
documented

Initial treatment Subsequent treatment Initial treatment Subsequent treatment Score
From the beginning of 
drug:
  Suggestive 
  Compatible 
From cessation of drug:
  Compatible

5 to 90 days
<5 or > 90 days

< 15 days

1 to 15 days
> 15 days

< 15 days

5 to 90 days
< 5 or > 90 days

< 30 days

1 to 90 days
> 90 days

< 30 days

+2
+1

+1
2. Course Difference between the peak of ALT (SGPT) 

and upper limit of normal values
Difference between the peak ALP (or TB) and 

upper limit of normal values
After cessation of the drug 
  Highly suggestive 
  Suggestive
  Compatible 
  Inconclusive 

  Against the role of drug 

If the drug is continued 
  Inconclusive 

 
Decrease > to 50% within 8 days 
Decrease > to 50% within 30 days 
Not applicable 
No information or
Decrease > 50% after the 30th day 
Decrease < 50% after the 30th day 
or recurrent increase 

All situations 

Not applicable 
Decrease > 50% within 180 days
Decrease < 50% within 180 days 
Persistence or increase or no information 
No situation
 
Not applicable 

All situations 

+3
+2
+1
  0

-2

  0
3. Risk Factors ethanol ethanol or pregnancy 
Presence 
Absence 
Age of the patient >55
Age of the patient <55

+1
  0
+1
  0

4. Concomitant drug(s)
None or no information or concomitant drug with incompatible time to onset 
Concomitant drug with compatible or suggestive time to onset
Concomitant drug known as hepatotoxin and with compatible or suggestive time to onset
Concomitant drug with evidence for its role in this case (positive rechallenge or validated test) 

 0
-1
-2
-3

5. Search for non-drug causes 
  Group I (6 causes) = 
Recent viral infection with HAV (IGM anti-HAV 
antibody) or HBV (IGM anti-HBC antibody or HCV anti-
HCV antibody) and circumstantial arguments for non A-
non B hepatitis; Biliary obstruction (ultrasonography); 
Alcoholism (AST/ALT > 2; Acute recent hypotension 
history (particularly if underlying heart disease)
  Group 2 =
Complications of underlying diseases; Clinical and/or 
biological context suggesting CMV, EBV or herpes virus 
infection 

-All causes Group One and two reasonably ruled out

-The six causes of Group One ruled out

-Five or four causes of Group One ruled out 

-Less than four causes of Group One ruled out

-Nondrug cause highly probable 

+2

+1

 0

-2

-3

6. Previous information on hepatotoxicity of the drug 
Reaction labeled in the product characteristics
Reaction published but unlabeled
Reaction unknown 

+2
+1
  0

7. Response to the administration 
Positive
Compatible

Negative

Not done or not interpretable 

Doubling of ALT with the drug alone
Doubling of ALT with the drugs already    
given at the time of the first reaction
Increase of ALT but less than N in the 
same conditions as first administration 
Other situations 

Doubling of ALP (or TB) with the drug alone
Doubling of ALP (or TB) with the drugs already 
given at the time of the first reaction
Increase of ALP (or TB) but less than N in the 
same conditions as for the first administration
Other situations 

+3
+1

-2
0
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Supplemental Table 2: 

Most Commonly Implicated Medications (at least 2 cases)

DILIN (n = 98)

Medications n (%)

Amoxicillin/Clavulanate
Trimethoprim/Sulfamethoxazole
Isoniazid
Azithromycin
Carbamazepine
Terbinafine
Atorvastatin

13 (13)
8 (8)
5 (5)
5 (5)
3 (3)
3 (3)
3 (3)

Spanish DILI Registry (n = 96)

Medications n (%)

Amoxicillin/Clavulanate
Rifampicin/Isoniazid
Interferon
Levofloxacin
Methotrexate
Atorvastatin
Azathioprine

38 (40)
9 (9)
7 (7)
3 (3)
2 (2)
2 (2)
2 (2)
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Supplemental Table 3: RECAM and RUCAM area under the receiver operator curves (95% 
confidence intervals) for diagnosing DILI compared to expert opinion at three likelihood cut-offs 
and stratified by DILIN (n = 98) versus Spanish Registry (n = 96) cases. P-values reflect 
comparisons between DILIN and Spanish Registry cases.

Diagnostic 
likelihood cut-off

RECAM 
DILIN 
Cases

RECAM 
Spanish 
Registry 

Cases

p-
value

RUCAM 
DILIN 
Cases

RUCAM 
Spanish 
Registry 

Cases

p-
value

At least Highly 
likely or Highly 

Probable

0.82 
(0.74, 
0.91)

0.97 
(0.94, 1.0) 0.001

0.80 
(0.72, 0.89)

0.98 
(0.96, 1.0) < 0.001

At least Probable
0.86 

(0.78, 
0.93)

0.95 
(0.91, 0.99) 0.035

0.83 
(0.75, 0.91)

0.98 
(0.97, 1.0) < 0.001

At least Possible
0.80 

(0.71, 
0.89)

0.99 
(0.96, 1.0) < 0.001

0.84 
(0.75, 0.92)

0.93 
(0.88, 0.99) 0.07
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1
Hepatology count limits: 120 characters title; 250-word abstract; 6000 words with references

1 Supplemental Case Examples:

2 Case 1 (DILIN Case), Drug: amoxicillin-clavulanate

3 This patient was a 64-year-old man who was found have hyperbilirubinemia and cholestatic liver 
4 enzyme elevation 5 weeks after starting amoxicillin-clavulanate.

5 He had no prior liver problems. He was given amoxicillin-clavulanate for 7 days to treat an 
6 infected pilonidal cyst.  He took no other medications or herbal/dietary supplements.  Twenty-
7 seven days after starting the antibiotic, he noted yellowing of his eyes.  He went to his primary 
8 care provider 8 days later, and his ALT was 109 U/L, AST 40 U/L, AP 312 U/L and bilirubin 9 
9 mg/dL. R-value was 0.7.  He was admitted for evaluation.  Ultrasound and MRI of his liver were 

10 unremarkable.  Nevertheless, he had a laparoscopic cholecystectomy the next day. No stones were 
11 found.  An intra-operative liver biopsy was done, but the results were not able to be retrieved for 
12 review. Over the next 4 weeks, his bilirubin climbed to 26 mg/dL and AP to 575 U/L.  He 
13 developed a rash and pruritus. Ten days after presentation he had decreased cognition, but his INR 
14 remained normal.  Anti-HAV IgM, HBsAg, anti-HBc IgM, anti-HCV antibody, and HCV RNA 
15 were negative.  CMV and HEV serologies were negative. ANA, anti-smooth muscle antibody and 
16 anti-mitochondrial antibody were all negative.  He drank 10 alcohol equivalents per week.  He was 
17 treated with ursodiol, lactulose and rifaximin.  A liver transplant evaluation was started, but he 
18 improved rapidly after AP and bilirubin values peaked.  AP fell by >50% from peak in 13 days and 
19 bilirubin fell by >50% in 28 days.  His symptoms resolved, and 112 days after onset his ALT, 
20 AST, AP and bilirubin were normal.  

21 Days from drug start to onset: 35

22 Days from drug stop to onset: 28

23 Days from peak to <50% peak AP: 13

24 LiverTox® category: A

25

RECAM Points RUCAM Points
Domain Criteria
1a: Drug start to onset 4 1a: Drug start to onset 2
1b: Drug stop to onset 0 1b: Drug stop to onset (1)^
2: Dechallenge 4 2: Course 3
3: Literature support 3 3: Risk factors** 1, 1
4: Competing diagnoses 0 4: Concomitant drugs 0
5: Additional data 0 5: Non-drug causes 1

6: Previous information 2
7: Rechallenge 0

Total 11 Total 10
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2
Hepatology count limits: 120 characters title; 250-word abstract; 6000 words with references

DILI Diagnostic Category High 
probable*

DILI Diagnostic Category High 
probable

26 *High probable is equivalent to DILIN’s Highly likely or Definite; ^Not added to total; **alcohol, 
27 age

28 Comment: DILIN Causality Committee felt this was definite DILI due to amoxicillin-clavulanate. 
29 Both RECAM and RUCAM score this case as high probable DILI.  However, the authors suggest 
30 that this case would still be compelling for DILI had the patient been a 54-year-old, non-drinker.  
31 In that case, the RECAM score would still be 11, while the RUCAM score would fall to 8, making 
32 it probable instead of high probable.

33

34 Case 2 (DILIN Case), Drug: doxycycline

35 This patient was a 36-year-old Caucasian woman who developed high transaminases with jaundice 
36 12 days after starting a 7-day course of oral doxycycline for a facial rash.  

37 She noted scleral icterus within 4-5 days of starting doxycycline.  She saw her primary care 
38 provider 5 days after finishing her antibiotic course, and her ALT was 810 U/L, AST 1331 U/L, 
39 AP 243 U/L and bilirubin 12.8 mg/dL. R-value 6.3.  Evaluation testing included an ultrasound that 
40 revealed cholelithiasis, but her bile ducts were small without signs of obstruction.  Anti-HAV IgM, 
41 HBsAg, anti-HBc IgM, anti-HCV antibody, HCV RNA and HEV testing were all negative.  
42 Patient did not drink alcohol. ANA was positive at 1:640 and IgG level was over 4000 mg/dL 
43 (upper limit of normal: 1600 mg/dL).  A liver biopsy showed severe inflammation and necrosis 
44 consistent with severe autoimmune hepatitis.  Prednisone was started with fall in ALT to less than 
45 50% of peak at 20 days.  However, thereafter ALT remain elevated and mycophenolate mofetil 
46 was started.  Prednisone taper failed, and transition to azathioprine begun.  At last follow-up, 233 
47 days after onset, ALT had risen again from a low of 54 U/L to 151 U/L.  

48 Days from drug start to onset: 12

49 Days from drug stop to onset: 5

50 Days from peak to <50% peak ALT: 20

51 LiverTox® category: B

RECAM Points RUCAM Points
Domain Criteria
1a: Drug start to onset 4 1a: Drug start to onset 2
1b: Drug stop to onset 0 1b: Drug stop to onset^ (1)
2: Dechallenge 4 2: Course 3
3: Literature support 3 3: Risk factors** 0, 0
4: Competing diagnoses -6* 4: Concomitant drugs 0
5: Additional data 0 5: Non-drug causes 1
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3
Hepatology count limits: 120 characters title; 250-word abstract; 6000 words with references

6: Previous information 1
7: Rechallenge 0

Total -6* Total 7
DILI Diagnostic Category Unlikely^^ DILI Diagnostic Category Probable

52 *Stop warning for alternate diagnosis of autoimmune hepatitis; ^Not added to total; **alcohol, 
53 age; 

54 Comments: DILIN Causality Committee felt this was unlikely DILI. In this case, the simplified 
55 autoimmune hepatitis (AIH) score16 was 8, or definite for AIH, which triggered a RECAM 
56 warning to stop, give a total score of -6 and assess the case as unlikely or excluded for DILI.  The 
57 RUCAM does not have stopping criteria and gave a score of 7 or probable DILI.  

58

59 Case 3 (Spanish Registry Case), amoxicillin-clavulanate

60 A 54-year-old Caucasian male was admitted to the hospital because of a 3-day history of fever, 
61 arthralgia and asthenia followed by dark urine 2 days later.  Symptoms appeared 10 days after a 12-
62 day course of amoxicillin-clavulanate (875/125mg) three times daily prescribed for a dental 
63 infection. On examination the subject was alert and slightly jaundiced. Liver biochemistries showed 
64 an AST of 1832 U/L, ALT 3866 U/L, alkaline phosphatase 276 U/L, total bilirubin 7.85 mg/dL and 
65 INR 1.28. An abdominal ultrasound was normal. Serologies excluded viral hepatitis A, B and C, 
66 Epstein-Barr virus and cytomegalovirus infection. Autoantibodies were negative. The patient 
67 improved with a progressive decrease of transaminases although total bilirubin peaked at 16.9 mg/dL 
68 8 days after admission. Although amoxicillin-clavulanate hepatotoxicity was initially suspected, 
69 HEV-IgM testing done with a second set of evaluation labs was positive.

70 Days from drug start to onset: 22

71 Days from drug stop to onset: 10

72 Days from peak to <50% peak ALT: 8

73 LiverTox® category: A

74

RECAM Points RUCAM Points
Domain Criteria
1a: Drug start to onset 4 1a: Drug start to onset 2
1b: Drug stop to onset -1 1b: Drug stop to onset^ (1)
2: Dechallenge 4 2: Course 3
3: Literature support 3 3: Risk factors** 0, 0
4: Competing diagnoses -6* 4: Concomitant drugs 0
5: Additional data 0 5: Non-drug causes -3

6: Previous information 2
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4
Hepatology count limits: 120 characters title; 250-word abstract; 6000 words with references

7: Rechallenge 0
Total -6* Total 4
DILI Diagnostic Category Unlikely DILI Diagnostic Category Possible

75 *Stop warning for alternate diagnosis of hepatitis E; ^Not added to total; **alcohol, age; 
76 ^^Unlikely included the category of excluded in the Spanish Registry

77 Comment:  Expert opinion excluded DILI.  RECAM gave a stopping score of -6 and assessed the 
78 case as Unlikely (or Excluded). RUCAM score was 4 with a diagnostic category of Possible.

79

80 Case 4 (DILIN Case), Drug: isoniazid

81 This patient was 58-year-old African American woman who developed high transaminases and 
82 mild hyperbilirubinemia 6 weeks after starting isoniazid.

83 She had no prior liver problems.  She was exposed to a patient with tuberculosis at her work as a 
84 nurse and was started on isoniazid.  Her ALT was normal at baseline.  Forty-six days into therapy 
85 her ALT was 1609 U/L, AST 1400 U/L, AP 282 U/L and bilirubin 1.9 mg/dL. R-value was 21.4. 
86 Her isoniazid was stopped the next day.  She was asymptomatic.  She had received several days of 
87 ciprofloxacin 51 days before injury onset and gabapentin 90 days before onset.  Her other 
88 medications had been taken for at least 3 years.  She took acetaminophen as needed but never 
89 exceeded 2 tablets daily.  She did not drink alcohol. Anti-HAV IgM, HBsAg, anti-HBc IgM, anti-
90 HCV antibody, and HCV RNA were negative. CMV, EBV and HEV serologies were negative.  
91 ANA and ASMA were positive but at titers of <1:80. Ultrasound showed a normal liver.  Her ALT 
92 and bilirubin increased modestly to 1649 U/L and 3.2 mg/dL over the next 2 to 8 days, but her 
93 AST fell to 644 in the same period.  The patient did not get any follow-up labs until 109 days after 
94 onset and 107 days after peak ALT.  Her ALT and AST were 13 U/L and 18 U/L respectively. 

95 Days from drug start to onset: 46

96 Days from drug stop to onset: -1

97 Days from peak to <50% peak ALT: 107

98 LiverTox® category: A

RECAM Points RUCAM Points
Domain Criteria
1a: Drug start to onset 4 1a: Drug start to onset 2
1b: Drug stop to onset 0 1b: Drug stop to onset^ (1)
2: Dechallenge 2 2: Course 0
3: Literature support 3 3: Risk factors** 0, 1
4: Competing diagnoses 0 4: Concomitant drugs 0
5: Additional data 0 5: Non-drug causes 1

6: Previous information 2
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5
Hepatology count limits: 120 characters title; 250-word abstract; 6000 words with references

7: Rechallenge 0
Total 9 Total 6
DILI Diagnostic Category High 

probable*
DILI Diagnostic Category Probable

99 *High probable is equivalent to DILIN’s Highly likely or Definite; ^Not added to total; **alcohol, 
100 age

101 Comment: DILIN Causality Committee felt this was highly likely DILI due to isoniazid.  Both 
102 RECAM and RUCAM gave high scores, but the RECAM gave a higher diagnostic category of 
103 high probable (i.e., DILIN highly likely or definite). Adding Criteria 1b (Drug stop to onset) to the 
104 RUCAM would give a score of 7 which is still probable. The RECAM awarded more points for 
105 latency and dechallenge compared to RUCAM. For the RUCAM Criteria 4, the authors thought 
106 the latency for ciprofloxacin was too long and incompatible for DILI due to this drug. 

107
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