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eMethods 1. Data Collection and Case Report Form (CRF) 
 

The standardized case report form utilized for inpatient and outpatient data collection for the 

prospective cohorts in Melbourne (Austin Health and Peter MacCallum Cancer Centre) are provided 

in the following. 

 

 In brief, this standardized case report form was completed by the treating clinician (including trained 

infectious diseases physicians) during inpatient or outpatient consultation. Allergy phenotypic 

assessment was at clinician discretion utilizing patient-reported phenotypes and standard definitions 

for anaphylaxis8 and potential severe cutaneous adverse reactions (SCAR - DRESS9; SJS/TEN10; 

AGEP11), as performed in previous publications utilizing this dataset.1,12  

 

In brief, anaphylaxis was adjudged by the clinician if the history was consistent with a cutaneous 

manifestation plus one of respiratory, cardiovascular or gastrointestinal symptoms or acute onset 

hypotension or bronchospasm/airway obstruction alone. SJS/TEN also included potentially 

compatible syndromes of rash with mucosal ulceration.  

 

Every attempt was made to reconcile the patient-reported label (e.g. “anaphylaxis”) with a detailed 

history of the allergy event from the patient supplemented with hospital medical records but where 

this was not available, the patient-reported label was used.  
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eMethods 2. Antibiotic Allergy Testing (AAT) Procedures From Derivation and Validation 

Cohorts 

 
Derivation and Internal Validation Cohorts – Melbourne (Australia) 

AAT was performed for out- and in-patients as previously described for immediate and delayed 

hypersensitivities. 1,2 In brief, in all patients reporting a penicillin allergy, skin testing using the 

validated Diater (DAP; Madrid, Spain) was used for the major (benzylpenicilloyl-poyl-L-lysine 

[PPL]) 3 and minor determinant mixtures (MDM) in patients with a penicillin hypersensitivity4, in 

addition to penicillin G (SPT 10,000 U/mL; IDT 1000 IU/mL and 10,000 IU/mL), ampicillin (25 

mg/mL), flucloxacillin (2 mg/mL), cefazolin (1 mg/mL) and ceftriaxone (2.5 mg/mL) as per 

previously published protocols.1,5  Following AAT, an observed oral penicillin challenge was 

undertaken (immediate hypersensitivity - single or two-step penicillin VK 250 mg or amoxicillin 250 

mg]; delayed hypersensitivity - prolonged 5-day). For patients with a potential SCAR phenotype, 

testing was performed as per previously published methods2, using the same panel of IDT 

reagents/concentrations as above –(isolated PT only performed in SJS/TEN). From April 2017, 

patients identified as having a pre-defined low risk criteria (i.e. childhood exanthema, delayed rash > 

10 years previously, or Type A adverse drug reaction) as per a validated antibiotic allergy assessment 

tool were offered a direct oral penicillin VK 250 mg or amoxicillin 250 mg challenge without 

preceding skin testing.  

 

External Validation Cohorts – Sydney (Australia), Perth (Australia), Nashville (USA) 

Perth – A standard testing protocol for all patients reporting a penicillin allergy of Diater-DAP PPL 

(benzylpenicilloyl poly-L-lysine; 0.04 mg/mL) and MDM (sodium benzylpenicillin, benzylpenicilloic 

acid, sodium benzylpenicilloate; 1.5 mg/mL), penicillin G (SPT 10,000 IU/mL; IDT 1000 IU/mL and 

10,000 IU/mL), amoxicillin (20 mg/mL), cefazolin (1 mg/mL), and ceftriaxone (1 mg/mL).   

Sydney - Standard testing protocol of penicillin G (10,000 IU/mL) and amoxicillin (20 mg/mL). In 

moderate to high risk patients, Diater-DAP PPL (benzylpenicilloyl poly-L-lysine; 0.04 mg/mL), 

MDM (sodium benzylpenicillin, benzylpenicilloic acid, sodium benzylpenicilloate; 1.5 mg/mL), 

cefazolin (20mg/mL), and ceftriaxone (10mg/mL) were also tested. 
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Nashville -  A standard protocol similar to that employed in the validation cohort from Melbourne 

(Australia), 1,5 consisting of Pre Pen6, minor determinant mix (consisting of the alkalinization of 

Penicillin G)7, ampicillin (25 mg/mL), penicillin G (1000 IU/mL and 10,000 IU/mL), cefazolin (1 

mg/mL), and ceftriaxone (2.5 mg/mL).  

 

Definitions of positive AAT results 

In all cohorts (internal derivation/validation and external validation) a SPT considered positive in the 

setting of a wheal 3 mm more than control wheal and flare 5 mm more than control flare, read after 15 

minutes. An IDT was considered positive if there was a 3 mm or greater increase in inoculation site 

(0.02 mL) with >5 mm flare, read after 15 minutes. A positive oral challenge excluded non-immune 

mediated reactions and only included patients reporting an immune-mediated reaction (e.g. rash), 

including those that reported delayed reactions captured by study centre.  
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eMethods 3. LASSO Logistic Regression With Cross-Validation 
 

Logistic LASSO regression was also fitted using the same variables as stepwise logistic regression 

(main Table 3). Cross validation was used to select lambda (10-fold cross validation with 100 

lambdas).  

 

Final model consisted of 4 non-zero coefficient with lambda 0.016, and out-of-sample deviance ratio 

of 0.161. Variables with non-zero coefficients were the same as with the stepwise logistic regression 

with an additional variable of previous hospitalizations due to allergy. Penalized coefficients and 

coefficients from the logit model are presented in table. 

 

 LASSO logistic 

regression 

Logit model Stepwise logit model 

used in PEN-FAST 

<5 years since last 

allergy or unknown 

1.38 1.73 1.79 

Anaphylaxis, 

angioedema, SJS, 

TENS, DRESS or 

AGEP 

1.24 1.45 1.56 

Treatment required† 0.33 0.88 1.02 

Hospitalisation 

required 

0.22 0.41 Not included 

AUC of the model 0.817 0.817 0.808 

 

† Any systemic treated as outlined in case report form  (i.e. antihistamine, adrenaline, steroids, intragam)
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eFigure 1. Patient-Reported Antibiotic Allergy Labels in Antibiotic Allergy‒Tested Cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

eFigure 1 Legend: (A) Antibiotic allergy labels recorded for all patients (n  = 773) reporting an antibiotic 

allergy; (B) Penicillin allergy labels recorded for all patients (n = 679) reporting any penicillin allergy; (C) Non-

penicillin allergy labels recorded for all patients (n = 679) reporting a penicillin allergy 
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eFigure 2. Area Under the Receiver Operating Characteristic Curve (AUC) Analysis 

 

 

 
 

eFigure 2 Legend: AUC for PEN-FAST in the derivation/validation (Melbourne, Australia) and 

external validation cohorts (Sydney, Perth, Nashville). 
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eFigure 3. Calibration of the PEN-FAST Rule in Derivation/Validation Cohort (Melbourne, 

Australia) 

 

 
 

 

 

eFigure 3 Legend: Numbers above the bars represent the PEN-FAST score 
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eTable 1. Baseline Demographics of External Validation Cohorts of Patients Reporting Any 

Oral Penicillin Allergy Who Underwent Testing as per Specified Methods 
 

Patient characteristics 
Perth (n = 334) 

No. (%) 

Sydney (n = 80) 

No. (%) 

Vanderbilt (n = 531) 

No. (%) 

Age (years), median (IQR) 47 (31, 63) 52 (37, 63.5) 60 (44, 70) 

Sex (female) 216 (64.7) 53 (66) 393 (74) 

Allergy phenotypes 

Immune mediated  

    SCAR 

    Angioedema/Anaphylaxis 

    Other† 

Non-immune mediated 

Unknown 

 

 

0 (0) 

130 (38.9) 

201 (60.0) 

0 (0) 

3 (1) 

 

 

0 (0) 

17 (21.3) 

45 (56.3) 

11 (13.8) 

7 (8.8) 

 

 

8 (1.6) 

112 (21.1) 

399 (75) 

6 (1) 

6 (1) 

Treatment for allergy‡ 

    Yes 

    No 

    Unknown 

0 (0) 

0 (0) 

334 (100) 

 

26 (32.5) 

43 (53.8) 

11 (13.8) 

 

161 (30.3) 

220 (41.4) 

150 (28.2) 

Time from reaction 

    < 5 years 63 (19) 

 

24 (30.0) 

 

292 (55) 

Skin prick and intradermal testing 

Oral challenge 

332 (99.4) 

297 (88.9) 

78 (97.5) 

64 (80.0) 

531 (100) 

525 (98.9) 

Any penicillin allergy test positive 

   IDT 

   Oral challenge 

48 (14) 

42 (13) 

6 (3) 

27 (33.8) 

17 (21.3) 

11 (13.8) 

19 (3.6) 

15 (2.8) 

4 (1.7) 

 
Abbreviations: SCAR, severe cutaneous adverse reaction; IQR, interquartile range; IDT, intradermal testing. 

† Immune mediated reactions including rash (immediate or delayed), pruritis, respiratory or airway 

involvement.  

‡ Any systemic therapy (i.e. antihistamine, adrenaline, steroids, intragam
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eTable 2. Percentage of PEN-FAST Risk Scores for All Datasets Utilized 
 

Clinical characteristics 
Melbourne 

(AUS) 

Sydney 

(AUS) 

Perth 

(AUS) 

Nashville 

(USA) 

No. of patients 622 80 334 531 

No. (%) of PEN-FAST risk 

scores 

    

 Very low risk (0) 164 (26) 9 (11.3) 0 (0) 79 (14.9) 

 Low risk (1-2) 296 (48) 44 (55.0) 120 (35.9) 232 (43.7) 

 Moderate risk (3) 132 (21) 15 (18.8) 140 (41.9) 147 (27.7) 

 High risk (4-5) 30 (5) 12 (15) 74 (22.2) 73 (13.8) 

No. (%) of allergy within 

PEN-FAST categories – 

observed risk 

    

 Very low risk (0) 1 (0.6) 1 (11.1) n/a 1 (1.3) 

 Low risk (1-2) 16 (5.4) 7 (15.9) 6 (5.0) 4 (1.7) 

 Moderate risk (3) 25 (18.9) 9 (60.0) 15 (10.7) 5 (3.4) 

 High risk (4-5) 16 (53.3) 10 (83.3) 27 (36.5) 9 (12.3) 

 

Abbreviations: No., number 
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eTable 3. Derivation of Cutoff Scores for Clinical Decision Rule, PEN-FAST 
 

Score 
Negative  

CDR 

False 

negative 

score† 

Positive 

CDR 

False 

positive 

score‡ 

Sensitivity (95% CI) Specificity (95% CI) 
PPV 

(95% CI) 
NPV (95% CI) 

AUC  

(95% CI) 

≥1 164 

(26.4%) 

1 (0.6%) 458 

(73.6%) 

401 

(87.6%) 

98.3 (90.8,100.0) 28.9 (25.2,32.8) 12.4 (9.6,15.8) 99.4 (96.6,100.0) 

0.64 (0.61,0.66) 

≥2 417 

(67.0%) 

14 (3.4%) 205 

(33.0%) 

161 

(78.5%) 

75.9 (62.8, 86.1) 71.5 (67.5,75.1) 21.5 (16.0,27.7) 96.6 (94.4,98.2) 0.74  

(0.68,0.80) 

≥3 460 

(74.0%) 

17 (3.7%) 162 

(26.0%) 

121 

(74.7%) 

70.7 (57.3, 81.9) 78.5 (74.9,81.9) 25.3 (18.8,32.7) 96.3 (94.1,97.8) 0.75  

(0.68,0.81) 

≥4 592 

(95.2%) 

42 (7.1%) 30 (4.8%) 14 

(46.7%) 

27.6  

(16.7, 40.9) 

97.5 (95.9,98.6) 53.3 (34.3,71.7) 92.9  

(90.5, 94.8) 

0.63  

(0.57,0.68) 

 

Abbreviations: CDR, clinical decision rule; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; AUC, area under receiver-operator curve. 

† Positive penicillin allergy test (any) 

‡ Negative penicillin allergy test (any) 
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