
© 2019 American Medical Association. All rights reserved. 
 
 

Supplementary Online Content 

 

Van Vugt LJ, van den Reek JMPA, Hannink G, Coenen MJH, de Jong EMGJ. 

Association of HLA-C*6:02 status with differential response to ustekinumab in 

patients with psoriasis: a systematic review and meta-analysis. JAMA Dermatol. 

Published online April 17, 2019. doi:10.1001/jamadermatol.2019.0098 

eAppendix 1. Search Strategy 

eAppendix 2. List of Excluded Articles 

eAppendix 3. Gray Literature Search OpenGrey.eu 

eAppendix 4. Gray Literature Search ClinicalTrials.gov 

eFigure 1. Pooled Proportions for Response Rates at 6 Months for HLA-C*06:02–

positive (A) and HLA-C*06:02–negative (B) Patients Treated With Ustekinumab. 

eFigure 2. Pooled Proportions for Response Rates at 3 Months for HLA-C*06:02 

positive (A) and HLA-C*06:02–negative (B) Patients Treated With Ustekinumab 

eFigure 3. Risk Difference for Response to Ustekinumab (PASI90) at 6 Months’ 

Treatment According to HLA-C*06:02 Status 

eFigure 4. Risk Difference for Response to Ustekinumab (PASI90) at 3 Months’ 

Treatment According to HLA-C*06:02 Status 

eFigure 5. Sensitivity Analysis Based on Exclusion of Non-European/Non-North 

American Cohorts 

eFigure 6. Sensitivity Analysis Based on Exclusion of Same Research Groups 

eFigure 7. Sensitivity Analysis Based on Exclusion of Non-according-to-label Dosing 

eFigure 8. Sensitivity Analysis Based on Exclusion of Randomized Clinical Trials 

eTable. Risk of Bias Assessment 

eReferences. 

This supplementary material has been provided by the authors to give readers additional 

information about their work. 



© 2019 American Medical Association. All rights reserved. 
 
 

eAppendix 1. Search Strategy 

 

General search descriptivea 

 

Database searched: Embase, Medline (including MEDLINE Epub Ahead of Print and In-

Process & Other Non-Indexed Citations), Cochrane Library, Web of 

Science (Web of Science Core Database, SCI-EXPANDED and 

ESCI) 

General search strategy: Keywords and, when available, MeSH-terms were used to draft up a 

search strategy combining the following three elements: “psoriasis”, 

“HLA” and “ustekinumab”. Synonyms and related terms were used 

when appropriate. 

Limit(s): 

 

 

Time period: 2016 to present 

Search conducted on: 14 May 2018 

Languages: English, French, German, Dutch 

Search software: EndnoteTM X8 

 

Search strings usedb 

 

1: psoriasis Psoriasis/ or 

Psorias#s.tw. or 

Psorias#s.kf. 

2: HLA HLA-C Antigens/or 

Genes, MHC Class I/or 

(HLA* or human leukocyte antigen* or major histocompatibility complex*).tw. or 

(HLA* or human leukocyte antigen* or major histocompatibility complex*).kf. 

3:  ustekinumab interleukin-12/ai or 

interleukin-12 subunit p40/ai or 

interleukin-23/ai or 

(biologic* or ustekinumab or stelara or (anti-IL* adj3 drug*) or (anti-IL* adj3 

agent*) or (anti-IL* adj3 therap*) or (anti-IL* adj3 treatment*) or (anti-interleukin* 

adj3 drug*) or (anti-interleukin* adj3 agent*) or (anti-interleukin* adj3 therap*) or 

(anti-interleukin* adj3 treatment*) or (IL* adj3 blocker*) or (IL* adj3 blocking 

agent*) or (IL* adj3 inhibitor*) or (interleukin* adj3 blocker*) or (interleukin* adj3 

blocking agent*) or (interleukin* adj3 inhibitor*)).tw. or 

(biologic* or ustekinumab or stelara or (anti-IL* adj3 drug*) or (anti-IL* adj3 

agent*) or (anti-IL* adj3 therap*) or (anti-IL* adj3 treatment*) or (anti-interleukin* 

adj3 drug*) or (anti-interleukin* adj3 agent*) or (anti-interleukin* adj3 therap*) or 

(anti-interleukin* adj3 treatment*) or (IL* adj3 blocker*) or (IL* adj3 blocking 

agent*) or (IL* adj3 inhibitor*) or (interleukin* adj3 blocker*) or (interleukin* adj3 

blocking agent*) or (interleukin* adj3 inhibitor*)).kf. 

4: combined 

search 

#1 and #2 and #3 

 
a Search strings were designed by L.J.v.V. (clinical researcher and PhD student) with support from a medical librarian of the 

Radboudumc. 

b The search strings used in Medline are shown; comparable search strings were used for the other databases. Complete 

search strings are available on request.
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6. New biotherapies in psoriasis; Ngo Thanh, Claire; 2011; Thesis (Ph.D.); Université Paul Sabatier, 

Toulouse ; Université Paul Sabatier, Faculté des sciences pharmaceutiques, Toulouse; France. 

7. Place de l'Ustekinumab, un anticorps monoclonal dirigé contre la chaîne p40 commune aux 

interleukines IL-12 et IL-23, dans le traitement du psoriasis; Cart, Sophie; 2012; Thesis (Ph.D.); 

Université de Franche-Comté, Faculté de médecine et de pharmacie; France. 

8. Genetics of ankylosing spondylitis; Karaderi, Tugce; 2012; Thesis (Ph.D.); University of Oxford; 

United Kingdom. 
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eAppendix 4. Gray Literature Search ClinicalTrials.gov 

 

General search descriptive 

 

Source: 

 

ClinicalTrials.gov 

Search date: 4 June 2018 

 

Number of hits: 59 hits; none relevant 

 

Search strategy: Disease: psoriasis 

Intervention: ustekinumab 

 

List of hits 

 

 

1. NCT02698475; An Efficacy, Safety, and Pharmacokinetics Study of Subcutaneously 

Administered Ustekinumab in the Treatment of Moderate to Severe Chronic Plaque Psoriasis in 

Pediatric Participants Greater Than or Equal to 6 to Less Than 12 Years of Age. 

2. NCT03218488; A Safety Study of Ustekinumab in the Treatment of Pediatric Participants Aged 

12 Years and Older With Moderate to Severe Plaque Psoriasis. 

3. NCT01999868; Efficacy of Ustekinumab Followed by Abatacept for the Treatment of Psoriasis 

Vulgaris. 

4. NCT01511315; Quality of Life Study in Psoriasis Patients After Ustekinumab Treatment. 

5. NCT02826603; Study of Secukinumab Compared to Ustekinumab in Subjects With Plaque 

Psoriasis. 

6. NCT00267969; A Study of Safety and Effectiveness of Ustekinumab (CNTO 1275) in Patients 

With Moderate to Severe Plaque-type Psoriasis. 

7. NCT02693470; The Difference of Microparticles in Patients With Psoriasis Vulgaris Who 

Received Stelara (Ustekinumab). 

8. NCT01276847; A Study to Assess the Effect of Ustekinumab (Stelara®) and Etanercept 

(Enbrel®) in Participants With Moderate to Severe Psoriasis (MK-0000-206). 

9. NCT01090063; Efficacy and Safety of Ustekinumab in Patients With Moderate to Severe Palmar 

Plantar Psoriasis. 

10. NCT00320216; A Safety and Effectiveness Study of CNTO 1275 in Patients With Moderate to 

Severe Plaque-type Psoriasis. 

11. NCT01090427; A Study of the Safety and Efficacy of Ustekinumab in Adolescent Patients With 

Psoriasis (CADMUS). 

12. NCT01091051; Safety and Efficacy of Ustekinumab in Patients With Palmo-Plantar Pustular 

Psoriasis or With Palmo-Plantar Pustulosis. 

13. NCT01677598; A Study to Evaluate Ustekinumab in Patients With Plaque Psoriasis in Asia-

Pacific Countries. 
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14. NCT01059773; A Safety and Efficacy Study of Ustekinumab in Patients With Plaque Psoriasis 

Who Have Had an Inadequate Response to Methotrexate. 

15. NCT02074982; Efficacy of Secukinumab Compared to Ustekinumab in Patients With Plaque-type  

Psoriasis. 

16. NCT01558310; A Study to Evaluate the Effectiveness of STELARA ™ (USTEKINUMAB) in the 

Treatment of Scalp Psoriasis. 

17. NCT00747344; A Phase 3 Trial to Look at the Safety and Effectiveness of Ustekinumab in 

Korean and Taiwanese Subjects With Moderate to Severe Plaque-type Psoriasis. 

18. NCT02203032; A Study of Guselkumab in Participants With Moderate to Severe Plaque-type 

Psoriasis and an Inadequate Response to Ustekinumab. 

19. NCT00307437; A Study of the Safety and Efficacy of Ustekinumab (CNTO 1275) in Patients With 

Moderate to Severe Psoriasis. 

20. NCT02684370; BI 655066 (Risankizumab) Compared to Placebo and Active Comparator 

(Ustekinumab) in Patients With Moderate to Severe Chronic Plaque Psoriasis. 

21. NCT01008995; A Study of the Safety and Effectiveness of Ustekinumab (Stelara) in Chinese 

Patients With Psoriasis. 

22. NCT02684357; BI 655066 Compared to Placebo & Active Comparator (Ustekinumab) in Patients 

With Moderate to Severe Chronic Plaque Psoriasis. 

23. NCT02187172; Vascular Inflammation in Psoriasis-Ustekinumab (VIP-U). 

24. NCT02561806A; A Study of Ixekizumab (LY2439821) in Participants With Moderate-to-Severe 

Plaque Psoriasis. 

25. NCT00723528; An Efficacy and Safety Study of Ustekinumab (CNTO 1275) in Participants With 

Plaque Psoriasis. 

26. NCT01550744; A Study of Ustekinumab to Evaluate a "Subject-tailored" Maintenance Dosing 

Approach in Subjects With Moderate-to-Severe Plaque Psoriasis. 

27. NCT00454584; An Efficacy and Safety Study of CNTO 1275 Compared to Etanercept in Patients 

With Plaque Psoriasis. 

28. NCT01708629; Study of Efficacy and Safety of Brodalumab Compared With Placebo and 

Ustekinumab in Moderate to Severe Plaque Psoriasis Subjects. 

29. NCT01708603; Study of Efficacy and Safety of Brodalumab Compared With Placebo and 

Ustekinumab in Moderate to Severe Plaque Psoriasis Subjects. 

30. NCT02054481; BI 655066 Dose Ranging in Psoriasis, Active Comparator Ustekinumab. 

31. NCT02786732; Study to Evaluate Broadlumab vs Placebo and Ustekinumab. 

32. NCT00870285; Ustekinumab Plus UVB-311nm in Psoriasis. 

33. NCT03370133; A Study to Evaluate the Efficacy and Safety of Bimekizumab Compared to 

Placebo and an Active Comparator in Adult Subjects With Moderate to Severe Chronic Plaque 

Psoriasis. 

34. NCT01081730; Ustekinumab Safety and Surveillance Program Using the Ingenix NHI Database. 

35. NCT02144857; Effects of Treatment With Biological Agents on Vascular and Cardiac Function in 

Psoriasis. 
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36. NCT00508547; Psoriasis Longitudinal Assessment and Registry (PSOLAR). 

37. NCT02075697; Spanish Registry of Systemic Treatments in Psoriasis. 

38. NCT01706692; Swiss Dermatology Network of Targeted Therapies (SDNTT). 

39. NCT03358693; Anti-cytokine Signatures in Inflammatory Skin Disease. 

40. NCT01848028; PsoBest - The German Psoriasis Registry. 

41. NCT02763969; Safety Study of BMS-986202 in Healthy Subjects and to Treat Psoriasis. 

42. NCT02103361; Stelara Pregnancy Exposure Registry OTIS Autoimmune Diseases in Pregnancy 

Project. 

43. NCT03148860; Impact of Concomitant MTX on Efficacy, Safety and Adherence of Ustekinumab-

treatment in Patients With Active PsA. 

44. NCT02330380; Comparative Effectiveness of Psoriasis Treatments on Systemic Inflammation. 

45. NCT01356758; Cardiovascular Risk Assessment in Patients With Severe Psoriasis Treated With 

Biologic Agents. 

46. NCT01812954; Economic Evaluation of Systemic Treatments for Moderate-to-severe Psoriasis. 

47. NCT02602925; Tight Control Dose Reductions of Biologics in Psoriasis Patients With Low 

Disease Activity. 

48. NCT01903317; Evaluation of Vitamin D Levels in Psoriasis Patients. 

49. NCT01009086; A Study of the Safety and Effectiveness of Ustekinumab in Patients With 

Psoriatic Arthritis. 

50. NCT01077362; A Study of the Safety and Efficacy of Ustekinumab in Patients With Psoriatic 

Arthritis With and Without Prior Exposure to Anti-TNF Agents. 

51. NCT03336281; A Study to Characterize Profile of Participant With Psoriatic Arthritis Depending 

on Whether Their Disease is Managed by a Dermatologist or by a Rheumatologist, and Starting 

Ustekinumab. 

52. NCT02627768; A Study on Assessment of STELARA and Tumor Necrosis Factor Alpha Inhibitor 

Therapies in Participants With Psoriatic Arthritis. 

53. NCT00267956; An Effectiveness and Safety Study of CNTO 1275 in Patients With Active 

Psoriatic Arthritis. 

54. NCT02319759; Efficacy and Safety Study of Guselkumab in the Treatment of Participants With 

Active Psoriatic Arthritis (PsA). 

55. NCT01965132; Korean College of Rheumatology Biologics Registry. 

56. NCT03006198; Tracking Biologics Along the Silk Road. 

57. NCT00741793; Biologic Treatment Registry Across Canada. 

58. NCT03465696; A Priming Intervention to Increase Patient Willingness to Use Injectables for the 

Management of Psoriasis. 

59. NCT03496831; Predicting Hospitalized Infection in Patients With Chronic Inflammatory Arthritis 

Treated With Biological Drugs. 
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eFigure 1. Pooled Proportions for Response Rates at 6 Months for HLA-C*06:02–

positive (A) and HLA-C*06:02–negative (B) Patients Treated With Ustekinumab 
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eFigure 2. Pooled Proportions for Response Rates at 3 Months for HLA-C*06:02–

positive (A) and HLA-C*06:02–negative (B) Patients Treated With Ustekinumab 
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eFigure 3. Risk Difference for Response to Ustekinumab (PASI90) at 6 Months’ Treatment According to HLA-C*06:02 Status 
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eFigure 4. Risk Difference for Response to Ustekinumab (PASI90) at 3 Months’ Treatment According to HLA-C*06:02 Status 
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eFigure 5. Sensitivity Analysis Based on Exclusion of Non-European/Non-North 

American Cohorts 

 

 

 

 

 

 

 

 

 
Abbreviations: M6, six months; RD, risk difference. 

 

Exclusion of Non-European/Non-North American cohorts 

Ethnicity is an important possible confounder in genetic studies.27,28 Therefore, a sensitivity analysis based on ethnic groups 

would be desirable. Unfortunately, only three out of eight included studies (Talamonti et al. 2016, Chiu et al. and Li et al.) 

reported on ethnicity of their study population. In other studies, ethnicity of the included patients was not explicitly reported. 

Performing a sensitivity analysis based on ethnicity was therefore not feasible. Instead, we have performed a sensitivity analysis 

based on geographic area as a proxy for ethnicity. For this analysis, we included all European and all North American studies, 

meaning that only the cohort of Chiu et al. (study performed in Asia) was excluded.  
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eFigure 6. Sensitivity Analysis Based on Exclusion of Same Research Groups 

 
 
 
 
 
 
 
 
 
 
 
 
 
Abbreviations: M6, six months; RD, risk difference. 

 

 

Exclusion of same research groups 

For our primary analysis, studies containing duplicate data (same patients being represented in more than one publication) were 

excluded. We refer to the relevant sections of ‘Materials and Methods’ and ‘Results’ for a more detailed discussion of this 

process. Although our primary analyses did not contain duplicate data, four out of eight included studies were published by the 

same research group (Talamonti et al./Galluzzo et al. from Rome, Italy). Multiple cohorts from one research group and location 

may shift results into a certain direction. Therefore, we performed a sensitivity analysis where three out of four publications by 

Talamonti et al./Galluzzo et al. were excluded, leaving only the most recent publication (Talamonti 2017). 
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eFigure 7. Sensitivity Analysis Based on Exclusion of Non-according-to-label Dosing 

 

 

 

 

 

 

 

 

 

Abbreviations: M6, six months; RD, risk difference. 

 

 

Exclusion of non-according-to-label dosing 

The label for ustekinumab recommends a dose of 45 mg for patients weighing ≤100 kg, and 90 mg for patients >100 kg, to be 

administered subcutaneously at week 0, week 4 and then every 12 weeks thereafter. For the seven daily practice studies, 

according-to-label-dosing was explicitly mentioned in five of the papers (Anzengruber, Galluzzo, Talamonti 2013, Talamonti 

2016, Talamonti 2017). In the article by Chiu et al. a regimen of 45 mg at week 0, 4 and then every 12 weeks was reported, 

without any mention of weight-based dosing. A mean weight of 73 kg in their population (SD 14.5) suggests that nearly all of 

their patients were in fact <100 kg of weight. In the RCTs included by Li et al., patients were randomized to 45 or 90 mg of 

ustekinumab regardless of their weight, meaning that about half of patients were treated with a non-according-to-label dose (45 

mg for patients >100 kg or 90 mg for patients ≤100 kg). Contact with Raposo et al. revealed that all patients started treatment 

according-to-label, but dose adjustments were made during the first six months of treatment in a part of the cohort. As a 

sensitivity analysis, we excluded all patients who received a non-according-to-label dose in the study by Li et al. (123 of 255 

patients excluded), and all patients who received dose adjustments in the study by Raposo et al. (18 of 116 patients excluded). 

This led to a pooled RD of 0.24 at six months (95% CI: 0.14-0.34). 
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eFigure 8. Sensitivity Analysis Based on Exclusion of Randomized Clinical Trials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: M6, six months; RD, risk difference. 

 

 

Exclusion of randomized clinical trials 

Randomized clinical trials reflect treatment in a highly controlled, optimal setting where confounders are reduced to a 

minimum.31,32 Strict inclusion criteria and controlled conditions make for a homogenous cohort, both in terms of patient 

characteristics and in treatment received. This sharply contrasts daily practice cohorts, which may be (highly) heterogeneous in 

both aspects.31,32 To assess the influence of study design (observational versus RCT), we performed a sensitivity analysis 

excluding the study by Li et al. which was the only study based on RCT data. 
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eTable. Risk of Bias Assessment 

 
Reference 
 

 
Selection 

 
Comparability 
 

 
Outcome 
 

 
Quality judgment 

S1a S2 S3 S4b C1c C2d O1 O2e O3f 

Anzengruber et al. (2018)     n/a - -     

Chiu et al. (2014)     n/a - -      

Galluzzo et al. (2016)     n/a - -     

Li et al. (2016)    n/a  -   -   

Raposo et al. (2017)    n/a -  -      

Talamonti et al. (2013)    n/a - -     

Talamonti et al. (2016)    n/a - -     

Talamonti et al. (2017)    n/a - -     

 

Abbreviations: S1, Representativeness of the exposed cohort; S2, Selection of the non-exposed cohort; S3, Ascertainment of exposure; S4, Demonstration that outcome of interest 

was not present at start of study; C1/C2, Comparability of cohorts on the basis of the design or analysis; O1, Assessment of outcome; O2, Was follow-up long enough for outcomes to 

occur; O3, Adequacy of follow-up of cohorts.  

References: Anzengruber et al. (2018)20, Chiu et al. (2014)10, Galluzzo et al. (2016)11, Li et al. (2016)18, Raposo et al. (2017)19, Talamonti et al. (2013)7, Talamonti et al. (2016)8, 

Talamonti et al. (2017)16. NB: Additional data provided by the authors (e.g. regarding follow-up) was also taken into account when performing the NOS scoring. 
a Patients with moderate-to-severe psoriasis who are eligible for biologic treatment.  
b Outcome of interest in context would be achievement of PASI75 after six months, yes or no. Answering ‘yes’ to this question would in this case require patients to be included for  

the pharmacogenetics study at baseline, instead of retrospectively (when response status was already known). However, retrospective assessment of genotype status may actually, 

 in theory, lead to a lower chance of bias, because PASI assessment could then not be influenced by known genotype status. Because of this contradiction, we determined that the 

attribution of answering this question (S4) with respect to actual risk of bias assessment is unclear. We therefore decided to omit S4.  
c Study adequately controls for ethnicity.  
d Study adequately controls for other possible confounders/covariates, or, analyses ruling out possible confounders were performed. 
e Twenty-four weeks or longer was regarded a sufficient follow-up period. 
f A follow-up rate of >90% was regarded as adequate. 
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