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About ICER 

The Institute for Clinical and Economic Review (ICER) is an independent non-profit research 

organization that evaluates medical evidence and convenes public deliberative bodies to help 

stakeholders interpret and apply evidence to improve patient outcomes and control costs.   

The funding for this report comes from government grants and non-profit foundations, with the 

largest single funder being the Laura and John Arnold Foundation.  No funding for this work comes 

from health insurers, pharmacy benefit managers, or life science companies.  ICER receives 

approximately 15% of its overall revenue from these health industry organizations to run a separate 

Policy Forum program, with funding approximately equally split between insurers/PBMs and life 

science companies.  For a complete list of funders and for more information on ICER's support, 

please visit http://www.icer-review.org/about/support/ 

Through all its work, ICER seeks to help create a future in which collaborative efforts to move 

evidence into action provide the foundation for a more effective, efficient, and just health care 

system.  More information about ICER is available at http://www.icer-review.org 

About New England CEPAC  

The New England Comparative Effectiveness Public Advisory Council (New England CEPAC) ς a core 

program of ICER ς provides a public venue in which the evidence on the effectiveness and value of 

health care services can be discussed with the input of all stakeholders.  New England CEPAC seeks 

to help patients, clinicians, insurers, and policymakers interpret and use evidence to improve the 

quality and value of health care.   

The New England CEPAC is an independent committee of medical evidence experts from across 

New England, with a mix of practicing clinicians, methodologists, and leaders in patient engagement 

and advocacy.  All Council members meet strict conflict of interest guidelines and are convened to 

discuss the evidence summarized in ICER reports and vote on the comparative clinical effectiveness 

and value of medical interventions.  More information about New England CEPAC is available at 

http://icer -review.org/programs/new-england-cepac/. 

 

The findings contained within this report are current as of the date of publication.  Readers should 

be aware that new evidence may emerge following the publication of this report that could 

potentially influence the results.   

This is an ICER update.  The first report was issued in December 2016 and can be found here: 

https://icer-review.org/material/pso-final-report/.

http://www.icer-review.org/about/support/
http://www.icer-review.org/
http://icer-review.org/programs/new-england-cepac/
https://icer-review.org/material/pso-final-report/
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Condition Update  

In November 2016, the New England CEPAC Panel deliberated on the available evidence to help 

patients, clinicians, and payers address important questions related to the use of targeted 

immunomodulators for the treatment of patients with moderate-to-severe chronic plaque 

psoriasis.  Following the evidence presentation and public comments, the New England CEPAC 

Panel voted on key questions concerning the comparative clinical effectiveness and comparative 

value of these agents.  The final 2016 report can be found here. 

Since the publication of the report in 2016, three new drugs have been approved, and two drugs 

are under FDA review for this condition.  One of the drugs, brodalumab, was included in our 2016 

review, but was not yet approved at the time of our deliberations.  The other two drugs, 

guselkumab and tildrakizumab, were not included and specifically target IL-23, which represents a 

novel method of action.  Certolizumab pegol, a TNFh inhibitor already approved by the FDA for 

other autoimmune conditions, is likely to be approved for plaque psoriasis before mid-2018, when 

this report update will be discussed at a public meeting.  Finally, risankizumab, another novel IL-23 

inhibitor, was filed with the FDA for review on April 25, 2018.  

L/9w Ƙŀǎ ǘƘŜǊŜŦƻǊŜ ŘŜŎƛŘŜŘ ǘƻ ǊŜǾƛǎƛǘ ƛǘǎ нлмс ǊŜǇƻǊǘ ƛƴ ŀ ά/ƻƴŘƛǘƛƻƴ ¦ǇŘŀǘŜέ ŦƻǊ ŀŘǳƭǘǎ ǿƛǘƘ 

moderate-to-severe plaque psoriasis.  In our Condition Update, we have performed a full systematic 

review of new treatments that have emerged since our 2016 report and have identified new 

evidence that has emerged on the treatments already included in the original assessment.  In the 

following report, we integrate these new data in updated syntheses of the clinical evidence as well 

as our evaluations of long-term cost-effectiveness and budgetary impact. 

 

 

https://icer-review.org/material/pso-final-report/
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Executive Summary  

Background 

Psoriasis is a cell-mediated autoimmune and inflammatory disease1,2 that affects about 3% of the 

population.3,4  Plaque psoriasis accounts for about 80% to 90% of all patients with psoriasis5-7 and 

manifests itself through itchy pruritic, red, scaly, raised lesions on the skin.8 Up to 30% of patients 

with plaque psoriasis have at least some manifestations of psoriatic arthritis,9-11  Psoriasis is 

associated with systemic diseases, including other autoimmune diseases (e.g., inflammatory bowel 

disease), metabolic syndrome, and cardiovascular disease.12,13 Psoriasis itself is not a direct cause of 

increased mortality, but patients with severe psoriasis have increased mortality due to 

cardiovascular disease and infection.10,14 Patients are considered to have a άƳƻŘŜrate-to-ǎŜǾŜǊŜέ 

degree of plaque psoriasis when the disease affects more than р҈ ǘƻ мл҈ ƻŦ ŀ ǇŀǘƛŜƴǘΩǎ ōƻŘȅ 

surface; produces lesions that have significant redness, thickness, and scale; or significantly reduces 

quality of life (e.g., lesions on the face, palm, or soles of the feet).15,16  

Roughly 70% to 80% of patients with plaque psoriasis have mild disease that can be adequately 

managed with topical therapy, including emollients; topical corticosteroids, vitamin D analogs, coal 

tar products, topical retinoids and topical calcineurin inhibitors, or managed with phototherapy, 

most commonly narrow-band ultraviolet B light (NBUVB). Before the advent of targeted 

immunomodulators that are assessed in the current report, patients whose psoriasis was 

inadequately controlled with topical therapy or phototherapy had little choice but to take older 

systemic therapies, such as cyclosporine and methotrexate, that can have important side effects.  

Targeted immunomodulators include monoclonal antibodies that reduce the level of pathogenic 

cytokines, specifically tumor necrosis factor-ʰ ό¢bC-ʰύ and interleukin (IL)-23 and IL-17, and the 

PDE4 inhibitor apremilast that reduces the production of proinflammatory mediators.2  Monoclonal 

antibodies are part of the class of drugs called biological products or biologics: large, complex 

molecules that are produced through biotechnology in a living system, such as a microorganism.17 

The FDA now refers to the first approved specific biologic product as the άReference Product,έ 

(often simply called ŀ άBiologicέύ, and subsequent versions are known as άBiosimilarǎέ.  When 

approving a biosimilar, the FDA determines that there are no clinically meaningful differences from 

an existing FDA-approved reference product.17   

The 2016 report estimated the monthly drug acquisition costs for targeted immunomodulators to be 

about 3-4 times more expensive than for non-targeted therapy.18  Considering the effectiveness of these 

therapies, the cost of treatment was found to be within generally accepted thresholds of cost-

effectiveness. This update attempts to capture not only evidence on the comparative clinical 

effectiveness and value of new treatments for plaque psoriasis, but also an updated view on existing 

agents given the availability of new evidence and changes in price.  
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Table ES1 provides an overview of the targeted immunomodulators approved or under review by 

the FDA for the treatment of moderate-to-severe plaque psoriasis.  Of note, several of these agents 

ŀǊŜ ƴŜǿƭȅ ŀǾŀƛƭŀōƭŜ ƻǊ ǳƴŘŜǊ C5! ǊŜǾƛŜǿ ǎƛƴŎŜ L/9wΩǎ нлмс report, including three agents in a new 

class of selective IL-23 inhibitors (guselkumab, tildrakizumab, and risankizumab), as well an IL-17 

inhibitor (brodalumab), a TNFh inhibitor (certolizumab pegol), and a second biosimilar for the TNFh  

inhibitor infliximab.  
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Table ES1.  Targeted Immunomodulators for Moderate-to-Severe Plaque Psoriasis1 

Mechanism of 

Action 

Name and Company FDA approval for 

plaque psoriasis 

Market 

availability 

FDA recommended dosing 

¢bCʰ 

 

 

adalimumab / Humira® 

AbbVie  

Reference Biologic 

2008/01/18  

Available 80mg subcutaneously, then 

40mg every other week 

starting 1 week after initial 

dose 

etanercept /  

Enbrel® 

Amgen 

Reference Biologic 

2004/04/30 

Available 50mg subcutaneously 

2x/week for 3 months, then 

50mg 1x/week 

infliximab (dyyb/abda) 

Remicade®| Janssen 

Inflectra® | Pfizer 

Renflexis® | Merck 

Reference Biologic: 

2006/09/26 

Biosimilars: 

2016/04/05 

2017/04/24 

Available 5mg/kg intravenously at 

weeks 0, 2, and 6, then every 

8 weeks 

certolizumab pegol / 

Cimzia® 

UCB 

 

Reference Biologic, 

2018/05/28 

Available  400mg subcutaneously at 

weeks 0, 2, and 4, then either 

400mg every 2 weeks or for 

some patients (with body 

ǿŜƛƎƘǘ Җ фл ƪƎύ 200mg every 

2 weeks  

IL 12/23 ustekinumab / Stelara® 

Janssen 

Reference Biologic 

2009/09/25 

Available tŀǘƛŜƴǘǎ ҖмллƪƎκҔмллƪƎΥ 

45mg/90mg subcutaneously 

at week 0 and 4, then every 

12 weeks 

IL 23 

 

guselkumab/ Tremfya® 

Janssen 

Reference Biologic 

2017/07/13 

Available 100mg subcutaneously at 

weeks 0, week 4, then every 8 

weeks 

tildrakizumab-asmn / 

Ilumya® 

Sun/Merck 

Reference Biologic 

2018/03/20 

Not yet launched 100 mg subcutaneously at 

weeks 0, 4, then every twelve 

weeks 

risankizumab 

AbbVie 

Submitted to the FDA 

on April 25, 2018 

 n/a  n/a 

IL 17 

 

secukinumab / Cosentyx® 

Novartis 

Reference Biologic 

2015/01/21 

Available 300mg subcutaneously at 

weeks 0, 1, 2, 3, 4 then 300mg 

every 4 weeks 

ixekizumab /  

Taltz® 

Eli Lilly 

Reference Biologic, 

2016/03/22 

Available 160mg subcutaneously at 

week 0, then 80mg at weeks 

2, 4, 6, 8, 10, 12, then 80mg 

every 4 weeks 

brodalumab /  

Siliq® 

Valeant 

Reference Biologic 

2017/02/15 

Available 210mg subcutaneously at 

weeks 0, 1 and 2, then every 2 

weeks* 

PDE-4 Apremilast /  

Otezla® 

Celgene 

Reference Biologic 

2014/09/23 

Available 5-day titration then 30mg 

orally 2x/day thereafter 

1 This table includes all reference biologics approved or submitted for approval, but only the 2 biosimilars that are 

currently available.  Four other biosimilars have been FDA approved, but are not available mainly due to patent 

litigation.19,20   
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For many of these agents, there is some suggestion of waning effectiveness with continued use, 

known as biologic fatigue.21  To maintain effectiveness, physicians often prescribe increasing doses 

of targeted immunomodulators.  On the other hand, physicians occasionally prescribe lower doses 

of effective medications to decrease out-of-pocket costs.  Patients switching from one biologic to 

another may have a slightly lower response rate, however this has not been consistently 

demonstrated.22  

General safety concerns for targeted immunomodulators primarily relate to effects on the immune 

system: a range of infections, including tuberculosis, and malignancies, especially skin cancer and 

lymphoma. Specifically, the use of TNFh agents is associated with increased risk of reactivation of latent 

tuberculosis infections. But overall, registry studies have shown that increased risks of major adverse 

cardiovascular events and cancer, especially lymphoma and nonmelanoma skin cancer, initially 

attributed to biologic therapy, are most likely related to psoriasis itself and not to its treatment.23,24 

Evidence on the safety of specific agents will be further discussed in Section 3. 

 

Insights Gained from Discussions with Patients and Patient Groups 

In the development of the 2016 report,25 ICER had conversations with and received input from 

patient advocacy groups, including the National Psoriasis Foundation, and individual patients.26  

These conversations highlighted the shortcomings associated with clinical trial outcomes in many 

studies of psoriasis therapies, frustrations with the healthcare system, as well as the social, 

emotional, and financial impact of psoriasis. These issues were presented by the National Psoriasis 

Foundation at the ICER public meeting on the topic.27,25 A discussion of the shortcomings associated 

with clinical trial outcomes in many studies of psoriasis therapies can be found in section 1.4 of this 

report. 

Stigma of disease 

¶ People seeing the lesions conclude the patient has a communicable disease. 

¶ Choices of clothing to hide psoriatic skin. 

¶ Avoidance of certain activities such as swimming. 

¶ Children with psoriasis, especially teens, face teasing, bullying, and shunning. 

¶ Psoriasis is associated with a higher likelihood of having depression, anxiety, and suicidal 

ideation. 

Difficulties with treatments 

¶ Time from onset to diagnosis averages two years, even more in patients with darker skin 

tones. 
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¶ Difficult to apply topical therapies, especially when the affected area involves the scalp or 

covers a large part of the body.   

¶ Multiple injections on a daily or weekly basis, especially initially, during induction. 

¶ Time and travel for administration of phototherapy and infused therapy. 

Problems with coverage 

¶ wŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ άǎǘŜǇ ǘƘŜǊŀǇȅέ ŦƻǊŎƛƴƎ ǇŀǘƛŜƴǘǎ ǘƻ ǎǘŀǊǘ ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ƭŜǎǎ ŜŦŦƛŎŀŎƛƻǳǎ 

medications.  

¶ Lack of clarity in the exception process and timing for physicians and patients. 

¶ tŀǘƛŜƴǘǎ ƘŀǾŜ ǘƻ άǎǘŀǊǘ ƻǾŜǊέ ǿƛǘƘ άǎǘŜǇ ǘƘŜǊŀǇȅέ ƻŦ ǇǊŜǾƛƻǳǎƭȅ-tried medications after 

switching insurance. 

¶ High out of pocket costs hindering treatment or leading to undertreatment. 

 

Potential Cost-Saving Measures in Psoriasis 

As described in its Final Value Assessment Framework for 2017-2019, ICER will now include in its 

reports information on wasteful or lower-value services in the same clinical area that could be 

reduced or eliminated to create headroom in health care budgets for higher-value innovative 

services (for more information, see https://icer-review.org/final-vaf-2017-2019/).  ICER encourages 

all stakeholders to suggest services (including treatments and mechanisms of care) currently used 

for people with psoriasis that could be reduced, eliminated, or made more efficient.  

We did not receive any suggestions in response to the final scoping document or draft report.  We 

also did not identify recommendations specific to the management of plaque psoriasis from 

professional organizations such as Choosing Wisely, the American Academy of Dermatology, or the 

US Preventive Services Task Force.  

 

Comparative Clinical Effectiveness 

To inform our analysis of the comparative clinical effectiveness of targeted immunomodulators for 

moderate-to-severe psoriasis, we abstracted evidence from available clinical studies.  We included 

all articles from our 2016 review.  We updated our previous search strategy to include new 

evidence on the drugs in the 2016 review; and added in the four new drugs (guselkumab, 

tildrakizumab, risankizumab and certolizumab pegol).  Our updated literature search identified 17 

RCTs.  In addition, we included all 36 individual RCTs from the previous review, to make a total of 53 

RCTs.  

Trials were rated to be of good or fair quality using criteria from U.S. Preventive Services Task Force 

(USPSTF).28 As phase III trials of risankizumab are only available in grey literature, we did not assign 

https://icer-review.org/final-vaf-2017-2019/
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a quality rating to these trials.  Characteristics of the trials for the new agent are presented in Table 

ES2 (See full report for characteristics of all Phase III trials). 

Trial populations included patients with moderate-to-severe plaque psoriasis despite generally 

having used topical treatments, older systemic treatments, phototherapy, or other targeted 

immunomodulators.  Trials required washout of prior therapies and participants not to use non-trial 

treatments.  Use of other treatments was prohibited in the interest of directly evaluating the 

comparative effectiveness of targeted immunomodulators to placebo or to one another. 

The primary outcome for all RCTs of targeted immunomodulator therapy was assessed at the end of 

the induction period (between 10 and 16 weeks after initiation, depending on agent), after which 

treatment crossover was typically allowed.  Because of this, we could only confidently compare the 

comparative efficacy of targeted immunomodulators at the end of the induction period.  Long-term 

effectiveness and safety data were variably reported by individual drug. 

Table ES2.  Certolizumab Pegol, Guselkumab, Tildrakizumab and Risankizumab Phase III Trials 

Drug Trials Total 
patie
nts 

Induction 
period 
(weeks) 

PASI, 
(mean) 

Age 
(years) 

Psoriasis 
duration 
(years) 

Previous 
biologics
, % 

PsA, 
% 

Certolizumab 
Pegol 29,30 

CIMPASI 1  
CIMPASI 2 
CIMPACTϞ 

1,020 16/12 20 46 18 30 18 

Guselkumab31,32 VOYAGE 1Ϟ 

VOYAGE 2Ϟ 
1,829 16 22 44 18 21 19 

Tildrakizumab33 RESURFACE 1Ϟ 
RESURFACE 2Ϟ  

1, 862 12 20 46 NR 17 NR 

Risankizumab*  34 
35 

UltIMMA 1*Ϟ 
UltIMMA 2*Ϟ  
IMMhance* 

1,504 16 20 48 NR 42 NR 

*Only available in the grey literature as of June 2018; ϞPlacebo controlled trials with active comparators (others are placebo 

controlled); See Table 3.1 in main report for complete list of all Phase III trials  

 

Clinical Benefits 

Psoriasis Area and Severity Index (PASI) 

The Psoriasis Area and Severity Index (PASI) was reported as the primary measure of clinical benefit 

in all trials.  PASI is a measure of the percent body surface area with psoriatic lesions in each of four 

regions (head, trunk, arms, and legs) as well as the degree of erythema, induration, and scale of the 

lesions in each area.  The primary endpoint for most trials was the proportion of patients achieving 

PASI 75 (a 75% reduction in the PASI score) at the end of the induction period.  However, five new 

trials relating to guselkumab (VOYAGE 1 &2) and risankizumab (ULTIMMA 1 & 2, IMMHANCE); one 

head-to-head trial between ixekizumab and ustekinumab (IXORA-S), and two head-to-head trials 
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between secukinumab and ustekinumab [CLEAR and CLARITY] specified PASI 90 as their primary 

endpoint.   

All targeted immunomodulators showed statistically-significantly higher PASI 75, PASI 90 and PASI 

100 response rates in comparison to placebo at the end of induction.  In individual placebo-

controlled RCTs, the incremental proportion of patients achieving PASI 75 above placebo within 

trials was 61% to 69% for certolizumab pegol (three trials); 36,37 78% to 85% for guselkumab (two 

trials);31,32 56% to 60% for tildrakizumab (two trials);33 and 80% for risankizumab (one trial).35  In 

direct comparative trials of the new agents, guselkumab was superior to adalimumab; tildrakizumab 

and 400mg certolizumab pegol was superior to etanercept; and risankizumab was superior to 

ustekinumab (see Table ES3). However, 200mg certolizumab pegol was not significantly different 

from etanercept (see Table ES3).  

Direct comparative trials of the older agents showed that ustekinumab, secukinumab, ixekizumab 

and infliximab were superior to etanercept; secukinumab, ixekizumab, and brodalumab were 

superior to ustekinumab (see report for details). 

Given the paucity of head-to-head data comparing treatments, we performed indirect comparisons 

of PASI response using Bayesian network meta-analyses (NMAs).  Further details on these methods 

are available in the full report.  On relative effectiveness of the PASI measures (measured as relative 

risk (RR) of achieving PASI 75 or 90 responses during induction), the result showed that two of the 

IL-23 agents (risankizumab and guselkumab), all three IL-17 agents (ixekizumab, brodalumab and 

secukinumab), and infliximab all had similar effectiveness on PASI response.  These agents did not 

differ statistically, as the likelihood of achieving PASI 75 or PASI 90 response included 1.0 (no 

difference) in the 95% credible intervals (see Table ES4).  These agents were statistically significantly 

more effective in terms of PASI 75 and PASI 90 outcomes than adalimumab, ustekinumab 45/90 mg, 

certolizumab pegol 200/400mg, tildrakizumab, etanercept and apremilast.  However, it is important 

to note that all data on risankizumab included in the NMA were obtained from grey literature or 

Řŀǘŀ ǎǳōƳƛǘǘŜŘ ŀǎ άŀŎŀŘŜƳƛŎ ƛƴ ŎƻƴŦƛŘŜƴŎŜέ ōȅ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊ.  Adalimumab, ustekinumab 

45/90 mg, certolizumab 200mg/400mg, and tildrakizumab did not differ significantly, and all were 

significantly better than etanercept and apremilast.  
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Table ES3.  Comparative Trials: PASI Responses 

Trial Treatment PASI 75 p-value PASI 90 p-value PASI 

100 

p-value 

New Drugs 

VOYAGE 1  Adalimumab 73 <0.001 50 <0.001 21 <0.001 

Guselkumab 91 73 37 

VOYAGE 2 Adalimumab 69 <0.001 47 <0.001 17 <0.001 

Guselkumab 86 70 34 

CIMPACT Etanercept 53  

NS 

27.1  

NR 

NR  

NR Certolizumab 200mg 61 31.2 NR 

Certolizumab 400mg 67 0.02 34 NR 

RESURFACE 2 
Etanercept 48 <0.001 21 <0.001 5 <0.001 

Tildrakizumab 61 39 12 

ULTIMMA 1*  Ustekinumab Redact 14 N/A 42 <0.001 12 <0.001 

Risankizumab Redact 11 75 36 

ULTIMMA 2*  Ustekinumab Redact 13 N/A 48 <0.001 24 <0.001 

Risankizumab Redact 15 75 51 

New Evidence on Old Drugs 

PIECE Etanercept 22 0.0 0 0.05 0 NS 

 Infliximab 76  20  4  

CLARITY*  Ustekinumab 74 <0.0001 48 <0.0001 20 <0.0001 

Secukinumab 88 67 38 
*Only available in the grey literature as of June 2018; NR- not reported; See Appendix E for other comparative trials 
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Table ES4.  Base Case NMA: League Table of PASI 75 Response 

Risankizumab*             

1.00  

(0.96, 1.05) 
Ixekizumab            

1.02  

(0.96, 1.08) 

1.01  

(0.96, 1.07) 
Guselkumab           

1.03 

 (0.98, 1.09) 

1.03  

(0.98, 1.08) 

1.02  

(0.96, 1.07) 
Brodalumab          

1.07  

(1.02, 1.14) 

1.07  

(1.02, 1.13) 

1.06 

 (0.99, 1.13) 

1.04  

(0.99, 1.1) 
Secukinumab          

1.12 

 (1.04, 1.22) 

1.11  

(1.05, 1.21) 

1.1  

(1.02, 1.2) 

1.09  

(1.02, 1.18) 

1.04  

(0.97, 1.12) 
Infliximab        

1.26  

(1.17, 1.38) 

1.25  

(1.16, 1.38) 

1.24  

(1.15, 1.35) 

1.22  

(1.13, 1.34) 

1.17  

(1.08, 1.28) 

1.12  

(1.03, 1.24) 
Adalimumab       

1.26  

(1.18, 1.37) 

1.26 

(1.18, 1.36) 

1.24  

(1.16, 1.35) 

1.23  

(1.15, 1.32) 

1.18  

(1.11, 1.26) 

1.13 

 (1.05, 1.22) 

1.01 

 (0.93, 1.08) 
¦ǎǘŜƪƛƴǳƳŀōϞ      

1.3  

(1.18, 1.47) 

1.29  

(1.18, 1.46) 

1.28  

(1.17, 1.44) 

1.26  

(1.15, 1.41) 

1.21  

(1.1, 1.35) 

1.16  

(1.05, 1.3) 

1.03  

(0.94, 1.15) 

1.03  

(0.94, 1.14) 
Certolizumabϟ     

1.42 

 (1.26, 1.66) 

1.42  

(1.26, 1.66) 

1.4  

(1.24, 1.64) 

1.38  

(1.23, 1.6) 

1.32  

(1.17, 1.54) 

1.27  

(1.12, 1.47) 

1.13 

 (1, 1.31) 

1.13  

(1, 1.29) 

1.1 

 (0.95, 1.27) 
Tildrakizumab    

1.74  

(1.54, 1.98) 

1.74  

(1.55, 1.98) 

1.71 

 (1.52, 1.95) 

1.69  

(1.51, 1.92) 

1.62  

(1.45, 1.82) 

1.55  

(1.4, 1.73) 

1.38 

 (1.25, 1.54) 

1.37  

(1.27, 1.5) 

1.34  

(1.2, 1.5) 

1.22  

(1.07, 1.38) 
Etanercept    

2.44  

(1.98, 3.12) 

2.43  

(1.97, 3.11) 

2.4  

(1.95, 3.03) 

2.37  

(1.92, 3) 

2.28  

(1.85, 2.87) 

2.18  

(1.78, 2.75) 

1.94  

(1.61, 2.4) 

1.93  

(1.6, 2.38) 

1.88  

(1.54, 2.34) 

1.71 

 (1.39, 2.14) 

1.4  

(1.17, 1.71) 
Apremilast  

16.54  

(12, 23.47) 

16.53 

(11.94, 23.32) 

16.27  

(11.76, 22.9) 

16.05  

(11.63, 22.59) 

15.43  

(11.33, 21.42) 

14.81  

(10.97, 20.31) 

13.12 

 (9.91, 17.67) 

13.08 

 (9.93, 17.48) 

12.74 

 (9.5, 17.03) 

11.6 

 (8.84, 15.5) 

9.51  

(7.6, 12.09) 

6.74  

(5.3, 8.68) 
PBO 

Legend: The interventions are arranged from most effective (top left) to least effective (bottom right).  Each box represents the estimated relative risk and 95% credible 

interval for the combined direct and indirect comparisons between two drugs.  Estimates in bold signify that the 95% credible interval does not contain 1. 

*Input for NMA was exclusively from unpublished grey literature and supplementary data submitted by the manufacturer;  

Ϟdosing by weight; 

ϟ200 mg and 400 mg combined  

PBO: placebo 
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Other Outcome Measures 

Physician Global Assessment (PGA) or Investigators Global Assessment (IGA) were generally 

consistent with the PASI results.  All immunomodulators showed statistically significantly higher 

tD! ƻǊ LD! ƻŦ ΨŎƭŜŀǊκŀƭƳƻǎǘ ŎƭŜŀǊΩ ǘƘŀƴ ǇƭŀŎŜōƻ ŀǘ ǘƘŜ ǇǊƛƳary endpoint of each trial.  In head-to-

head trials of the new drugs, guselkumab was superior to adalimumab (85% vs. 66% in VOYAGE 1 

and 84% vs. 64% in VOYAGE 2; p<0.001); 31,32  and risankizumab was superior to ustekinumab (63% 

vs. 88% in ULTIMMA 1 and 62% vs. 84% in ULLTIMMA 2). 34,35   Tildrakizumab was not significantly 

different from etanercept, and no inferential statistical comparison was conducted between 

certolizumab and etanercept on PGA scores.  

Dermatology Life Quality Index (DLQI) results were also generally consistent with the PASI results.  

All targeted immunomodulators statistically significantly improved quality of life relative to placebo.  

In the head-to-head comparisons of the new drugs, guselkumab achieved a statistically significantly 

greater improvement on DLQI than adalimumab at 16 weeks in two trials (Mean DLQI change: 11.2 

to 11.3 for guselkumab vs. 9.3 to 9.7 for adalimumab; p<0.001).31,32  In addition, significantly greater 

proportion of patients on guselkumab achieved DLQI 0/1 (indicating very little to no effect on 

quality of life) compared to adalimumab (52% to 56% vs. 39%; p<0.001).31,32  Similarly, significantly 

greater proportion of patients on risankizumab achieved DLQI 0/1 following induction period 

compared to patients on ustekinumab (66% vs. 43% in two trials; p<0.001).34,35  However, there was 

no significant difference between tildrakizumab and etanercept at 12 weeks.33  We found no head-

to-head DLQI evidence reported between certolizumab pegol and etanercept in CIMPACT. 

Measures of symptom control were inconsistently reported across trials and used a variety of 

instruments.  For example, based on the Psoriasis Symptom and Sign Diary (PSSD), guselkumab 

demonstrated a statistically significant benefit over placebo 31,32 but this measure was not 

presented in any of the other new trials we identified.  
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Harms 

Most adverse events were mild or moderate during the induction phase of treatment (See Table 3.7 

in main report).  Severe or serious adverse events, death, and AEs leading to discontinuation were 

rare and generally comparable between the treatment and placebo groups.  The most common AEs 

in the clinical trials included mild infections (e.g. nasopharyngitis, upper respiratory tract infections, 

etc.), injection site reactions for subcutaneously administered drugs, headache, and nausea.  There 

was no evidence of increased risk of serious infections or malignancies in the placebo-controlled 

trials.  Incident rates of candidiasis and other opportunistic infections were reported to be low and 

comparable between groups in all trials.  There were no reports of tuberculosis, demyelinating 

disease, or lymphoma in the clinical trials.  We also did not find differences in the risk of major 

adverse cardiac events (MACE).  Of note, five of the agents included in our review have boxed 

warnings included in their FDA label: All TNF-  htherapies (adalimumab, etanercept, infliximab, and 

certolizumab pegol) have boxed warning for serious infections and malignancy based on findings 

from rheumatoid arthritis trials, while brodalumab has a boxed warning for suicidal ideation and 

behavior based on finding from a psoriasis clinical trial.38    

The types and patterns of AEs reported for these agents at longer timepoints (48-52 weeks) were 

similar to those reported during the placebo-controlled periods.  In addition, comparative trials 

reported generally similar rates and types of AEs.  As expected, there is currently no long-term 

safety observational data for any of the newer agents.   

Controversies and Uncertainties 

Across the 48 key trials identified for this review, 16 were based on head-to-head comparisons of 

the drugs of interest.  Our network meta-analyses of PASI response are largely driven by indirect 

evidence; however, our findings are consistent with the results of head-to-head studies as well as 

with our assessment of relative differences in PASI response in comparison to placebo.  Our NMA 

findings are also comparable to other recent assessments of the evidence.39,40  Although PASI 75 or 

PASI 90 was reported as the primary endpoint in nearly all studies, other clinical outcomes (such as 

PGA, IGA, DLQI, measures of symptom control) were inconsistently reported across trials making 

cross-drug comparisons difficult.  For example, DLQI was evaluated in just about half of the included 

trials, and not all trials used the same standard of measurement, and other scales were not 

uniformly employed.  Additionally, many of the tools developed to measure outcomes were not 

developed in a patient-centered perspective, and psoriasis-specific instruments are limited. 

Longer-term data on both drug effectiveness and harms were also variable across trials; many 

studies reassigned patients to different groups (mostly cross-over to the intervention) and 

evaluated outcomes at different time periods.  As such, we could only confidently compare the 

comparative efficacy of targeted immunomodulators at the end of the induction period.  
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Finally, subgroup data were primarily reported in conference abstracts, and the interventions were 

only compared statistically to placebo, thereby limiting our understanding of how outcomes may 

differ across population types (e.g., patients with psoriatic arthritis or prior biologic experience).  

Concerning the choice of the appropriate first-line biologic therapy, there are current evidence-

based recommendations available for some comorbid conditions in clinical practice.  For example, 

ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎŜǾŜǊŜ ǇǎƻǊƛŀǘƛŎ ŀǊǘƘǊƛǘƛǎΣ ¢bCʰ ƛƴƘƛōƛǘƻǊǎ ŀǊŜ ǊŜŎƻƳƳŜƴŘŜŘ ǘƻ ōŜ ǘƘŜ ǇǊeferred 

options, while they are to be avoided for patients with comorbid multiple sclerosis.41  Expert 

opinion, clinical judgment and patient preferences will often determine the choice of the most 

appropriate therapeutic option for many comorbidities.41 Future studies should be pragmatic in 

nature, including patients with these type of comorbid conditions encountered in routine clinical 

practice. 

Summary and Comment 

Using the ICER evidence rating matrix, our evidence ratings for the comparisons of interest are 

provided in Table ES5; ratings are presented for the targeted immunomodulator listed in each row 

relative to the comparator listed in each column.  Note that comparisons to placebo are not 

included in the table.  As described previously, findings from placebo-controlled trials indicated 

substantial improvements in clinical measures for all agents.  The safety of any new therapy is an 

important consideration.  Severe or serious adverse events were rare during short-term trials and 

extension studies on these agents.  So, all targeted immunomodulator ǊŜŎŜƛǾŜ ŀ ƭŜǘǘŜǊ ƎǊŀŘŜ ƻŦ ά!έ 

(i.e., high certainty of substantial net health benefit) relative to placebo.   

The presence of some direct comparisons allowed us to be reasonably confident about the relative 

net health benefit for these comparisons.  However, because of the lack of many head-to-head 

comparisons, we relied on a network meta-analysis to estimate the comparative clinical 

effectiveness between many targeted immunomodulators (see Appendix F).  Ratings based on a 

combination of direct and indirect evidence are highlighted in green in the table along with the 

number of head-to-head studies that informed the rating.   

ICER Ratings 

There were two head-to-head trials comparing guselkumab and adalimumab (VOYAGE 1 &2), both 

of which showed incremental benefit for guselkumab over adalimumab in the percentage of 

patients achieving various PASI thresholds, PGA/IGA response, and DLQI outcome.  In addition, 

there was a similar magnitude of benefit when indirect evidence was included.  We felt that the 

consistency of results across the two trials represented high certainty of a small net benefit for 

ƎǳǎŜƭƪǳƳŀō όά.έύ ŀƴŘ ŀƴ ƛƴŦŜǊƛƻǊ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ όά5έύ ŦƻǊ ŀŘŀƭƛƳǳƳŀō ƛƴ ǘƘƛǎ ŎƻƳǇŀǊƛǎƻƴΦ   

Similarly, unpublished evidence from two trials (ULTIMMA 1 & 2) comparing risankizumab to 

ustekinumab consistently showed greater benefit for risankizumab on various PASI thresholds, 
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PGA/IGA response and DLQI outcome.  Although there are currently no peer reviewed publications 

of these two Phase III trials, the consistency of the results with the published Phase II trial,42 and the 

magnitude of benefit when the indirect PASI evidence was included, gave us a high certainty of a 

ǎƳŀƭƭ ƴŜǘ ōŜƴŜŦƛǘ ŦƻǊ ǊƛǎŀƴƪƛȊǳƳŀō όά.έύ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǳǎǘŜƪƛƴǳƳŀōΦ 

In the one head-to-head comparisons between tildrakizumab and etanercept (RESURFACE 2), 

tildrakizumab resulted in a modestly better PASI outcome (supported by network meta-analysis), 

and no difference on PGA and DLQI outcome, so we judged the evidence of tildrakizumab versus 

etanercept ǘƻ ǊŜǇǊŜǎŜƴǘ ŀ ŎƻƳǇŀǊŀōƭŜ ƻǊ ōŜǘǘŜǊ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ όά/ҌέύΣ ŀƴŘ ά/-έ όŎƻƳǇŀǊŀōƭŜ ƻǊ 

inferior) for etanercept in this comparison.  

The one head-to-head trial comparing certolizumab pegol and etanercept (CIMPACT) was a single-

blind study which found no statistically significant difference between the two agents on PASI 

outcomes when using 200mg certolizumab pegol, but significantly better response when using 

400mg certolizumab pegol.  Inclusion of indirect evidence combining both the 200mg and 400mg 

arms yielded a significant improved outcome for certolizumab over etanercept.  However, we have 

very limited evidence on the PGA and DLQI outcomes from this study.  As such, we rated the 

ŜǾƛŘŜƴŎŜ ά/Ҍέ όŎƻƳǇŀǊŀōƭŜ ƻǊ ōŜǘǘŜǊύ ŦƻǊ ŎŜǊǘƻƭƛȊǳƳŀō pegol ŀƴŘ άC-έ όŎƻƳǇŀǊŀōƭŜ ƻǊ ƛƴŦŜǊƛƻǊύ ŦƻǊ 

etanercept in this comparison.  

Ratings based on indirect evidence alone are highlighted in blue in the table.  For these ratings, 

results of the network meta-analyses represented the only guide with which to judge the evidence.  

5ǊǳƎǎ ǿƛǘƘ ŜǾƛŘŜƴŎŜ ƻŦ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ ǿŜǊŜ ƧǳŘƎŜŘ ά.Ҍέ ƻǊ ά/Ҍέ ōŀǎŜŘ ƻƴ ǘƘŜ ƻōǎŜǊǾŜŘ 

ƳŀƎƴƛǘǳŘŜ ƻŦ ōŜƴŜŦƛǘΣ ŀƴŘ ǘƘŜƛǊ ŎƻƳǇŀǊŀǘƻǊǎ ǊŜŎŜƛǾŜŘ ŀƴ ά/-άǊŀǘƛƴƎ όƳƻŘŜǊŀǘŜ ŎŜǊǘŀƛƴǘȅ ƻŦ 

comparable or inferior net health benefit).  In situations where the credible interval (the Bayesian 

equivalent of the confidence interval) crossed 1.0, the evidence was rated I (insufficient) for both 

directions of the comparison. 

²Ŝ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ΨǎŜŎƻƴŘ-ƻǊŘŜǊΩ ŜŦŦŜŎǘ ƛƴ ƻǳǊ ŜǾƛŘŜƴŎŜ ǊŀǘƛƴƎǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǎƛƴŎŜ ǿŜ Ƙave 

moderate certainty of an incremental or better net health benefit of risankizumab over 

ustekinumab, and moderate certainty that ustekinumab provides an incremental or better benefit 

over etanercept and apremilast, we conclude that there is moderate certainty that risankizumab 

would also provide an incremental benefit over etanercept or apremilast.   

ICER Rating on the Drugs Included in the 2016 Review 

Our ratings on the existing drugs evaluated in the 2016 review remain unchanged, except in three 

instances.  The first is the rating of secukinumab versus adalimumab, which we originally rated as 

άLέ ōŀǎŜŘ ƻƴ ƛƴŘƛǊŜŎǘ ŜǾƛŘŜƴŎŜΦ  ²Ŝ ƘŀǾŜ ƴƻǿ ŎƘŀƴƎŜŘ ǘƘŜ ǊŀǘƛƴƎ ǘƻ ά/Ҍέ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜ 

updated NMA that shows evidence of net health benefit.  The second is the rating of secukinumab 

versus ustekinumab.  This has now changed from C+ to B based on the addition of a second trial and 
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the results of the NMA.  The third is a comparison of infliximab versus etanercept.  In this instance, 

the rating between the two drugs did not change from a B+, however, it is now highlighted in green 

in the table because we found data from one head-to-head trial which provides additional direct 

evidence.  
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Table ES5.  ICER Evidence Ratings for Available Head-to-Head Comparisons (New ratings based on the current review are in bold fonts) 

Treatment Comparator New comparators 

Adalimumab  Apremilast  Brodalumab  Etanercept  Infliximab Ixekizumab  Secukinumab 

300 

Ustekinumab 

45/90 

Certolizumab 

pegol 

Guselkumab Risankizumab Tildrakizumab 

Adalimumab  
- B+ C- C+ C- C- C-*  I I D (2) C- I 

Apremilast 
C- - D I C- C- C- C- C- C- C- C- 

Brodalumab 
C+ B - B I I I B (2) C+ I I C+ 

Etanercept  
C- C+ D - C- (1) Ϟ D (2) C- (1) C- (1) C- (1) C- C- C-(1) 

Infliximab  
C+ B+ I B+ (1) Ϟ - I I C+ C+ I I C+ 

Ixekizumab 
C+ B+ I A (2) I - C+ B+ (1) C+ I I C+ 

Secukinumab 

300 
C+*  B+ I B+ (1) I C- - B (2) C+ I I C+ 

Ustekinumab 

45/90 
I B+ D (2) B+ (1) C- C- (1) D (2) - I C- D (2¥) I 

New agents 

Certolizumab 

pegol 
C- B+ C- C+ (1) C- C- C- I - C- C- I 

Guselkumab 
B (2) B+ I C+ I I I C+ C+ - I C+ 

Risankizumab¥ 
C+ B I B I I I B (2¥)  C+ I - C+ 

Tildrakizumab 
I B+ C- C+ (1) C- C- C- I I C- C- - 

Note: The table should be read row-to-column.  For example, there is moderate certainty that adalimumab has a small net benefit compared to apremilast (B+).  Conversely, there is moderate 

certainty that the point estimate for comparative net health benefit of apremilast is either comparable or inferior to adalimumab (C-). 

Table key: green=direct + indirect evidence; blue=indirect evidence only 

Number of head-to-head studies in parentheses 

*Rating of secukinumab vs. adalimumab changed from the previous review from I to C+ based on the result of the updated NMA;  
ϞRating of infliximab vs. etanercept did not change from previous report, however the rating is now highlighted in green in the table because we found evidence on 1 head-to-head trial; ¥Based on 
unpublished grey literature  
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Long-Term Cost Effectiveness 

We estimated the cost-effectiveness of treatments for patients with moderate to severe plaque 

psoriasis who have failed topical treatment, methotrexate, and phototherapy.  Our base case 

analysis was conducted from a health sector perspective.  All treatments included in the NMA were 

included in the primary analysis of the cost-effectiveness model, except for risankizumab and 

tildrakizumab, for which pricing data were not available at time of the analysis; threshold prices 

were calculated for all drugs.   

 

As in our 2016 report on targeted immunomodulators, we developed a decision-analytic model 

based on the York psoriasis cost-effectiveness model.  Our model used monthly cycle lengths and 

was run over ten-year and lifetime time horizons, both using a 3% annual discount rate for costs 

and outcomes.  In the model, each month patients can move between health states defined by PASI 

response and the treatment they are receiving.  After the initiation period of first-line targeted 

therapy (typically 12-16 weeks), patients were categorized into one of four health states based on 

their percent improvement in PASI score over baseline: PASI 90 and higher, PASI 75-89, PASI 50-74, 

and PASI <50.  

Patients with a PASI improvement of at least 75% after the initiation periods continued on first-line 

therapy after the initiation period.  We applied a drug-specific discontinuation rate to each initial 

targeted drug that accounted for discontinuation due to all causes (e.g., loss of efficacy, 

development of adverse effects) after the end of the initiation period; these rates differed between 

the first and subsequent years of treatment.  After discontinuing first-line treatment, patients 

transitioned to either second line targeted therapy or non-targeted therapy. 

Efficacy estimates for first-line targeted therapy were derived from the network meta-analysis.  

Second-line targeted therapy estimates were derived from available literature data, as were drug 

discontinuation rates.  Utility (quality of life) estimates were based on correlations between PASI 

response and the EQ-5D instrument in multiple randomized controlled trials. 

 

Drugs used for second-line targeted therapy varied based on first-line targeted treatment: those 

patients taking an IL-17 drug switched to guselkumab; patients using guselkumab switched to a 

market basket representing the average of all IL-17 drugs; all other patients switched to a market 

basket of all IL-17 drugs plus guselkumab.  Risankizumab and tildrakizumab were not included in the 

market basket because drug prices were not available at the time of the report. 

We made the following key model assumptions: 

¶ Patients do not transition between effectiveness (PASI improvement) levels in the base 

case. 

¶ Probability of discontinuing first-line therapy is drug-specific as supported by available data. 
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¶ All discontinuation in the first year is due to lack of effectiveness at the end of the initiation 

period, except for infliximab. 

¶ Probability of discontinuing newer drugs (brodalumab, certolizumab pegol, guselkumab, 

ixekizumab, tildrakizumab) is the same as ustekinumab in years 2+. 

¶ Seventy-five percent of patients discontinuing first line targeted drug therapy receive 

second-line targeted drug and the remainder receive non-targeted drug. 

¶ Second-line targeted treatment was assumed to vary by first-line treatment as follows: 

patients receiving an IL-17 drug first-line receive guselkumab second-line; patients receiving 

guselkumab first-line receive a market basket equivalent to the average of all IL-17 drugs 

second-line; patients receiving any other first-line drug receive a market basket equivalent 

to the average of all IL-17 drugs plus guselkumab. 

¶ Second-line targeted treatments have a 10% lower probability of achieving PASI 75-100 (i.e., 

5% lower probability of PASI 75-89, 5% lower probability of PASI 90-100, 5% higher 

probability of PASI 50-74, and 5% higher probability of PASI < 50). 

¶ Mortality in the model was not disease-specific and was age based. 

¶ Patients remain on first-line therapy during the trial period. 

¶ Subcutaneous drugs are administered in-clinic during the initiation dose and by the patient 

themselves during the maintenance period. 

¶ Drug cost discount was applied on a drug-by-drug (rather than class) basis.  Guselkumab 

received the average discount of all drugs included in this report (33%). 

¶ No additional months in PASI states > 0% improvement, on average, are attributable to non-

targeted treatment. 

 

A comprehensive list of model assumptions along with rationales for each assumption are available 

in section 4.2 of the main report. 

With the exception of infliximab, net pricing estimates for all reviewed drugs were derived from SSR 

Health, LLC, which combines data on unit sales with publicly-disclosed US sales figures that are net 

of discounts, rebates, concessions to wholesalers and distributors, and patient assistance programs 

to derive a net price.  The derived net price is at the unit level and across all payer types.43 

Infliximab, which, because it is administered in-office or clinic, is priced based on Average Sales 

Price (ASP) plus a mark-up of 9.5%.44  We used drug-specific rebates, in contrast to our 2016 report 

that used drug class-based rebates, because rebates varied within classes ς likely due to variability 

in list pricing strategies and product profiles.  

 

We used initiation and maintenance dosing from drug labels, averaged to a daily dose and 

multiplied by 30.44 (average number of days per month) to calculate expected doses per cycle.  We 

assumed an average patient weight of 90kg based on patients enrolled in clinical trials for weight-

based regimens; we estimated thirty percent of patients received a higher dose of ustekinumab; 
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one-half of certolizumab patients based on our assumed average weight and labeled dosing 

guidelines received a higher dose; and that infliximab patients used five full vials for each dose.  

Targeted drug costs are presented below in Table ES6.  Drug administration and monitoring costs 

were also included in the model; prices for administration and monitoring were obtained from the 

CMS Medicare Physician Fee Schedule for Year 2017.45  Detailed explanations of model inputs are 

presented in section 4 of the report. 

 

Table ES6.  Drug Cost Inputs 

Intervention Unit WAC per 

Unit/Dose* 

Discount % Net price per 

Unit 

Cost of first 

year 

Annual cost 

of year 2+ 

Adalimumab 40 mg $2,436.02 31% $1,674.64 $46,751.16 $43,693.75 

Apremilast 30 mg $54.72 22% $42.46 $30,807.28 $31,019.58 

Brodalumab 210 mg $1,750.00 20% $1,400.00 $37,684.00 $36,528.00 

Certolizumab 

pegol 

400 mg (see 

above for 

dosing note) 

$4,044.32 36% $2,583.70 $54,097.14 $50,559.32 

Etanercept 50 mg $1,218.00 31% $837.69 $54,641.32 $43,713.06 

Guselkumab 100 mg $10,158.52 33% $6,806.21 $50,609.02 $44,395.93 

Infliximab 40 mg $1,167.82 22%** $911.99 $38,466.44 $29,743.90 

Ixekizumab 80 mg $5,161.60 44% $2,888.74 $51,374.18 $37,685.68 

Secukinumab 300 mg $4,712.38 38% $2,926.22 $49,624.51 $38,174.63 

Ustekinumab 45 / 90 mg 

(see above) 

$10,292.15 / 

$20,584.30 

27% $7,532.84 / 

$15,063.47 

$58,620.92 $42,584.22 

 

Patient preferences for psoriasis treatment outcomes were included by assigning utilities to the 

health states (PASI response) in the model.  The relationships between PASI response categories 

and utility values have been estimated in analyses of RCTs of targeted drugs (although the 

relationship between treatment arm and utility was not assessed).  In contrast to our 2016 report, 

rather than estimating utilities derived from a single study, we averaged utilities from five studies 

(see Table 4.4 in main report) to account for variability across trials and utilize all available 

evidence.   

Model outputs include quality-adjusted life years (QALY) gained, life years (LYs), and total costs for 

intervention and comparators, as well as incremental costs per additional QALY gained and per 

additional LY gained for the intervention relative to nontargeted care.  We also evaluated cost per 

month in PASI States 90 and 75. 
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Base-Case Results 

Our results suggest that initiating treatment with the IL-17 drugs or guselkumab leads to the 

greatest improvement in QALYs, while initiation with apremilast, etanercept, or infliximab is the 

least effective.  Perhaps not surprisingly, initiation with the IL-17 drugs or guselkumab generally 

leads to the highest total cost, while initiation with apremilast, etanercept, or infliximab leads to 

lower total costs.  

Table ES7.  Results for the Base Case for Targeted Treatments Over 10 years 

First-line Treatment Total Cost Total QALYs Months spent in 

 PASI 90+* 

Months spent in 

 PASI 75+* 

Non-targeted treatment $67,800 5.70 0.0 0.0 

Adalimumab $308,000 7.17 52.0 74.1 

Apremilast $215,000 6.79 32.6 53.5 

Brodalumab $289,000 7.39 67.8 84.9 

Certolizumab pegol $341,000 7.16 50.5 73.5 

Etanercept $272,000 6.88 37.7 57.9 

Guselkumab $342,000 7.40 69.0 85.3 

Infliximab $238,000 6.98 47.8 62.5 

Ixekizumab $311,000 7.42 70.9 86.1 

Secukinumab $305,000 7.34 63.5 82.4 

Ustekinumab $315,000 7.17 51.1 74.1 

* Time spent in PASI health states is discounted at the same rate at costs and other outcomes. 

 

Note that the results above should not be interpreted as treatments with a single targeted drug, but 

ŀǎ ǎŜǉǳŜƴŎŜǎ ƻŦ ǘŀǊƎŜǘŜŘ ŘǊǳƎǎ όƛƴŎƭǳŘƛƴƎ ΨǎǘŜǇ ǘƘŜǊŀǇȅΩύΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǘǊŜŀǘƳŜƴǘ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ 

guselkumab continues to IL-17 and/or non-targeted drugs upon discontinuation, and treatments 

beginning with IL-17 drugs continue to guselkumab and/or non-targeted drugs upon 

discontinuation.  All other drugs are followed by a market basket of IL-17 drugs and guselkumab 

upon discontinuation from the first-line targeted treatment. 

The incremental cost-effectiveness ratios compared to non-targeted treatment are shown below. 
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Table ES8.  Incremental Cost-Effectiveness Ratios (ICERs) for the Base Case, Compared to Non-

Targeted Treatment  

First-line Treatment Cost / QALY Cost / month in PASI 90+ Cost / month in PASI 75+ 

Adalimumab $164,000 $4,600 $3,200 

Apremilast $135,000 $4,500 $2,800 

Brodalumab $131,000 $3,300 $2,600 

Certolizumab pegol $188,000 $5,400 $3,700 

Etanercept $175,000 $5,400 $3,500 

Guselkumab $161,000 $4,000 $3,200 

Infliximab $134,000 $3,600 $2,700 

Ixekizumab $142,000 $3,400 $2,800 

Secukinumab $145,000 $3,700 $2,900 

Ustekinumab $169,000 $4,800 $3,300 

ICER: incremental cost-effectiveness ratio, QALY: quality-adjusted life year 

 

Sensitivity Analyses 

To demonstrate effects of model parameter uncertainty on incremental cost per QALY gained, we 

varied input parameters based on standard errors or reasonable ranges for two examples: 

ixekizumab versus non-targeted treatment and ixekizumab versus etanercept.  These examples 

were selected because ixekizumab is one of the most effective drugs and has some long-term data, 

and because etanercept represents one of the more commonly used original targeted agents.  

Furthermore, some health care plans require patients to utilize a less effective and less expensive 

targeted agent as a step therapy.   

In the base-case, ixekizumab has an ICER of $142,000 per QALY compared to non-targeted, and an 

ICER of $72,000 per QALY compared to etanercept.  

In the comparison to non-targeted treatment, uncertainty in utility scores and drug costs are the 

primary sources of uncertainty; the ICER exceeds $150,000 per QALY gained with reasonable, albeit 

less likely, values for each of these parameters. 

 

In the comparison to etanercept, uncertainty in model results is again dominated by uncertainty in 

drug costs, but also drug discontinuation rates, utility for PASI response states, and drug 

effectiveness.  Despite varying these parameters, initiation with ixekizumab compared to initiation 

with etanercept is below the $150K/QALY threshold in almost all cases. 

 



 

©Institute for Clinical and Economic Review, 2018 Page ES21 
Evidence Report: Targeted Immunomodulators for Plaque Psoriasis | Condition Update 
 Return to Table of Contents 

Figure ES1.  Cost-Effectiveness Acceptability Curve  

 

 
This graph shows the probabilities (y-axis) that initiation with each targeted drug is the most cost effective strategy 

at various willingness-to-pay thresholds (x-axis), comparing all targeted drugs to each other and to non-targeted 

treatment.  

 

We also conducted a probabilistic sensitivity analysis (PSA) to more comprehensively evaluate the 

impact of uncertainty in all model parameters when comparing all interventions (targeted drugs 

and non-targeted therapy) with each another.  The cost effectiveness acceptability curves shown in 

the Figure above indicate the probabilities (y-axis) that initiation with each drug is the most cost-

effective approach at various willingness to pay thresholds (x-axis).  

These results indicate that at a $50K/QALY threshold, no targeted drugs offer good value; at a 

$100K/QALY threshold, initiation with brodalumab or infliximab each have a 10% probability of 

being optimal value, and probabilities for the other targeted agents are all near zero; and at a 

$150K/QALY threshold there is more separation, as initiation with brodalumab or infliximab is most 

likely to be cost effective, while the other IL-17s and guselkumab have somewhat lower 

probabilities of being most cost effective.  Apremilast has a modest probability of being cost 

effective across the $100K-$150K/QALY range, while initiation with adalimumab, etanercept, 

ustekinumab, and certolizumab have essentially no probability of being the most cost-effective 

strategies across all thresholds.   
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Scenario Analyses  

In order to understand the effects of various assumptions, we ran a variety of scenario analyses, 

including: 

¶ Patients in the PASI 50-74 group continued therapy, with small improvement in PASI over 

time and higher discontinuation; costs increased by 0.9% to 3.3%, while QALYs changed by 

0.2% to 0.4%. 

¶ Used 2016 drug prices; total costs of treatment increased by 0.2% to 11.5% from using 2018 

versus 2016 drug prices. 

¶ Included suicide as a potential adverse outcome with brodalumab; negligible effect on 

overall outcomes, with a loss of QALYs equivalent to less than 0.1% of the total.  

¶ Assessed effect of timing of onset of response using secukinumab as an illustrative example; 

impact on ICER was less than 1%. 

¶ Assumed second-line targeted treatment was an average of all 10 targeted drugs; changed 

costs and QALYs by no more than 1%. 

¶ Including productivity offsets led to 10-мо҈ ŘŜŎǊŜŀǎŜǎ ƛƴ ǘƻǘŀƭ ŎƻǎǘǎΣ ŀƴŘ L/9wΩǎ ŎƻƳǇŀǊŜŘ ǘƻ 

non-targeted that were notably lower than in the base case (i.e., $109-166K/QALY rather 

than $133-$188K/QALY).  

¶ Using only the lower doses for certolizumab pegol and ustekinumab, we find that cost per 

QALY versus non-targeted decreases from $188,000 to $129,000 and $169,000 to $130,000, 

respectively. 

 

Threshold Analyses 

To estimate the maximum prices that would correspond to given willingness to pay thresholds, we 

systematically altered the price of each drug in the base case scenario in order to match that 

threshold.  Prices for each drug that would achieve cost-effectiveness thresholds ranging from 

$50,000 to $150,000 per QALY gained are shown below.  
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Table ES9.  Threshold Analysis Results (Prices indicate annual maintenance price) 

Intervention Annual price of 

maintenance 

therapy 

Price needed for 

$50k/QALY 

Price needed for 

$100k/QALY 

Price needed 

for $150k/QALY 

Adalimumab $43,700 $11,600 $25,700 $39,800 

Apremilast $31,000 < $0* $17,500 $36,600 

Brodalumab $36,500 $14,900 $28,200 $41,500 

Certolizumab 

pegol 

$50,600 $11,300 $25,500 $39,700 

Etanercept $43,700 $1,700 $18,500 $35,400 

Guselkumab $44,400 $15,400 $28,400 $41,500 

Infliximab $29,700 $2,600 $18,800 $35,000 

Ixekizumab $37,700 $14,500 $27,100 $39,700 

Secukinumab $38,200 $13,600 $25,500 $39,400 

Ustekinumab $42,600 $12,600 $25,200 $37,800 

*Threshold price of apremilast needed to be below zero to offset cost of second-line targeted drug therapy 

QALY: quality-adjusted life year 

Risankizumab threshold analysis  

No WAC will be announced for this product for some time, and the approved dosing is not certain.  

Assuming discontinuation parameters identical to guselkumab and no laboratory monitoring or 

increased initiation dosing, we have calculated the following value-based annual maintenance 

prices: $50,000 per QALY: $15,600; $100,000 per QALY: $28,800; $150,000 per QALY: $42,100. 

Tildrakizumab threshold analysis  

Tildrakizumab was approved to be dosed at 100 mg every 12 weeks, following initiation doses of 

100 mg at weeks zero and four.  Using this dosing information and no lab monitoring, we have 

calculated annual maintenance prices for tildrakizumab as follows: $50,000 per QALY: $10,000; 

$100,000 per QALY: $24,900; $150,000 per QALY: $39,800. 

 

Summary and Comment 

In our analysis of cost-effectiveness of targeted drugs for moderate to severe plaque psoriasis, we 

found that the most effective treatment strategies were initiation with the IL-17 agents or 

guselkumab.  The least effective strategies were initiation with apremilast, infliximab, or 

etanercept.  Analogously, the most expensive treatment strategies were initiation with the IL-17 

agents or guselkumab, and the least expensive strategies were initiation with apremilast, infliximab, 

or etanercept.  
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Approximately half of the treatment strategies were cost effective compared to non-targeted 

therapy at a $150K/QALY threshold; the value of tildrakizumab and risankizumab will be dependent 

on their final list price and discounts provided in the marketplace.  

In our 2016 analysis, we concluded that initiation with IL-17 drugs is a reasonable strategy due to 

their high efficacy and reasonable economic value ς even in comparison to step therapy using a less 

effective and less expensive targeted drug first line.  This conclusion remains valid in our current 

analysis.  Among the IL-мтΩǎΣ ƛƴƛǘƛŀǘƛƻƴ ǿƛǘƘ ōǊƻŘŀƭǳƳŀō ŀǇǇŜŀǊǎ ǘƻ be the most cost-effective 

strategy due to drug pricing.  Of note, the IL-17 drug prices have increased, leading to less favorable 

value than in our 2016 report.   

Conclusions 

Targeted drug treatment for moderate to severe plaque psoriasis can provide reasonable economic 

value.  Our analysis indicates first-line treatment with infliximab or the IL-17 drugs is cost effective 

at higher willingness to pay thresholds, and infliximab and brodalumab are most likely to be cost 

effective.  Guselkumab may be cost effective depending on drug discounts, and apremilast, while 

the least effective drug, may be cost effective at moderate willingness to pay thresholds.  Initiation 

with other targeted drugs was not found to be cost effective. 
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Other Benefits and Contextual Considerations 

Our reviews seek to provide information on other benefits offered by the intervention to the 

individual patient, caregivers, the delivery system, other patients, or the public that would not have 

been considered as part of the evidence on comparative clinical effectiveness.  These elements are 

listed in the table below. 

Table ES10.  Potential Other Benefits 

Other Benefits Description 

This intervention provides significant direct 

patient health benefits that are not adequately 

captured by the QALY. 

The use of targeted immunomodulators offers patients better 

treatment potential in regard to greater skin clearance and 

overall improved quality of life. 

This intervention offers reduced complexity 

that will significantly improve patient 

outcomes. 

All the targeted immunomodulators are administered 

subcutaneously except for apremilast (oral) and infliximab 

(intravenous).  Subcutaneous route of administration is less 

burdensome and has reduced complexity, which is likely to 

improve adherence as well as the ability for some patients 

with limited mobility to self-administer prophylaxis; 

intravenous administration used for infliximab has been 

identified as a barrier for patients.  Patients may also favor the 

convenience of an oral drug like apremilast. 

This intervention will reduce important health 

disparities across racial, ethnic, gender, socio-

economic, or regional categories. 

N/A 

This intervention will significantly reduce 

caregiver or broader family burden. 

For individuals with moderate to severe psoriasis and with 
associated emotional and psychological issues, the use of 
targeted immunomodulators may decrease caregiver/family 
burden, but there are currently no data on this.  

This intervention offers a novel mechanism of 

action or approach that will allow successful 

treatment of many patients who have failed 

other available treatments. 

Targeted immunomodulators have dramatically 

revolutionized the treatment of psoriasis.  However, not all 

patients respond well to their first agent.  Therefore, the 

introduction of a new class of targeted immunomodulator 

drugs that selectively targets interleukin 23 (anti-IL-23 agents) 

is likely to benefit patients who did not achieve adequate 

control with the other agents.   

This intervention will have a significant impact 

on improving return to work and/or overall 

productivity. 

We found limited data on the impact of these drugs on 

productivity.  However, there is reason to believe that 

controlling plaque psoriasis with targeted immunomodulators 

will have significant impact on improving the psychological 

and emotional health of patients, which may in turn affect 

productivity. 

Other important benefits or disadvantages 

that should have an important role in 

judgments of the value of this intervention. 

N/A 
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Contextual Considerations 

Table ES11.  Potential Contextual Considerations 

Contextual Consideration Description 

This intervention is intended for the care of 

individuals with a condition of particularly high 

severity in terms of impact on length of life and/or 

quality of life. 

Psoriasis is rarely life threatening, however, it has 

substantial impact on the overall health-related quality of 

life of patients, particularly if lesions are in areas that can 

affect daily functioning (e.g., the hands or soles of the 

feet) or social functioning (e.g., the face). 

This intervention is intended for the care of 

individuals with a condition that represents a 

particularly high lifetime burden of illness. 

Patients with psoriasis have a high lifetime burden of 

illness 

This intervention is the first to offer any 

improvement for patients with this condition. 

N/A 

Compared to systemic therapies, there is 

significant uncertainty about the long-term risk of 

serious side effects of this intervention. 

Serious side effects appear to be minimal in the short-

term trials on these agents.  However, psoriasis is chronic 

condition requiring long term treatment.  Observation 

data on the drugs that have been around for longer 

periods (TNFh inhibitors) have been generally reassuring.  

However, long term data are not yet available on the 

newer class of drugs (IL-17s and IL-23s). 

Compared to systemic therapies, there is 

significant uncertainty about the magnitude or 

durability of the long-term benefits of this 

intervention. 

Longer term data on targeted immunomodulators have 

shown that loss of effect over time is a very common 

problem with these drugs.  In fact, switching treatment is 

generally expected among patients.  However, the 

magnitude and durability of the benefit of the new class 

of agents (IL-23) has not yet been reliably quantified at 

this time. 

There are additional contextual considerations that 

should have an important role in judgments of the 

value of this intervention. 

N/A 

 

Value-Based Benchmark Prices 

Value-based benchmark prices for all drugs are presented in Table ES12.  Annual prices and 

discounts required to reach the $100,000 per QALY threshold ranged from 38% to 71% and to reach 

the $150,000 per QALY threshold ranged from 8% to 44%.  Since no WAC is available for 

risankizumab or tildrakizumab, we calculated only the price to reach the cost-effectiveness 

thresholds.  
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Table ES12.  Value-Based Benchmark Prices for Targeted Therapies 

QALY: Quality-adjusted life year 

All annual prices do not include loading dose administered at initiation in year-one, and represent only 

maintenance dose-related prices from year-two onward 

All prices rounded to the nearest $100 

*Assumed that 50% of treated patients had body weight >90kg and were hence administered the higher 

maintenance dose of 400mg once every two weeks 
ϞNo WAC or estimated net price currently available 

 

Potential Budget Impact 

We used the results from the cost-effectiveness model to estimate the potential total budgetary 

impact of certolizumab pegol and guselkumab in place of non-targeted therapy.  We used the WAC, 

the same estimated net price for each drug as in the cost-effectiveness analyses, and the three 

threshold prices in our estimates of potential budget impact.  All costs were undiscounted and 

estimated over a five-year time horizon. 

 Annual WAC Annual 

Estimated Net 

Price 

Annual Price 

to Achieve 

$100,000 per 

QALY 

Threshold 

Annual Price 

to Achieve 

$150,000 per 

QALY 

Threshold 

Discount from WAC 

required to Reach 

Threshold Prices 

Adalimumab $63,600 $43,700 $25,700 $39,800 37% to 60% 

Apremilast $40,000 $31,000 $17,500 $36,600 8% to 56% 

Brodalumab $45,700 $36,500 $28,200 $41,500 9% to 38% 

Certolizumab 

pegol* 
$79,100 $50,600 $25,500 $39,700 43% to 63% 

Etanercept $63,600 $43,700 $18,500 $35,400 44% to 71% 

Guselkumab $66,300 $44,400 $28,400 $41,500 37% to 57% 

Infliximab $38,100 $29,700 $18,800 $35,000 8% to 51% 

Ixekizumab $67,300 $37,700 $27,100 $39,700 41% to 60% 

Secukinumab $61,500 $38,200 $25,500 $39,400 36% to 59% 

Ustekinumab $58,200 $42,600 $25,200 $37,800 35% to 57% 

RisankizumabϞ - - $28,800 $42,100 - 

TildrakizumabϞ - - $24,900 $39,800 - 
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The candidate populations eligible for treatment with certolizumab pegol or guselkumab included 

adults with moderate to severe plaque psoriasis who are eligible for biologic therapy and are 

biologic naïve.  To estimate the size of the potential candidate populations for treatment, we first 

estimated the size of the US adult population by gender for years 2018 to 2022 using population 

projection data published by the US Census Bureau.46  As in our 2016 report, we used incidence 

(78.9 cases per 100,000 persons) rather than prevalence because we were interested only in 

patients who were taking a biologic for the first time.5  Applying estimates of 79% with plaque 

psoriasis among those with psoriasis and 18.2% among this sub-population with moderate-to-

severe disease to our projected US population resulted in 146,710 incident cases over five years, or 

29,342 cases each year.4,5  This was assumed to be the candidate population for treatment with 

these novel agents.   

For certolizumab pegol, the per-patient annual budget impact ranged from approximately $58,500 

at its WAC ($79,100 per year) to approximately $38,200 at its net price ($50,600 per year).  The per 

patient annual budget impact at the threshold prices ranged from approximately $30,400 at the 

price ($39,700 per year) to reach the $150,000 per QALY threshold to approximately $4,700 at the 

price ($11,300 per year) to reach $50,000 per QALY threshold (Table ES13).  

Table ES13.  Per-Patient Budget Impact Calculations Over a Five-Year Time Horizon for 

Certolizumab Pegol in Adults with Moderate to Severe Plaque Psoriasis 

 Average Annual Per Patient Budget Impact 

WAC Discounted 

WAC 

$150,000/ 

QALY 

$100,000/ 

QALY 

$50,000/ 

QALY 

Certolizumab pegol $66,109 $45,761 $38,019 $24,266 $12,274 

Non-targeted therapy $7,589 

Difference $58,520 $38,172 $30,430 $16,677 $4,685 

WAC: wholesale acquisition cost; QALY: quality adjusted life year 

 

At all prices except the price to reach the $50,000 per QALY threshold, the annual potential 

budgetary impact for the entire eligible population exceeded the ICER annual budget impact 

threshold of $915 million.  At certolizumab peƎƻƭΩǎ current WAC and estimated net price, only 19% 

and 29% of the entire eligible population could be treated per year without the budget exceeding 

the $915 million threshold (Figure ES2). 
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Figure ES2.  Potential Budget Impact Scenarios at Different Prices for Certolizumab Pegol in Adults 

with Moderate to Severe Plaque Psoriasis* 

 
 

*Graph shows the relation between price per 200mg and proportion of patients eligible for treatment with 

certolizumab pegol who could be treated over five years without crossing $915-million budget impact threshold. 

 

For guselkumab, the per-patient annual budget impact ranged from approximately $58,900 at its 

WAC ($66,300 per year) to approximately $37,200 at its net price ($44,400 per year).  The per 

patient annual budget impact at the threshold prices ranged from approximately $34,700 at the 

price ($41,500 per year) to reach the $150,000 per QALY threshold to approximately $8,500 at the 

price ($15,400 per year) to reach $50,000 per QALY threshold (Table ES14).  
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Table ES14.  Per-Patient Budget Impact Calculations Over a Five-Year Time Horizon for 

Guselkumab in Adults with Moderate to Severe Plaque Psoriasis 

 Average Annual Per Patient Budget Impact 

WAC Discounted 

WAC 

$150,000/ 

QALY 

$100,000/ 

QALY 

$50,000/ 

QALY 

Guselkumab $66,488 $44,797 $42,261 $28,478 $16,048 

Non-targeted 

therapy 
$7,589 

Difference $58,900 $37,208 $34,672 $20,889 $8,459 

WAC: wholesale acquisition cost; QALY: quality-adjusted life year 

 

At all prices except the price to reach the $50,000 per QALY threshold, the annual potential 

budgetary impact for the entire eligible population exceeded the ICER annual budget impact 

threshold of $915 million.  At guselkumabΩǎ ŎǳǊǊŜƴǘ ²!/ ŀƴŘ ŜǎǘƛƳŀǘŜŘ ƴŜǘ ǇǊƛŎŜΣ ƻƴƭȅ м8% and 

29% of the entire eligible population could be treated per year without the budget exceeding the 

$915 million threshold (Figure ES3). 

Figure ES3.  Potential Budget Impact Scenarios at Different Prices for Guselkumab in Adults with 

Moderate to Severe Plaque Psoriasis* 

 

 
*Graph shows the relation between price per 100mg and proportion of patients eligible for treatment with 

guselkumab who could be treated over five years without crossing $915-million budget impact threshold. 

 

Detailed budget impact results for both drugs are available in section 7.3 of this report.  
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1. Introduction 

1.1 Background 

Psoriasis 

Plaque psoriasis is a common, chronic disease that manifests itself by itchy pruritic, red, scaly, 

raised lesions on the skin, most commonly on the scalp, elbows, knees, scalp, and back extensor 

extremities and trunk.8  Psoriasis affects about 3% of the population and generally occurs before 

age 35.3,4  In this T cell-mediated autoimmune and inflammatory disease genetic predispositions 

play a major role.1,2  The pathogenesis is driven by multiple cytokine-mediated pathways, including 

tumor necrosis factor-ʰ ό¢bC- )h and interleukin (IL)-23 and IL-17 cytokines.2  It is associated with 

systemic diseases including other autoimmune diseases (e.g., inflammatory bowel disease), 

metabolic syndrome, and cardiovascular disease.12,13  In addition, up to 30% of patients with plaque 

psoriasis have at least some manifestations of psoriatic arthritis,9-11 and may reach up to 40% 

among patients treated with biologics.9,47 

Plaque psoriasis accounts for about 80% to 90% of all patients with psoriasis.5-7  Other types of 

cutaneous psoriasis include inverse psoriasis (affecting the skin folds, particularly the genital area), 

guttate psoriasis (small spots all over the body), palmar-plantar psoriasis (on the hands and feet), 

nail psoriasis, erythrodermic psoriasis (where the entire body may turn red), and pustular psoriasis 

(sterile pustules).1,8,48. These other types of cutaneous psoriasis, accompanying plaque psoriasis in 

up to 40% of patients, are often hard to treat and have an important impact on their quality of 

life49. 

Roughly 70% to 80% of patients with plaque psoriasis have mild disease that can be adequately 

ƳŀƴŀƎŜŘ ǿƛǘƘ ǘƻǇƛŎŀƭ ǘƘŜǊŀǇȅΦ  5ŜŦƛƴƛǘƛƻƴǎ ƻŦ άƳƻŘŜǊŀǘŜ-to-ǎŜǾŜǊŜέ ǇƭŀǉǳŜ ǇǎƻǊƛŀǎƛǎ ǾŀǊȅΣ ōǳǘ 

generally consist of psoriasis that affects at leŀǎǘ р҈ ǘƻ мл҈ ƻŦ ŀ ǇŀǘƛŜƴǘΩǎ ōƻŘȅ ǎǳǊŦŀŎŜΤ ǇǊƻŘǳŎŜǎ 

lesions that have significant redness, thickness, and scale; or significantly reduces quality of life 

(e.g., lesions on the face, palm, or soles of the feet).15,16 

Plaque psoriasis significantly decreases health-related quality of life, particularly if lesions are in 

areas that can affect daily functioning (e.g., the hands or soles of the feet), social functioning (e.g., 

the face) or sexual activities (genital areas).50-52  Psoriasis itself is not a direct cause of increased 

mortality, but patients with severe psoriasis have increased mortality due to cardiovascular disease 

and infection.10,14 

The direct annual medical costs of psoriasis, excluding the cost of co-morbidities, have been 

estimated to cost the United States $52 billion to $63 billion and indirect costs of lost work 

productivity have been estimated to range between $24 billion and $35 billion.53 
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Treatments 

Treatments for psoriasis can be grouped within four broad categories:  

1. Topical therapies such as steroids, vitamin D analogs, retinoids, and calcineurin inhibitors;  

2. Older systemic therapies, such as acitretin, cyclosporine, and methotrexate; 

3. Phototherapy, most commonly narrow-band ultraviolet B light (NBUVB); and  

4. ά¢ŀǊƎŜǘŜŘ ƛƳƳǳƴƻƳƻŘǳƭŀǘƻǊǎέ ƛƴŎƭǳŘƛƴƎ ōƛƻƭƻƎƛŎǎ ŀƴŘ ŀǇǊŜƳƛƭŀǎǘ 

 

Topical Treatments include emollients; topical corticosteroids of varying strength; vitamin D 

analogs (e.g., calcipotriene, calcitriol); coal tar products which are usually available without a 

prescription; topical retinoids (tazarotene); topical calcineurin inhibitors (e.g., tacrolimus or 

pimecrolimus), which can be useful for treatment of the face and intertriginous areas; and 

anthralin.  Topical treatments are usually in the forms of creams, ointments, or lotions, but can also 

be gels, foams, sprays, and shampoos.  Topical treatment can be impractical for patients with 

psoriasis that affects a large area or for patients who have significant scalp or nail involvement.  

Higher potency topical corticosteroids can cause skin atrophy if used on non-psoriatic skin, 

particularly on areas of thinner skin, such as the face.  Topical calcineurin inhibitors may be 

associated with skin cancer. 

Older Systemic Therapy includes methotrexate, cyclosporine, and acitretin. 

Á Methotrexate is a folic acid inhibitor.  It is effective but is associated with hepatotoxicity, 

requires close, potentially invasive (i.e., liver biopsy) monitoring, cannot be used in patients 

with liver disease or kidney disease, and is an abortifacient.  Drug interactions are common; 

bone marrow suppression is a possibility.  Methotrexate is generally given weekly and many 

patients describe a post-ŘƻǎŜ ŦŀǘƛƎǳŜ ǘƘŀǘ Ŏŀƴ ƭŀǎǘ ŦƻǊ ǎŜǾŜǊŀƭ Řŀȅǎ όάƳŜǘƘƻǘǊŜȄŀǘŜ ŦƻƎέύΦ  

Patients often get stomatitis, nausea, and vomiting and, more rarely, can have lung 

complications.  Methotrexate can be combined with TNF-ʰ ƛƴƘƛōƛǘƻǊǎΦ   

Á Cyclosporine is a T cell inhibitor.  It works rapidly but causes hypertension and may be 

associated with lymphoma and skin cancer (especially when combined with psoralen and 

ultraviolet A radiation [PUVA]).  Cyclosporine is also associated with nephrotoxicity, liver 

disease, hypertrichosis, gingival changes, GI symptoms, and neurologic symptoms.  Drug 

interactions are common and there are many contraindications.  Current US guidelines limit 

the continuous use of cyclosporine to one-year; European guidelines to two years.54  

Cyclosporine cannot be combined with other systemic treatments (other than 

phototherapy). 

Á Acitretin, a retinoid, vitamin A analogue is highly teratogenic, associated with dry eyes and 

dry mouth, hair loss, as well as elevated triglycerides and musculoskeletal problems.  

Acitretin can be combined with phototherapy and, unlike many other psoriasis treatments, 

is not immunosuppressive.   
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Phototherapy includes sun exposure, broadband ultraviolet B (UVB), narrowband UVB, and 

psoralen with ultraviolet A (PUVA) treatment.  Narrowband UVB is more effective than broadband 

UVB; both can be delivered at home.  Psoralen, a photosensitizing drug, can be used orally or 

topically, as a bath, to the affected areas.  Psoralen is associated with nausea, and PUVA is 

associated with increased squamous cell cancer and possibly melanoma; as such, UVB by far the 

most common form of phototherapy delivered in current clinical practice.  A final form of 

phototherapy involves the use of excimer lasers for focused UVB light therapy.   

Targeted immunomodulators  

Targeted immunomodulators include the monoclonal antibodies reducing the level of the 

pathogenic cytokines, specifically TNF-ʰ ŀƴŘ ƛƴǘŜǊƭŜǳƪƛƴ όL[ύ-23 and IL-17 cytokines, and the PDE4 

inhibitor apremilast reducing the production of proinflammatory mediators.2   

Monoclonal antibodies are part of the class of drugs called biological products or biologics, large, 

complex molecules that are produced through biotechnology in a living system, such as a 

microorganism.17 The FDA calls the first approved specific biologic product the Reference Product, 

often simply called Biologic, and the subsequent product the Biosimilar Product or simply 

Biosimilar.  When approving a biosimilar, the FDA determines that there are no clinically meaningful 

differences from an existing FDA-approved reference product.17  Since 2015, the FDA has added 

four-letter meaningless suffixes at the end of all non-proprietary names of biosimilars.  Starting in 

November 2017, these suffixes are also added to all newly approved reference biologics' 

nonproprietary names.55 In this report, we will be using the nonproprietary names as used by the 

FDA for reference biologics and biosimilars. 

Table 1.1 provides an overview of the targeted immunomodulators approved or under review by 

the FDA for the treatment of moderate-to-severe plaque psoriasis.  Of note, several of these agents 

are newly available or ǳƴŘŜǊ C5! ǊŜǾƛŜǿ ǎƛƴŎŜ L/9wΩǎ нлмс ǊŜǾƛŜǿΣ ƛƴŎƭǳŘƛƴƎ ǘƘǊŜŜ ŀƎŜƴǘǎ ƛƴ ŀ ƴŜǿ 

class of selective IL-23 inhibitors (guselkumab, tildrakizumab, and risankizumab), as well an IL 17 

inhibitor (brodalumab), a TNFh  ƛƴƘƛōƛǘƻǊ όŎŜǊǘƻƭƛȊǳƳŀō ǇŜƎƻƭύ and a second biosimilar for infliximab.  
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Table 1.1. Targeted Immunomodulators for Moderate-to-Severe Plaque Psoriasis0F

1 

Mechanism of 

Action 

Name and Company FDA approval for 

plaque psoriasis 

Market 

availability 

FDA recommended dosing 

¢bCʰ 

 

 

adalimumab / Humira® 

AbbVie  

Reference Biologic 

2008/01/18  

Available 80mg subcutaneously, then 

40mg every other week 

starting 1 week after initial 

dose 

etanercept /  

Enbrel® 

Amgen 

Reference Biologic 

2004/04/30 

Available 50mg subcutaneously 

2x/week for 3 months, then 

50mg 1x/week 

infliximab (dyyb/abda) 

Remicade®| Janssen 

Inflectra® | Pfizer 

Renflexis® | Merck 

Reference Biologic: 

2006/09/26 

Biosimilars: 

2016/04/05 

2017/04/24 

Available 5mg/kg intravenously at 

weeks 0, 2, and 6, then every 

8 weeks 

certolizumab pegol / 

Cimzia® 

UCB 

 

Reference Biologic, 

2018/05/28 

Available  400mg subcutaneously at 

weeks 0, 2, and 4, then either 

400mg every 2 weeks or for 

some patients (with body 

ǿŜƛƎƘǘ Җ фл ƪƎύ 200mg every 

2 weeks  

IL 12/23 ustekinumab / Stelara® 

Janssen 

Reference Biologic 

2009/09/25 

Available tŀǘƛŜƴǘǎ ҖмллƪƎκҔмллƪƎΥ 

45mg/90mg subcutaneously 

at week 0 and 4, then every 

12 weeks 

IL 23 

 

guselkumab/ Tremfya® 

Janssen 

Reference Biologic 

2017/07/13 

Available 100mg subcutaneously at 

weeks 0, week 4, then every 8 

weeks 

tildrakizumab-asmn / 

Ilumya® 

Sun/Merck 

Reference Biologic 

2018/03/20 

Not yet launched 100 mg subcutaneously at 

weeks 0, 4, then every twelve 

weeks 

risankizumab 

AbbVie 

Submitted to the FDA 

on April 25, 2018 

 n/a  n/a 

IL 17 

 

secukinumab / Cosentyx® 

Novartis 

Reference Biologic 

2015/01/21 

Available 300mg subcutaneously at 

weeks 0, 1, 2, 3, 4 then 300mg 

every 4 weeks 

ixekizumab /  

Taltz® 

Eli Lilly 

Reference Biologic, 

2016/03/22 

Available 160mg subcutaneously at 

week 0, then 80mg at weeks 

2, 4, 6, 8, 10, 12, then 80mg 

every 4 weeks 

brodalumab /  

Siliq® 

Valeant 

Reference Biologic 

2017/02/15 

Available 210mg subcutaneously at 

weeks 0, 1 and 2, then every 2 

weeks* 

PDE-4 Apremilast /  

Otezla® 

Celgene 

Reference Biologic 

2014/09/23 

Available 5-day titration then 30mg 

orally 2x/day thereafter 

1 This table include all reference biologics approved or submitted for approval, but only biosimilars that are 

currently available. 
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Aspects of Treatment 

Non-Standard Dosing: For many of these agents, there is some suggestion of waning effectiveness 

with continued use, known as biologic fatigue.21  To maintain effectiveness, physicians often 

prescribe increasing doses of targeted immunomodulators.  On the other hand, physicians 

occasionally physicians prescribe lower doses of effective medications to decrease out-of-pocket 

costs.  A US commercial database that evaluated claims from 2007 to 2012 found that in the 12 

months after the dose titration period, there were dose escalation rates with etanercept, 

adalimumab, and ustekinumab of 41%, 37%, and 36%;56 dose reductions of 49%, 54%, and 37%; and 

discontinuation rates of 15%, 10%, and 5%, respectively.  Within the same 12 months, many 

patients discontinued, restarted, and switched biologic treatments.  This may be due to a lack of 

efficacy, to coverage changes or other reasons.  In an examination of infliximab use, 26% of 

treatment courses involved use of a greater-than-initially-recommended dose.57  

A more recent study also evaluated claims over 12 months for 7,527 patients receiving adalimumab, 

etanercept, or ustekinumab.  The study found rates of dose escalation with adalimumab, 

etanercept, and ustekinumab of 8%, 31%, and 18%; discontinuations of 53%, 56%, and 39%; restarts 

of the same medication following discontinuation of 18%, 23%, and 9%; and switching to a different 

medication of 21%, 22%, and 15%, respectively.  Among patients who continued receiving 

ustekinumab, only 0.5% decreased their dose (from 90 mg to 45 mg) during the study period.58  

Combination Therapy: The role of combination therapy ς for example, the use of topical therapies 

with targeted immunomodulators or use of methotrexate as an adjunctive systemic therapy ς has 

not been rigorously evaluated, but such use might provide enhanced effectiveness and is typical in 

clinical practice.59 Combination therapy seems likely to be discussed in a forthcoming guideline from 

the American Academy of Dermatology and the National Psoriasis Foundation.   

Previous Biologic Therapy Exposure: Generally, patients receiving ŀ ǎŜŎƻƴŘ ¢bCʰ ƛƴƘƛōƛǘƻǊ ŀŦǘŜǊ ƴƻǘ 

having responded to another ¢bCʰ ƛƴƘƛōƛǘƻǊ ƘŀǾŜ ŀ ƭƻǿŜǊ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ǘƘƛǎ ǎŜŎƻƴŘ ŘǊǳƎ 

compared to patients who never received an agent from this class of drugs before.22,60  Patients 

switching from one biologic to another may have a slightly lower response rate, however this has 

not been consistently demonstrated.22 

 

Biosimilars 

As of April 2018, the FDA has approved six biosimilars for use in plaque psoriasis, 61 but only two 

have been launched.  The delays for launching biosimilars despite FDA approval are mainly due to 

patent litigation.19,20  When approving a biosimilar, the FDA determines that there are no clinically 

meaningful differences from an existing FDA-approved reference product.17  Head to head studies 
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and registry studies for TNF-  htherapy have shown that biosimilars can replace the reference 

biologic without losing effectiveness.62-66  Switching studies have confirmed that TNF-  hbiosimilars 

do not trigger immune responses that could diminish the long-term effectiveness of biologic 

therapy for psoriasis.2  However, for biosimilars to be substituted for the reference product without 

the involvement of the prescriber, additional requirements have to be fulfilled.17,67 Currently none 

of the FDA approved biosimilars has been recognized as an interchangeable product.68 

Safety aspects of treatment with biologics 

The targeted immunomodulator treatments that are the subject of the present assessment act on 

specific pathways in the immune system, multiple cytokine-mediated pathways, including tumor 

necrosis factor-ʰ ό¢bC-ʰύ ŀƴŘ IL-23 and IL-17 cytokines.2  Safety concerns for these agents are 

primarily relate to effects on the immune system: a range of infections, including tuberculosis, and 

malignancies, especially skin cancer and lymphoma.  Such safety concerns are studied using 

registries that provide real world evidence in large patient cohorts; such evidence is of course not 

yet available for the newer agents.  

It is known that the use of TNF-ʰ ŀƎŜƴǘǎ ƛǎ associated with increased risk of reactivation of latent 

tuberculosis infections, leading in most cases to disseminated or extrapulmonary disease, and 

tuberculosis screening has become mandatory prior to treatment with biologics.  Cohort studies 

have shown however that the risk of tuberculosis reactivation in patients receiving biologics not 

targeting TNF is almost negligible.2  TNFh  inhibitor treatment can also induce new autoimmune 

diseases, such as lupus erythematosus.69 

IL-23 and IL-17 are required for optimal skin host defense against Candida albicans.70  Not 

surprisingly, Candida infections are more common with the use of IL-17 agents (secukinumab and 

ixekizumab), but they are superficial, not systemic.2,71  The use of brodalumab, the third IL-17 agent, 

carries an increased risk of suicide72 and a Risk Evaluation and Mitigation Strategy (REMS) has been 

requested by the FDA before the approval.73 

Registry studies have shown that increased risks of major adverse cardiovascular events and cancer, 

especially lymphoma and nonmelanoma skin cancer, initially attributed to biologic therapy, are 

most likely related to psoriasis itself and not to the treatment.23,24 

Apremilast, an anti-phosphodiesterase-4 agent, is the only available oral targeted immunotherapy.  

Apremilast is associated with diarrhea, especially at initiation, that is lessened by titrating up the 

dose gradually.  For elderly patients the diarrhea and weight loss can be of particular concern.  

Other adverse effects include mood disorders, upper respiratory tract infection and 

nasopharyngitis.74 
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Emerging therapies 

As mentioned in the 2016 report,25 tofacitinib and baricitinib are oral first-generation Janus kinase 

(JAK) inhibitors that have been shown to be effective for moderate-to-severe plaque psoriasis in 

randomized controlled trials.75,76  They are part of a large number of novel therapies for immune-

mediated inflammatory diseases targeting different pathways such as type I and II interferons, 

cellular adhesion processes, B-cells, regulatory T-cells and bispecific antibodies.77 

 

1.2 Scope of the Assessment 

The scope for this update followed the approach used in 2016 and is described on the following 

pages using the PICOTS (Population, Intervention, Comparators, Outcomes, Timing, and Settings) 

framework.  Evidence was collected from available randomized controlled trials as well as high-

quality systematic reviews; higher-quality comparative cohort studies will also be evaluated as 

necessary.  We did not restrict studies according to study duration or study setting; however, we 

limited our review to those that captured the key outcomes of interest.  We supplemented our 

review of published studies with data from conference proceedings, regulatory documents, 

information submitted by manufacturers, and other grey literature when the evidence meets ICER 

standards (for more information, see https://icer-review.org/methodology/icers-methods/icer-

value-assessment-framework/grey-literature-policy/).  

Analytic Framework 

The analytic framework for assessment of anti-plaque psoriasis medications is depicted in Figure 1.1 

below. 

https://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/
https://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/
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Figure 1.1.  Analytic Framework: Management of Moderate-to-Severe Chronic Plaque Psoriasis 

  

PASI = psoriasis area severity index; PGA = physician global assessment; IGA = Investigator Global Assessment 

 

The diagram begins with the population of interest on the left.  Actions, such as treatment, are 

depicted with solid arrows which link the population to outcomes.  For example, a treatment may 

be associated with specific health outcomes.  Outcomes are listed in the shaded boxes: those within 

the rounded boxes are intermediate outcomes (e.g., PASI 75, 90, and 100), and those within the 

squared-off boxes are key measures of benefit (e.g., health-related quality of life).  The key 

measures of benefit are linked to intermediate outcomes via a dashed line, as the relationship 

between these two types of outcomes may not always be validated.  Curved arrows lead to the 

adverse events of treatment which are listed within the blue ellipsis.78  

Populations 

The population of focus for this review included adults with moderate-to-severe chronic plaque 

psoriasis.  Although not a focus of the review, we did not exclude patient populations with other 

concomitant psoriasis types or psoriatic arthritis and evaluated psoriasis outcomes in these 

subgroups if data were available.  Additionally, we attempted to distinguish outcomes for patients 

who have and have not been previously treated with a targeted immunomodulator.  
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Subgroup analyses conducted in the 2016 report were updated: patients with concomitant psoriatic 

arthritis, patients who had previous used biologic therapy, and results from Asian studies. 

Interventions 

The interventions of interest were the targeted immunomodulators (biologics and apremilast) 

approved, expected to be approved or submitted to the FDA for approval, by July 2018 for the 

treatment of moderate-to-severe plaque psoriasis: 

¶ TNF-ʰ inhibitors: adalimumab, etanercept, infliximab, certolizumab pegol  

¶ IL-17 agents: secukinumab, ixekizumab, brodalumab 

¶ IL-12/23 agent: ustekinumab 

¶ IL-23 agents: guselkumab (approved in 2017), tildrakizumab (approved in March 2018), 

risankizumab (submitted to the FDA on April 25, 2018) 

¶ Anti-PDE-4 agent: apremilast 

 

Comparators 

We compared to placebo, and wherever possible, we evaluated head-to-head trials of these 

interventions.   

Outcomes 

This review examined key clinical outcomes, including outcomes common to plaque psoriasis trials 

(a list of outcomes is included on the next page).  We examined available data for evidence about 

the comparative effectiveness of targeted immunomodulators in affecting domains such as itch, 

scaling, pain, quality of life, work productivity, and satisfaction with treatment.   

Clinical Trial and Study Outcomes 

¶ Psoriasis Area and Severity Index (PASI): 50, 75, 90, 100 

¶ Physician Global Assessment (PGA) 

¶ Investigator Global Assessment (IGA) 

¶ Treatment-related adverse events 

Patient-Reported Outcomes 

¶ Dermatology Life Quality Index (DLQI)   

¶ Other measures of health-related quality of life (e.g., Psoriasis Symptoms and Signs Diary) 

¶ Psoriasis Symptom Inventory (PSI) 

¶ Symptom control 

¶ Treatment tolerability 
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We updated the evidence tables with data from the newly selected studies and results were 

summarized in a qualitative fashion.  As in the 2016 review, network meta-analyses to combine 

direct and indirect evidence on PASI 50, PASI 75 and PASI 90 scores were conducted, and were 

updated based on new direct and indirect evidence.   

Timing 

Evidence on intervention effectiveness and harms were derived from studies of any duration.  

Because psoriasis is a chronic condition with no cure, we were particularly interested in evidence of 

durability of response to medications, as well as long-term safety.  

Settings 

Plaque psoriasis is generally treated in outpatient and/or clinic settings, which was the focus of our 

review. 

 

1.3 Definitions 

Psoriasis Area and Severity Index (PASI) 

The PASI is a measure of the percent body surface area with psoriatic lesions in each of four regions 

(head, trunk, arms, and legs) as well as the degree of erythema, induration, and scale of the lesions 

in each area.  PASI scores range from 0 to 72.  Higher numbers indicate more surface involvement 

and severity of lesions.  The PASI is generally reported as the percentage reduction in the PASI score 

from baseline to follow-up.  The most consistently reported result in clinical trials is PASI 75, i.e., a 

75% reduction in the PASI score.  For these outcomes, higher numbers indicate a greater 

percentage improvement: PASI 90 is a 90% improvement in the PASI score; PASI 100 indicates full 

disease clearance, or a follow-up PASI score of zero. 

Physician Global Assessment (PGA) and LƴǾŜǎǘƛƎŀǘƻǊΩǎ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘ όLD!) 

The Static Physician Global Assessment (sPGA) and the InvestigatorΩǎ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘ όLD!ύ ŀǊŜ 

similar, being scored by the treating or evaluating physician and only considers the time of 

evaluation.  Scores usually range from 0 to 7 with higher scores indicating worse severity, but 5-

point, 6-point and 7-point scales have all been used.  A good response in clinical trials in treatment 

ƎŜƴŜǊŀƭƭȅ ǊŜǉǳƛǊŜǎ ǎtD! ǎŎƻǊŜǎ ƻŦ л όάŎƭŜŀǊέύ ƻǊ м όάŀƭƳƻǎǘ ŎƭŜŀǊέύΦ  ¢ƘŜ 5ȅƴŀƳƛŎ tƘȅǎƛŎƛŀƴ Dƭƻōŀƭ 

!ǎǎŜǎǎƳŜƴǘ όŘtD!ύΣ ŀƭǎƻ ǎŎƻǊŜŘ ŦǊƻƳ л ǘƻ тΣ ŎƻƴǎƛŘŜǊǎ ŀ ǇŀǘƛŜƴǘΩǎ ŎƘŀƴƎŜ ŦǊƻƳ ǘƘŜƛǊ ōŀǎŜƭƛƴŜ ǎǘŀǘǳǎΣ 

ŀƴŘ ƛǎ ǳǎŜŘ ƭŜǎǎ ŦǊŜǉǳŜƴǘƭȅΦ  ¦ƴƭŜǎǎ ƻǘƘŜǊǿƛǎŜ ƴƻǘŜŘΣ άtD!έ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ ǊŜŦŜǊǎ ǘƻ ǘƘŜ {ǘŀǘƛŎ 

Physician Global Assessment. 
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The IGA is a modified version of the PGA, and it is based on a 5-point rather than a 6- or 7-point 

ǎŎŀƭŜΤ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǇŀǘƛŜƴǘǎ ŀŎƘƛŜǾƛƴƎ ŀ ǎŎƻǊŜ ƻŦ л ƻǊ м όάŎƭŜŀǊκŀƭƳƻǎǘ ŎƭŜŀǊέύ ŀǊŜ ƻŦǘŜƴ 

ŎƻƴǎƛŘŜǊŜŘ άǊŜǎǇƻƴŘŜǊǎέ ƛƴ ŎƭƛƴƛŎŀƭ ǘǊƛŀƭǎΦ   

Dermatology Life Quality Index (DLQI) 

The DLQI was the first dermatology-specific health-related quality-of-life (HRQoL) instrument 

introduced in 1994.79  It comprises 10 questions relating to symptoms, feelings, daily activities, 

leisure, work, school, social interactions, clothing choice, sexual difficulties, and treatment 

problems.  DLQI scores range from 0 to 30 with lower scores representing better quality of life.  A 

DLQI change of 5-points is the minimal amount of change needed to establish meaningful clinical 

significance in health-related quality of life (HRQL).   

EuroQol Five Dimensions (EQ-5D) 

The EQ-5D is a standardized, self-ǊŜǇƻǊǘŜŘ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŦƻǊ ŜǾŀƭǳŀǘƛƴƎ ŀ ǇŀǘƛŜƴǘΩǎ ƘŜŀƭǘƘ ǎǘŀǘus 

across disease states, and is based on five dimensions: self-care, pain/discomfort, 

anxiety/depression, mobility, and usual care activities.  It is often used to compute a quality-

adjusted life year.   

Short Form-36 (SF-36) 

The SF-36 is a 36-item quality of life instrument that captures eight domains and is reported as a 

score from 0 to 100 with higher scores indicating better functioning.  The SF-36 also has summary 

component scores for physical functioning (physical component score, or PCS) and mental 

functioning (mental component score or MCS).  Scores can be standardized to a population 

reference, such that the population mean score is 50 with a standard deviation of 10. 

Psoriasis Disability Index (PDI) 

The Psoriasis Disability Index is a 15-question instrument that assesses five domains of health-

related quality of life: daily activities; work or school performance; personal relationships; leisure; 

and treatment.80  Each question is scored from 0 to 3 and the individual items are summed to a 

total score of 0 to 45 with higher scores indicating greater impairment.  The PDI can also be 

expressed as a proportion of total possible score.   

Visual Analog Scale (VAS)-skin pain 

VAS is a commonly used measure of pain, which is also used to assess the skin pain associated with 

scaly plaques in psoriatic patients, which can have a serious impact on quality of life.  This modified 

version of the VAS is based on a score of 0 (no skin pain) to 100 (severe skin pain). 
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Visual Analog Scale (VAS)-itch 

The VAS is also used to as a measure of pruritus assessment.  Patients are asked to rate the severity 

of their itching on a five-point scale, from no pruritus (0 points) to severe pruritus (5 points).   

Psoriasis Symptom Inventory (PSI) 

The PSI is an 8-item measurement in which patients rate the severity of signs and symptoms of 

psoriasis from the past 24 hours.  Each item is scored 0 to 4.  Individual scores are summed, and a 

total score can range from 0 to 32 with higher scores indicating worse symptoms.   

Psoriasis Symptom Diary (PSD) 

The PSD measures the impact of psoriasis treatments on daily activities.  Patients report disease 

severity on a scale of 0 to 10 on 20 psoriasis-specific signs and symptoms, including itching, pain, 

scaling, flaking, and changes in skin appearance. 

Psoriasis Symptom and Sign Diary (PSSD) 

The PSSD is a patient-reported instrument that assesses severity of six psoriasis symptoms (itch, 

skin tightness, burning, stinging, and pain,) and five signs (dryness, cracking, scaling, 

shedding/flaking, redness, and bleeding) with a summary score between 0 and 100. 

Hospital Anxiety and Depression Scale (HADS) 

The HADS is a 14-item scale that scores anxiety and depression.  Seven items are related to anxiety 

and seven are related to depression.  Each item is scored 0 to three to generate anxiety or 

depression scores of 0 to 21, with higher scores indicting more anxiety or depression.  A score 

above eight is a generally-used cutoff indicating a possible diagnosis of anxiety or depression.  The 

HADS is used for screening only and does not represent a clinical diagnosis.   

Work Productivity and Activity Impairment (WPAI) 

The WPAI consists of six questions about current employment and, in the past seven days, hours 

missed due to health problems, hours missed for other reasons, hours worked, productivity 

ƛƳǇŀƛǊƳŜƴǘ ŀǘ ǿƻǊƪ όάǇǊŜǎŜƴǘŜŜƛǎƳέύΣ ŀƴŘ ǇǊƻŘǳŎǘƛǾƛǘȅ ƛƳǇŀƛǊƳŜƴǘ ƛƴ ǳƴǇŀƛŘ ŀŎǘƛǾƛǘƛŜǎΦ  wŜǎǳƭǘǎ ŀǊŜ 

reported on a percentage scale from 0 to 100 in four domains: percent work time missed due to 

health; percent impairment while working; percent overall work impairment; and percent 

impairment due to health. 

Worker Productivity Index (WPI) 

The WPI combines an objective absenteeism measure and a subjective presenteeism (i.e., attending 

work while ill) meŀǎǳǊŜ ƛƴǘƻ ŀ ƳŜŀǎǳǊŜ ƻŦ άǘƻǘŀƭ ƭƻǎǘ ƘƻǳǊǎ ǇŜǊ ǿŜŜƪΦέ 
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Work Limitations Questionnaire (WLQ) 

The WLQ is a self-administered instrument of 25 items, which measures four domains of work 

limitations, including physical, time management, mental-interpersonal, and output demands.81 

Visual Analog Scale-productivity 

Although more frequently used in arthritis patients, the VAS-productivity scale can also be used to 

measure work productivity in psoriasis.  VAS-productivity is measured on a 0-10 scale, indicating no 

impact to severe impact on productivity at school, home, or work. 

 

1.4 Insights Gained from Discussions with Patients and Patient Groups 

In the development of the 2016 report,25 ICER had conversations with and received input from 

patient advocacy groups, including the National Psoriasis Foundation, and individual patients.26  

These conversations highlighted the shortcomings associated with clinical trial outcomes in many 

studies of psoriasis therapies, frustrations with the healthcare system, as well as the social, 

emotional, and financial impact of psoriasis. These issues were presented by the National Psoriasis 

Foundation at the ICER public meeting on the topic.27,25 

Certain aspects of research into psoriasis are not patient-centered.  Many of the tools developed to 

measure outcomes were not developed in patient-centered perspective, and psoriasis-specific 

patient-centered outcome measures are limited (although the Psoriasis Symptom Inventory [PSI] 

and the Psoriasis Disability Index [PDI] are being used; see below).  At an FDA meeting in 2017 on 

Patient-Focused Drug Development for Psoriasis, patients rated flaking/scaling and itching as a 

having a more significant impact on their quality of life than the rash itself.82  Simple body surface 

area (BSA) measurements of psoriasis involvement do not consider the greater effect that lesions in 

particular areas ςsuch as the nails, genitals, scalp, face, flexural areas, palms, and soles of the feetτ 

ƘŀǾŜ ƻƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΦ  tŀǘƛŜƴǘǎ ŀƭǎƻ ǇƻƛƴǘŜŘ ƻǳǘ ǘƘŀǘ ŀverage treatment responses 

described in clinical trials may not capture individual patient variability.   

Up to half of patients are dissatisfied with their psoriasis treatment.51,83 Dissatisfaction may be due 

to the unpredictable effectiveness of many agents to treat psoriasis, poor tolerability, lack of 

durable response, and lack of access to medications because of coverage restrictions or costs.51 

Patients also expressed frustration with misdiagnoses and delayed diagnoses.  The time from onset 

to diagnosis for plaque psoriasis averages two years.  A psoriasis diagnosis may be delayed even 

further in those with darker skin tones.   

In addition to delayed diagnosis, racial and ethnic minorities appear to have a higher prevalence of 

psoriasis, more severe disease, more common misdiagnosis, and more frequent non-treatment; 

they are less likely to be included in clinical trials.  Furthermore, in a Medicare population, black 
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patients were 70% less likely to have received biologics for their psoriasis compared to white 

patients.84 

For all patients, treatments for plaque psoriasis may be challenging.  It can be difficult to apply 

topical therapies, especially when the affected area involves the scalp or covers a large part of the 

body.  Therapies can also be inconvenient to use; some require multiple injections on a daily or 

weekly basis, especially initially, during induction.  Patients need to consider time and travel for 

administration of phototherapy and infused therapy.  Psoriasis is a chronic disease that requires 

management over a lifetime, potentially during the treatment of other chronic conditions, including 

cancer. 

Psoriasis affects social functioning.  Patients with psoriasis often feel the need to make different 

clothing choices to hide psoriatic skin.  Patients with psoriasis may moderate choices of activities, 

such as swimming.  Because of different clothing choices, the manifestations and difficulties faced 

by people with psoriasis may not be visible to others.  Children with psoriasis, especially teens, face 

teasing, bullying, and shunning because of the visible effect of the disease.  Many find that some 

people seeing the lesions conclude the patient has a communicable disease.   

Plaque psoriasis has both psychological and emotional effects.  The psychological impact of severe 

psoriasis is comparable to that of diabetes or depression.85 Psoriasis is associated with a higher 

likelihood of having depression, anxiety, and suicidal ideation.52,86 Some patients reported somatic 

manifestations of psychiatric disease or emotional difficulties, including GI symptoms and 

hypertension.   

Patients are concerned about lack of access to treatment because of inadequate insurance 

coverage, out of pocket costs, and future availability of drugs to treat their disease.  About half of 

patients with psoriasis are either undertreated or not treated,83 and one of the main reasons is the 

cost of therapy.  Patients are frustrated that they are being forced to start treatment with less 

efficacious medicatioƴǎ ŘǳŜ ǘƻ ƛƴǎǳǊŀƴŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ άǎǘŜǇ ǘƘŜǊŀǇȅέ ǘƘŀǘ ƳŀƴŘŀǘŜǎ ǳǎŜ ƻŦ 

άǇǊŜŦŜǊǊŜŘ ƳŜŘƛŎŀǘƛƻƴǎέ ŦƛǊǎǘΦ  Patients are also frustrated by a lack of clarity in the exception 

process and timing in many plans, reporting that their physicians are not always sure how to get 

through a step therapy process even when that patient is an appropriate candidate to move on to a 

more advanced treatment.  In addition, switching insurance or within-plan coverage changes might 

require movement to another step therapy approacƘΣ ǿƘƛŎƘ ƻŦǘŜƴ ǊŜǉǳƛǊŜǎ ǇŀǘƛŜƴǘǎ ǘƻ άǎǘŀǊǘ ƻǾŜǊέ 

with previously-tried medications.  Patients are anxious that individual drugs will stop working for 

them and want access to alternatives.  Another source of frustration is that coverage decisions for 

biologics often seem to be dictated by other autoimmune conditions, like rheumatoid arthritis, 

which is a listed indication for many of the drugs of interest for this review.   
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1.5. Potential Cost-Saving Measures in Psoriasis 

As described in its Final Value Assessment Framework for 2017-2019, ICER will now include in its 

reports information on wasteful or lower-value services in the same clinical area that could be 

reduced or eliminated to create headroom in health care budgets for higher-value innovative 

services (for more information, see https://icer-review.org/final-vaf-2017-2019/).  ICER encourages 

all stakeholders to suggest services (including treatments and mechanisms of care) currently used 

for people with psoriasis that could be reduced, eliminated, or made more efficient.  

We did not receive any suggestions in response to the final scoping document or draft report.  We 

also did not identify recommendations specific to the management of plaque psoriasis from 

professional organizations such as Choosing Wisely, the American Academy of Dermatology, or the 

US Preventive Services Task Force.  

  

https://icer-review.org/final-vaf-2017-2019/
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2. Summary of Coverage Policies and Clinical Guidelines 

2.1 Coverage Policies 

We analyzed insurance coverage for treatment options for patients with moderate-to-severe 

plaque psoriasis in six New England state Medicaid programs, and 13 silver-tiered insurance plans 

on individual marketplaces across New England.  Formularies and prior authorization criteria were 

obtained from documentation on plan sites as reference documents for the specific marketplace 

plans under review.  This plan survey does not necessarily present a weighted representation of 

drug availability for members on individual market plans in New England.  Rather, the survey 

presents differences in big and small regional plans and how they may design their formularies 

differently based on their size.  A complete listing of plans surveyed, and key formulary designs, are 

included as tables in Appendix H. 

Across all plans, we analyzed formulary exclusions, preferred agents, benefit design, and step 

protocols.  All plans required an initial trial or contraindication to systemic therapy such 

methotrexate or phototherapy.  After the trial with systemic therapy, all plans covered at least one 

TNFh  inhibitor as a preferred agent; nearly half of plans covered an IL-17 as preferred; and over 

two-thirds of plans covered either an IL-17 or an IL-12/23 therapy as a preferred therapy.  Preferred 

therapies still required prior authorization and required a trial of systemic therapy but had lower 

cost-sharing than their non-preferred counterparts.  Certain non-preferred therapies, such as 

ixekizumab, guselkumab or apremilast, often required trials of systemic therapy, followed by one, 

two, or three other specialty medications, before gaining access to the drug therapy.  Some non-

preferred therapies required up to five trials with other drug therapies for treating moderate-

severe psoriasis.  Our analysis of formulary designs is summarized in Table 2.1 below. 

Importantly, it appears that a marked shift in coverage policy has occurred since our 2016 review.  

At that time, TNFh inhibitors were the only preferred agents in nearly all plans, and most insurers 

required patients to step through adalimumab and/or etanercept before attempting treatment with 

an agent from another class.  In fact, in our 2016 analysis, only two plans offered secukinumab and 

ustekinumab as preferred drug therapies for treatment.  In 2018, the landscape has shifted so that 

nearly two-thirds of plans surveyed offer at least one other preferred agent outside the TNFh  

inhibitor class. 

Still, newer agents, such as brodalumab and guselkumab, remain unlikely to be covered; and 

apremilast and ixekizumab are most likely to see several step requirements.  Table 2.1 presents key 

findings from our survey of commercial plans. 
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Medicaid 

A few New England Medicaid programs have also evolved in their coverage policies since our 

analysis in 2016.  Five of the six states continue to prefer adalimumab and etanercept on their drug 

list.  However, two states ς Vermont and Maine ς added secukinumab to their list of preferred 

drugs after treatment failure with adalimumab.  Coverage policies for New England state Medicaid 

programs are summarized in Appendix H in Table H2.  

 

Formulary Survey commissioned by National Psoriasis Foundation  

A survey conducted by Avalere for the National Psoriasis Foundation found that formulary coverage 

for targeted immunomodulators fell between 2015-2017, with increased utilization management 

and cost sharing.87 The analysis evaluated formularies for both public and private payers. For 

employer sponsored plans, coverage fell slightly from 88% in 2015 to 84% in 2017; however, in 

general, therapies were placed on specialty tiers with higher cost sharing and had more restrictions 

on use.  According to the study, coverage for targeted immunomodulators on Medicare plans fell 

more drastically from 60% in 2015 to 40% in 2017.  On the exchange market, coverage fell, and co-

insurance for therapies averaged 37%, representing the growing out-of-pocket burden on patients.  

On Medicaid formularies, drug therapies were more likely to be listed as non-preferred.  These 

figures may be informed by the availability of more therapeutic options in each class, contributing 

to more within class competition that allow for exclusions; it may also reflect a general shift by 

insurance companies to employ more utilization management and more cost-sharing burdens for 

patients who need branded drugs.  Still, it is clear from the survey that patients are feeling more of 

a cost burden when seeking treatment for psoriasis. 
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Table 2.1. Benefit Design for Treating Moderate-Severe Plaque Psoriasis across New England Commercial Payers**  

 

      # of Step edits   

  % of Plans Excluding 
Drug from Coverage 

% of Plans Covering 
Drug under Medical 

Benefit 

0 1 2 3+ % of Plans 
Covering as 
Preferred 
Agents 

¢bCʰ ƛƴƘƛōƛǘƻǊǎ  

etanercept 0% 0% 92% 8% 0% 0% 92% 

infliximab 0% 54% 23% 8% 15% 0% 38% 

adalimumab 0% 0% 100% 0% 0% 0% 100% 

certolizumab pegol Approved for psoriasis in May 2018; Not included on formularies for treating psoriasis at the time of survey. 

IL-17 

secukinumab 0% 0% 46% 23% 31% 0% 38% 

ixekizumab 38% 0% 0% 38% 38% 13% 13% 

brodalumab* 54% 0% 0% 0% 33% 0% 0% 

IL-12/23 

ustekinumab 15% 23% 55% 27% 0% 0% 73% 

IL-23 

guselkumab* 69% 0% 0% 25% 25% 0% 25% 

risankizumab Investigational; Submitted to the FDA in April 2018 

tildrakizumab Tildrakizumab was approved in March 2018; formulary status currently unknown 

PDE-4 

Apremilast*  31% 0% 22% 44% 11% 0% 33% 

* brodalumab, guselkumab, and apremilast had incomplete information on step criteria. 
** Survey was conducted in March 2018 
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2.2 Clinical Guidelines & Statements on Managing Care 

From the Medical Board of the National Psoriasis Foundation: Treatment Targets for Plaque 
Psoriasis 
http://www.jaad.org/article/S0190-9622(16)30909-4/pdf 

In February 2017, the National Psoriasis Foundation published a paper in the Journal of the 

American Academy of Dermatology (JAAD) encouraging clinicians to establish treatment targets for 

their patients with plaque psoriasis in order to monitor disease progression and evaluate patient 

response to drug interventions.  Based on consensus among dermatologists, and patient focus 

groups, they recommend that dermatologists measure body surface area (BSA) as the most 

practical outcome for monitoring response to treatment.  The panel of experts defined an 

acceptable treatment response to a medical intervention within three months as BSA of 3% or less; 

or 75% improvement from baseline.  Over maintenance therapy every six months, they suggested a 

treatment target of BSA 1% or less.  In their discussion, the authors recognized the barriers to care 

in a real world setting and encouraged payers to improve accessibility to therapeutic options in 

order to help patients achieve treatment success.  They do not suggest any specific drugs or 

sequencing of drug therapies as that is not the intended purpose of these treatment goals.  Rather 

the purpose is to encourage a paradigm shift in care strategy to improve health outcomes. 

American Academy of Dermatology 
https://www.aad.org/practice-tools/quality-care/clinical-guidelines/psoriasis 
 
The American Academy of Dermatology (AAD) were published in 2011 and precede FDA approval of 

secukinumab, ixekizumab, and apremilast.   

The AAD guidelines recommend that patients with limited disease be treated with topicals and/or 

targeted phototherapy.  They do not recommend treating patients with limited disease with 

systemic therapies that have higher levels of risk.  Methotrexate, for instance, carries the risk of 

hepatotoxicity, is contraindicated for several conditions, and can have drug interactions.  For 

extensive disease, the guidelines recommend treatment with topical treatments, phototherapy, 

systemic therapies, and biologics, but do not prioritize among the targeted immunomodulators 

(biologics) available at the time they were written.  The AAD is preparing an update to their 

guideline specific to combination therapy for 2018. 

NICE Guidelines 
https://www.nice.org.uk/guidance/cg153?unlid=389990376201651723735 
 
The UK National Institute for Health and Care Excellence (NICE) reviewed therapies and offered 

guidance for treatment.  The guidelines were most recently updated in September 2017.  NICE 

http://www.jaad.org/article/S0190-9622(16)30909-4/pdf
https://www.aad.org/practice-tools/quality-care/clinical-guidelines/psoriasis
https://www.nice.org.uk/guidance/cg153?unlid=389990376201651723735
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recommends progression from topical (mostly steroid) to systemic non-biologic therapy such as 

phototherapy, methotrexate or cyclosporine before moving on to treatment with a targeted 

immunomodulator.  After failure of non-biological treatment, they recommend a trial period of 

etanercept, ixekizumab, or secukinumab for 12 weeks; or adalimumab or ustekinumab for 16 

weeks.  Treatment response is considered a 75% improvement from baseline in the PASI.  NICE also 

recommends secukinumab if a discount is available from the company.  Infliximab is recommended 

after failure of first-line treatment for those patients with very severe psoriasis, which they define 

as a PASI >20 and a DLQI of more than 18.  In October 2016, NICE released a new determination 

recommending apremilast for severe disease if systemic therapy fails to achieve treatment 

response and apremilast is provided at a discount.    

European Guideline on Systemic Treatment of Psoriasis Vulgaris, 2017 Update 
http://www.euroderm.org/edf/index.php/edf-guidelines/category/5-guidelines-
miscellaneous?download=79:psoriasis-update-2017-incl-grade-tables 
 
An expert European panel updated their 2015 guidelines with an addendum in September 2017.  

They stated that systemic treatments have many unwanted side effects and toxicity but should be 

first-line therapy.  If phototherapy and older systemic agents are ineffective, contraindicated, or not 

tolerated, they recommended treatment with TNF-  hinhibitors or secukinumab.  Ustekinumab and 

apremilast were recommended as second-line therapy.  Ixekizumab, brodalumab, and guselkumab 

were not included in the review. 

British Association of Dermatologists Guidelines for Biologic Therapy for Psoriasis 2017 
https://onlinelibrary.wiley.com/doi/epdf/10.1111/bjd.15665 
 
In their 2017 guidelines, the British Association of Dermatologists updated treatment guidelines for 

biologics, recommending first line treatment with systemic therapy, unless not well tolerated or 

contraindicated; or moving directly to biologic treatment if the patient has either a BSA or PASI 

score of >10 or has severe localized psoriasis associated with functional impairment.  As first line 

biologic treatment, they recommend ustekinumab, adalimumab (especially for patients with 

psoriatic arthropathy), and secukinumab.  For second line treatment, they do not recommend a 

particular treatment.  However, they suggest reserving treatment with infliximab for patients with 

severe disease when other biologics are ineffective.  When biologic therapy fails, they suggest 

supplementing treatment with lifestyle interventions, systemic therapy, alternative biologic 

therapy, or alternative methods of administration of therapy.  The guidelines also make 

recommendations for when to escalate dosage based on inadequate response and how to 

transition between biologic therapy.  

https://www.nice.org.uk/guidance/GID-TA10084/documents/final-appraisal-determination-document
https://www.nice.org.uk/guidance/GID-TA10084/documents/final-appraisal-determination-document
http://www.euroderm.org/edf/index.php/edf-guidelines/category/5-guidelines-miscellaneous?download=79:psoriasis-update-2017-incl-grade-tables
http://www.euroderm.org/edf/index.php/edf-guidelines/category/5-guidelines-miscellaneous?download=79:psoriasis-update-2017-incl-grade-tables
https://onlinelibrary.wiley.com/doi/epdf/10.1111/bjd.15665
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3. Comparative Clinical Effectiveness  

3.1 Overview 

To inform our analysis of the comparative clinical effectiveness of targeted immunomodulators for 

moderate-to-severe chronic plaque psoriasis, we abstracted evidence from available clinical studies, 

whether in published, unpublished, or abstract form.  The drugs and regimens of interest are 

included in Table 1.1.  

We included evidence from placebo-controlled trials, but concentrated on evidence about the 

comparative clinical effectiveness of these treatments compared to each other.  Our review focused 

on key clinical outcomes common to plaque psoriasis trials, as well as symptoms and burdens of 

psoriasis that are not well-captured by standard trial outcomes.   

o Clinical Benefits  

o Trial Outcomes 

Á Psoriasis Area and Severity Index (PASI): 50, 75, 90, 100 

Á tƘȅǎƛŎƛŀƴ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘ όtD!ύ ƻǊ LƴǾŜǎǘƛƎŀǘƻǊΩǎ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘ όLD!ύ 

o Patient-Reported Outcomes 

Á Dermatology Life Quality Index (DLQI) 

Á Other measures of health-related quality of life (e.g., Short Form [SF]-36) 

Á Symptom control (e.g., Visual Analog Scale [VAS], Psoriasis Symptom 

Inventory [PSI]) 

o Harms 

Á Treatment-related adverse events (e.g., rate of infections) 

Á Treatment tolerability (i.e., discontinuation due to adverse events) 

 

3.2 Methods 

Data Sources and Searches 

Procedures for the systematic literature review assessing the evidence on targeted 

immunomodulators for moderate-to-severe plaque psoriasis followed established best methods 

used in systematic review research.88 We conducted the review in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.89 The PRISMA 

guidelines include a checklist of 27 items, further details of which is available in Appendix Table A1. 

Since this was an update of the review conducted in 2016, we searched MEDLINE, EMBASE, and 

Cochrane Central Register of Controlled Trials for relevant studies from the date of the last search 

(June 28th, 2016) to January 2, 2018 to update the evidence on the drugs included in the 2016 
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review (Appendix A).  For the four new drugs added to the current review (guselkumab, 

tildrakizumab, risankizumab and certolizumab pegol), our search of the electronic databases 

spanned from January 1996 to January 2, 2018 (Appendix A).  We limited each search to English 

language studies of human subjects and excluded articles indexed as guidelines, letters, editorials, 

narrative reviews, case reports, or news items.  To supplement the above searches and ensure 

optimal and complete literature retrieval, we performed a manual check of the references of recent 

relevant reviews and meta-analyses.  Other grey literature sources included submissions from 

manufacturers of psoriasis therapies that were not otherwise publicly available, as well as data 

recently presented during the American Academy of Dermatology conference from February 16-20, 

2018. 

Study Selection 

We included evidence from randomized controlled trials (RCTs), comparative observational studies, 

and high-quality systematic reviews where available.  We excluded single-arm studies and studies 

from an early clinical development phase (i.e., Phase I).  We included phase II studies only if they 

evaluated unique subpopulations or outcomes not otherwise available in Phase III data.  Finally, we 

did not include studies that evaluated targeted immunomodulators as part of combination 

treatment. 

In recognition of the evolving evidence base for psoriasis, we supplemented our review of published 

studies with data from conference proceedings, regulatory documents, information submitted by 

manufacturers, and other grey literature that met ICER standards for review (for more information, 

see http://icer -review.org/methodology/icers-methods/icer-value-assessment-framework/grey-

literature-policy/).  We excluded abstracts which reported duplicative data available in published 

articles or reported results from observational studies since it would be difficult, if not impossible, 

to evaluate the methodological quality of these studies.  We also did not include any outcomes 

from conference proceedings or regulatory documents on the TNF-  htherapies given that these 

treatments have been available for at least a decade and primarily have peer-reviewed data 

available. 

Data Synthesis and Statistical Analyses 

Data were abstracted and summarized into evidence tables for all outcomes (see Appendix B, 

Tables B1-B3) and are synthesized in the text below.  In addition, because the treatments of interest 

have usually not been directly compared, we developed quantitative, indirect comparisons among 

all agents using a Bayesian network meta-analysis (NMA) for the PASI outcome.  Consistent with 

prior published methods,90 PASI 50,75 and 90 response outcomes from clinical trials were tabulated 

to create numbers of patients in mutually exclusive categories (i.e., <50, <75, 50-74,75-89, җ90); 

these data were analyzed using a random-effects, multinomial likelihood model to generate 

proportions of patients in each category.  An adjusted model was specified with a covariate for 

http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/
http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/grey-literature-policy/
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placebo response rate which was assumed to be common across all treatments and provided a 

control for known and unknown differences between study populations.   

The NMA was conducted using JAGS software (version 4.3.0) via R using the R2jags package.91 

Criteria for trial selection, statistical methods and R code are detailed in Appendix F. 
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Assessment of Level of Certainty in Evidence 

We used the ICER Evidence Rating Matrix (see Figure 3.1) to evaluate the evidence for a variety of 

outcomes. The evidence rating reflects a joint judgment of two critical components: 

a) The magnitude ƻŦ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ŀ ǘƘŜǊŀǇŜǳǘƛŎ ŀƎŜƴǘ ŀƴŘ ƛǘǎ ŎƻƳǇŀǊŀǘƻǊ ƛƴ άƴŜǘ 

health beƴŜŦƛǘέ ς the balance between clinical benefits and risks and/or adverse effects AND 

b) The level of certainty in the best point estimate of net health benefit.92 

 

Figure 3.1. ICER Evidence Rating Matrix 

 

 

http://www.icer-review.org/wp-content/uploads/2013/04/Rating-Matrix-User-Guide-Exec-Summ-FINAL.pdf
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3.3 Results 

Study Selection 

Our updated literature search identified 1,781 potentially relevant references (see Appendix A), of 

which 45 references, relating to 17 RCTs and two observational studies (30 publications and 14 

abstracts/conference presentations) met our inclusion criteria.  In addition, we included all 80 

references relating to 36 individual RCTs and eleven observational study from the previous review.25  

In total, we included 125 references of 53 RCTs and 13 observational studies.  Primary reasons for 

study exclusion included the evaluation of study populations or outcomes related specifically to 

patients with psoriatic arthritis, other types of psoriasis (e.g., erythrodermic), or psoriasis specific to 

a location (e.g. genital psoriasis, nail psoriasis) and non-comparative study design.  Ustekinumab 

and the TNF-  htherapies were the only treatments for which we found comparative observational 

data that met our inclusion criteria.  Additional details of the included references are described in 

Appendix B, and the key studies are summarized in Table 3.1. 

Quality of Individual Studies 

As noted in the previous review, all the identified trials were rated to be of good or fair quality using 

criteria from U.S. Preventive Services Task Force (USPSTF).28   We rated 13 of the newly identified 

trials, of which ten were Phase III, to be of good or fair quality using the same criteria.  Trials of 

good quality had study arms that were comparable at baseline, the authors used valid instruments 

to evaluate outcomes, and no differential attrition was observed.  Fair quality studies typically used 

modified intention-to-treat (mITT) as the primary method of analysis.  We did not assign a quality 

rating to the remaining Phase III trials (three risankizumab trials and one head-to-head trial 

between secukinumab and ustekinumab) that were only available in the grey literature.   

Included Studies 

Of the 53 individual RCTs, we identified 48 key trials (47 Phase III trials and one investigator-

initiated trial), while the remaining five were Phase II trials that presented data on subpopulations 

of interest.  Fourteen of the of the 48 key trials are newly identified trials, of which 10 relate to the 

four new drugs of interest (three on certolizumab pegol; three on risankizumab; two on 

guselkumab; and two on tildrakizumab), and the remaining four relates to new studies on five drugs 

in the 2016 review (adalimumab, infliximab, head-to-head between infliximab and etanercept and 

head-to-head between secukinumab and ustekinumab).  

We identified six head-to-head trials on the new drugs: etanercept versus (certolizumab pegol 

[CIMPACT] and tildrakizumab [RESURFACE 2]); ustekinumab versus risankizumab [ULTIMMA 1 & 2]; 

and adalimumab versus guselkumab [VOYAGE 1 and 2].  All six studies included a placebo-

controlled arm. 
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In addition, we included ten head to head trials on the previously reviewed drugs: etanercept 

versus (ustekinumab [ACCEPT], secukinumab [FIXTURE], ixekizumab [UNCOVER 2 and 3], and 

infliximab [PIECE]); ustekinumab versus (brodalumab [AMAGINE 2 and 3], secukinumab [CLEAR], 

secukinumab [CLARITY] and ixekizumab [IXORA-S]).  Five of these studies (ACCEPT, CLEAR, CLARITY, 

IXORA-S, and PIECE) did not include a placebo arm.   

All the key trials were Phase III, multicenter, double-blind, RCTs, except for the PIECE trial 

(etanercept versus infliximab) and the active comparator arms of the CIMPACT trial (etanercept 

versus certolizumab pegol).  PIECE was an investigator initiated multicenter single-blind study, while 

the CIMPACT was a Phase III, multicenter, double-blind RCTs with a single-blinded active 

comparator arms.  Many of the trials removed blinding following the induction period, and some 

also re-randomized patients to different treatment groups and measured outcomes at various 

timepoints, making it difficult to evaluate the comparative durability of effect and harms across 

therapies beyond the induction phase.  Most studies required washout of prior therapies and 

prohibited concurrent use of these treatments throughout the trials.  Study populations had similar 

ƛƴŎƭǳǎƛƻƴ ŎǊƛǘŜǊƛŀ όҗму ȅŜŀǊǎ ƻƭŘΣ .{! җмл҈Σ t!{L ǎŎƻǊŜ җмнΣ ±PGA/IGA җ 3, җс ƳƻƴǘƘǎ ƻŦ ǇƭŀǉǳŜ 

psoriasis diagnosis, and were candidates for phototherapy or systemic therapy. 

Studies were comparable with respect to age (range of means: 39-50 years, median: 45) and 

duration of psoriasis (range of means: 11-22 years, median: 18).  Across all studies, an average of 

21% of patients (range of means: 3% to 37%) had psoriatic arthritis at baseline and an average of 

16.5% (range of means: 0% to 57%) of patients received prior biologic therapy.  Of note, fewer 

patients were generally biologic-experienced in the studies of the older TNF-  hdrugs relative to the 

newer therapies (Median 0% vs 16.5%).  Baseline PASI scores across trials ranged from 15 to 33 

(median: 20).  Given potential between-trial heterogeneity, we adjusted for the placebo response 

rate in our network meta-analysis which, to some degree, accounts for baseline patient differences 

between studies as well as possible unknown confounders.  In addition, we also conducted a 

subgroup scenario analysis in our network meta-analysis adjusting for other baseline variations such 

as prior biologic exposure; the details and results of this analysis are discussed in Appendix F. 

Subgroups 

In the 2016 report, several populations were identified as being of special interest to stakeholders 

as described in the subgroups section of this report. 25  We have updated the analyses for these 

subgroups for the present report (see Appendix E).  The characteristics of these subgroups are as 

follows: 

Asian Studies: We separately considered and described the outcomes in seven trials (five phase III 

and two phase II) that were conducted exclusively in Asia (i.e., Japan, Korea, China, and Taiwan), 

plus a subgroup analysis of the ERASURE study.  These trials were generally smaller (with the 

exception of LOTUS, n=322)93 with patients who had a briefer duration of psoriasis (Median: 15 
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years vs. 18 years from other studies), higher PASI score (Median: 28 vs. 20 in the other studies), 

less prior experience with biologic therapy (proportion of previous biologics, median: 0% vs. 21% in 

other studies) and lower BMI. We considered the Asian trials as a subgroup because of the 

generally smaller study size and differences in patient characteristics from the worldwide studies. 

Patients with Previous Biologic Therapy Exposure: We also examined subgroups of patients who 

had and had not been previously treated with a targeted immunomodulator.  As noted above, 

fewer patients were biologic-experienced in the studies of the older TNF-  hdrugs relative to the 

newer therapies.  Patients who previously used biologic therapy might be less likely to respond to a 

subsequent targeted immunomodulator.  Thus, we describe the results of 10 trials reporting this 

subgroup analysis below. 

Patients with Psoriatic Arthritis: Because up to a third of patients with psoriasis develop psoriatic 

arthritis, we evaluated subgroup analysis of psoriasis patients with and without psoriatic arthritis.  

Patients with concomitant psoriatic arthritis might have more severe skin disease and might 

respond better or worse to targeted immunomodulators than patients without psoriatic arthritis.   
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Table 3.1. All Phase III Studies (New Studies are Bolded) 

Drug Trials Total 
patients 

Induction 
period 
(weeks) 

PASI, 
(mean) 

Age 
(years) 

Psoriasis 
duration 
(years) 

Previous 
biologics, 
% 

PsA, 
% 

Placebo Controlled Studies with or without Active Comparators 

Adalimumab 94-97 REVEAL 
CHAMPION 
Asahina, 2010Ϟ 
Cai, 2017Ϟ¥  

2,077 16/12 24 44 16 2 20 

Etanercept 98-104 Papp, 2005 
Leonardi, 2003 
Tyring, 2006 
Strober, 2011 
Gottlieb, 2011 
Bagel, 2012 
Bachelez, 2015 

3,775 12 20 44 17 6 25 

Infliximab105-108 EXPRESS I & II 
Yang, 2012Ϟ 

Torii, 2010Ϟ¥ 

1,396 10 23 43 17 8 25 

Certolizumab Pegol¥ 29,30 CIMPASI 1 & 2 
CIMPACTϟ 

1,020 16/12 20 46 18 30 18 

Ustekinumab 93,109-112 PHOENIX 1ϟ & 
2ϟ 
Igarashi, 2012Ϟ 

PEARLϞ 

LOTUSϞ 

2,566 12 23 44 17 25 21 

Secukinumab113-115  FEATURE 
JUNCTURE 
ERASURE 
FIXTURE 

2,403 12 22 45 18 26 20 

Ixekizumab116,117 UNCOVER 1, 2ϟ 
& 3ϟ 

3,866 12 24 46 19 27 NR 

Brodalumab118,119  AMAGINE 1, 2ϟ 
& 3ϟ 

4,373 12 23 45 19 33 22 

Apremilast 120,121 ESTEEM 1 & 2 
LIBERATE 

1,505 16 19 46 19 31 NR 

Guselkumab¥ 31,32 VOYAGE 1ϟ & 2ϟ 1,829 16 22 44 18 21 19 

Tildrakizumab¥ 33 RESURFACE 1 & 
2ϟ 

1, 862 12 20 46 NR 17 NR 

Risankizumab¥ 34 35 UltIMMA-1* & 
2*ϟ, 
IMMhance*ϟ 

1,504 16 20 48 NR 42 NR 

Head-to Head Studies  

Etanercept/ Infliximab¥122 PIECE 48 12 17 44 20 15 11 

Etanercept/Ustekinumab123 ACCEPT 903 12 20 45 19 11 28 

Ustekinumab/ Secukinumab124 CLEAR 679 12 22 45 18 14 19 

Ustekinumab/ Ixekizumab125 IXORA-S 302 12 20 44 18 14 NR 

Ustekinumab/ Secukinumab CLARITY*  1,102 12 21 45 17 22 NR 

*Only available in the grey literature as of June 2018.; ϞAsian population only; ¥New drugs/studies (not in 2016 

review); ϟPlacebo controlled trials with active comparators. 
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Clinical Benefits 

As in the 2016 review, the primary endpoint for most trials was the proportion of patients achieving 

PASI 75 at the end of the induction period.  However, five new trials relating to guselkumab 

(VOYAGE 1 &2) and risankizumab (ULTIMMA 1 & 2, IMMHANCE); and one head-to-head trial 

between ixekizumab and ustekinumab (IXORA-S), and two head-to-head trials between 

secukinumab and ustekinumab [CLEAR and CLARITY] specified PASI 90 as their primary endpoint.  

The duration of the induction period varied by agent: week 10 for infliximab; week 12 for 

etanercept, ustekinumab, secukinumab, ixekizumab, brodalumab, and tildrakizumab; week 16 for 

apremilast, guselkumab, and risankizumab; week 12 or 16 for adalimumab and certolizumab pegol.  

Other clinical outcomes included the proportion of patients meeting additional PASI thresholds 

(e.g., 50, мллύΣ ƻǊ ŀŎƘƛŜǾƛƴƎ ŀ ǎŎƻǊŜ ƻŦ л ƻǊ м όάŎƭŜŀǊŜŘ ƻǊ ƳƛƴƛƳŀƭέύ ƻƴ ǘƘŜ tƘȅǎƛŎƛŀƴ Dƭƻōŀƭ 

Assessment (PGA) or LƴǾŜǎǘƛƎŀǘƻǊΩǎ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘ όLD!ύ, although these were not consistently 

reported.  Patient-reported outcomes, including quality of life, were primarily based on mean 

change or proportion of patients achieving a score of 0 or 1 on the DLQI (indicating very little to no 

disease effect on quality of life); other quality of life instruments, such as the SF-36, were not 

commonly used.  Measures of symptom control, such as VAS scales for itch or skin pain, as well as a 

recently validated tool for assessing symptom control in psoriasis patients (Psoriasis Symptom 

Inventory [PSI]), were infrequently employed. 

All data used in the NMA are based on the FDA-approved or proposed dosing at the end of the 

induction period for each drug with the three exceptions.  First, for secukinumab, while the drug 

label indicates that 150mg may be appropriate for some patients, we included just the 300mg dose 

in our NMA.  Second, although FDA-approved dosing for ustekinumab is weight-based, neither the 

placebo-controlled trials nor the ACCEPT study randomized participants based on weight; other 

direct comparison trials (i.e., IXORA-S, AMAGINE 2 and 3, and CLEAR) assigned patients their 

appropriate weight-based dose.  So, we present the data separately for the ustekinumab doses in 

the description of the placebo-controlled trials and pooled all arms into one for the network meta-

analysis.  Third, the FDA-approved dosing for certolizumab pegol is also weight-based (although, the 

dosing in the trials were random and not weight based).  However, similar to ustekinumab, we 

presented the data separately for the two different doses in the description of the trials and pooled 

all arms into one for the network meta-analysis.  

In addition, although the LIBERATE trial included the approved dose of apremilast, patients in the 

etanercept arm received a maintenance dose (i.e., 50 mg once weekly); the study was also not 

statistically powered to detect differences between the agents.  As such, the PASI outcomes from 

the etanercept arm were not included in the NMA, and only comparison of apremilast to placebo 

are described in the sections that follow. 
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Psoriasis Area Severity Index (PASI)  

PASI  

¶ All targeted immunomodulators showed statistically-significantly higher PASI 75, PASI 90 

and PASI 100 response rates in comparison to placebo at the end of induction (10 to 16 

weeks, depending on agent).   

¶ In direct comparative trials of the new agents, guselkumab was superior to adalimumab; 

tildrakizumab and 400mg certolizumab pegol were superior to etanercept; and 

risankizumab was superior to ustekinumab.  200mg certolizumab pegol was not 

significantly different from etanercept. 

¶ Direct comparative trials of the older agents showed that ustekinumab, secukinumab, 

ixekizumab and infliximab were superior to etanercept; secukinumab, ixekizumab, and 

brodalumab were superior to ustekinumab. 

 

The percentages of patients achieving PASI 75, PASI 90 and PASI 100 response rates at the end of 

the induction period was statistically-significantly greater for all immunomodulators compared to 

placebo.  The range of PASI responses in the intervention and placebo groups across trials for the 

new drugs (guselkumab, tildrakizumab, risankizumab and certolizumab pegol) are shown in Table 

3.2. None of the new agents reported PASI 50.  In individual placebo-controlled RCTs, the 

incremental  proportion of patients achieving PASI 75 above placebo within trials was 61% to 69% 

for certolizumab pegol (three trials); 36,37 78% to 85% for guselkumab (two trials);31,32 56% to 60% 

for tildrakizumab (two trials);33 and 80% for risankizumab (one trial).35 The incremental proportion 

of patients achieving PASI 75 for the other drugs compared to placebo did not change from what 

was previously reported in the 2016 report (see Appendix E, Table E2 for PASI responses on all 

drugs).  

Table 3.2. Placebo-Controlled Trials on New Drugs: Ranges of PASI Response Rates across Trials*  

Treatment PASI 50 PASI 75 PASI 90 PASI 100 

Tx  Placebo  Tx  Placebo  Tx  Placebo  Tx  Placebo  

Certolizumab 
200mg NR NR 67-81 4-12 36-53 0-5 NR NR 

Certolizumab 
400mg NR NR 75-83 4-12 43-55 0-5 NR NR 

Guselkumab 
NR NR 86-91 6-8 70-73 2-3 34-37 1 

Tildrakizumab 
NR NR 62-66 6 35-39 1-3 12-14 0-1 

Risankizumab*  

NR NR 89 8 73-75 2-5  47 1 

Data available only in the grey literature as of June 2018; 
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We identified six head-to-head RCTs on the new drugs, and three of the trials showed statistically-

significant differences between treatments in PASI 75 responses after the induction period (Table 

3.3) Guselkumab was superior to adalimumab in two trials (70% & 73% vs. 47% & 50%, p<0.001); 
31,32 and tildrakizumab was superior to etanercept in one trial (61% vs. 48%; p<0.001). 33  

In the CIMPACT trial, although a higher proportion of patients on 200mg certolizumab achieved 

PASI 75 compared to etanercept at 12 weeks (61% vs. 53%), there was no statistically significant 

difference between the two agents.30 However, the 400mg dose of certolizumab pegol was 

significantly better than etanercept in achieving PASI 75 (67% vs. 53%; p=0.02).30 We found no 

publicly available PASI 75 data for ULTIMMA 1 & 2 (risankizumab vs. ustekinumab), however, PASI 

90 results from these trials were presented in a conference abstract, and risankizumab was shown 

to be superior to ustekinumab in the two trials (ULTIMMA 1: 75% vs. 42%; ULTIMMA 2: 75% vs. 

48%; all p<0.001).35 

Longer term results available on three trials on the new agents showed that guselkumab remained 

superior to adalimumab at week 48 (PASI 90: 76% vs. 48%; p<0.001) in one trial,31  and 

risankizumab remained superior to ustekinumab at week 52 in two trials (PASI 90: 82% & 81% vs. 

44% & 51%, respectively; p<0.001).35 

As noted above, four of the head-to-head trials on the new drugs relating to guselkumab (two trials: 

guselkumab vs. adalimumab) and risankizumab (two trials: risankizumab vs. ustekinumab) specified 

the PASI 90 response as their primary endpoint.  All four showed statistically-significant differences 

between treatments in PASI 90 responses in favor of the new agents (see Table 3.3).  In addition, 

tildrakizumab was also shown to be superior to etanercept.  However, inferential statistical 

comparisons of certolizumab pegol and etanercept was not conducted on PASI 90 response in the 

CIMPACT trial. 

In addition to the above trials, we identified two head-to head trials on the old drugs.  One is an 

investigator initiated head-to-head trial between infliximab and etanercept.  Infliximab was found 

to be significantly different to etanercept in achieving PASI 75 response (76% vs. 22%, p<0.0001),122 

but there was no statistical significant difference between both agents in achieving PASI 90 (see 

Table 3.3).  The other study is a head-to-head trial between secukinumab and ustekinumab 

[CLARITY].  Secukinumab was found to be superior to ustekinumab on both PASI 75 (88% vs. 74%; 

p<0.0001) and PASI 90 (67% vs. 48%; p<0.0001) responses at week 12.126 Findings on the eight 

other head-to-head trials on the other agents included in the 2016 review showed that 

ustekinumab, secukinumab, and ixekizumab were superior to etanercept; and secukinumab, 

ixekizumab, and brodalumab were superior to ustekinumab (see Appendix E, Table E3).  
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Table 3.3. Comparative Trials: PASI Responses  

Trial Treatment PASI 75 p-value PASI 90 p-value PASI 

100 

p-value 

New Drugs 

VOYAGE 1  Adalimumab 73 <0.001 50 <0.001 21 <0.001 

Guselkumab 91 73 37 

VOYAGE 2 Adalimumab 69 <0.001 47 <0.001 17 <0.001 

Guselkumab 86 70 34 

CIMPACT Etanercept 53  

NS 

27.1  

NR 

NR  

NR Certolizumab 200mg 61 31.2 NR 

Certolizumab 400mg 67 0.02 34 NR 

RESURFACE 2 
Etanercept 48 <0.001 21 <0.001 5 <0.001 

Tildrakizumab 61 39 12 

ULTIMMA 1*  Ustekinumab Redact 14 N/A 42 <0.001 12 <0.001 

Risankizumab Redact 11 75 36 

ULTIMMA 2*  Ustekinumab Redact 13 N/A 48 <0.001 24 <0.001 

Risankizumab Redact 15 75 51 

New Evidence on Old Drugs 

PIECE Etanercept 22 0.0 0 0.05 0 NS 

 Infliximab 76  20  4  

CLARITY*  Ustekinumab 74 <0.0001 48 <0.0001 20 <0.0001 

Secukinumab 88 67 38 
*Only available in the grey literature as of June 2018; NR- not reported; See Appendix E for other comparative trials; 

Network Meta-Analysis of PASI Results 

Given the paucity of head-to-head data comparing treatments, we performed indirect comparisons 

of PASI response using Bayesian network meta-analyses (NMAs).  An NMA was felt to be 

appropriate, as the populations of the individual trials were sufficiently similar.  We included all 

identified Phase III trials, including the studies conducted in exclusively Asian populations in the 

NMA.  Further details on our methods, including data input tables, network diagrams, league tables 

of results, and sensitivity analysis can be found in Appendix F.   Briefly, we used a random-effects 

approach.  For the primary analysis, we also adjusted for the placebo response rate in each study to 

account for baseline patient differences between studies (for example, given the baseline severity 

and the proportion of study subjects who previously used a biologic treatment) as well as possible 

unknown confounders. 

Our base case network meta-analysis confirmed our descriptive findings, namely that all 

immunomodulators were significantly more likely to achieve PASI 50, PASI 75, PASI 90 and PASI 100 

responses compared to placebo (see Table 3.4).  All biologics were approximately 9-17 times more 

likely to achieve PASI 75 or better response when compared to placebo, while apremilast was about 

seven times more likely to achieve PASI 75 or better.  
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Results of the head-to-head comparisons were consistent with the direct evidence from the head-

to-head trials, showing that guselkumab was statistically significantly better than adalimumab; 

ixekizumab, secukinumab, infliximab, ustekinumab, certolizumab pegol and tildrakizumab were 

statistically significantly better than etanercept; and risankizumab, ixekizumab, brodalumab, and 

secukinumab were statistically significantly better than ustekinumab (see Tables 3.5). 

On relative effectiveness of the PASI measures (measured as relative risk (RR) of achieving PASI  75 

or 90 responses during induction), two of the anti-IL-23 agents (risankizumab and guselkumab), all 

three IL-17 agents (ixekizumab, brodalumab and secukinumab), and infliximab all had similar 

effectiveness on PASI response.  These agents did not differ statistically, as the likelihood of 

achieving PASI 75 or PASI 90 response included 1.0 (no difference) in the 95% credible intervals (see 

Tables 3.5).  These agents were statistically significantly more effective in terms of PASI 75 and PASI 

90 outcome than adalimumab, ustekinumab 45/90 mg, certolizumab pegol 200/400mg, 

tildrakizumab, etanercept and apremilast.  IƻǿŜǾŜǊΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ŀƭƭ Řŀǘŀ ƻƴ 

risankizumab included in the NMA were obtained from grey literature or data submitted as 

άŀŎŀŘŜƳƛŎ ƛƴ ŎƻƴŦƛŘŜƴŎŜέ ōȅ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊ.  Adalimumab, ustekinumab 45/90 mg, certolizumab 

200mg/400mg, and tildrakizumab did not differ significantly, and all were significantly better than 

etanercept and apremilast.  

We also conducted two subgroup analyses: 1) we assessed multi-national studies separately, by 

excluding all seven Asian studies; and 2) we assessed the biologic experienced studies separately, by 

excluding studies 11 studies that had only biologic naïve patients or had previous biologic exposure 

in less than 5% of their patient population.  The results of the two subgroup analyses were generally 

similar to our base case NMA (see Appendix F), and the relative ranking of the agents were 

preserved, demonstrating that these characteristics did not meaningfully impact our analyses.  

Table 3.4. Relative Risks and Credible Intervals of Treatments Compared to Placebo 

Treatments PASI 50 PASI75 PASI90 

RR 95% CrI RR 95% CrI RR 95% CrI 

Risankizumab*¥ 6.22 4.84 8.14 16.54 12.00 23.47 55.87 37.90 83.87 

Ixekizumab 6.21 4.84 8.18 16.53 11.94 23.32 55.62 37.95 82.83 

Guselkumab¥ 6.18 4.82 8.08 16.27 11.76 22.90 54.01 36.80 80.71 

Brodalumab 6.15 4.79 8.05 16.05 11.63 22.59 52.50 35.51 77.94 

Secukinumab 6.05 4.74 7.87 15.43 11.33 21.42 48.37 33.56 70.40 

Infliximab 5.94 4.70 7.65 14.81 10.97 20.31 44.59 31.37 64.62 

Adalimumab 5.61 4.49 7.17 13.12 9.91 17.67 36.10 26.04 50.76 

Ustekinumab 5.61 4.47 7.13 13.08 9.93 17.48 35.81 26.01 49.70 

Certolizumab¥ 5.54 4.42 7.03 12.74 9.50 17.03 34.28 24.14 48.26 

Tildrakizumab¥ 5.27 4.25 6.66 11.60 8.84 15.50 29.32 21.01 41.40 

Etanercept 4.72 3.92 5.77 9.51 7.60 12.09 21.34 16.54 28.02 

Apremilast 3.83 3.20 4.67 6.74 5.30 8.68 12.79 9.32 17.63 

* Input for NMA was exclusively from unpublished grey literature and supplementary data submitted by the 

manufacturer; ¥New drugs; CrI: credible interval 
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Table 3.5.  Base Case NMA: League Table of PASI 75 Response 

Risankizumab*             

1  

(0.96, 1.05) 
Ixekizumab            

1.02  

(0.96, 1.08) 

1.01  

(0.96, 1.07) 
Guselkumab           

1.03 

 (0.98, 1.09) 

1.03  

(0.98, 1.08) 

1.02  

(0.96, 1.07) 
Brodalumab          

1.07  

(1.02, 1.14) 

1.07  

(1.02, 1.13) 

1.06 

 (0.99, 1.13) 

1.04  

(0.99, 1.1) 
Secukinumab          

1.12 

 (1.04, 1.22) 

1.11  

(1.05, 1.21) 

1.1  

(1.02, 1.2) 

1.09  

(1.02, 1.18) 

1.04  

(0.97, 1.12) 
Infliximab        

1.26  

(1.17, 1.38) 

1.25  

(1.16, 1.38) 

1.24  

(1.15, 1.35) 

1.22  

(1.13, 1.34) 

1.17  

(1.08, 1.28) 

1.12  

(1.03, 1.24) 
Adalimumab       

1.26  

(1.18, 1.37) 

1.26 

(1.18, 1.36) 

1.24  

(1.16, 1.35) 

1.23  

(1.15, 1.32) 

1.18  

(1.11, 1.26) 

1.13 

 (1.05, 1.22) 

1.01 

 (0.93, 1.08) 
UstekinumabϞ      

1.3  

(1.18, 1.47) 

1.29  

(1.18, 1.46) 

1.28  

(1.17, 1.44) 

1.26  

(1.15, 1.41) 

1.21  

(1.1, 1.35) 

1.16  

(1.05, 1.3) 

1.03  

(0.94, 1.15) 

1.03  

(0.94, 1.14) 
Certolizumabϟ     

1.42 

 (1.26, 1.66) 

1.42  

(1.26, 1.66) 

1.4  

(1.24, 1.64) 

1.38  

(1.23, 1.6) 

1.32  

(1.17, 1.54) 

1.27  

(1.12, 1.47) 

1.13 

 (1, 1.31) 

1.13  

(1, 1.29) 

1.1 

 (0.95, 1.27) 
Tildrakizumab    

1.74  

(1.54, 1.98) 

1.74  

(1.55, 1.98) 

1.71 

 (1.52, 1.95) 

1.69  

(1.51, 1.92) 

1.62  

(1.45, 1.82) 

1.55  

(1.4, 1.73) 

1.38 

 (1.25, 1.54) 

1.37  

(1.27, 1.5) 

1.34  

(1.2, 1.5) 

1.22  

(1.07, 1.38) 
Etanercept    

2.44  

(1.98, 3.12) 

2.43  

(1.97, 3.11) 

2.4  

(1.95, 3.03) 

2.37  

(1.92, 3) 

2.28  

(1.85, 2.87) 

2.18  

(1.78, 2.75) 

1.94  

(1.61, 2.4) 

1.93  

(1.6, 2.38) 

1.88  

(1.54, 2.34) 

1.71 

 (1.39, 2.14) 

1.4  

(1.17, 1.71) 
Apremilast  

16.54  

(12, 23.47) 

16.53 

(11.94, 23.32) 

16.27  

(11.76, 22.9) 

16.05  

(11.63, 22.59) 

15.43  

(11.33, 21.42) 

14.81  

(10.97, 20.31) 

13.12 

 (9.91, 17.67) 

13.08 

 (9.93, 17.48) 

12.74 

 (9.5, 17.03) 

11.6 

 (8.84, 15.5) 

9.51  

(7.6, 12.09) 

6.74  

(5.3, 8.68) 
PBO 

Legend: The interventions are arranged from most effective (top left) to least effective (bottom right).  Each box represents the estimated relative risk and 95% credible 
interval for the combined direct and indirect comparisons between two drugs.  Estimates in bold signify that the 95% credible interval does not contain 1. 
*Input for NMA was exclusively from unpublished grey literature and supplementary data submitted by the manufacturer;  
ϞŘƻǎƛƴƎ ōȅ ǿŜƛƎƘǘΤ 
ϟнлл ƳƎ ŀƴŘ плл ƳƎ ŎƻƳōƛƴŜŘ  
PBO: placebo; 
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Physician Globŀƭ !ǎǎŜǎǎƳŜƴǘ ƻǊ LƴǾŜǎǘƛƎŀǘƻǊ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘ ά/ƭŜŀǊκ!ƭƳƻǎǘ /ƭŜŀǊέ 

Physician Global Assessment (PGA) or Investigators Global Assessment (IGA) were generally 

consistent with the PASI results.  All immunomodulators showed statistically significantly higher 

tD! ƻǊ LD! ƻŦ ΨŎƭŜŀǊκŀƭƳƻǎǘ ŎƭŜŀǊΩ ǘƘŀƴ ǇƭŀŎŜōƻ ŀǘ ǘƘŜ ǇǊƛƳŀǊȅ ŜƴŘǇƻƛƴǘ ƻŦ ŜŀŎƘ ǘǊƛŀƭΦ  In head-to-

head trials of the new drugs, guselkumab was superior to adalimumab; and risankizumab was 

superior to ustekinumab.  Tildrakizumab was not significantly different from etanercept. 

Head-to-head trials of the older agents showed that ustekinumab, secukinumab, and ixekizumab 

were superior to etanercept; secukinumab, ixekizumab, and brodalumab were superior to 

ustekinumab. 

All immunomodulators showed statistically significantly higher efficacy on PGA/IGA compared to 

placebo.  Across the trials on the new drugs, the ranges of PGA/IGA response rates were 1% to 9% 

for placebo, 84% to 85% for guselkumab,31,32 55% to 58% for tildrakizumab,33 84% to 88% for 

risankizumab,34,35 and 48% to 72% for 200mg and 400mg certolizumab pegol.29,30 

All six head-to-head RCTs on the new drugs reported IGA or PGA response, of which four found 

statistically significant differences between treatments following the induction period.  The pattern 

of response rates and differences between treatments were similar to those of PASI response.  

Guselkumab had a higher proportion of patients achieve IGA scores of 0/1 than adalimumab in two 

trials (85% vs. 66% in VOYAGE 1 and 84% vs. 64% in VOYAGE 2; p<0.001), 31,32 and risankizumab had 

a higher proportion of patients achieving static PGA (sPGA) in two trials (63% vs. 88% in ULTIMMA 1 

and 62% vs. 84% in ULLTIMMA 2).35 There was no statistical significant difference between 

tildrakizumab and etanercept on the proportion of patients achieving PGA scores of 0/1 at 12 weeks 

(55% vs. 48%; p=0.07).33 The sixth head-to-head trial (CIMPACT) did not report inferential statistical 

comparisons of certolizumab pegol and etanercept on the proportion of patients achieving PGA 

scores of 0/1 at 12 weeks, however, compared to the etanercept arm, the result was numerically 

the same for 200mg certolizumab pegol (39% vs. 39%), and numerically higher for 400mg 

certolizumab pegol (39% vs. 50%).30 

Longer term results showed that guselkumab remained superior to adalimumab at week 48 (IGA 

0/1: 81% vs. 55%; p<0.001) in one trial,31 and risankizumab remained superior to ustekinumab at 

week 52 in two trials (sPGA 0/1: 86% & 83% vs. 54% & 56%, respectively; p<0.001).35  

Findings from the new head-to head trial between infliximab and etanercept (PIECE) showed that 

infliximab had a higher proportion of patients achieving IGA score of 0/1 compared to etanercept 

(68% vs. 9%; p<0.001).122 In addition, the new head-to-head trial between secukinumab and 

ustekinumab showed that a higher proportion of patients on secukinumab achieved IGA score 0/1 

compared to ustekinumab at week 12 (72% vs. 55%; p<0.0001).126 
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As previously reported, evidence on all the other drugs were similar to the PASI responses, and 

showed that ustekinumab, secukinumab, and ixekizumab were superior to etanercept; and 

secukinumab, ixekizumab, and brodalumab were superior to ustekinumab.25  

Dermatology Life Quality Index (DLQI) 

DLQI results were generally consistent with PASI results.  All targeted immunomodulators 

statistically significantly improved quality of life relative to placebo.  In head-to-head trials of new 

agents, guselkumab was superior to adalimumab; and risankizumab was superior to 

ustekinumab.    

Head-to-head trials of the older agents showed that secukinumab and ixekizumab were superior 

to both etanercept and ustekinumab.    

Quality of life was measured in the majority of studies we identified in our search, primarily using 

the DLQI instrument.  As noted in previous report, all targeted immunomodulators statistically 

significantly improved quality of life relative to placebo.25 Some studies evaluated the mean DLQI 

change (MCID: defined as at least a 5-point reduction), others evaluated the proportion of patients 

achieving a DLQI score of 0 or 1 (indicating very little to no effect on quality of life), and some 

evaluated both measures.  

The mean DLQI change was reported on two of the new drugs (certolizumab and guselkumab).  The 

mean absolute difference between these interventions and the placebo group were as follows: 

200mg certolizumab pegol (-5.6 to -8.2; p<0.01),29, 400mg certolizumab pegol (-6.3 to -7.1), 29, 

guselkumab (-8.7 to -10.6; p<0.01).31,32  

We did not identify any data on mean change in DLQI change for tildrakizumab and risankizumab.  

However, we found data on the proportion of patients achieving a DLQI score of 0/1 for these drugs 

in 5 trials.  All trials resulted in a statistically significant greater proportion in favor of the 

intervention compared to placebo.  The absolute differences between these agents and placebo 

were as follows:  tildrakizumab (32% to 37%; p<0.001);33 risankizumab (58% to 63%; p<0.001).34,35  

In addition, the proportion of patients with a score of 0/1 was reported in the guselkumab trials.  

There was also a significant difference in favor of guselkumab compared to placebo (absolute 

difference: 49% to 52%; p<0.001). 

In the head-to-head comparisons, guselkumab achieved a statistically significantly greater 

improvement on DLQI than adalimumab at 16 weeks in two trials; and significantly greater 

proportion of patients on risankizumab achieved DLQI 0/1 compared to ustekinumab (Table 3.6).  

There was no significant difference between tildrakizumab and etanercept at 12 weeks, and no 

head-to-head DLQI evidence was reported between certolizumab pegol and etanercept in 

CIMPACT. 
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As previously reported, head-to-head evidence on the old drugs showed that secukinumab and 

ixekizumab were superior to both etanercept and ustekinumab.  See Appendix E, Table E3 for 

results of the other head-to-head comparisons.  

Table 3.6. DLQI Outcomes Across Direct Comparative Trials 

Trial Drug Mean  

change 

p-value DLQI  

0/1 (%) 

p-value 

VOYAGE 1 Adalimumab -9.3 P<0.001 39 P<0.01 

Guselkumab -11.2 56 

VOYAGE 2 Adalimumab -9.7  

P<0.001 

39 P<0.01 

Guselkumab -11.3 52 

RESURFACE 2 Etanercept NR NR 36 NS 

Tildrakizumab NR 40 

ULTIMMA 1*  Ustekinumab NR NR 43 P<0.001 

Risankizumab NR 66 

ULTIMMA 2*  Ustekinumab NR NR 43 P<0.001 

Risankizumab NR 66 

*Only available in the grey literature; see Appendix E for other comparative trials 

Symptom Control  

Measures of symptom control were inconsistently reported across trials and used a variety of 

instruments.  Guselkumab demonstrated a statistically significant benefit over placebo using PSSD 

measure.   

As noted in our previous report, measures of symptom control were inconsistently reported across 

trials.  In addition, a variety of instruments which includes a single symptom or a group of 

symptoms, were used to assess symptom control.  These instruments include: Psoriasis Symptom 

Inventory (PSI), Psoriasis Symptom Diary (PSD), Psoriasis Symptom and Sign Diary (PSSD), pruritus 

VAS, Pain VAS, scaling etc.   

We identified the two new placebo-controlled trials on guselkumab (VOYAGE 1 &2), assessing the 

improvement from baseline in psoriasis symptom and sign diary (PSSD) score.  Guselkumab resulted 

in significantly greater improvement on PSSD score, compared to placebo at 16 weeks (symptoms 

mean change -41.9 vs -3.0; signs mean change: 44.6 vs. 4.1;all p<0.001),31,127 and significantly 

greater compared to adalimumab at 24 weeks (symptoms mean change: -44 vs. -36; signs mean 

change: -47.2 vs. -40.1; all p<0.001).127 

In addition, new data on one head-to head trial (IXORA-S), showed that mean changes from 

baseline in itch NRS and skin pain VAS, were not significantly different between ixekizumab and 

ustekinumab.  However, ixekizumab-treated patients reported faster improvements than 

ustekinumab-treated patients in itch and skin pain.125 
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Data previously reported on the old agents showed that brodalumab, secukinumab and apremilast 

all demonstrated an improvement in symptom control using one or more of the instrument listed 

above when compared to placebo.25 In addition, head-to-head comparisons showed secukinumab 

to be better than ustekinumab (on itching, pain and scaling relief), and ixekizumab to be better than 

over etanercept VAS-skin pain.25 

Worker Productivity 

Positive effects on productivity were seen in the few studies that measured it.  We found no data 

on productivity on any of the new drugs.   

Very few studies measured worker productivity.  Instruments used to measure productivity in the 

few trials that measured it include: Work Productivity and Activity Impairment (WPAI), Worker 

Productivity Index (WPI), Work Limitations Questionnaire (WLQ). See the Definitions section of the 

report for details about the productivity instruments. 

We found no data on productivity for any of the new drugs. 

In the previous report, data was found on four agents (adalimumab, infliximab, ustekinumab and 

apremilast), and all showed significant improvements compared to placebo using different 

measures of productivity.25 In addition, findings from head-to-head trials showed that ixekizumab 

demonstrated a statistically significant improvement over etanercept using WPAI and work 

productivity loss; and secukinumab was statistically significantly better than ustekinumab in 

reducing presenteeism, work productivity loss and activity impairment on the WPAI. 

Sexual Function 

Very few studies reported sexual function as an outcome.  We found no data on sexual function 

on any of the new drugs.   

We identified no data on sexual function for any of the new drugs. 

In the previous review we identified two abstracts of head to head studies that included data 

showing superiority of ixekizumab over etanercept and secukinumab over ustekinumab; 128,129  and 

one published pooled analysis showed superiority of secukinumab over etanercept.  130 

Subgroup Analyses 

Limitations in the evidence base preclude determining whether there are meaningful differences 

in effectiveness within the subgroups of interest.  Outcomes were statistically significantly in 

favor for all the agents available for review relative to placebo across subgroups. 
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As previously mentioned, three subgroups were identified as being of particular interest to 

stakeholders: patients with psoriatic arthritis; patients who have or have not previously received 

biologic agents; and studies that were conducted in Asia.  Detailed discussions of these analyses are 

available in the Appendix E. 

Harms 

Severe or serious adverse events were rare during treatment.  Nasopharyngitis, upper respiratory 

tract infections, and headaches were the most common side effects noted during the trials of 

guselkumab, tildrakizumab, tildrakizumab and certolizumab pegol.  There was no indication of 

increased rates of serious infections, malignancies, and major cardiovascular events for any of the 

agents. 

 

Adverse Events During Induction 

Common aŘǾŜǊǎŜ ŜǾŜƴǘǎ ό!9ǎύ ǘƘŀǘ ƻŎŎǳǊǊŜŘ ƛƴ җр҈ ƻŦ ǇŀǘƛŜƴǘǎ as well as specific AEs of interest in 

the guselkumab, tildrakizumab, risankizumab, and certolizumab trials are shown as trial-weighted 

averages in Table 3.7 (see Appendix E, Table E5 for all agents).  We had limited data on the AEs 

occurring in the unpublished risankizumab trials.   

Most adverse events were mild or moderate.  Severe or serious adverse events, death, and AEs 

leading to discontinuation were rare and generally comparable between the treatment and placebo 

groups.  The most common AEs noted during clinical trials included mild infections (e.g. 

nasopharyngitis, upper respiratory tract infections, etc.); injection site reactions for subcutaneously 

administered drugs, headache; and nausea.  There was no evidence of increased risk of serious 

infections or malignancies in the placebo-controlled trials.  Incident rates of candidiasis and other 

opportunistic infections were reported to be low and comparable between groups in all trials.  

There were no reports of tuberculosis, demyelinating disease, or lymphoma in these trials.  We also 

did not find differences in risk of major adverse cardiac events (MACE).  Of note, five of the agents 

included in our review have boxed warnings included in their FDA label: All TNF-  htherapies 

(adalimumab, etanercept, infliximab, and certolizumab pegol) have boxed warning for serious 

infections and malignancy based on findings from rheumatoid arthritis trials, while brodalumab has 

a boxed warning for suicidal ideation and behavior based on finding from psoriasis clinical trials 

(AMAGINE 1 & 2).38 

The types and patterns of AEs reported for these agents at longer timepoints (48-52 weeks) were 

similar to those reported during the placebo-controlled periods.  In addition, comparative trials 

reported generally similar rates and types of AEs.  At 48 weeks in VOYAGE 1, proportion of patients 

with AEs (74% vs. 75%), AEs leading to discontinuation (3% vs. 4%) and serious AEs (5% vs. 5%) were 

similar in the guselkumab and adalimumab group.31  Similar pattern was observed between 
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risankizumab and ustekinumab in ULTIMMA 1 & 2 at 52 weeks,35  and between tildrakizumab and 

etanercept in a pooled analysis of RESURFACE 1 & 2 over 52 to 64 weeks.131  

Table 3.7. Adverse Events During the Placebo-Controlled Period 

 

 Guselkumab Tildrakizumab Risankizumab Certolizumab 
200 

Certolizumab 
400 

Placebo 

Number of Patients 823 616 1005 350 342 1189 

Week 16 12 16 12-16 12-16 12-16 

Any AE, (%) 49 46 47 53 58 50 

Tx-related death 0 0.1 0 0 0 0 

D/C due to AEs 1.3 0.5 0.5 1.1 1.1 1.3 

Serious AEs 1.9 1.5 2.1 1.4 3.8 2.5 

җDǊŀŘŜ о !9ǎ NR NR NR NR NR NR 

/ƻƳƳƻƴ !9ǎ ƻŎŎǳǊǊƛƴƎ ƛƴ җр҈ ƛƴ ƻƴŜ ƻǊ ƳƻǊŜ ŀƎŜƴǘ 

Any Infections 23 NR NR 29 32 24 

Nasopharyngitis 8 10 NR 11 11 7.9 

Upper respiratory tract 

infection 

5 1.5 NR 4.8 6 4.4 

Headache 4.5 NR NR NR NR 3.3 

AEs of Interest 

Malignancy excluding 

NMSC 

0 NR 0.2 0 0.3 0 

NMSC 0.1 0.1 0.3 0 0 0.1 

MACE 0.1 0.2 0 NR NR 0.1 

Serious Infections 0.1 0.2 0.4 0 0.6 0.3 

 

Long-term Adverse Events from observational studies 

As expected, there is currently no long-term safety observational data on any of the new agents.  

We previously reported long-term safety data from PSOLAR (Psoriasis Longitudinal Assessment and 

Registry) in our 2016 report.25 Data from the identified studies suggest an increased rate of serious 

infections for infliximab and other biologic agents relative to nonbiologic therapy, although not for 

ustekinumab.132,133 There were no material differences on other safety concerns among the biologic 

agents or in comparison with nonbiologic therapy.  In addition, we identified one study that 
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assessed drug survival, which is defined as the time from initiation of a biologic to 

discontinuation.134 Result of the analysis showed that infliximab (Hazard ratio[HR]: 2.73;P = 0.0014); 

adalimumab [HR: 4.16; P < 0.0001]; and etanercept [HR: 4.91; P < 0.0001] have statistically 

significantly shorter times to discontinuation in first-time biologic users, when compared with 

ustekinumab.134 

Table 3.8: Incidence of Adverse Events from the PSOLAR Registry133 

Adverse 

Event 

Ustekinumab Infliximab Other 

biologics 

Nonbiologics 

 Per 100 person-years 

All-Cause 

Mortality  

0.36 0.45 0.42 0.70 

MACE 0.34 0.38 0.33 0.45 

Malignancy 0.51 0.64 0.74 0.81 

Serious 

infections 

0.95 2.78 1.80 1.26 

MACE = major adverse cardiovascular events 

 

Controversies and Uncertainties 

Across the 48 key trials (47 Phase III and one investigator initiated) identified for this review, only 

sixteen were based on head-to-head comparisons of the drugs of interest.  As such, our network 

meta-analyses of PASI response are largely driven by indirect evidence; however, our findings are 

consistent with the results of head-to-head studies as well as with our assessment of relative 

differences in PASI response in comparison to placebo, and our NMA findings are also comparable 

to other recent assessments of the evidence.39,40  Although PASI 75 or PASI 90 was reported as the 

primary endpoint in nearly all studies, other clinical outcomes (such as PGA/IGA, measures of 

symptom control) were inconsistently reported across trials making cross-drug comparisons 

difficult. For example, DLQI was evaluated in just about half of the included trials, and not all trials 

used the same standard of measurement, and other scales were not uniformly employed.  

Additionally, many of the tools developed to measure outcomes were not developed in a patient-

centered perspective, and psoriasis-specific instruments are limited. 

Longer-term data on both drug effectiveness and harms were also variable; many studies 

reassigned patients to different groups (mostly cross-over to the intervention) and evaluated 

outcomes at different time periods.  As such, we could only confidently compare the comparative 

efficacy of targeted immunomodulators at the end of the induction period.  Observational data 

were only available for ustekinumab, secukinumab, and the TNF-  htherapies, which limited our 

understanding of real-world effectiveness and durability of benefit for many of these therapies.   
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Trials required washout of non-study treatments prior to initiating targeted immunomodulators and 

prohibited non-study treatments during the trials.  Prohibition of non-trial treatments permits 

direct comparative evaluation of targeted immunomodulators with placebo or one another, but it 

does not represent actual practice in which combination therapy (e.g., topical use during targeted 

immunomodulator treatment) is common. 

Assessments of real-world effectiveness also are limited by lack of comparative data on non-

standard dosing, whether increased (to preserve effectiveness) or decreased (to reduce costs).  

Treatment durability and cost are both important factors in choosing a treatment for psoriasis.  This 

uncertainty hinders our understanding of the relative effectiveness of these agents.   

We also did not identify any studies evaluating the potential association between early aggressive 

treatment and cardiovascular risk.  There is some data suggesting that diminishing the psoriasis-

related inflammation in the skin also decreases the risk of cardiovascular disease,2,135,136 while other 

studies have suggested  an associated between targeted immunomodulators and increased risk of 

major adverse cardiovascular events.137 This is a controversial topic, however, and larger and more 

long term studies are needed to better understand the impact of biologic therapies on 

cardiovascular outcomes in patients with moderate to severe psoriasis.138,139  

Finally, subgroup data were primarily reported in conference abstracts and the interventions were 

only compared statistically to placebo, thereby limiting our understanding of how outcomes may 

differ across population types (e.g., patients with psoriatic arthritis or prior biologic experience).  

Concerning the choice of the appropriate first-line biologic therapy, there are current evidence-

based recommendations available for some comorbid conditions in clinical practice.  For example, 

in the presence of severe psoriatic arthritis, TNF-  hinhibitors are recommended to be the preferred 

options, while they are to be avoided for patients with multiple sclerosis.41  Expert opinion, clinical 

judgment and patient preferences will often determine the choice of the most appropriate 

therapeutic option for many comorbidities.41 Future studies should be pragmatic in nature, 

including patients with these type of comorbid conditions encountered in routine clinical practice. 

3.4 Summary and Comment 

Using the ICER evidence rating matrix, our evidence ratings for the comparisons of interest are 

provided in Table 3.9; ratings are presented for the targeted immunomodulator listed in each row 

relative to the comparator listed in each column.  Note that comparisons to placebo are not 

included in the table.  As described previously, findings from placebo-controlled trials indicated 

substantial improvements in clinical measures for all agents.  The safety of any new therapy is an 

important consideration.  Severe or serious adverse events were rare during short-term trials and 

extension studies on these agents.  So, all targeǘŜŘ ƛƳƳǳƴƻƳƻŘǳƭŀǘƻǊ ǊŜŎŜƛǾŜ ŀ ƭŜǘǘŜǊ ƎǊŀŘŜ ƻŦ ά!έ 

(i.e., high certainty of substantial net health benefit) relative to placebo.   
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The presence of some direct comparisons allowed us to be reasonably confident about the relative 

net health benefit for these comparisons.  However, because of the lack of many head-to-head 

comparisons, we relied on a network meta-analysis to estimate the comparative clinical 

effectiveness between many targeted immunomodulators (see Appendix F).  Ratings based on a 

combination of direct and indirect evidence are highlighted in green in the table along with the 

number of head-to-head studies that informed the rating.   

ICER Ratings 

There were two head-to-head trials comparing guselkumab and adalimumab (VOYAGE 1 &2), both 

of which showed incremental benefit for guselkumab over adalimumab in the percentage of 

patients achieving various PASI thresholds, PGA/IGA response, and DLQI outcome.  In addition, 

there was a similar magnitude of benefit when indirect evidence was included.  We felt that the 

consistency of results across the two trials represented high certainty of a small net benefit for 

ƎǳǎŜƭƪǳƳŀō όά.έύ ŀƴŘ ŀƴ ƛƴŦŜǊƛƻǊ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ όά5έύ ŦƻǊ ŀŘŀƭƛƳǳƳŀō ƛƴ ǘƘƛǎ ŎƻƳǇŀǊƛǎƻƴΦ   

Similarly, unpublished evidence from two trials (ULTIMMA 1 & 2) comparing risankizumab to 

ustekinumab consistently showed greater benefit for risankizumab on various PASI thresholds, 

PGA/IGA response and DLQI outcome.  Although there are currently no peer reviewed publications 

of these two Phase III trials, the consistency of the results with the published Phase II trial,42 and the 

magnitude of benefit when the indirect PASI evidence was included, gave us a high certainty of a 

ǎƳŀƭƭ ƴŜǘ ōŜƴŜŦƛǘ ŦƻǊ ǊƛǎŀƴƪƛȊǳƳŀō όά.έύ when compared to ustekinumab. 

In the one head-to-head comparisons between tildrakizumab and etanercept (RESURFACE 2), 

tildrakizumab resulted in a modestly better PASI outcome (supported by network meta-analysis), 

and no difference on PGA and DLQI outcome, so we judged the evidence of tildrakizumab versus 

etanercept to represent a comparable ƻǊ ōŜǘǘŜǊ ƴŜǘ ƘŜŀƭǘƘ ōŜƴŜŦƛǘ όά/Ҍέύ, ŀƴŘ ά/-έ (comparable or 

inferior) for etanercept in this comparison.  

The one head-to-head trial comparing certolizumab pegol and etanercept (CIMPACT) was a single 

blind study which found no statistically significant difference between the two agents on PASI 

outcome when using 200mg certolizumab pegol, but significantly better response when using 

400mg certolizumab pegol.  Inclusion of indirect evidence combining both the 200mg and 400mg 

arms yielded a significant improved outcome for certolizumab over etanercept.  However, we have 

very limited evidence on the PGA and DLQI outcomes.  As such, we ǊŀǘŜŘ ǘƘŜ ŜǾƛŘŜƴŎŜ ά/Ҍέ 

όŎƻƳǇŀǊŀōƭŜ ƻǊ ōŜǘǘŜǊύ ŦƻǊ ŎŜǊǘƻƭƛȊǳƳŀō ŀƴŘ ά/έ (comparable or inferior) for etanercept in this 

comparison.  

Ratings based on indirect evidence alone are highlighted in blue in the table.  For these ratings, 

results of the network meta-analyses represented the only guide with which to judge the evidence.  

Drugs with evidence of net health benefit were judged άB+έ or άC+έ based on the observed 



 

©Institute for Clinical and Economic Review, 2018 Page 44 
Evidence Report: Targeted Immunomodulators for Plaque Psoriasis | Condition Update 
 Return to Table of Contents 

magnitude of benefit, and their comparators received an άC-άǊŀǘƛƴƎ (moderate certainty of 

comparable or inferior net health benefit).  In situations where the credible interval (the Bayesian 

equivalent of the confidence interval) crossed 1.0, the evidence was rated I (insufficient) for both 

directions of the comparison. 

²Ŝ ŀƭǎƻ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ΨǎŜŎƻƴŘ-ƻǊŘŜǊΩ ŜŦŦŜŎǘ ƛƴ ƻǳǊ ŜǾƛŘŜƴŎŜ ǊŀǘƛƴƎǎΦ  For example, since we have 

moderate certainty of an incremental or better net health benefit of risankizumab over 

ustekinumab, and moderate certainty that ustekinumab provides an incremental or better benefit 

over etanercept and apremilast, we conclude that there is moderate certainty that risankizumab 

would also provide an incremental benefit over etanercept or apremilast.   

ICER Rating on the Drugs Included in the 2016 Review 

Our ratings on the old drugs in the 2016 review remain mostly unchanged, except in three 

instances.  The first is the rating of secukinumab versus adalimumab ǿƘƛŎƘ ǿŜ ǊŀǘŜŘ ŀǎ άLέ ōŀǎŜŘ ƻƴ 

indirect evidence.  We have now changed the rating to άC+έ based on the result of the updated 

NMA which shows evidence of net health benefit.  The second is the rating of secukinumab versus 

ustekinumab.  This has now changed from C+ to B based on the addition of a second trial and the 

result of the NMA.  The third is a comparison of infliximab versus etanercept.  In this instance, the 

rating between the two drugs did not change, however, it is now highlighted in green in the table 

because we found data from one head-to-head trial which provides additional direct evidence.  
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Table 3.9.  ICER Evidence Ratings for Head-to-Head Comparisons (New ratings based on the current review are in bold fonts) 

Treatment Comparator New comparators 

Adalimumab  Apremilast  Brodalumab  Etanercept  Infliximab Ixekizumab  Secukinumab 

300 

Ustekinumab 

45/90 

Certolizumab 

pegol 

Guselkumab Risankizumab Tildrakizumab 

Adalimumab  
- B+ C- C+ C- C- C-*  I I D (2) C- I 

Apremilast 
C- - D I C- C- C- C- C- C- C- C- 

Brodalumab 
C+ B - B I I I B (2) C+ I I C+ 

Etanercept  
C- C+ D - C- (1) Ϟ D (2) C- (1) C- (1) C- (1) C- C- C-(1) 

Infliximab  
C+ B+ I B+ (1) Ϟ - I I C+ C+ I I C+ 

Ixekizumab 
C+ B+ I A (2) I - C+ B+ (1) C+ I I C+ 

Secukinumab 

300 
C+*  B+ I B+ (1) I C- -  B (2) C+ I I C+ 

Ustekinumab 

45/90 
I B+ D (2) B+ (1) C- C- (1) D (2) - I C- D (2¥)  I 

New agents 

Certolizumab 

pegol 
C- B+ C- C+ (1) C- C- C- I - C- C- I 

Guselkumab 
B (2) B+ I C+ I I I C+ C+ - I C+ 

Risankizumab¥ 
C+ B I B I I I B (2¥)  C+ I - C+ 

Tildrakizumab 
I B+ C- C+ (1) C- C- C- I I C- C- - 

Note: The table should be read row-to-column.  For example, there is moderate certainty that adalimumab has a small net benefit compared to apremilast (B+).  Conversely, there is moderate 

certainty that the point estimate for comparative net health benefit of apremilast is either comparable or inferior to adalimumab (C-). 

Table key: green=direct + indirect evidence; blue=indirect evidence only 

Number of head-to-head studies in parentheses 

*Rating of secukinumab vs. adalimumab changed from the previous review from I to C+ based on the result of the updated NMA;  
ϞRating of infliximab vs. etanercept did not change from previous report, however the rating is now highlighted in green in the table because we found evidence on 1 head-to-head trial; ¥Based on 
unpublished grey literature  
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4. Long-Term Cost Effectiveness  

4.1 Overview 

The aim of this analysis was to estimate the cost-effectiveness of treatments for patients with 

moderate to severe plaque psoriasis who have failed topical treatment and phototherapy.  All 

treatments included in the NMA, except for risankizumab and tildrakizumab (which do not yet have 

publicly-available prices), are included in the cost-effectiveness model.  We developed a decision-

analytic model, based originally on the structure of the York psoriasis cost-effectiveness model,140 

to assess the clinical and economic outcomes of the treatments of interest.  Model parameters 

were estimated from the NMA described earlier in this report and the published literature.  The 

analysis uses a health sector perspective with ten-year and lifetime time horizons, both using a 3% 

annual discount rate for costs and outcomes.  The outcomes of the model include total costs, 

quality-adjusted life years (QALYs), months spent in health states of PASI improvement greater than 

or equal to 75% and 90%, and incremental cost-effectiveness ratios.  Uncertainty in the data inputs 

and assumptions were evaluated using sensitivity and scenario analyses. 

Since our prior report on targeted treatments for plaque psoriasis, we have made the following 

changes to the model: 

Å Updated discontinuation rates based on new data. 

Å Modeled treatment sequences in which second-line targeted treatment depends on the 

choice of first-line targeted treatment. 

Å Updated all costs. 

Å Updated the rate of switching to a second-line targeted treatment (vs. non-targeted) from 

50% to 75% upon discontinuation from the first-line targeted treatment. 

Å In light of increasingly different discounts and pricing strategies, we have switched from 

using class-based discounts from WAC to drug-specific discounts to estimate net prices. 

Å Switched to using average selling price (ASP) plus mark-up for infliximab to more closely 

reflect the way that office- or clinic-administered products are reimbursed. 

 4.2 Methods 

Model Structure 

The model structure is unchanged since our prior report.   

We developed a Markov model in Excel with eight health states, as shown in Figure X; patients 

could transition between states every month.  After the initiation period of the first-line targeted 
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therapy, defined as the point in time at which the primary trial outcome was measured, typically 

12-16 weeks, patients were categorized into one of four health states based on their percent 

improvement in PASI score over baseline: PASI 90 and higher, PASI 75-89, PASI 50-74, and PASI <50.  

In the base-case analysis, no transition between PASI improvement states was allowed in the 

model, but drug switching and discontinuation over time could occur.  

Patients with response below 75% improvement after the initiation period (16 weeks for 

adalimumab, apremilast, and guselkumab, 10 weeks for infliximab, and 12 weeks for all other 

drugs) were assumed to discontinue the first-line therapy in the base-case (this assumption was 

evaluated in a scenario analysis, described below).  A proportion of these patients then began 

second-line targeted therapy and the remainder received non-targeted therapy (i.e., topical 

therapy, other systemic therapy, and phototherapy).  Second-line therapy varied based on first-line 

targeted treatment: those patients taking an IL-17 drug switched to guselkumab; patients using 

guselkumab switched to a market basket representing the average of all IL-17 drugs; all other 

patients switched to a market basket of all IL-17 drugs plus guselkumab. 

Patients with a PASI improvement of at least 75% after the initiation periods continued on first-line 

therapy after the initiation period.  However, we applied a drug-specific discontinuation rate to 

each initial targeted drug which determines the rate of discontinuation due to all causes (e.g., loss 

of efficacy, development of adverse effects) after the end of the initiation period.  This rate differed 

between the first and subsequent years of treatment.  After discontinuing their first-line treatment, 

these patients transition to either second line targeted therapy or non-targeted therapy in the same 

proportion as those patients who did not have an adequate initial response to their first-line drug.  

All health states were assumed to have an equal risk of death, which is treated as a function of age 

alone  (i.e., neither change in psoriasis disease state nor treatment alters mortality rate). 

Figure 4.1. Model Framework  
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Target Population 

The population of focus for this review was adult patients with moderate to severe plaque psoriasis 

who failed topical treatment and phototherapy.  Consistent with the patient populations in the key 

clinical trials, the mean age of patients in the base case is 45 years and mean weight is 90 kg. 

Treatment Strategies 

The interventions included for review are those assessed in the evidence review and NMA, except 

for risankizumab and tildrakizumab, for which there was no pricing information at the time of the 

report.   

We modeled sequential targeted treatments and targeted treatment discontinuation as described 

above.   

The administration schedules for included drugs are listed below.  Each of these therapies includes 

an initial period with dosing that differs from the maintenance dose.  Regimens are based on 

labeled dosing recommendations for all currently marketed drugs.  

Table 4.1. Medication Dosing Schedules 

Drug Initial dosing Maintenance dosing 

Adalimumab 80 mg once 40 mg every other week, starting one 

week after initial dose 

Apremilast Day 1: 10 mg in morning; Day 2: 10 mg 

in morning and 10 mg in evening; Day 

3: 10 mg in morning and 20 mg in 

evening; Day 4: 20 mg in morning and 

20 mg in evening; Day 5: 20 mg in 

morning and 30 mg in evening 

30 mg twice daily 

Brodalumab 210 mg at weeks 0, 1, and 2 210 mg every two weeks 

Certolizumab pegol 400 mg at weeks 0, 2, and 4 400 mg once every two weeks (200 mg for 

patients < 90 kg) 

Etanercept 50 mg twice weekly for three months 50 mg once weekly 

Guselkumab 100 mg at weeks 0 and 4 100 mg every eight weeks 

Infliximab 5 mg/kg at weeks 0, 2, and 6 5 mg/kg every eight weeks 

Ixekizumab 160 mg at week 0, then 80 mg at 

weeks 2, 4, 6, 8, 10, and 12 

80 mg every four weeks 

Secukinumab 300 mg at weeks 0, 1, 2, 3, and 4 300 mg every 4 weeks 

Ustekinumab 45 mg at weeks 0 and 4 (90 mg for 

weight > 100 kg) 

45 mg every 12 weeks (90 mg for weight > 

100 kg) 
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Key Model Characteristics and Assumptions 

Table 4.2. Key model characteristics and assumptions 

Assumption Rationale 

A patient cannot transition between effectiveness 

(PASI improvement) levels. 

There is only modest improvement in effectiveness 

beyond the trial period, and discontinuation rate 

accounts for decline in effectiveness over time.   

Probability of discontinuing first-line therapy is drug-

specific as supported by available data 

Empirical evidence indicates discontinuation rates 

beyond the initiation period are higher for infliximab 

and etanercept and differs in year 1 vs. years 2+.  (See 

section Drug discontinuation and switching section 

below for details.) 

All discontinuation in the first year is due to lack of 

effectiveness at the end of the initiation period, 

except for infliximab 

Our assumption in the base-case is that patients who 

receive benefit of less than PASI 75 from initial 

targeted treatment will discontinue that treatment at 

the end of the initiation period.  The one exception to 

this is infliximab, which has a greater discontinuation 

in year one than indicated by drug response alone.  

This assumption was evaluated in a scenario analysis. 

Probability of discontinuing newer drugs 

(brodalumab, certolizumab pegol, guselkumab, 

ixekizumab, tildrakizumab) is the same as 

ustekinumab in years 2+  

There are limited to no data on discontinuation rates 

for the newer agents.  This assumption was evaluated 

in a sensitivity analyses.   

Seventy-five percent of patients discontinuing first 

line targeted drug therapy receive second line 

targeted drug and remainder receive non-targeted 

drug. 

Recently published data22 and expert clinical opinion 

suggest that, among those patients who discontinue 

their first-line targeted drug, approximately 75% begin 

a different targeted drug. 

Second-line targeted treatment was assumed vary by 

first-line treatment as follows: patients receiving an 

IL-17 drug first-line receive guselkumab second-line; 

patients receiving guselkumab first-line receive a 

market basket equivalent to the average of all IL-17 

drugs second-line; patients receiving any other first-

line drug receive a market basket equivalent to the 

average of all IL-17 drugs plus guselkumab. 

Clinical experts indicated that second-line treatment is 

likely to vary according to the choice of first-line agent 

and suggested this allocation of treatments.  Different 

second-line targeted drug baskets were assessed in 

scenario analyses. 

Second-line targeted treatments have a 10% lower 

probability of achieving PASI 75-100 (i.e., 5% lower 

probability of PASI 75-89, 5% lower probability of 

PASI 90-100, 5% higher probability of PASI 50-74, and 

5% higher probability of PASI < 50). 

There are no RCTs of second line targeted therapy and 

limited data on second line targeted therapy response 

in general.   

Risk of death is based on age alone. There is no clear evidence supporting an improvement 

in survival with targeted treatments for psoriasis. 

Patients remain on first-line therapy during the trial 

period. 

A full trial period (16 weeks for adalimumab and 

apremilast, 12 weeks for all others) is needed to 
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determine whether the drug will produce an adequate 

response.   

Subcutaneous drugs are administered in-clinic during 

the initiation dose and by the patient themselves 

during the maintenance period. 

Allows for patient instruction while acknowledging 

that patients will self-administer the vast majority of 

their doses. 

Drug cost discount was applied on a drug-by-drug 

(rather than class) basis.  Guselkumab received the 

average discount of all drugs included in this report 

(33%). 

There is significant heterogeneity in the amount that 

each drug is discounted within classes.  Therefore, we 

havŜ ŎƘƻǎŜƴ ǘƻ ŎŀƭŎǳƭŀǘŜ ŜŀŎƘ ŘǊǳƎΩǎ ƴŜǘ ǇǊƛŎŜ ǳǎƛƴƎ 

drug-specific discounts.  Guselkumab had insufficient 

data to collect actual discount percentages and was 

therefore assumed to have the average discount of all 

other drugs in this analysis.   

No additional months in PASI states > 0% 

improvement, on average, are attributable to non-

targeted treatment 

The population for this model has already not seen 

adequate improvement with non-targeted treatment 

alone and thus is eligible for targeted treatment.  

While some individuals who continue on non-targeted 

treatment may temporarily improve in PASI status, 

some will get worse.  We therefore did not attribute 

any change in average PASI status to continued use of 

non-targeted drugs. 

 

Model Inputs 

Clinical Inputs 

Clinical Probabilities/Response to Treatment 

First-line targeted drug response 

First-line targeted drug effectiveness is taken from the results of the NMA described earlier in the 

report, in section 3.  

Table 4.3. Probability of PASI Response as First-Line Targeted Treatment 

Drug PASI < 50 PASI 50-74 PASI 75-89 PASI 90-100 

Adalimumab 0.13 0.17 0.23 0.47 

Apremilast 0.40 0.23 0.20 0.17 

Brodalumab 0.04 0.09 0.18 0.69 

Certolizumab pegol 0.14 0.17 0.24 0.45 

Etanercept 0.27 0.22 0.23 0.28 

Guselkumab 0.04 0.08 0.17 0.71 

Infliximab 0.08 0.13 0.21 0.58 

Ixekizumab 0.03 0.08 0.16 0.73 

Secukinumab 0.06 0.11 0.20 0.63 

Ustekinumab 0.13 0.17 0.24 0.47 
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Second-line targeted treatment effectiveness 

No randomized controlled clinical trials have been conducted in an exclusively second-line patient 

population.  Warren et al141 recently studied secukinumab 150 and 300mg in a second-line (first-line 

non-responder) population (no placebo group).  The 16-week PASI 75 response for 300mg (N=118) 

was 71% for patients with one previous non-response, and 48% in patients who had failed more 

than one TNFh inhibitor; in contrast, the first-line PASI 75 response was 83% in the NMA.  Griffiths 

et al142 evaluated outcomes with guselkumab among adalimumab PASI 90 non-responders, and 

found  approximately 60% of patients achieved PASI 90 after 16 weeks of treatment; in contrast, 

83% of all patients initiated on guselkumab achieved PASI 90 in the NMA.  Similarly, results from the 

NAVIGATE study143 indicate that response to guselkumab is likely lower (48% PASI 90 at 12 weeks 

vs. 70-73% PASI 90 at 16 weeks in the VOYAGER studies) in patients who fail a targeted therapy. 

Papp et al144 studied the effect of previous targeted drug use on brodalumab and ustekinumab 

outcomes; 27% and 26% of patients had previously received a targeted agent, respectively, and 12% 

and 10% had previously failed targeted agent.  For brodalumab, PASI 100 was achieved in 41.7% 

and 32.0% of patients in whom prior targeted therapy had been successful or failed; the 

corresponding results for ustekinumab were 21.1% and 11.3%. 

These findings indicate that prior experience, and in particular prior failure, with targeted drugs is 

associated with a lower response rate.  We assumed the PASI 75 response for second-line therapy 

was 10% lower than for findings in the NMA, which included studies primarily enrolling patients 

who were naïve to targeted drugs and were adjusted for placebo group differences.  

Drug discontinuation and switching 

The three main data sources for drug discontinuation and switching are 1) patient registries, 2) 

long-term trial follow-up, and 3) claims data.  Some of the most exhaustive data come from 

Denmark, where all treated psoriasis patients in the country are enrolled in a long-term patient 

registry, known as Dermbio.  Egeberg et al145 reported real-world drug discontinuation based on a 

total of 3,495 treatment series (adalimumab: 1,332; etanercept: 579; infliximab: 333; ustekinumab: 

1,055 and secukinumab: 196). Targeted treatment-naïve patients had lower discontinuation rates 

than non-naïve patients.  Infliximab and etanercept had the highest discontinuation rates 

(etanercept primarily due to lack of effectiveness; infliximab primarily due to causes other than lack 

of effectiveness) and ustekinumab had the lowest rate.  Secukinumab, for which there were limited 

data, had a discontinuation rate similar to infliximab and etanercept.  However, interpretation of 

these findings is complicated by dose increases for etanercept (29% patients were >50% higher than 

label) and ustekinumab (33% patients were >50% higher than label for patients <=100kg) compared 

to almost none for adalimumab and secukinumab, use of secukinumab primarily in patients who 
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had previous exposure to targeted agents, and different definitions of treatment gaps due to dosing 

schedules.  In contrast, Iskandar et al,22 in a UK-based patient registry (BADBIR) of 2,980 patients 

(adalimumab: 1,675; etanercept: 996; ustekinumab: 309), found that ustekinumab and adalimumab 

had similar discontinuation rates. This finding may be explained by similar treatment gap definitions 

and lack of ustekinumab dose increases due to UK coverage policies.  Of note, approximately 77% of 

patients with a treatment gap switched to another targeted therapy.  

Long-term trial follow-up studies generally have found low rates of drug discontinuation.  

Interpretation of findings from these studies and comparison to real-world patient registry data is 

complicated by controlled trial settings, and these data are primarily useful for assessing the 

discontinuation rates of newer agents in relation to older agents across similar study designs.  

Langley et al146 reported a ustekinumab discontinuation rate of 30% (363 of 1,212 patients) over 4.7 

years, with approximately half of patients receiving dose adjustments. Mrowietz et al147 reported a 

4% dropout during secukinumab induction, and 8% dropout for PASI 75 responders during 

remainder of year 1; Bissonnette et al148 reported a secukinumab discontinuation rate from end of 

year 1 to end of year 3 of 19% (32 of 168 patients). Leonardi et al149 reported 22% of (84/385) 

ixekizumab patients discontinued therapy or were lost to follow-up after three years (27% had dose 

adjustments). Blauvelt et al31 reported a guselkumab discontinuation rate of 8.5% (28 of 329) after 

48 weeks in the VOYAGER 1 RCT; Gordon et al150 unfortunately did not report discontinuation rates 

at 100 weeks. While not definitive, results from these clinical trials suggest discontinuation rates for 

ustekinumab, secukinumab, and ixekizumab are generally similar. 

Several studies have been conducted in the U.S. using claims data.  These studies suggest 

etanercept and infliximab have the highest discontinuation rates, and that secukinumab 

discontinuation is similar to ustekinumab.  Cao et al ,151 in a study of 1,000 ustekinumab treated 

patients (60% targeted treatment experienced), using a treatment gap period of 130 days, found 

81% persistence with a mean follow-up ~6 mos. Feldman et al152  in a study of 1,504 secukinumab 

patients (mean follow-up ~6 months; 68% targeted treatment experienced) reported an 87% 

persistence. Bagel et al153 evaluated discontinuation and persistence among targeted drug-naïve 

(N=3,584) and targeted drug-experienced patients (N=1,185) who initiated secukinumab, 

adalimumab, or etanercept. Mean follow-up ranged from 529-615 days across drugs.  

Discontinuation rates at one year for the three drugs were 35%, 42%, 47% for treatment-naïve and 

32%, 41%, and 54% for treatment-experience patients, respectively.  Adherence ranking at one year 

was analogous.  These studies suggest ustekinumab and secukinumab discontinuation over the first 

6 mos. are similar, secukinumab discontinuation in year one is lower than for adalimumab and 

etanercept, and discontinuation is higher for targeted drug experienced patients.  
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Mortality 

There is no clear evidence that the modification of the psoriasis-related health state through 

treatment alters mortality risk.  As such, mortality depends upon age alone.  

Utilities 

Our base case uses considers the utility of each level of PASI improvement to be represented by the 

estimated mean utility weight as derived by co-administration of the generic quality of life 

instrument, the EQ-5D, with the PASI in five clinical trials; trial findings are listed below and the 

average used in the model is presented on the last line of the table.154  

Table 4.4. Health State Utilities Using Targeted Therapies 

 Non-targeted 

treatment 

PASI < 50 PASI 50-74 PASI 75-89 PASI 90-100 

Adalimumab 0.660 0.723 0.838 0.838 0.968 

Apremilast 0.660 0.710 0.830 0.850 0.870 

Ixekizumab 0.660 0.689 0.785 0.826 0.844 

Secukinumab 0.660 0.769 0.853 0.886 0.924 

Ustekinumab 0.660 0.700 0.830 0.880 0.910 

EQ-5D average 

(Pickard, 2016) 

0.660 0.718 0.827 0.856 0.903 

 

Adverse Events 

As serious adverse event frequencies are similar across all drugs, most previously published cost-

effectiveness analyses in plaque psoriasis have not included adverse events, and our previous 

analysis indicated inclusion of serious infection had little effect on results, they are hence not 

included in the base case scenario.  We have included an analysis of the hypothetical impact of 

suicidality associated with brodalumab in a scenario analysis. 
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Economic Inputs 

Drug Acquisition Costs 

The below table refers to drug acquisition cost alone, not including administration costs or the cost 

of required laboratory tests.  Two drugs ς infliximab and ustekinumab ς are dosed by weight.  

Infliximab is dosed at 5 mg/kg.  We assumed that vials are not shared and that an average of five 

vials will be used per patient.  The dose of ustekinumab is doubled from its baseline of 45 mg for 

patients weighing over 100 kg.  Based on the clinical trials, we assumed that 30% of patients would 

receive the 90 mg dose.  Likewise, the standard dose of certolizumab pegol is 400 mg every two 

weeks, but the label indicates that a 200 mg dose may be considered for patients under 90 kg.  Our 

base-case assumes that 50% of patients receive this lower dose. 

Additionally, there is some evidence to support that dose escalation occurs, particularly for 

etanercept.  However, existing evidence does not clearly support that average doses are higher 

than labeled dosing.  The Egeberg study145 in Denmark found the mean etanercept dose over the 

first 24 weeks was similar to U.S. labeled dosing, the Feldman JMCP 2015155 study in the US found 

similar proportions of patients getting dose increases and dose decreases, and the Feldman JMCP 

2017156 study evaluated dose increases but failed to account for dose decreases or report mean 

doses. 

In order to reflect differential discount and pricing strategies, we used net price in the cost-

effectiveness model.  With the exception of infliximab, net pricing estimates for all modeled drugs 

were derived from SSR Health, LLC, which combines data on unit sales with publicly-disclosed US 

sales figures that are net of discounts, rebates, concessions to wholesalers and distributors, and 

patient assistance programs, to derive a net price.  The derived net price is at the unit level and 

across all payer types.  We estimated net prices by comparing the four-quarter averages (i.e., first 

quarter of 2017 through fourth quarter of 2017) of both net prices and WAC per unit to arrive at a 

mean discount from current WAC for the drug.43 In contrast to the 2016 report, when we used 

discounts based on drug class, we used drug-specific discounts in this model. This is due to 

heterogeneity that has arisen within classes.  For example, brodalumab combines a smaller 

discount with a lower WAC to arrive at an overall annual maintenance cost that is only slightly lower 

than other members of the IL-17 class.  Guselkumab had insufficient data on discounts and 

therefore was assumed to have the average discount of all other drugs in this analysis (33%). 

Infliximab is a unique drug within this set, as it is the only drug administered intravenously.  Because 

the drug is not being dispensed directly to the patient, we used average selling price (ASP) plus a 

9.5% maǊƪǳǇ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ƳŜŀƴ ƳŀǊƪǳǇ ōȅ ǇƘȅǎƛŎƛŀƴǎΩ ƻŦŦƛŎŜǎ ŀƴŘ ƘƻǎǇƛǘŀƭ ƻǳǘǇŀǘƛŜƴǘ ǳƴƛǘǎΦ44  

Non-targeted cost includes the cost of topical medications such as corticosteroids, non-targeted 

oral medications such as methotrexate, and hospitalization.  The cost of $626.74 was determined 
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from a claims analysis published in 2009 with its results recalculated to 2017 US dollars using the 

medical inflation rate.157 

Table 4.5.  Drug Cost Inputs 

Intervention Unit WAC per 

Unit/Dose* 

Discount % Net price per 

Unit 

Cost of first 

year 

Annual cost 

of year 2+ 

Adalimumab 40 mg $2,436.02 31% $1,674.64 $46,751.16 $43,693.75 

Apremilast 30 mg $54.72 22% $42.46 $30,807.28 $31,019.58 

Brodalumab 210 mg $1,750.00 20% $1,400.00 $37,684.00 $36,528.00 

Certolizumab 

pegol 

400 mg 

(see 

above 

for 

dosing 

note) 

$4,044.32 36% $2,583.70 $54,097.14 $50,559.32 

Etanercept 50 mg $1,218.00 31% $837.69 $54,641.32 $43,713.06 

Guselkumab 100 mg $10,158.52 33% $6,806.21 $50,609.02 $44,395.93 

Infliximab 40 mg $1,167.82 22%** $911.99 $38,466.44 $29,743.90 

Ixekizumab 80 mg $5,161.60 44% $2,888.74 $51,374.18 $37,685.68 

Secukinumab 300 mg $4,712.38 38% $2,926.22 $49,624.51 $38,174.63 

Ustekinumab 45 / 90 

mg (see 

above) 

$10,292.15 

/ 

$20,584.30 

27% $7,532.84 / 

$15,063.47 

$58,620.92 $42,584.22 

 

Administration and Monitoring Costs 

All drugs except for apremilast and infliximab are administered subcutaneously.  Apremilast is an 

oral medication, and infliximab is intravenously administered over a two-hour period.  

As stated above, our assumption is that only the first administration of a subcutaneously-

administered drug is performed in a clinic.  The 2017 national payment for a subcutaneously 

administration (CPT code 96372) is $25.84.  Intravenous administration over two hours is 

represented by two CPT codes ς 96413 for the first hour and 96415 for the second hour ς and costs 

a total of $183.89. 

Health Care Utilization Costs 

Psoriasis patients receiving certain targeted drugs require monitoring for potential infection.  Some 

drugs also require testing of physiologic systems, such as hepatic function.  The costs for each of the 
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laboratory tests required by one or more targeted psoriasis therapies and the schedule of 

laboratory tests indicated for each drug are provided below.  When possible, the indicated 

laboratory tests were obtained frƻƳ ǘƘŜ ŘǊǳƎΩǎ ƭŀōŜƭƛƴƎΤ ƻǘƘŜǊǿƛǎŜΣ ǘƘŜȅ ǿŜǊŜ ƎŀǘƘŜǊŜŘ ōȅ 

examination of the therapeutic protocol in the pivotal trials.  In addition to these laboratory tests, 

each patient was assumed to receive four physician visits (CPT code 99213, $80.77) per year related 

to the disease. 

Costs for the laboratory tests are: 

¶ Latent TB screen (CPT 71010): $25.08 

¶ Active TB screen (CPT 86580): $9.02 

¶ Complete blood count (CPT 85025): $14.41 

¶ Hepatitis B test (CPT 86317): $27.79 

¶ Renal function test (CPT 80069): $16.10 

 

Table 4.6. Laboratory Test Schedule 

Intervention Latent TB Active TB CBC HBV Renal 

function 

Adalimumab Annually  Quarterly Once  

Apremilast     Annually 

Brodalumab Once     

Certolizumab 

pegol 

Annually  Quarterly 
 

 

Etanercept Annually  Quarterly Once  

Guselkumab Annually     

Infliximab Once Annually 
 

Once  

Ixekizumab  Annually    

Secukinumab  Annually    

Ustekinumab Annually  Quarterly   

Test abbreviations: TB = tuberculosis, CBC = complete blood count, HBV = hepatitis B virus 

Sensitivity Analyses 

We ran one-way sensitivity analyses to identify the key drivers of model outcomes, using 

reasonable ranges for each input described in the model inputs section above.  We chose to 

compare ixekizumab to non-targeted treatment in order to focus on the comparison between a 

highly effective therapy and the least effective.  We also included a comparison of ixekizumab 

versus etanercept, as it compares a more effective to a less effective but commonly used targeted 

drug. 
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Scenario Analyses 

We conducted a variety of scenario analysis to assess the assumptions in our base-case analysis. 

1. Continuation of treatment in PASI 50-74 group: In this scenario, we allowed 2% of 

individuals in the PASI 50-74 group to improve to PASI 75-89 per month in the first year 

after the initiation period.  In this group, 10% of patients discontinued their first-line 

treatment per month as well.  All patient in this PASI category discontinue targeted 

treatment by the end of year one 

2. Effect of net price increases: We used net prices from the 2016 report in this model in 

order to isolate the effect of price increases since that time.  To allow for comparability, 

we used drug-specific rebates derived from 2016 data as applied to prices from the 

same time period.  This is in contrast to the class-based rebates we had applied in the 

previous report. 

3. Completed suicides with brodalumab: Four participants among the 4,464 (0.09%) in the 

ōǊƻŘŀƭǳƳŀō ŀǊƳ ƻŦ ǘƘŀǘ ŘǊǳƎΩǎ ǘǊƛŀƭǎ ŎƻƳǇƭŜǘŜŘ ǎǳƛŎƛŘŜΣ ŎƻƳǇŀǊŜŘ ǘƻ ȊŜǊƻ ŎƻƳǇƭŜǘŜŘ 

suicides in the control arm.  In acknowledgment of the severity of this event, we 

conducted a scenario analysis that, pessimistically, assumes completed suicide takes 

place immediately after the first month of brodalumab.  

4. Time to onset: We included one scenario where we varied the onset of drug response in 

order to test its effect on overall outcomes.  Using secukinumab as a test case, we 

examined the effects of holding all patients in the PASI < 50 state until month 1, 2, or 3.  

5. Second-line market baskets: We assessed the effect of including all non-first-line drugs 

in the second-line basket; that is, we averaged the costs and effectiveness of all eleven 

drugs (with the second-line penalty mentioned in the assumptions) and use this as the 

second-line market basket for all drugs.  

6. Modified Societal Perspective: It is well known that psoriasis affects productivity.  We 

evaluated a scenario using a limited societal perspective in which productivity benefits 

of psoriasis treatment and the productivity loss associated with intravenous 

administration of a drug are accounted for.  Productivity cost offsets were derived from 

work productivity impact measures in RCTs of adalimumab and ixekizumab.158,159 We 

estimated that patients achieving a PASI 75 improvement who were employed had a 

15% improvement in total work productivity (primarily presenteeism vs. absenteeism).  

We also estimated that 60% of patients were employed full-time and 15% half-time 

based on baseline characteristics of study participants.  We used an average 2017 US 

income of $50,620.160 We assumed presenteeism improvements were valued equally to 

absenteeism improvements, and that presenteeism effects were not already captured 

by quality of life (EQ-5D) measurements.  The cost offset per year for a patient achieving 

a PASI 75 improvement was thus $5,100. 
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7. Lower doses with certolizumab pegol and ustekinumab: Both certolizumab pegol and 

ustekinumab have lower doses that can be used on patients with lower body weight 

(under 90 kg for certolizumab pegol and under 100 kg for ustekinumab).  We tested a 

scenario in which only those patients who are eligible are treated with these drugs. 

8. Additionally, we performed a threshold analysis by systematically altering the price of all 

drugs to estimate the maximum prices that would correspond to given willingness to 

pay (WTP) thresholds.  Risankizumab, an IL-23 drug expected to be approved by the FDA 

in 2018, and tildrakizumab, another IL-23 drug that was recently approved but does not 

have an official price, have been included in this threshold analysis.  

 

Model Validation 

We used several approaches to validate the model.  First, we provided preliminary methods and 

results to manufacturers, patient groups, and clinical experts.  Based on feedback from these 

groups, we refined data inputs used in the model.  Second, we varied model input parameters to 

evaluate face validity of changes in results.  We developed a simple back-of-the-envelope model 

using only drug costs and trial drug response data and compared to our full model results.  We 

compared results to other cost-effectiveness models in this therapy area.  Finally, an external health 

economist with expertise in psoriasis assessed the modeling approach and draft results.  
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4.3 Results 

Base Case Results 

Our results suggest that, while quality-of-life improvements are similar across the targeted agents, 

initiating treatment with the IL-17 drugs or guselkumab leads to the greatest improvement in 

QALYs, while initiation with apremilast, etanercept, or infliximab is the least effective.  In contrast, 

initiation with the IL-17 drugs, guselkumab, or certolizumab pegol generally leads to the highest 

total cost, while initiation with apremilast, etanercept, or infliximab leads to lower total costs.  

Table 4.7. Results for the Base Case for Targeted Treatments Over 10 years 

First-line Treatment Total Cost Total QALYs Months spent in 

 PASI 90+* 

Months spent in 

 PASI 75+* 

Non-targeted treatment $67,800 5.70 0.0 0.0 

Adalimumab $308,000 7.17 52.0 74.1 

Apremilast $215,000 6.79 32.6 53.5 

Brodalumab $289,000 7.39 67.8 84.9 

Certolizumab pegol $341,000 7.16 50.5 73.5 

Etanercept $272,000 6.88 37.7 57.9 

Guselkumab $342,000 7.40 69.0 85.3 

Infliximab $238,000 6.98 47.8 62.5 

Ixekizumab $311,000 7.42 70.9 86.1 

Secukinumab $305,000 7.34 63.5 82.4 

Ustekinumab $315,000 7.17 51.1 74.1 

* Time spent in PASI health states is discounted at the same rate at costs and other outcomes. 

 

Note that the results above should not be interpreted as treatments with a single targeted drug, but 

ŀǎ ǎŜǉǳŜƴŎŜǎ ƻŦ ǘŀǊƎŜǘŜŘ ŘǊǳƎǎ όƛƴŎƭǳŘƛƴƎ ΨǎǘŜǇ ǘƘŜǊŀǇȅΩύΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǘǊŜŀǘƳŜƴǘ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ 

guselkumab continues to IL-17 and/or non-targeted drugs upon discontinuation, and treatments 

beginning with IL-17 drugs continue to guselkumab and/or non-targeted drugs upon 

discontinuation.  All other drugs are followed by a market basket of IL-17 drugs and guselkumab 

upon discontinuation from the first-line targeted treatment. 

The incremental cost-effectiveness ratios compared to non-targeted treatment are shown below. 
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Table 4.8. Incremental Cost-Effectiveness Ratios (ICERs) for the Base Case, Compared to Non-

Targeted Treatment  

First-line Treatment Cost / QALY Cost / month in PASI 90+ Cost / month in PASI 75+ 

Adalimumab $164,000 $4,600 $3,200 

Apremilast $135,000 $4,500 $2,800 

Brodalumab $131,000 $3,300 $2,600 

Certolizumab pegol $188,000 $5,400 $3,700 

Etanercept $175,000 $5,400 $3,500 

Guselkumab $161,000 $4,000 $3,200 

Infliximab $134,000 $3,600 $2,700 

Ixekizumab $142,000 $3,400 $2,800 

Secukinumab $145,000 $3,700 $2,900 

Ustekinumab $169,000 $4,800 $3,300 

 

Sensitivity Analysis Results 

To demonstrate effects of model parameter uncertainty on incremental cost per QALY gained, we 

varied input parameters based on standard errors or reasonable ranges for two examples: 

ixekizumab versus non-targeted treatment and ixekizumab versus etanercept.  These examples 

were selected because ixekizumab is one of the most effective drugs and has some long-term data, 

and because etanercept represents one of the more commonly used original targeted agents.  

Furthermore, some health care plans require patients to utilize a less effective and less expensive 

targeted agent as a step therapy.   

In the base-case, ixekizumab has an ICER of $142,000 per QALY compared to non-targeted, and an 

ICER of $72,000 per QALY compared to etanercept.  
































































































































































































































































































































































