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The efficacy of antibody-based therapeutics depends on their pharmacokinetics. The pharma-
cokinetic and exposure response profiles of ustekinumab, a monoclonal antibody against
interleukin 12/interleukin 23, are known in patients with Crohn’s disease, yet there are few
data from patients with ulcerative colitis. We characterized ustekinumab’s pharmacokinetics,
exposure response, and optimal serum concentrations in patients with ulcerative colitis.
METHODS:
 We collected data from 2 phase 3 trials (1 induction and 1 maintenance), in which patients with
moderate to severe ulcerative colitis received an intravenous induction dose of ustekinumab
(130 mg, n[ 320; or approximately 6 mg/kg, n[ 322). Responders were assigned randomly to
groups that received subcutaneous maintenance ustekinumab (90 mg) every 8 weeks (n[ 176)
or 12 weeks (n [ 172), or placebo (n [ 175). We evaluated the association between usteki-
numab concentration and efficacy, serum based on clinical effects (Mayo score), histologic
features, and inflammation (measurement of C-reactive protein, fecal calprotectin, and fecal
lactoferrin), as well as safety (infections, serious infections, and serious adverse events), during
induction and maintenance therapy. Optimal serum concentrations of ustekinumab were
identified using receiver operating characteristic curve analyses.
RESULTS:
 In patients with ulcerative colitis, dose-proportional serum concentrations of ustekinumab, un-
affected by prior biologic or concomitant immunomodulator therapy, reached steady state by the
second maintenance dose; the median trough concentration for dosing every 8 weeks was
approximately 3-fold that of dosing every 12 weeks. Serum concentrations were associated with
clinical and histologic features of efficacy and normalization of inflammation markers. The week-
8 concentration threshold for induction of response was 3.7 mg/mL. A steady-state trough serum
concentration of 1.3 mg/mL or higher was associated with a higher rate of clinical remission
compared with patients who had lower serum concentrations. Serum concentrations of usteki-
numab were not associated with infections, serious infections, or serious adverse events.
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CONCLUSIONS:
 In an analysis of data from 2 phase 3 trials of patients with ulcerative colitis, we found that serum
concentrations of ustekinumab were proportional to dose, unaffected by prior biologic or
concomitant immunomodulator therapies, associated with clinical and histologic efficacy and
markers of inflammation, and were not associated with safety events at doses evaluated. Usteki-
numabpharmacokinetics are consistent betweenpatientswithCrohn’sdiseasevs ulcerative colitis.
Keywords: Inflammatory Bowel Disease; Serum Concentration; Therapeutic Drug Monitoring; Treatment Optimization.
Ulcerative colitis (UC), a chronic inflammatory
disease of the large intestine,1,2 typically can

be treated with traditional nonbiologic agents
(eg, 5-aminosalicylates/corticosteroids/azathioprine/6-
mercaptopurine); moderate-to-severe disease often re-
quires biologics to induce and maintain remission.3

Several therapies (the tumor necrosis factor-a inhibitors
[TNF-i] infliximab and adalimumab, and the small-
molecule Janus-kinase inhibitor tofacitinib) carry increased
infection risk and potential loss of clinical response.4–6

Ustekinumab, a human immunoglobulin G1 k mono-
clonal antibody, binds with high affinity to the p40
subunit shared by interleukin (IL)12 and IL23, abnormal
regulation of which is associated with immune-mediated
diseases. By interfering with binding to their cell surface
IL12Rb1-receptor protein, ustekinumab effectively neu-
tralizes IL12 (T-helper cell 1) and IL23-mediated cellular
responses.7 Ustekinumab, indicated to treat moderate-to-
severe Crohn’s disease (CD), moderate-to-severe plaque
psoriasis, and active psoriatic arthritis,8 recently was
approved in the United States and the European Union to
treat UC.

Adults with moderate-to-severe UC received 1 year
or more of ustekinumab in 2 large, phase 3, randomized,
controlled trials (1 intravenous [IV] induction trial and
1 randomized-withdrawal subcutaneous [SC] mainte-
nance trial), conducted under 1 protocol (A Phase 3,
Randomized, Double-blind, Placebo-controlled, Parallel-
group, Multicenter Protocol to Evaluate the Safety and
Efficacy of Ustekinumab Induction and Maintenance
Therapy in Subjects with Moderately to Severely
Active Ulcerative Colitis [UNIFI]; ClinicalTrials.gov
NCT02407236).9 Clinical remission (Mayo score �2
points, no subscore >1) rates were significantly higher
among ustekinumab- than placebo-treated patients af-
ter IV ustekinumab induction and at week 44 of SC
ustekinumab maintenance treatment. The ustekinumab
safety profile was consistent across patients with CD
and psoriatic diseases.8,9

In CD, ustekinumab pharmacokinetic (PK) and
exposure–response analyses indicated serum ustekinu-
mab concentrations (SUCs) were dose-proportional, un-
affected by concomitant immunomodulators, and
associated with efficacy.10 A trough SUC of 0.8 to 1.4 mg/
mL or greater was associated with clinical remission
during maintenance. Because of disease differences,11–13

we conducted similar analyses for adults with moderate-
to-severe UC from the UNIFI studies.
Materials and Methods

Patients and Study Design

The UNIFI design and enrollment criteria were re-
ported.9 The 52-week trial comprised an 8-week, ran-
domized, placebo-controlled, induction study, and a 44-
week, randomized-withdrawal, maintenance study.
Each site’s ethical body approved the protocols; all
patients provided written informed consent. All authors
had access to the study data and reviewed and approved
the final manuscript.

UNIFI evaluated adults with moderate-to-severe UC
(total Mayo score, 6–12; endoscopy subscore, �2 as
determined via a centrally reviewed videoendoscopy)14,15;
UC diagnosed 3 or more months before screening; and an
inadequate response to, or an intolerance of, TNF-i, vedo-
lizumab, and/or conventional/nonbiologic therapy (see
Supplementary Material Patients and Study Design).9

At induction week 0, patients randomly (1:1:1)
received the following intravenously: (1) ustekinumab
130 mg (w2 mg/kg); (2) ustekinumab weight-ran-
ge–based dose of approximately 6 mg/kg (260 mg
[weight �55 kg], 390 mg [>55 kg to �85 kg], or 520 mg
[>85 kg]); or (3) placebo. Induction week 8 clinical
response determined subsequent treatment. Patients
achieving a clinical response (�30% and �3-point
decrease from induction baseline in total Mayo score,
with either a �1-point decrease in the rectal bleeding
subscore or a score of 0/1) at week 8 to IV ustekinumab,
and nonresponders to IV placebo who received induction
IV ustekinumab (w6 mg/kg) at week 8 and responded at
induction week 16, were randomized (1:1:1) at
maintenance week 0 to receive the following subcuta-
neously: (1) ustekinumab 90 mg every 12 weeks; (2)
ustekinumab 90 mg every 8 weeks; or (3) placebo
through week 40. These patients comprised the ran-
domized maintenance primary analysis population. Pa-
tients who did not achieve a clinical response to IV
ustekinumab at week 8 received SC ustekinumab 90 mg
and were re-evaluated at week 16; responders entered
maintenance and received SC ustekinumab 90 mg every
8 weeks (delayed ustekinumab responders). Delayed
ustekinumab responders, plus patients receiving IV pla-
cebo induction who achieved a clinical response at week
8 and received SC placebo, comprised the non-
randomized maintenance population. Patients with clin-
ical flare and loss-of-response (LOR) were evaluated; no

http://ClinicalTrials.gov


What You Need to Know

Background
The pharmacokinetic features of ustekinumab, a
monoclonal antibody against interleukins 12/23, are
known in patients with Crohn’s disease, yet there are
few data from patients with ulcerative colitis.

Findings
Serum concentrations of ustekinumab are propor-
tional to dose, unaffected by prior biologic or
concomitant immunomodulator therapies, associ-
ated with clinical and histologic efficacy and markers
of inflammation, and are not associated with safety
events in patients with ulcerative colitis.

Implications for patient care
Ustekinumab pharmacokinetics are consistent be-
tween patients with Crohn’s disease vs ulcerative
colitis.
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ustekinumab dose adjustments were permitted through
maintenance week 44.

Study Evaluations and Analyses

Details of SUC and antidrug-antibody (ADA) assess-
ments are provided in the Supplementary Materials,
Study Evaluations and Analyses. Relative to analyses in
CD patients from A Phase 3, Randomized, Double-blind,
Placebo-controlled, Parallel-group, Multicenter Study to
Evaluate the Safety and Efficacy of Ustekinumab Induc-
tion Therapy in Subjects with Moderately to Severely
Active Crohn’s Disease Who Have Failed or Are
Intolerant to TNF Antagonist Therapy and A Phase 3,
Randomized, Double-blind, Placebo-controlled, Parallel-
group, Multicenter Study to Evaluate the Safety and
Efficacy of Ustekinumab Maintenance Therapy in
Subjects with Moderately to Severely Active Crohn's
Disease,10 the assay specificity cut-off point was adjusted
for the UNIFI UC studies to comply with updated regu-
latory guidelines.16 This resulted in a higher false-
positive rate for UC (1.6%) than CD (0.8%), and a
slightly higher ADA incidence in UC.

Key efficacy outcomes, assessed at induction week 8
and maintenance week 44, were based primarily on
Mayo scores (clinical response/clinical remission/endo-
scopic improvement). Two clinical remission definitions
were implemented to accommodate global (Mayo score
�2, no individual subscore >1) and US (absolute stool
number �3, Mayo rectal bleeding subscore ¼ 0, Mayo
endoscopy subscore ¼ 0/1) regulatory requirements
(global definition applied unless stated otherwise).
Symptomatic remission, a clinically relevant, patient-
centered outcome not requiring endoscopy, was
defined by a Mayo stool number of 0/1 and a rectal
bleeding subscore of 0. A Mayo endoscopy subscore of 0/
1 defined endoscopic improvement. Histologic improve-
ment (Geboes score) required neutrophil infiltration in
less than 5% of crypts; no crypt destruction; and no
erosions, ulcerations, or granulation tissue.9 LOR was
determined relative to induction week 0 Mayo scores.
Inflammatory biomarker (serum C-reactive protein
[CRP]/fecal calprotectin/fecal lactoferrin) concentrations
were determined. Safety outcomes (infections/serious
infections/serious adverse events [SAEs]) were assessed
through IV induction week 8 and SC maintenance week
44. Injection-site reactions and AEs within 1 hour after
infusion were assessed in patients included in the ADA
analyses. Data analyses are detailed in the
Supplementary Materials, Statistical Analyses.

Results

Patient Characteristics

The disposition (Supplementary Figure 1) and char-
acteristics (Supplementary Table 1) of the 960 patients
treated in the UNIFI studies, and selected characteristics
according to SUC quartile groups during induction and
maintenance (Table 1), are summarized. Patients with
SUCs in the lowest induction quartile at week 8 tended to
show higher baseline serum CRP concentration, fecal
calprotectin concentration, and concomitant corticoste-
roid use, and lower serum albumin concentrations, than
patients in higher quartiles. During maintenance, the
small group of ADAþ patients (see the Immunogenicity
section) was predominantly in the lowest steady-state
SUC quartile. This quartile was associated with a higher
incidence of pancolitis than higher quartiles (Table 1).

Ustekinumab Pharmacokinetics

After a single IV ustekinumab weight-range–based
(w6 mg/kg) or 130 mg fixed (w2 mg/kg) dose, the
median SUCs generally were dose-proportional (that
withw6 mg/kg, wasw3-fold that with 130 mg [w2 mg/
kg]). The median peak SUCs 1 hour after infusion at
induction week 0 were 127.0 mg/mL (w6 mg/kg) and
43.2 mg/mL (130 mg) (Figure 1).

During SC maintenance of therapy with 90 mg uste-
kinumab, steady-state SUC occurred at approximately
maintenance week 8 (16 weeks after IV induction), with
dosing every 8 weeks and at approximately maintenance
week 12 (20 weeks after IV induction) with every 12
weeks dosing. No apparent SUC accumulation was
observed with either SC maintenance regimen. The me-
dian steady-state trough SUCs with 90 mg ustekinumab
every 8 weeks (2.7–3.1 mg/mL) were approximately 3-
fold those with every 12 weeks (0.9–1.2 mg/mL)
dosing. The median SUCs in patients receiving IV in-
duction ustekinumab approximately 6 mg/kg and then
SC maintenance placebo only became undetectable by
maintenance week 20 (Figure 1). SUCs were similar



Table 1. Patient Characteristics by Serum Ustekinumab Concentration Quartiles (Based on Combined Dose Groups)

Induction characteristica

Week 8 trough serum ustekinumab concentration quartile

P valuebQ1 (N ¼ 130) Q2 (N ¼ 131) Q3 (N ¼ 130) Q4 (N ¼ 131)

Male, % 66.9 62.6 56.2 60.3 .345
Extent of disease, pancolitis, % 50.0 40.0 43.4 43.1 .426
Concomitant AZA/6-MP/MTX use, % 27.7 36.6 28.5 29.8 .392
Concomitant corticosteroid use, % 54.6 37.4 43.9 44.3 .046c

Prior biologic failure, % 53.9 60.3 54.6 38.9 .004c

Antibody-to-ustekinumab positive, % 1.5 0.8 0.0 0.0 .340
Median weight, kg 73.7 72.3 68.2 72.0 .086
Median Mayo score 9 9 9 9 .135
Median disease duration, y 5.7 7.1 6.3 6.1 .322
Median serum C-reactive protein, mg/L 7.3 6.0 3.6 2.3 <.001c

Median fecal calprotectin, mg/g 1759.5 1459.0 1476.0 1213.0 .012
Median fecal lactoferrin, mg/g 218.5 170.7 220.5 158.0 .289
Median serum albumin, g/dL 4.0 4.1 4.2 4.3 <.001d

Maintenance characteristice

Average steady-state trough serum ustekinumab concentration
quartile

Q1 (N ¼ 80) Q2 (N ¼ 79) Q3 (N ¼ 80) Q4 (N ¼ 79)

Male, % 60.0 59.5 58.8 45.6 .207
Extent of disease, pancolitis, % 58.8 48.7 43.8 36.7 .042c

Concomitant AZA/6-MP/MTX use, % 23.8 30.4 25.0 26.6 .803
Concomitant corticosteroid use, % 40.0 44.3 46.3 46.0 .806
Prior biologic failure, % 51.3 41.8 46.3 43.0 .635
Antibody-to-ustekinumab positive, % 12.5 1.3 0.0 1.3 <.001c

Median weight, kg 74.5 75.4 70.0 62.9 <.001c

Median Mayo score 4 4 4 3 .008
Median disease duration, y 7.0 5.0 6.2 6.1 .644
Median serum C-reactive protein, mg/L 2.2 1.7 1.5 1.4 .046c

Median fecal calprotectin, mg/g 920.0 395.0 408.0 342.0 .070
Median fecal lactoferrin, mg/g 78.4 35.9 40.7 42.9 .477
Median serum albumin, g/dL 4.4 4.5 4.4 4.5 .014d

AZA, azathioprine; 6-MP, 6-mercaptopurine; MTX, methotrexate; Q, quartile.
aCharacteristics at induction baseline, with the exception of antibody-to-ustekinumab status, which was evaluated through week 8.
bDerived from a nonparametric test of medians (Kruskal–Wallis test) for continuous variables or a Fisher exact test for categoric variables.
cTrend toward decreasing proportions of patients or median values as the serum ustekinumab concentration quartile increased.
dTrend toward increasing median values as the serum ustekinumab concentration quartile increased.
eMayo score, serum C-reactive protein, fecal calprotectin, fecal lactoferrin, and albumin were evaluated at maintenance baseline; antibody-to-ustekinumab status
was evaluated through week 44 of maintenance; all other characteristics were evaluated at induction baseline.
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between patients receiving and not receiving concomi-
tant immunomodulators, and generally comparable be-
tween patients who had and had not failed biologics
previously (Figure 2).
Ustekinumab Concentration and Efficacy

In quartile analyses of induction week 8 SUC, and
steady-state average trough concentrations during SC
maintenance, with corresponding efficacy outcomes,
positive exposure–response relationships were observed
(Figure 3). Although a positive exposure–response trend
also was evident after the higher weight-based (w6 mg/
kg) IV induction dose, smaller differences between the
third and fourth quartile clinical response rates, relative
to the lower fixed-dose IV induction group, suggested
that efficacy approached plateau with the higher
induction dose (Supplementary Figure 2A). During SC
maintenance, remission rates were similar in the third
and fourth SUC quartiles for dosing at both every 12 and
every 8 weeks; however, remission rates in the lowest
quartile were lower with dosing every 12 weeks than
every 8 weeks (Supplementary Figure 2B). Further an-
alyses showed a strong positive exposure–response
trend among patients who did not achieve robust effi-
cacy (clinical/symptomatic remission, endoscopic
improvement) after induction vs patients achieving such
outcomes (Supplementary Figure 3).

Quartile analysis also showed positive associations
between SUC and normalized serum CRP (�3.0 mg/L),
fecal calprotectin (�250 mg/kg), and fecal lactoferrin
(�7.2 mg/g) status during IV induction and SC mainte-
nance (Supplementary Figure 4).

During SC maintenance ustekinumab, median trough
SUCs before LOR were numerically lower in patients



Figure 1.Median serum
ustekinumab concentra-
tions by induction dose: (A)
130 mg or (B) approxi-
mately 6 mg/kg. aData at
maintenance week 0 were
the same as those for
induction week 8. IV,
intravenous; q8w, every 8
weeks; q12w, every 12
weeks; SC, subcutaneous.
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with vs without LOR (eg, 0.82 vs 1.1 mg/mL, respectively,
with dosing every 12 weeks).
Optimal Serum Ustekinumab Concentration
Targets

Receiver operating characteristic (ROC) curves iden-
tified a target concentration threshold of 3.7 mg/mL or
greater at induction week 8 for achievement of clinical
response at week 8 (area under the ROC curve [AUC],
0.65; 95% CI, 0.61–0.69; P < .001; sensitivity, 62%;
specificity, 62%). Induction week 8 concentration
thresholds for other week-8 outcomes were 3.5 to 3.7
mg/mL (Supplementary Table 2, Supplementary
Figure 5).

A target concentration threshold of 1.3 mg/mL or
greater (AUC, 0.64; 95% CI, 0.58–0.69; P < .001; sensi-
tivity, 74%; specificity, 48%) was identified for clinical
remission at maintenance week 44. Steady-state trough
SUC thresholds for other maintenance outcomes were
1.1 to 1.3 mg/mL (Table 2, Figure 4).
Factors Associated With Ustekinumab Efficacy

Multivariable logistic regression analyses (Table 2,
Supplementary Material, Study Evaluations and
Analyses) indicated that SUC and normalized serum CRP
(�3.0 mg/L) and fecal lactoferrin (�7.2 mg/g) status at
week 8 were associated most closely with clinical
response at induction week 8. Steady-state trough SUC
and remission status at maintenance week 0 was asso-
ciated most closely with clinical remission at week 44.
Ustekinumab Concentration and Safety

No upward trend in infections, serious infections, or
SAEs as SUC increased was apparent during IV induction
or SC maintenance treatment (Supplementary Figure 6).



Figure 2.Median serum
ustekinumab concentra-
tions in patients who
received approximately 6
mg/kg intravenous usteki-
numab followed by 90 mg
subcutaneous ustekinu-
mab every 8 weeks by (A)
immunomodulator use and
(B) biologic failure status.
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Immunogenicity

Among 680 ustekinumab-treated patients with
appropriate testing samples, 39 (5.7%) were ADAþ at 1
or more time points through 1 year. ADA were transient
(positive at a single time point with subsequent negative
results) in 43.6% and antibodies were neutralizing in
28.2% of 39 ADAþ patients. Among IV induction re-
sponders randomized to maintenance treatment, fewer
patients continuing ustekinumab (3.4%; 12 of 348) vs
receiving placebo (9.1%; 16 of 175) during maintenance
were ADAþ. ADAs occurred in 3.1% (6 of 193) of patients
receiving concomitant immunomodulators vs 6.8% (33
of 487) of patients who did not; this apparent difference
in ADA incidence did not influence the median SUC
(Figure 2).

The median SUCs generally were lower in the smaller
number of ADAþ patients than in the larger group of
ADA– patients. With ustekinumab dosing every 8 weeks,
the median steady-state trough SUCs at week 24 were
0.31 mg/mL (interquartile range, 0.11–2.14) in 4 ADAþ

patients, vs 2.76 mg/mL (interquartile range, 1.87–4.18)
in 145 ADA– patients. Across multiple efficacy outcomes,
ADAs did not appear to impact the response to usteki-
numab to a notable extent (Supplementary Table 3). No
ADAþ patient had an injection-site reaction or AE within
1 hour after infusion, including serum sickness–like/
anaphylaxis reactions.
Discussion

In these analyses of the UNIFI induction and main-
tenance studies, a large study of ustekinumab in UC pa-
tients, ustekinumab PK characteristics generally were
comparable between UC and CD. After the same IV



Figure 3. Proportions of
patients achieving efficacy
outcomes by serum uste-
kinumab concentration
quartiles (combined dose
groups), including (A) clin-
ical response, endoscopic
improvement, and clinical
remission (global defini-
tion) at induction week 8,
and (B) endoscopic
improvement and clinical
remission at maintenance
week 44.
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induction dose, peak SUCs were similar between patients
with UC in UNIFI and previously analyzed CD patients,10

although SUCs at induction week 8 and trough levels
during maintenance were slightly higher in UC patients
(Supplementary Table 4). Similar PK and
exposure–response characteristics of infliximab, adali-
mumab, and vedolizumab supported the approval of the
same dosing across UC and CD.17–20 For acute severe UC,
characterized by higher inflammatory burden and faster
drug clearance, accelerated/intensified induction for
infliximab was reported.21,22 This approach may not
apply directly to ustekinumab given that induction
dosing in UC and CD involves a single IV administration.
With infliximab, dose optimization after LOR is more
common in UC than in CD patients.13,23 Although dose
adjustment after LOR was not evaluated in UNIFI main-
tenance, exposure–response data reported herein,
including PK data in UC patients with LOR, coupled with
previously reported ustekinumab dose-adjustment data
in CD,10 suggest that shortening the dosing interval from
every 12 weeks to every 8 weeks could re-establish a
clinical response after LOR. The extrapolation of dose-
adjustment data from CD to UC is supported further by
generally comparable ustekinumab PK characteristics
between UC and CD patients, including similar covariate
effects on SUC. An additional implication of similar bio-
logic PK characteristics between UC and CD is that
distinct PK/dose-finding studies for these indications
may be unnecessary, highlighting an opportunity to
extrapolate PK findings across indications and improve
efficiency of developing biologics for inflammatory bowel
diseases (IBDs).

We also observed robust and consistent associations
between SUC and efficacy outcomes (clinical/histologic/
inflammatory biomarkers). Furthermore, potential SUC
cut-off values, and other factors associated with
improved efficacy, were identified using multivariable
models. Week 8 concentrations of 3.7 mg/mL or greater
were associated better with response to induction uste-
kinumab, and steady-state trough concentrations of 1.3



Table 2. Final Multivariable Logistic Regression Analysis Models and ROC Curve Analysis Metrics

Final multivariable logistic regression analysis models for efficacy outcomes in the UNIFI induction and maintenance studies

Efficacy outcome Variables Odds ratio (95% CI) P valuea

Clinical response at induction week 8 Ustekinumab concentration at week 8 1.10 (1.05–1.15) <.001
Normalized serum C-reactive protein at week 8 2.19 (1.47–3.26) <.001
Normalized fecal lactoferrin at week 8 4.47 (2.35–8.50) <.001

Clinical remissionb at maintenance week 44 Average steady-state trough ustekinumab concentration 1.32 (1.13–1.53) <.001
Remission status at maintenance week 0 3.09 (1.75–5.48) <.001

ROC curve analysis metrics for the relationship between serum ustekinumab concentration and efficacy at week 44 among
patients randomized to ustekinumab in the UNIFI maintenance study

Efficacy outcome at week 44 ROC curve metric Analysis findings

Clinical remission (global definition) AUC (95% CI; P value) 0.64 (0.58–0.69; P < .001)
Sensitivity/specificity/PPV/NPV, % 74.1/48.0/53.8/69.4
Threshold, mg/mL �1.30

Symptomatic remission AUC (95% CI; P value) 0.62 (0.56–0.67; P ¼ .001)
Sensitivity/specificity/PPV/NPV, % 72.1/50.0/78.0/42.2
Threshold, mg/mL �1.18

Endoscopic improvement AUC (95% CI; P value) 0.63 (0.58–0.69; P < .001)
Sensitivity/specificity/PPV/NPV, % 78.2/42.5/59.4/64.4
Threshold, mg/mL �1.08

Histologic improvement AUC (95% CI; P value) 0.62 (0.56–0.67; P ¼ .001)
Sensitivity/specificity/PPV/NPV, % 69.0/51.3/70.1/50.0
Threshold, mg/mL �1.31

AUC, area under the receiver operating characteristic curve; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic;
UNIFI, A Phase 3, Randomized, Double-blind, Placebo-controlled, Parallel-group, Multicenter Protocol to Evaluate the Safety and Efficacy of Ustekinumab In-
duction and Maintenance Therapy in Subjects with Moderately to Severely Active Ulcerative Colitis.
aDerived from multivariable logistic regression analyses, with forward-step selection and backward elimination.
bGlobal definition.
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mg/mL or greater were associated better with mainte-
nance of efficacy. The range of threshold concentrations
(1.1–1.3 mg/mL) was consistent with, although less var-
iable than, those for CD (0.8–1.4 mg/mL).10 Similar target
concentrations were consistent with several biologics
using identical dosing regimens for UC and CD.17–19 The
1.3-mg/mL maintenance threshold was lower than what
was identified in 62 CD patients receiving off-label SC
ustekinumab 90 mg at weeks 0, 1, 2, and then every 4 or
every 8 weeks (4.5-mg/mL threshold � week 26).24

Notably, the homogenous mobility-shift assay
measuring SUCs in that study yielded nearly 2-fold
higher SUCs than when measured via an enzyme-linked
immunosorbent assay, suggesting that differences in
proposed optimal SUC thresholds may be partly assay-
related.25 Nevertheless, given the small sample size, un-
controlled/unblinded study design, nonstandard dosing
regimens, and different patient populations,24 data from
our large randomized trial are believed to provide robust
estimates of thresholds associated with better efficacy
during ustekinumab treatment in UC. Although our
proposed SUC cut-off values require validation, they may
be useful in designing studies evaluating therapeutic
drug monitoring (TDM) of ustekinumab-treated UC
patients.

In multivariable logistic regression analyses, SUC and
normalized serum CRP (�3.0 mg/L) and fecal lactoferrin
values (�7.2 mg/g) concentrations, all at induction week
8, were associated most strongly with clinical response
at induction week 8. Although week 2 and week 4 SUCs
also were associated with clinical response (data not
shown), model selection of week 8 SUCs indicated con-
centrations measured closer to efficacy assessments,
rather than earlier, were associated more strongly with
efficacy. The identification of week 8 (vs baseline)
normalized serum CRP and fecal lactoferrin values as
factors associated with week-8 clinical response is
consistent with SUC analyses. Inflammatory biomarkers
have utility in UC diagnosis/management.26,27 Fecal
biomarkers are easier to sample, and thus more
amenable to repeated sampling; they also have direct
contact with inflamed tissues and potentially enhanced
specificity, vs serum biomarkers, for intestinal inflam-
mation.28 In this analysis, inclusion of normalized fecal
lactoferrin, rather than calprotectin, in the induction
model is noteworthy because the latter is studied more
widely in IBD.29,30 Nevertheless, both markers are highly
correlated.31

During maintenance, steady-state trough SUCs and
remission status at maintenance week 0 were associated
most strongly with clinical remission at maintenance;
week 44. Thus, optimal trough SUCs for maintenance
may be assessed at steady-state (generally achieved by
the second SC maintenance dose). The association



Figure 4. Receiver oper-
ating characteristic curve
analysis of steady-state
trough serum ustekinu-
mab concentration and
efficacy outcomes at
maintenance week 44.
AUC, area under the
receiver operating charac-
teristic curve.
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between remission status at maintenance week 0 and
clinical remission at maintenance week 44 was consis-
tent with a more pronounced exposure–response trend
among patients who did not have a robust induction
response. This observation also was consistent with ex-
pected variability in pharmacodynamics between pa-
tients with active vs remitted disease. This differential
exposure–response trend during maintenance may indi-
cate that although 90 mg ustekinumab every 8 weeks is
more effective across all patients, 90 mg every 12 weeks
may be effective for patients achieving robust induction
efficacy.

A further important finding was that SUCs in UC
patients were unaffected by either a history of
failing other biologics or concomitant immunomodula-
tors (6-mercaptopurine/azathioprine/methotrexate).
Because comparable SUCs were achieved in patients with
and without a history of biologic failure, the differential
ustekinumab effect previously noted between such pa-
tients9 cannot be ascribed to differential systemic uste-
kinumab exposure. Similarly, these data further indicate
any potential impact of concomitant immunomodulators
on ustekinumab efficacy in UC may not be attributable to
altered SUCs, as established for TNF-i.32,33 The factors
associated with observed differences in SUCs during in-
duction or maintenance relate to factors reflecting
inflammation/disease severity (serum CRP/fecal lacto-
ferrin/pancolitis) or drug clearance (ADA/serum albu-
min), consistent with ustekinumab data in CD.10 Findings
related to inflammatory markers should be interpreted
cautiously, given patients in the higher SUC quartiles had
lower baseline biomarker levels, rendering them more
likely to attain normalization than patients in lower
quartiles showing higher baseline values.

Ustekinumab-treated UC patients showed low
immunogenicity (5.7%). ADAs were transient in 44%,
and non-neutralizing in 72%, of ADAþ patients. Consid-
ering the revised assay specificity threshold, and antici-
pated higher false-positive rate for UC vs CD studies, the
slightly higher ADAþ incidence in UC (3.4%) than CD
(2.7%)10 patients randomized to ustekinumab mainte-
nance was expected. Consistent with CD,10 ADAþ inci-
dence was higher among UC patients randomized to
placebo maintenance (9.1%), indicating that intermittent
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ustekinumab therapy may increase the risk of developing
ADA. Among the small number of ADAþ patients, as ex-
pected, median SUCs were lower, but not undetectable,
than in ADA– patients. The low incidence and charac-
teristics of these ADAs may explain their minimal impact
on efficacy in UC.

Finally, no association was observed between SUCs
and incidences of infections, serious infections, or SAEs,
consistent with CD.10 Thus, such safety events do not
appear to relate to ustekinumab exposure deriving from
dosing regimens evaluated.

This study had some potential limitations. The
application of our analyses in clinical practice are con-
strained by proprietary methods used to determine
SUCs. However, a recently published analysis showed
that SUCs determined by commercially available
methods strongly correlate with our assay.34 The pro-
posed SUC targets are limited by moderate ROC AUC/
specificity/sensitivity values, suggesting other factors
may warrant consideration. Nevertheless, obtained ROC
metrics are consistent with those for ustekinumab in
CD10 and TNF-i in UC35 and CD.36 Associations between
SUC and clinical efficacy do not prove cause and effect. A
prospective, interventional, longitudinal study is
required to address whether trough SUC optimization via
TDM improves efficacy outcomes. As reported for diag-
nostic accuracy in IBDs,37 future evaluations need to
consider that an index comprising several factors,
including SUCs, may predict ustekinumab efficacy more
strongly. In particular, the lower response rates in the
lowest SUC quartile observed with approximately 6 mg/
kg IV vs the highest SUC quartile with 130 mg IV in-
duction dosing, or the lowest SUC quartile for every 8
weeks vs the highest SUC quartile for every 12 weeks
during maintenance dosing, suggest that individual drug
clearance also may be an important factor associated
with efficacy, in addition to drug concentration; this
finding warrants further exploration.

In conclusion, ustekinumab PKs are consistent be-
tween UC and CD. In UC, SUCs were dose-proportional;
unaffected by prior biologic or concomitant immuno-
modulator use; associated with clinical, histologic, and
normalized inflammatory biomarker outcomes; and not
associated with safety events. Beyond SUCs, normalized
serum CRP and fecal lactoferrin values at week 8 were
associated with clinical efficacy at week 8, and remission
achieved before maintenance therapy was associated
with sustained remission at week 44. PK and
exposure–response data support using the approxi-
mately 6 mg/kg IV induction followed by 90 mg every 8
weeks SC maintenance dosing, although 90 mg every 12
weeks associated with SUC was effective in patients
achieving robust efficacy after induction. Although the
proposed SUC targets (induction, �3.7 mg/mL; mainte-
nance, �1.3 mg/mL) require confirmation, results from a
large study of ustekinumab in UC provide important and
useful data for assessing the utility of TDM for usteki-
numab in UC patients.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
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Supplementary Materials

Patients and Study Design

Continued stable doses of immunomodulators, 5-
aminosalicylates, oral corticosteroids (prednisone-
equivalent dose �20 mg/d), including budesonide and
beclomethasone dipropionate, were permitted (cortico-
steroid tapering was required with commencement of
maintenance treatment).

Study Evaluations and Analyses

Samples for determining serum ustekinumab con-
centrations were collected at all visits during induction
(weeks 0, 2, 4, 8, and 16) and maintenance (every 4
weeks through week 44). Serum ustekinumab concen-
trations were determined using a previously described,
validated, electrochemiluminescent immunoassay
method on the Meso Scale Discovery platform (Gai-
thersburg, MD; lowest quantifiable concentration, 0.1688
mg/mL).1

Serum samples for assessment of ADAs were
collected in the induction (weeks 0, 4, 8, and 16) and
maintenance (weeks 4, 12, 24, 36, and 44) studies. The
presence of ADAs was determined using a previously
described, validated, drug-tolerant, electro-
chemiluminescent immunoassay method on the Meso
Scale Discovery platform.1 Patients were considered
ADA-positive if treatment-emergent ADAs were detected
at any time, regardless of the presence or absence of
ustekinumab in the serum sample. Of note, the assay can
detect anti-ustekinumab antibodies in the presence of up
to 100 mg/mL of ustekinumab.

Statistical Analyses

Observed serum ustekinumab concentration data
were summarized for each treatment group using
descriptive statistics. Missing ustekinumab concentration
data were not imputed.

Efficacy and safety outcomes were summarized by
serum ustekinumab concentration quartiles. For com-
parisons of variables across concentration quartiles, the
Kruskal–Wallis test was used for continuous variables,
and a Fisher exact test was used for categoric variables. A
1-sided Cochrane–Armitage trend test was used to
evaluate the presence of a trend in the proportion of
patients with a categoric outcome across ustekinumab
concentration quartiles.

Multivariable logistic regression analyses, with
forward-step selection and backward elimination, were
conducted to identify variables associated with efficacy
outcomes during induction and maintenance treatment.
Variables assessed for an association with efficacy
included ustekinumab concentrations (at weeks 2, 4, and
8 for induction; at week 8; and average steady-state
trough for maintenance); baseline Mayo score, body
weight, serum albumin, fecal calprotectin, and fecal lac-
toferrin; biologic failure status; corticosteroid and
immunomodulator use; antibody to ustekinumab status
(through week 8 for induction and through week 44 for
maintenance); attainment of normalized status for serum
C-reactive protein, fecal calprotectin, and fecal lactoferrin
at week 8; and remission status at maintenance
randomization (only for the maintenance analysis).
Dependent response variables were clinical response at
induction week 8 for the induction analysis, and clinical
remission at maintenance week 44 for the maintenance
analysis.

Potential optimal ustekinumab concentration thresh-
olds associated with efficacy outcomes were determined
using receiver operating characteristic curve analysis,
based on the Youden2 index. All statistical testing was
performed at the 0.05 significance level. Data handling
rules for the efficacy variables were described previ-
ously.3 The incidence of ADAs and their relationship with
efficacy and injection-site reactions/adverse events
occurring within 1 hour of infusion also were assessed.
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Supplementary Figure 1. Disposition of patients in the UNIFI induction and maintenance studies who had serum ustekinumab
concentrations and efficacy outcome data appropriate for PK and exposure–response analysis. IV, intravenous; PK, phar-
macokinetic; q8w, every 8 weeks; q12w, every 12 weeks; SC, subcutaneous; UNIFI, A Phase 3, Randomized, Double-blind,
Placebo-controlled, Parallel-group, Multicenter Protocol to Evaluate the Safety and Efficacy of Ustekinumab Induction and
Maintenance Therapy in Subjects with Moderately to Severely Active Ulcerative Colitis.
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Supplementary
Figure 2. Proportions of
UNIFI patients achieving
efficacy outcomes by (A)
serum ustekinumab con-
centration quartiles and
induction dose in the in-
duction study, and (B)
serum ustekinumab con-
centration quartiles and
maintenance dose in the
maintenance study. Quar-
tiles are based on com-
bined dose groups. IV,
intravenous; q8w, every 8
weeks; q12w, every 12
weeks; SC, subcutaneous;
UNIFI, A Phase 3, Ran-
domized, Double-blind,
Placebo-controlled, Paral-
lel-group, Multicenter Pro-
tocol to Evaluate the
Safety and Efficacy of
Ustekinumab Induction
and Maintenance Therapy
in Subjects with Moder-
ately to Severely Active
Ulcerative Colitis.
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Supplementary
Figure 3. Proportions of patients
achieving (A) clinical remission
(global definition), (B) endoscopic
improvement, and (C) symptom-
atic remission at week 44 by
average trough serum ustekinu-
mab concentration quartiles and
efficacy status after induction
(maintenance week 0). Quartiles
are based on combined dose
groups.
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Supplementary Figure 4. Proportions of patients with normalized status of disease biomarkers by average trough serum
ustekinumab concentration quartiles in the UNIFI (A) induction and (B) maintenance studies. Quartiles are based on combined
dose groups. CRP, C-reactive protein.
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Supplementary Figure 5. Receiver operating characteristic curve analysis of serum ustekinumab concentration and efficacy
outcomes at week 8 in the UNIFI induction study, including (A) clinical response, (B) endoscopic improvement, (C) histologic
improvement, (D) symptomatic remission, and (E) clinical remission (global definition). AUC, area under the receiver operating
characteristic curve.
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Supplementary Figure 6. Proportions of patients with select adverse events by serum ustekinumab concentration quartiles in
the UNIFI (A) induction and (B) maintenance studies. Quartiles are based on combined dose groups.
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Supplementary Table 1. Baseline Characteristics of Patients
From the UNIFI Studies Included in
the Pharmacokinetics/
Exposure–Response Analyses

Baseline characteristic N ¼ 960

Male, % 60.6
Mean age (SD), y 41.6 (13.65)
Mean weight (SD), kg 73.2 (17.65)
Mean disease duration (SD), y 8.1 (7.40)
Mean Mayo score, mean (SD) 8.9 (1.56)
Extent of disease, pancolitis, n (%) 435 (45.7)
Median serum C-reactive protein (IQR), mg/L 4.7 (1.5–11.6)
Median fecal calprotectin (IQR), mg/g 1392.0 (567.0–2713.0)
Median fecal lactoferrin (IQR), mg/g 186.7 (64.1–423.2)
Median serum albumin (IQR), g/dL 4.2 (3.9–4.4)
Concomitant AZA/6-MP/MTX use, % 28.3
Concomitant corticosteroid use, % 44.9
Prior biologic failure, % 51.2

AZA, azathioprine; IQR, interquartile range; 6-MP, 6-mercaptopurine; MTX,
methotrexate; UNIFI, A Phase 3, Randomized, Double-blind, Placebo-
controlled, Parallel-group, Multicenter Protocol to Evaluate the Safety and
Efficacy of Ustekinumab Induction and Maintenance Therapy in Subjects with
Moderately to Severely Active Ulcerative Colitis.

Supplementary Table 2. ROC Curve Analysis Metrics for the Relationship Between Serum Ustekinumab Concentration and
Efficacy at Week 8 of the UNIFI Induction Study

Efficacy end point at week 8 ROC curve metric Analysis findings

Clinical response AUC (95% CI; P value) 0.65 (0.61–0.69; P < .001)
Sensitivity/specificity, % 62.2/61.9
Threshold; mg/mL �3.68

Endoscopic improvement AUC (95% CI; P value) 0.61 (0.57–0.65; P < .001)
Sensitivity/specificity, % 66.7/51.4
Threshold; mg/mL �3.47

Histologic improvement AUC (95% CI; P value) 0.63 (0.58–0.67; P < .001)
Sensitivity/specificity, % 63.5/57.8
Threshold; mg/mL �3.71

Clinical remission (global definition) AUC (95% CI; P value) 0.61 (0.56–0.65; P ¼ .002)
Sensitivity/specificity, % 70.5/50.0
Threshold; mg/mL �3.47

Symptomatic remission AUC (95% CI; P value) 0.63 (0.58–0.67; P < .001)
Sensitivity/specificity, % 63.4/56.9
Threshold; mg/mL �3.68

AUC, area under the receiver operating characteristic curve; ROC, receiver operating characteristic; UNIFI, A Phase 3, Randomized, Double-blind, Placebo-
controlled, Parallel-group, Multicenter Protocol to Evaluate the Safety and Efficacy of Ustekinumab Induction and Maintenance Therapy in Subjects with
Moderately to Severely Active Ulcerative Colitis.
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Supplementary Table 3. Clinical Efficacy Outcomes at Week
44 of the UNIFI Maintenance Study
by Ustekinumab ADA Status

Efficacy outcome at week 44

Achieved efficacy
outcome, %

P
valuea

ADA
positive
(N ¼ 12)

ADA
negative
(N ¼ 336)

Clinical response 74.1 75.0 1.0
Clinical remission (global definition) 41.7 25.0 .37
Clinical remission (US definition) 41.1 41.7 1.0
Endoscopic improvement 47.3 50.0 1.0
Histologic improvement 56.6 58.3 1.0

ADA, antidrug antibody; UNIFI, A Phase 3, Randomized, Double-blind,
Placebo-controlled, Parallel-group, Multicenter Protocol to Evaluate the Safety
and Efficacy of Ustekinumab Induction and Maintenance Therapy in Subjects
with Moderately to Severely Active Ulcerative Colitis.
aDerived from the Fisher exact test.

Supplementary Table 4. Comparison of Median Ustekinumab Concentrations Between Ulcerative Colitis and Crohn’s
Disease Patients

Sampling timea

IV induction

130 mg w6 mg/kg

Ulcerative colitis Crohn’s diseaseb Ulcerative colitis Crohn’s diseaseb

Induction week 0 (1 hour after administration) 43.2 mg/mL 41.9 mg/mL 127.0 mg/mL 126.1 mg/mL
Induction week 8 2.5 mg/mL 2.1 mg/mL 8.6 mg/mL 6.4 mg/mL

SC maintenance

90 mg q12w 90 mg q8w

Maintenance week 24 0.9 mg/mL 0.6 mg/mL 2.7 mg/mL 2.1 mg/mL
Maintenance week 32 2.5 mg/mL 1.6 mg/mL 2.9 mg/mL 2.2 mg/mL
Maintenance week 36 1.0 mg/mL 0.8 mg/mL 9.0 mg/mL 6.8 mg/mL
Maintenance week 40 6.8 mg/mL 5.7 mg/mL 2.8 mg/mL 2.2 mg/mL

IV, intravenous; q8w, every 8 weeks; q12w, every 12 weeks; SC, subcutaneous.
aAll blood samples were collected before study drug administration unless otherwise noted.
bHistorical data were derived from Adedokun et al.3
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