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Abstract

Background and Aims:  The efficacy and safety of adalimumab for induction and maintenance of 
clinical remission in patients with moderately to severely active ulcerative colitis were demonstrated 
in the ULTRA 1 and 2 clinical trials. This post-hoc, pooled analysis evaluated early changes in 
laboratory parameters, Mayo subscores, mucosal healing, and health-related quality of life.
Methods:  Mean changes in laboratory parameters including albumin, high-sensitivity C-reactive 
protein, total protein, haematocrit, haemoglobin, red blood cell and platelet counts, Inflammatory 
Bowel Disease Questionnaire, and Short Form 36 Health Survey were evaluated from baseline 
to Weeks 4 and 8. Mean changes in Mayo subscores of rectal bleeding and stool frequency were 
evaluated from baseline to Weeks 2, 4, 6, and 8. Mucosal healing was assessed with endoscopy at 
baseline and Week 8. Categorical variables were evaluated with the Cochran-Mantel-Haenszel test; 
continuous variables were evaluated with analysis of covariance and considered significant if p <0.05.
Results:  Treatment with adalimumab significantly improved laboratory and quality-of-life 
measures at Weeks 4 and 8 compared with placebo [p <0.05 and p <0.001]. Mean reductions from 
baseline in rectal bleeding and stool frequency were significantly larger in patients receiving 
adalimumab compared with placebo at Week 2 and sustained through Week 8 [p <0.01]. Normal 
mucosa at Week 8 was achieved by 13% of patients receiving adalimumab compared with 6% of 
those receiving placebo [p <0.001].
Conclusions:  Adalimumab resulted in rapid improvements in laboratory markers and early 
reductions in rectal bleeding and stool frequency. Early improvement in quality-of-life scores 
correlated with the clinical and laboratory findings.
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Table 1.  Demographics and baseline characteristics.

Characteristic Placebo [n = 468] Adalimumab [n = 470]

Age, y, n [%]
  <40 238 [51] 259 [55]
  40–64 209 [45] 197 [42]
  ≥65 21 [4] 14 [3]
Male, n [%] 291 [62] 280 [60]
White, n [%] 436 [93] 441 [94]
Body weight, kg, mean ± SD 77.7 ± 17.7* 74.6 ± 16.0
Concomitant therapy, n [%]   
  Corticosteroids only 186 [40] 190 [40]
  Immunomodulators only 73 [16] 85 [18]
  Corticosteroids and immunomodulators 92 [20] 92 [20]
Previous anti-TNF exposure, n [%] 101 [22] 97 [21]
Partial Mayo score, mean ± SD 6.4 ± 1.5a 6.4 ± 1.5a

  Rectal bleeding subscore 1.6 ± 0.9a 1.7 ± 0.9a

  Stool frequency subscore 2.5 ± 0.7a 2.5 ± 0.7a

Endoscopy subscore 2.5 ± 0.50 2.5 ± 0.50a

Albumin, g/L, mean ± SD 41.6 ± 4.3 41.9 ± 4.1
hs-CRP, mg/L, median [range] 3.96 [0.2–508]b 4.33 [0.1–252]c

Total protein, g/L, mean ± SD 69.6 ± 5.7 69.9 ± 5.2
Haematocrit fraction, mean ± SD 0.403 ± 0.052 0.400 ± 0.050
Haemoglobin, g/L, mean ± SD 130.3 ± 20.2 129.7 ± 19.7
Red blood cell count × 1012/L, mean ± SD 4.42 ± 0.60 4.39 ± 0.57
Platelet count × 109/L, mean ± SD 384.5 ± 143.6a 391.4 ± 131.8
IBDQ score, mean ± SD 124.2 ± 32.7d 127.0 ± 31.9e

hs-CRP, high-sensitivity C-reactive protein; IBDQ, Inflammatory Bowel Disease Questionnaire; TNF, tumour necrosis factor; y, years; SD, standard deviation.
aOne missing assessment.
bn = 461. 
cn = 464.
dn = 448.
en = 441.
*p = 0.005

1.  Introduction

Ulcerative colitis [UC] is a chronic inflammatory bowel disease 
[IBD] characterised by mucosal inflammation and ulceration.1,2 
Recommended treatment targets include both symptomatic and 
endoscopic improvement, including resolution of rectal bleeding 
and normalisation of bowel habits, discontinuation of steroid use, 
endoscopic remission, histological improvement, and avoidance 
of hospitalisation and colectomy.3–5 Rapid achievement of clin-
ical response is associated with improved quality of life, and may 
also influence long-term outcomes.6–8 Signs of early response may 
appear before mucosal healing and can be used to guide clinical 
treatment decisions during initial weeks of therapy.9,10 Laboratory 
measures of inflammation, such as haemoglobin and C-reactive 
protein [CRP], and surrogate markers of endoscopic activity, such 
as rectal bleeding, can provide information on early response to 
treatment.11 These parameters often correlate with disease activity, 
and assessment of early changes can provide insight into UC treat-
ment efficacy.

Biologic therapies, such as tumour necrosis factor α [TNF-α] 
monoclonal antibodies, have been shown to be effective in treating 
UC.12,13 The European Crohn’s and Colitis Organisation guidelines 
recommend anti-TNF or vedolizumab as first-line biologic therapy 
for treatment of active UC.3 The efficacy and safety of adalimumab 
[anti–TNF-α] for induction and maintenance of clinical remission 
in adult patients with moderately to severely active UC were dem-
onstrated in two randomized, placebo-controlled clinical trials, 
ULTRA 1 and 2.14,15 This post-hoc analysis evaluated early changes 

in laboratory parameters, Mayo subscores, and health-related 
quality of life in patients from ULTRA 1 and 2.

2.  Methods

ULTRA 1 and 2 were phase 3, multicentre, randomised, double-blind, 
placebo-controlled trials that have been previously described.14,15 
Briefly, adults with moderately to severely active UC, confirmed 
by colonoscopy with biopsy or flexible sigmoidoscopy with biopsy 
during screening; and a Mayo score of 6–12 with an endoscopy 
subscore of ≥2 despite concurrent and stable treatment with oral 
corticosteroids and/or immunomodulators, were randomised to 
receive double-blind placebo or adalimumab [160 mg at Week 0, 
80 mg at Week 2, followed by 40 mg every other week]. Following 
a protocol amendment, ULTRA 1 had an additional adalimumab 
induction group of 80/40 mg at Week 0/2, but data from those pa-
tients were not included in this pooled analysis. Previous anti-TNF 
exposure was only allowed in ULTRA 2. Concomitant steroid use 
was permitted with no dosage adjustments during the first 8 weeks 
of the study. Primary safety and efficacy data from ULTRA 1 and 2 
were reported.14,15

Data from patients receiving placebo or adalimumab 160/80 mg 
induction dosing in ULTRA 1 or 2 were analysed to evaluate changes 
in laboratory, clinical, and quality-of-life measures. Albumin, high-
sensitivity C-reactive protein [hs-CRP], total protein, haematocrit, 
haemoglobin, red blood cell and platelet counts, Inflammatory 
Bowel Disease Questionnaire [IBDQ],16 and Short Form 36 Health 
Survey [SF-36]17 scores were evaluated at baseline and Weeks 4 and 8.  

1228� S. Hanauer et al.



The IBDQ was used to evaluate bowel disease-related quality of 
life, whereas the SF-36 was used to assess general mental and phys-
ical health. Mayo subscores of rectal bleeding [RBS] and stool fre-
quency [SFS] were determined using the worst diary entry from 

the 3 days before each study visit and evaluated at baseline and 
Weeks 2, 4, 6, and 8. Mucosal healing, defined as Mayo endoscopy 
subscore [ES] of ≤1, was assessed by the site investigator at baseline 
and Week 8.
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Figure 1.  Mean change from baseline in [A] haematocrit fraction, [B] red blood cell count, [C] haemoglobin, [D] platelet count, [E] total protein, [F] albumin, and 
[G] hs-CRP at Weeks 4 and 8. Error bars show standard error of mean; p-values were determined using analysis of covariance with factors for treatment and 
baseline score. hs-CRP, high-sensitivity C-reactive protein.
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Figure 2.  Mayo subscore mean change [LOCF] from baseline for [A] rectal bleeding and [B] stool frequency. NRI for proportion of patients with [C] RBS ≤1, [D] 
SFS ≤1, [E] RBS = 0, [F] SFS = 0, and [G] ES ≤1 or 0 at Week 8. ES, endoscopy subscore; LOCF, last observation carried forward for non-missing, post-baseline 
values; NRI, non-responder imputation; RBS, rectal bleeding subscore; SFS, stool frequency subscore. Error bars show standard error of mean; p-values for 
mean changes from baseline were determined using analysis of covariance with treatment as factor, stratification level as cofactor, and baseline value as 
covariate; p-values for NRI data were determined using the Cochran-Mantel-Haenszel test. ***p <0.001.
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Changes from baseline in laboratory parameters, Mayo subscores, 
IBDQ, and SF-36 were compared using an analysis of covariance model. 
The proportions of patients achieving RBS = 0, RBS ≤1, SFS = 0, SFS ≤1, 
ES = 0, and ES ≤1 were compared using the chi square test. Last observa-
tion carried forward was used for missing assessments of continuous vari-
ables, and non-responder imputation was used for categorical endpoints.

3.  Results

A total of 938 patients [placebo, n = 468; adalimumab, n = 470] 
were included in the analyses. Overall, baseline characteristics were 
similar between the placebo and adalimumab groups [Table 1]. 
Median duration of UC was 5.9 and 6.2 years for the placebo and 
adalimumab groups, respectively. Significant improvements from 
baseline in all laboratory parameters were observed at Weeks 4 and 
8 with adalimumab treatment compared with placebo [Figure 1]. 
Significant differences in mean changes from baseline in RBS and 
SFS were observed in patients receiving adalimumab versus pla-
cebo as early as Week 2 [p <0.001], and were sustained through 
Week 8 [Figure 2A, B]. Additionally, significantly more patients 
receiving adalimumab achieved RBS  ≤1 or reported no blood in 
stool [RBS = 0] at Week 2 compared with placebo [p <0.001; Figure 
2C, E]. Significantly more patients receiving adalimumab achieved 
SFS ≤1 at Week 2 compared with placebo [p <0.001], with 7% re-
porting a normal number of stools per day [SFS = 0]. By Week 8, 
10% of patients receiving adalimumab had a normal number of 
stools per day compared with 5% of patients receiving placebo 
[Figure 2D, F]. At Week 8, significantly more patients receiving adal-
imumab achieved mucosal healing, as defined as ES ≤1 or ES = 0, 
compared with patients receiving placebo [ES ≤1, p = 0.002; ES = 0, 
p  <0.001; Figure 2G]. Normal mucosa [ES  =  0] was achieved at 
Week 8 by 13% of patients receiving adalimumab versus 6% of 
patients receiving placebo.

Improvements from baseline in IBDQ and SF-36 physical 
component scores at Weeks 4 and 8 were significantly greater for 
the adalimumab versus the placebo group [p  <0.001; Figure 3]. 
Improvement from baseline in the SF-36 mental component score 
was significantly greater at Week 4 [p  =  0.005], and numeric-
ally greater at Week 8 [p =0.052], for the adalimumab versus the 
placebo group.

4.  Discussion

Primary results from the ULTRA studies demonstrated that adali-
mumab was effective in inducing and maintaining clinical response, 
remission, and mucosal healing in patients with moderately to se-
verely active UC.14,15 In this pooled, post-hoc analysis of ULTRA 1 
and 2, early, significant, and clinically meaningful improvements in 
symptoms and changes in laboratory markers for haematological 
and inflammatory status were observed in patients receiving adali-
mumab compared with those receiving placebo. In addition, a sig-
nificantly greater proportion of patients in the adalimumab group 
[43%] versus the placebo group [33%] achieved mucosal healing 
at Week 8, with 13% of patients receiving adalimumab achieving 
normal mucosa at Week 8.

With the increasing number of approved therapies for the treat-
ment of UC, rapidity of response and improvements in markers 
of inflammation are becoming important factors when choosing 
a treatment option. Previous studies have shown that response 
to anti–TNF-α treatment after 6 to 8 weeks of induction therapy 
can predict long-term outcomes for patients with active disease.18 

Because the burden of disease is high in patients with active UC, 
rapid changes [within days or weeks] in rectal bleeding or decreases 
in stool frequency are important therapeutic goals. Post-hoc ana-
lyses from the OCTAVE 1 and 2 trials demonstrated significant im-
provements in partial Mayo score with 10 mg tofacitinib compared 
with placebo starting at Week 2, and reduction from baseline in 
stool frequency of ≥1 by Day 3.19 In GEMINI I, patients with UC 
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Figure 3.  Mean change from baseline in [A] IBDQ score [LOCF] and [B] SF-36 
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receiving vedolizumab demonstrated significant response [SFS ≤1 or 
RBS = 0] compared with placebo at Week 6 and as early as Week 2 
in anti–TNF-naive patients.20 Our analysis included patients naive 
to [ULTRA 1] and those with [ULTRA 2] previous anti-TNF ex-
posure, and demonstrated that even in this mixed population, re-
sponse to adalimumab was observed as early as Week 2. The rapid 
decrease in rectal bleeding may be a particularly important finding, 
as a recent meta-analysis demonstrated endoscopic remission in pa-
tients with normal rectal bleeding subscores.11

This analysis also investigated the effect of adalimumab on 
early changes in haematological markers at Week 4, the first as-
sessment after therapy initiation. Anaemia is prevalent among pa-
tients with IBD, occurring in 68% of patients with IBD-associated 
hospitalisations.21 Furthermore, elevated platelet counts are ob-
served in IBD, and a link between inflammation and coagulation in 
UC and Crohn’s disease was shown.22 Our results agree with pre-
vious studies demonstrating significant improvements in haemo-
globin levels with anti-TNF therapy in patients with Crohn’s 
disease and other chronic inflammatory diseases.23–25 Because an-
aemia is correlated with disease activity, haematological param-
eters can be monitored with rectal bleeding and stool frequency to 
provide key information about therapeutic effectiveness in healing 
the underlying IBD.

Although these results demonstrate that adalimumab therapy in 
patients with UC led to early changes in patient-reported outcomes 
and laboratory parameters, there were limitations of the analysis. 
Evaluation of early mucosal improvement could not be assessed as 
endoscopy was only performed starting at Week 8 in ULTRA 1 and 
2. Central reading was not performed, which may explain the high 
number of patients with mucosal healing in the placebo group; how-
ever, the placebo response in UC and/or improvements from con-
comitant treatment such as corticosteroids may also have contributed 
to this finding.14,26 Despite these limitations, consistent improvement 
was observed between RBS and endoscopy subscores. Early changes 
in laboratory biomarkers for mucosal health [e.g., faecal calprotectin 
and serum CRP] should be assessed in future studies. Additionally, 
the study design of ULTRA 1 included only 8 weeks of double-blind 
treatment, and therefore the long-term benefit of early response in 
this pooled, placebo-controlled population could not be assessed in 
the present study. However, subgroup analyses from ULTRA 2 dem-
onstrated that response to adalimumab at Week 8 was predictive of 
positive patient outcomes at 12 months.10

In summary, this analysis demonstrated that adalimumab treat-
ment leads to early changes in inflammatory markers and laboratory 
parameters that correspond with early clinical and quality-of-life 
measures in patients with UC. These results suggest that early re-
sponse may be used to guide treatment decisions in a clinical setting.
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