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Abstract
Ulcerative colitis (UC) is an immune-mediated, chronic 
inflammatory disease of the large intestine. Its course 
is characterized by flares of acute inflammation and 
periods of low-grade chronic inflammatory activity or 
remission. Monoclonal antibodies against tumor ne-
crosis factor (anti-TNF) are part of the therapeutic 
armamentarium and are used in cases of moderate 
to severe UC that is refractory to conventional treat-
ment with corticosteroids and/or immunosuppressants. 
Therapeutic response to these agents is not uniform 
and a large percentage of patients either fail to im-
prove (primary non-response) or lose response after a 
period of improvement (secondary non-response/loss 
of response). In addition, the use of anti-TNF agents 
has been related to uncommon but potentially seri-
ous adverse effects that preclude their administration 
or lead to their discontinuation. Finally, use of these 
medications is associated with a considerable cost for 
the health system. The identification of parameters that 

may predict response to anti-TNF drugs in UC would 
help to better select for patients with a high probability 
to respond and minimize risk and costs for those who 
will not respond. Analysis of the major clinical trials and 
the accumulated experience with the use of anti-TNF 
drugs in UC has resulted to the report of such prog-
nostic factors. Included are clinical and epidemiological 
characteristics, laboratory markers, endoscopic indica-
tors and molecular (immunological/genetic) signatures. 
Such predictive parameters of long-term outcomes may 
either be present at the commencement of treatment 
or determined during the early period of therapy. Vali-
dation of these prognostic markers in large cohorts of 
patients with variable characteristics will facilitate their 
introduction into clinical practice and the best selection 
of UC patients who will benefit from anti-TNF therapy. 
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Core tip: The use of anti-tumor necrosis factor (TNF) 
monoclonal antibodies for the treatment of ulcerative 
colitis has been associated with high rates of primary 
and secondary non-response, important safety issues 
and considerable cost. Selection of patients with the 
highest probability to response to anti-TNF treatment 
would overcome these problems. Analysis of the pivotal 
trials and accumulated experience from clinical practice 
has led to the identification of certain prognostic factors 
for favorable or adverse outcomes. These include clini-
cal and epidemiological parameters, biological markers 
of inflammation, endoscopic findings, molecular sig-
natures and pharmacological factors. Incorporation of 
such predictors into the current therapeutic protocols 
may lead to the optimization of anti-TNF treatment in 
ulcerative colitis. 
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disease 
of  the colon, which affects almost 0.1% of  the Western 
population[1]. Its natural history is dominated by chronic, 
relapsing intestinal inflammation, extra-intestinal involve-
ment, and the development of  long-term complications, 
which lead a considerable percentage of  patients to col-
ectomy.

Treatment for UC has been traditionally aimed against 
controlling acute and chronic inflammation[2]. Conven-
tional therapy consists of  5-aminosalicylic acid (5-ASA) 
compounds, whereas more severe cases are handled 
with steroids during the acute phase and immunosup-
pressants (thiopurines) as the maintenance regimen. 
Despite the proven efficacy of  these drugs, a significant 
number of  patients do not accomplish durable remission 
and/or experience side effects. Furthermore, there has 
been a change in the therapeutic goals in UC in recent 
years. Traditionally, such goals have been considered the 
achievement of  clinical remission and the avoidance of  
colectomy. Nowadays, however, it has become clear that 
treatment should include the complete elimination of  ac-
tive inflammation in the colon without long-term use of  
corticosteroids. In this context, mucosal healing and deep 
remission which both indicate the absence of  endoscopi-
cally and biologically (i.e., serological and/or fecal inflam-
matory markers) evident inflammation may be the ulti-
mate endpoint. The accomplishment of  such demanding 
endpoints has been linked to better long-term outcomes 
including colectomy and cancer prevention[3].

In recent years, treatment of  UC has been revolu-
tionized by the therapeutic application of  monoclonal 
antibodies against tumor necrosis factor (TNF) as these 
agents offer effective long-term treatment for the most 
difficult cases. 

ANTI-TNF TREATMENT IN UC
There are currently three monoclonal antibodies against 
human TNF that are licensed for the treatment of  UC, 
infliximab (IFX), adalimumab (ADA), and Golimumab[4]. 

The data regarding Golimumab are limited. Therefore, 
our review will focus on IFX and ADA. IFX is a chime-
ric mouse/human IgG1 antibody that is administered 
intravenously. On the other hand, ADA is a humanized 
IgG1 antibody administered as subcutaneous injection. 
The two clinical scenarios for anti-TNF therapy in UC 
are: firstly, outpatient cases with moderate to severe UC 
who are refractory or intolerant to first-line treatment; 
and, secondly, patients with acute severe disease refrac-
tory to intravenous steroids[4]. In regards to the latter 

scenario, data exist only for IFX.
Recent clinical trials have established the efficacy of  

anti-TNF treatment in UC. In the two pivotal IFX tri-
als, ACT 1/2, the primary short-term (8 wk) response 
of  moderate to severe UC to IFX has been reported to 
be 65.5%/69.4% for clinical response and 33.9%/39% 
for remission, respectively (dose regimen 5 mg/kg at 
0-2-6)[5]. Among patients who responded to the induc-
tion regimen nearly 50% maintained their response at 
week 30. Similarly, in the definitive clinical trial (ULTRA) 
for ADA, short-term response at week 8 was achieved 
in nearly 50% of  patients, whereas long-term remission 
rate at week 52 was 17%[6]. 

Despite these encouraging results, the use of  anti-
TNF monoclonal antibodies is compromised in clinical 
practice by certain issues of  efficacy and safety. Anti-
TNF failure is an intriguing issue as it may be attributed 
to both disease characteristics and the drugs’ interfer-
ence with the immune system. Primary non-response is 
characterized by lack of  response to induction therapy. 
The incidence ranges between 20%-40% for both anti-
TNF agents. Switching to another drug is common prac-
tice, with a success rate of  more than 50%[7,8]. On the 
other hand, loss of  response is defined as the recurrence 
of  the patient’s symptoms following successful induction 
of  remission. In the case of  CD it has been estimated 
between 23%-46%[9], whereas no solid data exists for 
UC. It is believed that immunogenicity underlies second-
ary failure, as antibodies against anti-TNF drugs and re-
duced trough levels have been implicated in the majority 
of  studies[10-12]. Optimization of  treatment (dose increase 
and/or shortening of  the administration interval) leads 
to recovery of  response in 60%-90% of  patients[10].

The use of  anti-TNF has also been associated with 
safety concerns. Among the most fearful ones are: severe 
infectious including reactivation of  latent tuberculosis, 
neurological manifestations and risk of  neoplasia. In ad-
dition, infusion reactions and delayed hypersensitivity to 
IFX occurred in 10% and 1% of  patients, respectively, 
in the ACT trials. The most significant side effects are 
probably associated with long-term administration and 
combination with other immunomodulatory medica-
tions. It should be noted that in the ACT and ULTRA 
studies there were no differences between active drug 
and placebo. 

Taken together, it is currently evident that fine-tuning 
of  the use of  anti-TNF therapy in UC is required. The 
ultimate goal should be to achieve maximum efficacy 
with a minimum risk for side effects. When therapeutic 
strategies are designed the following parameters should 
be taken into consideration: (1) the patients who receive 
anti-TNF therapy are the ones with the most difficult-
to-treat disease; (2) the drugs’ efficiencies are far from 
perfect with high rates of  primary and secondary fail-
ures; (3) the potential for serious side effects especially 
with chronic use; and (4) the high cost of  these medica-
tions. One significant way to address these problems and 
optimize the clinical use of  anti-TNF agents would be 
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to carefully select patients in whom there is decreased 
probability for primary or secondary non-response. Such 
an approach will ensure that the patients who receive the 
medications are those who will most probably benefit. 
As almost ten years have passed since the initial applica-
tion of  anti-TNF therapies in UC, analyses of  the piv-
otal clinical trials and accumulation of  clinical experience 
has allowed the identification of  such factors that signify 
a better response to these treatments (Tables 1 and 2). 
It is the purpose of  the current review to summarize in-
formation regarding prognostic markers for response to 
anti-TNF monoclonal antibodies in patients with UC. 

PREDICTORS OF RESPONSE
Prognostic factors at the initiation of anti-TNF treatment
Clinical and epidemiological parameters: Several 
studies have looked into the effect that the severity of  
the UC episode may have on the response to anti-TNF 
administration. In a study by Jürgens et al[13], 90 UC out-
patients were treated with IFX and followed for 14 wk. 
Disease activity was quantified by use of  the Colitis Ac-
tivity Index (CAI). Nearly half  of  the patients achieved 
early remission at week 14. Overall, the mean CAI 
dropped from 10.4 points at baseline to 5.0 at week 14 (P 
< 0.001). The authors reported a significant positive as-
sociation between UC activity and response to treatment 
with IFX. It should be noted, however, that only a small 
number of  severe cases were included in this study. 

In a second report, 191 UC patients who received 
at least one infusion of  IFX between 2000 and 2009 
were analyzed with the aim to identify predictors of  re-
sponse[14]. Mean follow-up was 18 mo. Failure outcomes 

included primary-non response, dose-escalation, colecto-
my and hospitalization, which were noted in 22%, 45%, 
19% and 36% of  patients, respectively. In contrast to the 
study by Jurgens, administration of  IFX for the indica-
tion of  acute severe colitis was associated with a 3-fold 
risk for unfavorable outcome. 

Park et al[15] studied 89 Korean patients with moder-
ate to severe UC who were treated with IFX. Following 
induction, 59 patients exhibited clinical response at week 
8 (66.3%). None had a colectomy within one year, in 
contrast to 11/30 of  those who did not respond. Pre-
dictors of  primary non-response to the drug were the 
severity of  the disease before initiation as well as prior 
cytomegalovirus (CMV) infection of  the colon. Patients 
with a pre-treatment Mayo score ≥ 11 had an increased 
risk of  colectomy (OR = 5.05, P = 0.007). 

Analysis of  the large clinical trials ACT 1 and 2- of-
fers additional information regarding prognostic fac-
tors for colectomy (i.e., failure of  IFX) in patients with 
moderate to severe UC[16]. As reported by Sandborn et 
al[16], 630 patients who participated in the ACT trials had 
a complete follow-up for colectomy. A baseline Mayo 
score of  ≥ 10 strongly increased the risk for colectomy 
(HR = 1.84, P = 0.01). 

Prognostic indicators for response to ADA in UC 
have also been reported recently. A placebo controlled 
trial of  ADA for UC patients with refractory disease 
who were naïve to biologics evaluated the short-term 
efficacy of  the drug[17]. At week 8, 18.5% were in remis-
sion (P = 0.031 vs placebo). Study analysis identified a 
trend towards less efficacy in cases of  more severe dis-
ease at baseline. Patients with Mayo score ≥ 10, CRP ≥ 
10 mg/L and extensive disease responded less favorably 
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Table 1  Prognostic indicators of response to anti-tumor necrosis factor treatment in ulcerative colitis

At initiation of treatment During treatment

Clinical and epidemiological parameters
  Severity of the disease Early clinical response
  Younger age
  Duration of colitis < 3 yr
  Extensive colitis
Laboratory indicators
  CRP Low CRP at week 12
  Hemoglobin Drop of serum CRP
  Serum albumin Fecal calprotectin
Immunological and genetic markers
  p-ANCA Gene expression profiling
  Pre-treatment mucosal TNF-a expression Percentages of regulatory T cells
  Mucosal expression of IL-17 and IFN-γ
  Genetic polymorphisms
Endoscopic findings

Mucosal healing
Treatment-related factors
  Pharmacological history Number of IFX infusions 
  Exposure to immunosuppressants Co-administration of immunosuppressants
  Response to prior treatment with infliximab Escalation of anti-TNF therapy

IFX trough levels 
Antibodies against anti-TNF

CRP: C-reactive protein; p-ANCA: Perinuclear antineutrophil cytoplasmatic antibodies; TNF:Tumor necrosis factor; IL: 
Interleukin; INF: Interferon; IFX: Infliximab.
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Table 2  Clinical trials that reported prognostic indicators for response to anti- tumor necrosis factor treatment in Ulcerative Colitis

Ref. Type of study No. of patients Anti-TNF drug Response endpoints Predictor of response

Arijs et al[26] Cohort IFX Endoscopic and histological 
healing

Mucosal gene expression signature

Armuzzi et al[31] Retrospective 88
(78.4% IFX 
experienced)

ADA Clinical remission (4-54 wk) Short-term clinical remission
Low CRP at week 12 
(remission at week 54)
1Previous immunosupressant use (lower 
long-term remission rates)

Armuzzi et al[27] Prospective 126 IFX Steroid–free clinical remission Thiopurine-naïve status
Mucosal healing Combination treatment
Colectomy (12 mo) CRP drop to normal

Ben–Horin et al[10] Retrospective 62 (CD/UC) IFX Loss or response 1Low trough levels
Anti-infliximab antibodies

Cesarini et al[39] Retrospective 41 
(secondary loss 
of response)

IFX Clinical remission Rapid clinical response to optimiza-
tionColectomy–free (52 wk)

Colombel et al[3] Prospective (ACT 
trials)

728 IFX Clinical remission Mucosal healing at week 8
Clinical response (predictive of long-term outcome)
Colectomy 

De Vos et al[32] Prospective 53 IFX Mayo clinical score Fecal Calprotectin 
Endoscopic remission

Fasanmade et al[23] Retrospective 728 IFX Trough levels 1Serum albumin concentration
Clinical response

Ferrante et al[21] Cohort 121 IFX Colectomy-free survival (33 
mo)

Short term clinical response
CRP > 5 mg/L 
1Previous iv treatment with steroids/cy-
closporin

Ferrante et al[18] Cohort 100 IFX Early clinical response Younger age
pANCA-/ACSA+

Garcia-Bosch et al[28] Retrospective 48 ADA Clinical response (partial Mayo 
score) 

Response to prior treatment with 
infliximab

Colectomy (week 54) Early response to adalimumab
Gonzalez-Lama et al[20] Retrospective 47 IFX Clinical response 1Disease extent

Steroid-free remission
Colectomy 

Gustavsson et al[35] Placebo con-
trolled trial

45 IFX Colectomy (3 yr f-up) Mucosal healing at 3 mo

Jakobovits et al[19] Retrospective 30 IFX (not standard 
induction regimen 
0-2-6)

Colectomy 1Younger age at diagnosis

Jürgens et al[13] Retrospective 90 IFX Clinical response CAI-disease activity
Clinical remission (week 14) ANCA seronegativity

IL23R genotype
Lee et al[22] Retrospective 134 IFX Clinical response Haemoglobin > 11.5

Clinical remission CRP > 3
Immunomodulator-naïve status
Response at week 2
Mucosal healing

Kohn et al[36] Open label 83 severe colitis IFX Colectomy/Death 1Single infusion
> 2 mo after first infusion 
(median f-up 23 mo)

Li et al[34] Prospective? 17 IFX CRP Changes in percentages of Foxp3(+) 
Tregs (mucosal and systemic)24 Clinical response

Endoscopic healing
McDermott et al[30] Retrospective 23 (86% infliximab 

experienced)
ADA Failure (discontinuation of ADA) 1Short–term failure

Colectomy (follow-up 22 mo)  (increased risk for colectomy) 
Olsen et al[24] Retrospective 59 IFX UCDAI Mucosal TNF-a mRNA expression
Oussalah et al[14] Retrospective 191 IFX (≥1 infusion) Primary non-response 1Indication for acute severe colitis

Colectomy Hb ≤ 9.4 g/dL
Infliximab optimization Non-response
Hospitalization (median 18 mo)

Park et al[15] Retrospective 89 IFX Clinical response 1Mayo score ≥ 11)
Clinical remission CMV infection (within prior 3 mo)
Colectomy 

Reinisch et al[17] Prospective (UL-
TRA 1)

390 (anti-TNF 
naïve)

ADA Clinical remission at week 8 1Mayo score ≥ 10
CRP = 10 mg/L 

Rismo et al[25] Prospective 74 IFX UCDAI Mucosal gene expression signature 
(Th1 and Th17 related cytokines)

Zampeli E et al . Anti-TNF treatment for ulcerative colitis



to ADA in the short-term. It should be noted, however, 
that these parameters did not strongly affect the result 
and their consideration as predictive factors must be 
cautious. 

In all, the majority of  studies appear to support the 
notion that severe UC demonstrates a less favorable re-
sponse to treatment with anti-TNF monoclonal antibod-
ies. From the pure clinical standpoint, the best candidate 
for anti-TNF administration may be an outpatient with 
moderate to severe UC but not severe disease requiring 
hospitalization, as defined by the criteria of  Truelove 
and Witts. 

In addition to disease severity, other clinical param-
eters may also affect the response to anti-TNF in UC. 
Ferrante et al[18] studied a cohort of  100 UC patients who 
were treated with IFX. More than half  had extensive dis-
ease, were on immunosuppressants and received a single 
infusion as opposed to the standard induction scheme. 
Early clinical response was accomplished in 65% of  
patients. Younger age was associated with a higher per-
centage of  early clinical response (responders: median 
age 35.7 years vs non-responders: 41.6, P = 0.049). Dif-
ferent results were obtained by Jakobovits et al[19] who 
reviewed the records of  30 patients with refractory UC 
who had received a single IFX infusion over the period 
2000-2006. Half  of  the patients underwent colectomy 
over a median follow-up period of  140 d. In this co-
hort, younger age at diagnosis correlated with increased 
risk of  surgery (colectomy: mean age 27.5 years vs non-
colectomy 38.7 years, P = 0.016). In contrast, the indica-
tion before starting IFX was not relevant to colectomy 
rates. The number of  patients in this study was too small 
for definitive conclusions to be drawn. In the analysis of  
the ACT trials duration of  colitis ≤ 3 years strongly in-
creased the risk for colectomy (hazard ratio = 0.36, P < 
0.001, respectively)[16]. Finally, disease extent may also af-
fect response to treatment. Gonzalez-Lama et al[20] stud-
ied 47 UC patients who were treated with IFX and were 
followed for a mean duration of  8 mo. Pre-treatment 
predictive factors were sought: extent of  the disease was 
the only factor that was related to higher response rates 

to IFX (P = 0.02). Extensive colitis appeared to respond 
less favorably in the short term in the aforementioned 
study of  ADA as well[17]. 

Laboratory indicators: Among the various laboratory 
biomarkers of  inflammation, C-reactive protein (CRP) 
has been the most extensively applied to clinical practice. 
The association between CRP and inflammatory activ-
ity in UC has not been equally strong as it is for Crohn’s 
disease. Nevertheless, its relevance increases when cases 
of  severe UC are studied. As these are the patients that 
usually require administration of  anti-TNF agents, the 
predictive value of  CRP for treatment efficacy/failure 
may be increased in this population. Ferrante et al[21] re-
ported on a cohort of  121 UC outpatients treated with 
IFX and followed for a median of  33 mo. Eighty-one 
patients (67%) exhibited short-term response and 21 
(17%) underwent colectomy. A value of  pre-treatment 
CRP ≥ 5 mg/L was an independent predictor for col-
ectomy (HR = 14.5, P = 0.006). Similar results were pre-
sented in a study of  134 Korean patients with UC who 
had received at least one infusion of  IFX[22]. At week 8, 
87% and 45% achieved response and remission, respec-
tively. A pre-treatment CRP ≥ 3 mg/dL was predictive 
of  clinical remission at week 8 (OR = 4.77, P = 0.01). 
The association between elevated CRP and less favor-
able response to anti-TNF was also confirmed in the 
analysis of  the ACT trials[16]. A baseline CRP ≥ 2 mg/L 
was significantly associated with increased colectomy risk 
(HR = 1.73, P = 0.04). Of  note, several studies found 
an association between elevated CRP and colectomy[21]. 
Therefore, increased CRP may represent a strong marker 
of  inflammation that requires potent treatment and will 
respond optimally to anti-TNF. Alternatively, CRP may 
be an indicator of  refractory disease. 

In the previous Korean study, high pre-treatment 
hemoglobin was also a predictor of  good response to 
IFX[22]. Baseline haemoglobin of  ≥ 11.5 g/dL was asso-
ciated with higher probability for remission at week 8 (OR 
= 4.47, P = 0008). This is in accordance with the study 
by Oussalah[14] who reported that pre-treatment hemo-
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Rostholder et al[38] Retrospective observa-
tional

56 IFX Clinical remission Escalation of infliximab 
therapy

Sandborn et al[16] Prospective (ACT1&2) 630 IFX Colectomy (54 wk) 1Concomitant steroids
CRP ≥ 2 mg/dL
Disease duration < 3 yr
Mayo ≥ 10

Seow et al[40] Cohort 115 IFX Clinical remission
Endoscopic improvement
Colectomy 

Trough levels

Steenholdt et al[41] Retrospective 106 (CD/UC) IFX Loss of response 1Trough levels
Anti-infliximab antibodies

Taxonera et al[29] Retrospective 30
(IFX experienced)

ADA Clinical response at week12
Colectomy (follow-up 48 wk)

Short–term response at week-12
(Associated with less with-
drawal and colectomy rates)

Toedter et al[33] Prospective (ACT-1) 48 IFX Clinical response Mucosal gene expression 
signature

1Italics correspond to prognostic factors for adverse outcome. IFX: Infliximab; ADA: Adalimumab; UCDAI: Ulcerative colitis disease activity index; HACA: 
Human anti-chimeric antibodies; CRP: C-reactive protein.
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globin ≤ 9.4 g/dL predicted primary non-response to 
IFX (OR = 4.35). This occurred in 22% of  191 treated 
patients who were included in the study. According to 
Truelove criteria low hemoglobin is an indicator of  se-
vere disease, which increases the risk of  non-response to 
IFX. High pre-treatment hemoglobulin may reflect the 
presence of  milder disease that responds better to anti-
TNF treatment. 

Serum albumin concentration may also have prog-
nostic value. A study by Fasanmade et al[23] focused on 
the association between serum IFX and albumin concen-
tration. Data from 728 patients who participated in two 
clinical trials were analyzed. A value of  serum albumin 
that was outside the normal range was directly related 
to trough IFX levels and clinical response. Patients with 
low serum albumin had reduced IFX concentration and 
worse clinical outcomes. This correlation may reflect a 
common clearance pathway for albumin and anti-TNF 
antibodies that belong to the IgG class of  immunoglob-
ulins. In all, measurement of  albumin before commence-
ment of  treatment may serve as a predictive marker of  
the drug’s pharmacokinetics. 

Immunological and genetic markers: In recent years 
significant advances have taken place in our understand-
ing of  the immunopathogenesis of  UC. In addition, ge-
nome wide association studies have discovered polymor-
phisms which confer susceptibility to or protect from 
developing UC. These studies led to the identification of  
several immunological markers with may serve as indica-
tors of  disease activity and severity. The possibility that 
such markers may also serve as predictors of  response to 
treatment, in particular to therapy with anti-TNF mono-
clonal antibodies, has been increasingly explored. 

One of  the classical immunological markers that 
are associated with UC is the presence of  perinuclear 
antineutrophil cytoplasmatic antibodies (p-ANCA). In 
two recent studies absence of  this marker was strongly 
associated with better response to IFX. In a retrospec-
tive study of  90 patients who were evaluated up to week 
14 on scheduled IFX infusions, negativity for p-ANCA 
(along with disease severity and IL23R genotype) was 
predictive of  IFX efficacy[13]. Similar results were ob-
tained in the study by Ferrante et al[18]. The authors fol-
lowed 100 UC patients treated with IFX (84 patients 
received a single infusion). ANCA seronegativity served 
as predictor of  good response. Notably, a serological 
phenotype of  ANCA+/ASCA- status was particularly 
correlated with lower rates of  response (P = 0.049). 

During acute flares of  UC an abundance of  inflam-
matory mediators are upregulated at the intestinal mucosa 
and can be detected at both the mRNA and the protein 
level, whereas, anti-inflammatory treatment is paralleled 
by a decrease or even disappearance of  these markers. 
Therefore, such markers may hold predictive value for the 
response to anti-TNF treatment. A first obvious target 
has been TNF itself. Olsen et al[24] looked for predictive 
factors of  response to induction treatment (weeks 0, 2, 

6) with IFX in a cohort of  59 patients with moderate to 
severe disease. The outcome was assessed based on UC 
disease activity index (UCDAI). Among various param-
eters elevated pre-treatment mucosal TNF-a expression 
was the only independent predictive factor of  clinical and 
endoscopic remission (P = 0.01 and P = 0.003, OR = 2.5 
and 4.8, respectively).

UC-related intestinal inflammation has been charac-
terized by upregulation of  several components of  the 
major adaptive immunity pathways (Th1, Th2, Th17). A 
recent study looked at the expression of  the pivotal Th1 
(IFN-γ) and Th17 (IL-17) cytokines before and after 
treatment with IFX[25]. Mucosal cytokine profile was de-
termined by PCR and confirmed by immunohistochem-
istry in biopsies of  74 UC patients. Efficacy was evalu-
ated after 3 infusions and was based on UCDAI. High 
pre-treatment mucosal expression of  IL-17 and IFN-γ 
significantly correlated with remission after induction 
therapy (OR = 5.4, P = 0.013 and OR = 5.5, P = 0.011, 
respectively). 

In a much broader approach, Arijs et al[26] performed 
a gene-array study in mRNA from colonic mucosal biop-
sies obtained from UC patients who received induction 
therapy with IFX. Analysis of  the arrays revealed genes 
that were differentially expressed among responders and 
non-responders. Genes that showed a highly differential 
expression were osteoprotegerin, stanniocalcin-1, prosta-
glandin-endoperoxide synthase 2, interleukin 13 receptor 
alpha-2 and interleukin 11. The sensitivity and specificity 
in predicting response to IFX based on this gene profil-
ing was 95% and 85%, respectively. 

The effect of  genetic polymorphisms to response 
to treatment remains unknown. In the aforementioned 
study by Jurgens the effect of  UC-associated, IL-23R 
variants on the efficacy of  IFX was reported[13]. In this 
study of  90 patients, homozygosity for the IBD-risk-
increasing IL23R variants was associated with higher 
probability to respond to IFX than homozygosity for 
IBD-risk-decreasing IL23R variants (74.1% vs 34.6%; P 
= 0.001). 

Treatment-related factors: Several studies have shown 
that the pharmacological history plays an important role 
in the response to anti-TNF treatment. In the study by 
Ferrante et al[21], 121 UC patients received IFX and were 
followed-up for a median of  33 mo. Colectomy was per-
formed in 21 patients (21%). Previous iv treatment with 
steroids and/or cyclosporine significantly increased the 
risk for colectomy (HR = 2.4, P = 0.033). A similar asso-
ciation was seen in the study by Oussalah et al[14]. Previ-
ous use of  cyclosporine was a positive predictive factor 
for colectomy (hazard ratio = 2.53). Finally, in the analy-
sis of  the colectomy rates in the context of  the ACT-tri-
als patients who were on steroids when IFX was started 
had an increased risk for surgery (HR = 1.84, P = 0.01)[16]. 
However, caution is required for the interpretation of  
these associations, which should take into consideration 
the severity of  the disease. Indeed, in all of  these studies 
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more severe disease was associated to adverse outcomes 
and less favorable response to anti-TNF. Therefore, the 
use of  iv steroids and/or cyclosporine may simply reflect 
severe disease. 

The association between exposure to immunosup-
pressants and efficacy of  anti-TNF therapy merits spe-
cial attention. Converging lines of  evidence indicate that 
immunosuppressant-naïve patients respond better to 
anti-TNF. The efficacy of  IFX was evaluated in a cohort 
of  126 steroid-dependent patients[27]. Approximately 
half  of  the patients achieved steroid-free remission, 
whereas mucosal healing at 12 mo was accomplished in 
one third. Thiopurine-naïve status was positively associ-
ated to steroid-free remission as well as mucosal healing 
at 12 mo (HR = 2.8 and OR = 3.6, respectively). In the 
aforementioned Korean study[22] immunomodulator-na-
ïve status was an independent predictors for early clinical 
remission (OR = 4.89, P = 0.01). This consistent finding 
is in agreement with the growing evidence regarding ear-
lier introduction of  biologics in patients with moderate 
disease, as patients who never received thiopurines may 
had suffered a shorter disease course. 

Finally, for patients who receive ADA as a second 
anti-TNF monoclonal antibody, the treatment efficacy 
is affected by the response to prior treatment with IFX. 
This was shown in a recent retrospective study that 
evaluated the clinical response and colectomy rate in 
a cohort of  48 UC patients treated with ADA[28]. The 
majority (81.3%) was previously exposed to IFX. Early 
response to ADA at week 12 was significantly more fre-
quent in patients who achieved remission on prior treat-
ment with IFX (P = 0.01). 

Prognostic factors during anti-TNF treatment
Several recent studies have provided evidence to support 
the notion that patients with early response to anti-TNF 
(i.e., within 3 mo) are the ones who will also benefit in 
the long-term. Early response was defined by a variety 
of  clinical and biological markers in these publications. 

Clinical parameters: A Spanish study evaluated the ef-
ficacy of  ADA in 48 UC patients who were followed-up 
to week 54[28]. In this cohort the only predictive factor 
for colectomy was the absence of  early clinical response, 
which was determined by partial Mayo score at week 12 
(colectomy: 14.7% vs no colectomy: 42.9%, P = 0.035). 

These results were replicated in a cohort of  121 UC 
outpatients[21] Eighty-one patients initially responded to 
IFX with 2/3 maintaining clinical response throughout 
follow-up. Twenty-one patients ended up with colec-
tomy after a median follow-up of  33 mo. No predictors 
for durable response were identified. Colectomy on the 
other hand strongly correlated with early non-response 
to IFX (HR = 10.8, P < 0.001). 

In the study by Lee et al[22], 45% of  134 patients with 
UC who received at least a single IFX infusion, achieved 
remission at week 8. Short-term remission rates were 
higher in patients who responded very early, at week 2 

(OR = 20.54, P = 0.006). 
The value of  ADA in 30 UC patients who had failed 

IFX was studied retrospectively[29]. Response and remis-
sion rates were assessed at weeks 4 and 12 and colec-
tomy rates over a mean follow-up of  48 mo. In the long-
term 50% were still on ADA and 20% underwent col-
ectomy. The risk of  surgery was higher for patients who 
did not achieve response at week 12 (P = 0.001). 

Similarly, Mc Dermott et al[30] studied 23 patients who 
received ADA induction and maintenance treatment. Of  
note, 86% had previously failed IFX. Discontinuation of  
ADA over a follow-up period of  22 mo was the primary 
endpoint and occurred in 70% of  patients. Colectomy-
free survival at 24 mo was 59%. The only factor associ-
ated with increased risk for surgery was the absence of  
early response to ADA. Among patients who underwent 
colectomy, 55% had failed ADA at week 12. 

Armuzzi et al[31] evaluated the short- and long-term 
effects of  ADA in 88 UC patients out of  whom 78% 
had previously received IFX. The rates of  clinical remis-
sion increased from 17% to 43% at weeks 4 and 54, re-
spectively. Interestingly, achievement of  early remission 
as well as low CRP at week 12 predicted remission at 
week 54 (OR = 4.17 and 2.63, respectively).

Laboratory indicators: The same conclusion regard-
ing the predictive value of  early response was obtained 
when laboratory markers of  inflammation were stud-
ied. We already mentioned the predictive value of  low 
CRP at week 12 in the study by Arnuzzi[31]. In another 
publication from the same group regarding 126 steroid-
dependent patients who received IFX[27] drop of  serum 
CRP value to normal after the induction-regimen pre-
dicted steroid-free remission and mucosal healing at 12 
mo (HR = 4.6, OR = 6.0, respectively). Similar results 
were reported in a study that used fecal calprotectin as 
an inflammatory marker. Serial weekly measurements 
of  fecal calprotectin were performed in a cohort of  53 
patients who received IFX[32]. Two thirds of  patients 
achieved endoscopic remission at week 10, whereas the 
median calprotectin level significantly drop from base-
line (P < 0.001). Early reduction of  calprotectin at week 
2 predicted endoscopic remission. At week 10, clinical 
and endoscopic remission strongly correlated to fecal 
calprotectin concentration. 

Immunological markers: Early post-IFX changes of  
the mucosal and peripheral immunophenotype of  UC 
patients showed strong correlation with clinical response 
to the drug. Toedter et al[33] studied 113 colonic biopsies 
from 48 patients who participated in the ACT-1 trial. 
Biopsies were taken before and after treatment with 
IFX up to week 30. Gene expression profiling was per-
formed. The investigators were able to identify certain 
genes that demonstrated significant alterations in pa-
tients that responded to treatment with IFX but not in 
non-responders. 

In a study that included both Crohn’s and UC, the 
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effect of  IFX on the percentages of  regulatory T cells 
(Treg) was investigated[34]. Flow cytometry, PCR and im-
munohistochemistry were applied to quantify the expres-
sion of  Forkhead box protein3 (Foxp3)-positive T cells 
in both peripheral blood samples and mucosal biopsies 
before and after IFX treatment. Responders to IFX 
were characterized by significantly increased numbers of  
CD4(+) CD25(+) Foxp3(+)Treg and CD4(+) CD25(-) 
Foxp3(+) Tregs in blood (P < 0.05) and a significant 
down-regulation in the tissue (P < 0.001). The duration 
of  clinical response to IFX correlated to a sustainable 
peripheral increase of  Foxp3 (+) Treg cells. 

Although such individual molecular characterization 
is far from being clinically applicable, it shows that per-
sonalized therapy which will be based on the particular 
immunophenotype may guide the therapeutic approach 
in the future. 

Endoscopic findings: In recent years, mucosal healing 
(i.e., the disappearance of  visible active inflammatory le-
sions in endoscopy) has emerged as a definitive endpoint 
in the natural history of  UC and an indispensable thera-
peutic target both in clinical trials and “real-life” practice. 
This is because mucosal healing has been shown to be 
associated with sustained long-term remission in patients 
with UC[3]. 

In the pivotal ACT trials endoscopic evaluations were 
performed at various time points and mucosal healing 
was defined as Mayo subscore of  0 (normal) or 1 (mild). 
Early endoscopic improvement at week 8 was associ-
ated to improved clinical outcomes[3]. Accordingly, low 
endoscopy subscores at week 8 predicted reduced risk 
of  colectomy through week 54 (P = 0.0004) as well as 
higher remission and steroid-free remission rates (P < 
0.0001). 

A single IFX infusion or placebo was administered 
to 45 patients with acute, steroid-refractory UC[35]. Three 
years later the beneficial effect of  the drug persisted as 
less patients in the IFX group underwent operation (50% 
vs 76%, P = 0.012). Endoscopic remission at month 3 
strongly predicted a reduced long-term risk for colec-
tomy (P = 0.02). 

Mucosal healing was also a positive predictive factor 
for long-term remission in the study by Lee et al[22]. A 
variety of  predictors for short-term outcome were iden-
tified whereas the only parameter associated with sus-
tained long-term benefit was endoscopic remission (OR 
= 4.66, P = 0.04). 

Treatment-related factors: The number of  IFX infu-
sions was associated with improved sustained response 
to anti-TNF treatment. Kohn et al[36] studied the effect 
of  IFX treatment in 83 patients with severe steroid-
refractory UC.Patients received ≥ 1 infusions and were 
followed for a median of  23 mo. Twelve out of  83 pa-
tients (15%) had a colectomy within 2 mo. The risk for 
a prime adverse event was significantly higher among 
patients who received a single IFX infusion as opposed 

to those who were given two or more doses (OR = 9.53, 
P = 0.001). 

The combined administration with immunosup-
pressants appears to have an advantage in comparison 
to single IFX therapy. This was shown in the study by 
Armuzzi et al[27]. In this cohort of  126 steroid-dependent 
UC patients combination treatment with IFX and thio-
purines was a predictor of  steroid-free remission (HR = 
2.2). In another prospective trial Panaccione studied 231 
patients with moderate disease who were biologics-naïve 
and had not received azathioprine over the 3 mo before 
enrollment. Patients were offered IFX monotherapy, 
azathioprine monotherapy or combination treatment. 
Steroid-free remission at week 16 was significantly more 
common in the combination arm of  the study (P < 0.05 
compared to both monotherapies)[37].

The need for escalation of  anti-TNF therapy is also 
a poor prognostic factor for long-term outcome. In a 
cohort of  56 patients with moderate colitis who were 
treated with IFX, 89% proceeded to maintenance treat-
ment[38]. During a mean follow-up of  38 mo, clinical 
remission was achieved in 36% of  patients at 12 mo, 
whereas 54% required escalation of  treatment. Inten-
sification of  IFX treatment was a negative predictive 
factor of  remission at 12 mo (P = 0.01). In accordance, 
colectomy was performed more often in the “escalation” 
group (33% vs 21%). 

In a related study, Cesarini et al[39] showed that rapid 
response to escalation treatment has a favorable effect 
on long-term outcome. They studied the records of  41 
UC patients with loss of  response to IFX who were 
treated with either dose doubling or interval shortening. 
The primary outcome was rapid response which was 
evaluated at the follow-up visit after treatment escalation. 
Remission and colectomy were evaluated by week 52. 
The majority (90%) responded rapidly and 46% achieved 
rapid remission. Only 4 patients (9.8%) underwent col-
ectomy by week 52. The main predictor for avoidance 
of  colectomy was initial response to intensification treat-
ment (P = 0.002). 

Recent developments emphasize the importance of  
serum trough levels of  IFX and ADA and the formation 
of  antibodies against anti-TNF monoclonal antibodies 
for the pharmacokinetics as well as the therapeutic ef-
ficacy of  these drugs. In a study of  115 UC patients on 
maintenance treatment, clinical outcomes were associat-
ed to IFX trough levels[40]. Detectable drug in serum pre-
dicted clinical remission and endoscopic improvement 
at week 54 (P < 0.001 for both parameters). Reduced 
trough levels correlated with increased risk of  colectomy 
in this cohort (P < 0.001). Interestingly, antibody-status 
was not predictive of  response to IFX treatment. 

Steenholdt et al[41] retrospectively studied 106 IBD 
patients on IFX, who either maintained or lost their 
response. Significantly higher IFX levels and lower an-
tibodies titer were measured in patients with sustained 
response to IFX (P < 0.0001). Moreover, the authors 
suggested threshold values for the two parameters to ac-
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curately predict and/or explain loss of  response to IFX. 
Similarly, Ben-Horin et al[10] tested the samples of  62 

mixed IBD patients for anti- IFX antibodies and serum 
trough levels. Low trough levels and high antibodies titer 
were found in 83% of  patients with loss of  response 
and in 8% of  patients who maintained remission (P < 
0.001). 

Critique of available markers
As the number of  UC patients who have been exposed 
to anti-TNF monoclonal antibodies steadily increases, 
more factors will be reported that may be associated 
with better or worse response to these medications. Be-
fore, however, their use is recommended for the selec-
tion of  patients in clinical practice, careful analysis of  
the specifics of  each marker should be performed and 
inherent problems with the interpretation of  the results 
from clinical trials should be kept in mind. 

Clinical markers have the advantage to be readily 
available and identifiable in a straightforward fash-
ion. They are easy to use, replicable, non-invasive and, 
overall, convenient for use in clinical practice. Caution, 
however, is needed when data from clinical trials are ana-
lyzed as the definition of  a certain parameter may vary 
between different studies. In particular, clinical response 
and remission may be related to a variety of  activity scor-
ing systems or arbitrarily defined clinical criteria. In addi-
tion, the time point in which a certain clinical marker is 
reported is of  pivotal significance. This is so because UC 
is a lifelong condition and, therefore, only time points 
with significant length are relevant to a true remission. 
Criticism also occurs regarding RCTs in the means that 
they may not always include patients that reflect ‘real-life’ 
IBD populations[42]. 

Endoscopic markers such as mucosal healing are of  
significance as recent studies have shown that they are 
indeed associated with better disease outcomes. It should 
be noted, however, that the major clinical trials have de-
fined mucosal healing as Endoscopy Mayo score of  0 or 
1. Whether the latter score truly represents absolute and 
complete elimination of  inflammation is questionable. 
In addition, such markers require the performance of  an 
invasive procedure (colonoscopy) soon after the com-
mencement of  treatment (≤ 3 mo), which may not be 
easily acceptable from a patient, in particular when clini-
cal remission has taken place. 

Serological markers such as CRP are also easy to ob-
tain. Nevertheless, there has not been good correlation 
between CRP and clinical activity of  UC with the excep-
tion of  severe cases. In addition, its prognostic value 
has only been reported in a minority of  trials, given the 
fact that CRP is usually determined in every case of  UC. 
Fecal calprotectin is a good indicator of  ongoing acute 
(neutrophilic) inflammation in the colon. However, no 
studies have indicated that the magnitude of  pre-treat-
ment fecal calprotectin predicts the response to anti-
TNF. In addition, the measurement of  fecal calprotectin 
is not widely applied in practice and technical issues exist 

regarding the standardization of  methodology. It should 
be noted, however, that both serum CRP and fecal cal-
protectin may be more useful when their short-term 
change in response to anti-TNF is considered rather that 
their absolute pre-treatment values. 

Immunological and genetic markers are important 
as they hold promise for individualized therapy based 
on the specific characteristics of  each individual patient. 
The major drawbacks for the application of  such mark-
ers are technical challenges and lack of  replication for 
most results. An additional problem is the redundancy 
of  the immunological pathways that underlie inflam-
mation in UC. Therefore, a single marker may not be 
sufficient enough to cover the whole mechanism of  
injury. Similarly, UC is a polygenetic trait and single gene 
polymorphisms do not usually lead to the manifestation 
of  the disease phenotype. Nonetheless, as additional bio-
logical drugs will become available for the treatment of  
UC, selection of  patients according to the predominant 
immunogenetic pathway may become the most cost-
effective approach. 

CONCLUSION 
Currently, no single marker fulfils all criteria for being 
an appropriate prognostic indicator for response to anti-
TNF treatment in UC. The ideal predictor should be 
clearly defined, simple and easy to obtain, as well as of  
repetitive association between different trials. Alterna-
tively, a predictive model which includes clinical, labora-
tory and even genetic and/or immunological parameters 
may be more difficult to develop but more accurate in its 
predictive value. In that context, and whilst our experi-
ence with anti-TNF therapy in UC expands, it is impor-
tant to continue the search for optimal predictive factors 
of  response or failure. Each of  the proposed prognostic 
parameters should be validated in large populations of  
patients and across clinical trials of  different ethnicities. 
Eventually, personalized treatment may be the best, saf-
est and most cost-effective strategy in diseases with such 
a complex pathogenetic background. 
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