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Abstract

Background:  Biologic agents are a highly useful class of medications for treating inflammatory bowel 
disease (IBD). Limited evidence exists to guide initiation of biologic therapy, especially in pediatric 
patients. It is unclear if disease severity is connected to biologic response. We hypothesized that the 
clinical, biochemical and radiographic characteristics of pediatric IBD at diagnosis were associated 
with subsequent initiation of biologic therapy.
Methods:  We performed a retrospective analysis of the charts of all pediatric patients diagnosed with 
IBD at our centre over 14 years. Kaplan–Meier curves evaluated patient characteristics at diagnosis 
with time to initiation of biologic therapy. A Cox proportional hazards model was used for multivariate 
characteristic analysis.
Results:  A total of 198 patients were included, 57.6% had Crohn’s disease, 27.8% had ulcerative col-
itis and 14.6% had IBD type unclassified. Mean follow-up time was 47.8 months. About 55.5% of the 
patients received a biologic medication, the mean time to biologic initiation was 21.5 months. Earlier 
initiation of biologic therapy was frequently associated with older age, higher disease activity index and 
lower serum albumin.
Conclusions:  Older pediatric patients with more severely active disease and lower serum albumin 
levels at the time of IBD diagnosis were more likely to initiate biologic therapy when considering bio-
logic initiation, even many years after diagnosis. Identification of these characteristics may help inform 
decisions to initiate biologic therapy earlier in the IBD disease course.
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Introduction
Inflammatory bowel disease (IBD) is a heterogeneous group of 
inflammatory conditions that primarily affect the gastrointestinal 
tract. The etiology of IBD is currently unknown. The natural history 
of IBD spans a wide spectrum of severity. This creates a wide variety 
of manifestations along the IBD disease spectrum, ranging from 
mild disease that may not require ongoing treatment to severe dis-
ease that is relapsing and remitting in spite of aggressive therapy (1).

Treatment of IBD is aimed at inducing and then maintaining 
remission. Therapeutic strategies are currently in evolution. 
Traditionally, IBD therapy has been approached in a step-
wise fashion, where increasingly potent immunosuppressive 
medications are used until the disease is clinically and biochem-
ically controlled. In recent years, biologic therapy has become 
more readily available (2). These biologically derived molecules 
target specific immunologic molecules known to be integral to 
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the IBD inflammatory cascade, such as tumour necrosis factor 
alpha (TNF-α).

Although multiple trials have demonstrated the efficacy of bi-
ologic therapy, there is limited objective evidence regarding the 
indications for initiating biologic therapy in children. For ex-
ample, biologic therapy has been shown to aid in linear growth 
impairment recovery (prepuberty) (3) and lead to longer 
sustained healing in fistulizing disease (4). It has also been 
demonstrated that starting this treatment earlier in the IBD dis-
ease course leads to improved outcomes (5,6).

Despite strong evidence of clinical effect, biologic therapy is 
not for all patients. Limited evidence exists to guide the decision 
to start biologic therapy, especially in pediatric patients (7,8). 
Commonly, features suggestive of severe disease course are 
used as justification for starting biologic therapy. It is likely that 
some patients that are not at high risk for severe disease would 
still experience improved outcomes with biologic therapy. 
Thus, identifying specific patients who would benefit from bio-
logic therapy is imperative. Additionally, it will be important to 
establish which patients will not respond to biologic therapy, so 
as not to expose them to potential side effects. Ideally, patient 
characteristics identified at the time of diagnosis could be used 
to guide the decision to start biologic therapy.

We hypothesized that in our patients there were specific clin-
ical, biochemical, endoscopic and histologic characteristics of 
IBD at diagnosis that were correlated with the eventual initi-
ation of biologic therapy. In this study, we demonstrated the 
characteristics of IBD at diagnosis that were statistically associ-
ated with subsequent biologic therapy.

PATIENTS AND METHODS
Study Population
This study was approved by the McMaster University Health 
Sciences Research Ethics Board and conforms with the princi-
ples outlined in the Declaration of Helsinki. We identified all 
patients diagnosed from April 2001 to August 2015 with IBD 
followed at McMaster Children’s Hospital, Hamilton, Canada 
through our patient database, which was assembled for the 
purpose of this study. Patients were sub-classified by pheno-
type as Crohn’s disease (CD), ulcerative colitis (UC) or IBD-
unclassified (IBD-U). We excluded patients with <9  months 
of follow-up and patients referred to our centre with an already 
established diagnosis of IBD.

Data Collection
We collected the clinical, biochemical, endoscopic, radiologic 
and histologic features of disease present at diagnosis. Details 
of the data collected are summarized in Supplementary Tables 
1–3 and additionally included time to biologic initiation (or 
time to censoring) and a narrative description of the course of 

therapy for each patient up to this time. Date of diagnosis was 
defined as the date of the diagnostic endoscopy. We considered 
any data to be collected from 3 months prior to the diagnosis 
until 3 months after the date of diagnosis, with priority given to 
using data collected as close to the initial diagnostic investiga-
tion as was available. The assay and normal range for C-reactive 
protein at our centre was changed mid-way through the study 
period, so this parameter was not included in our analysis. For 
patients whose IBD subtype diagnosis eventually changed (for 
example, IBD-U to CD), the date of diagnosis was not altered, 
but the most recent subtype classification was considered to be 
the patient’s definitive IBD subtype. Patients diagnosed with 
IBD-U were assessed by both validated scores of disease ac-
tivity: the Pediatric Crohn’s Disease Activity Index (PCDAI) 
(9) and Pediatric Ulcerative Colitis Activity Index (PUCAI) 
(10). In terms of endoscopic evaluation, 21 patients (10.6%) 
did not undergo upper endoscopy at the time of colonoscopy 
and 2 patients (1.0%) did not have a colonoscopy at the time 
of diagnosis (due to a diagnostic upper endoscopy and then 
delayed lower endoscopy). Overall, the proportion of missing 
data for all fields was 4.8%, 11.2% and 7.8% for CD, UC and 
IBD-U, respectively.

To define specific cut offs to facilitate time series analysis 
of our data, we began with stepwise evaluation of increasing 
thresholds examining for significance. If multiple thresholds 
reached significance, we chose the strongest one. Comparisons 
between similar threshold values with significance levels are in-
cluded in Supplementary Tables 1–3.

We also documented the medications used to establish and 
maintain disease control over time for each patient, especially 
with respect to biologic initiation and months from diagnosis to 
most recent follow-up appointment. To be classified as having 
initiated a biologic, the patient was required to have received at 
least three doses. There were no institutional criteria used for 
when to start a patient on biologic therapy at our centre, thus 
the initiation was dependent on physician impression and did 
not require endoscopic or detailed imaging prior to initiation. 
Biologic use increased over the study period (Supplementary 
Figure 1). Seven pediatric gastroenterologists were involved 
in diagnosis and initiation of biologic therapy in this popula-
tion. Overall, potential bias was minimized by standardized 
data collection, quantitative predefined outcomes and a priori 
standards for excluding samples with missing data.

Data Analysis
We compared the presenting features of those patients who 
received biologic therapy at any time (cases) with those who 
did not receive biologic therapy (controls). The value of each 
characteristic was compared with the time to biologic initi-
ation (or right censoring) on a Kaplan–Meier curve. A  log-
rank (Mantel–Cox) test was used to determine statistical 
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significance for categorical variables. Continuous parameters 
were correlated by calculating the nonparametric Spearman’s 
rank correlation coefficient and performing univariate linear 
regression. Continuous parameters were dichotomized using 
cut-point values nearest those that were estimated by the max-
imally selected rank statistic (as calculated using the R package 
‘maxstat’, version 0.7.25), and were also outside of the normal 
range of the test, and simplified to a rounded integer value (for 
ease of interpretation in a clinical setting).

A multivariate Cox proportional hazards model was calcu-
lated by initializing the models with the variables that were 
statistically significant in the univariate analysis. Subsequent 
models were evaluated sequentially by addition of individual 
variables that did not reach univariate statistical significance 
and optimized to the highest concordance while maintaining 
statistical significance and limiting variable number to five or 
less. In all cases, statistical significance was defined as P <0.05. 
A  minimum of 10 patients in each category was required for 
comparison for each variable in both the univariate and multi-
variate models. Statistical analysis and graphical representation 
were performed using GraphPad Prism version 7.0 (GraphPad, 
La Jolla, CA) and R (version 3.6) with software packages 
‘survminer’ (version 0.4.8) and ‘survival’ (version 3.2.3).

RESULTS
Two hundred twenty-four patients were diagnosed with 
IBD at our centre during the study dates. Out of this cohort, 
eight patients were excluded from analysis because the diag-
nosis was made before contact with our team or the diagnosis 

Table 1.  Baseline cohort characteristics at diagnosis of IBD

Characteristic Mean (SD)  
(unless otherwise stated)

Age at diagnosis, years 10.5 (3.9)
Male sex (%) 59.1
Weight z-score −0.6 (1.3)
Height z-score −1.1 (1.3)
Albumin (g/L) 32.3 (7.5)
Erythrocyte sedimentation rate 

(mm/h)
33.0 (20.6)

Disease subtype, % (n)
  Crohn’s disease 57.6 (n = 114)
  Ulcerative colitis 27.8 (n = 56)
  IBD-unclassified 14.6 (n = 28)
PCDAI 23.9 (17.8)
PUCAI 39.5 (22.4)
Paris classification* (%)
  Crohn’s disease
    A1a 40.4
    A1b 57.9
    A2 1.8
    L1 2.6
    L2 23.5
    L3 72.2
    L4a† 48.7
    L4b 18.3
    B1 66.1
    B2 13.9
    B3 18.3
    B2B3 0.8
    p (perianal disease) 23.5
  Ulcerative colitis
    E1 8.9
    E2 25.0
    E3 8.9
    E4 57.1
    S0 83.9
    S1 16.1
PGAS (%)
  Mild 40.4
  Moderate 47.5
  Severe 11.6
Follow-up, months 47.8 (35.2)

IBD, Inflammatory bowel disease; PCDAI, Pediatric Crohn’s 
Disease Activity Index; PGAS, Physician Global Assessment Score; 
PUCAI, Pediatric Ulcerative Colitis Activity Index.

*Paris classification for pediatric IBD (11).
†As per the Paris classification, L4a and L4b can co-exist with L1-3.

Figure 1.  Kaplan–Meier curve of time to initiation of biologic treatment 
stratified by disease subtype. Shaded regions indicate the 95% confidence 
interval over time. 
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was not clearly IBD. A  further 18 patients were excluded be-
cause less than 9  months of follow-up data were available. 
Baseline characteristics for the 198 patients included in the 
analysis are summarized in Table  1. The mean follow-up 

time was 47.8  months (SD  =  35.1  months) and ranged 
from 9 to 181  months (Supplementary Figure 2). Patients 
ranged from 1  year 7  months old to 17  years 11  months old. 
Average age at diagnosis was 10.5 years old (SD = 3.9 years), 

Figure 2.  Kaplan–Meier curves comparing individual characteristics at diagnosis of Crohn’s disease that were significantly associated with earlier initiation 
of biologics: (A) complicated disease (defined as penetrating or stricturing disease), (B) higher Pediatric Crohn’s Disease Activity Index (PCDAI), (C) 
presence of well-formed granuloma, (D) moderate or severe Physician Global Assessment Score (PGAS) and (E) serum albumin <30. Shaded regions 
indicate the 95% confidence interval over time.
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median age at diagnosis was 11.1 years old (interquartile range 
[IQR] = 6.1 years). In terms of disease subtype, 57.6% (n = 114) 
of patients had CD, 27.8% (n = 56) had UC and 14.6% (n = 28) 
had IBD-U (Figure 1).

Biologic therapy was used in 71% (n = 81) of patients with CD, 
39% (n = 22) with UC and 25% (n = 7) with IBD-U. Overall, 
55.5% (n = 110) of the patients received biologic therapy, the 
mean time to initiation was 21.5 months (SD = 26 months), the 
median time was 11 months (IQR = 22.5 months) and ranged 
from 0 to 124 months after diagnosis. Biologics were initiated 
within 1  month of diagnosis in 6.6% (n  =  13) of all patients 
(7.9% with CD, 5.4% with UC and 3.4% with IBD-U, respec-
tively; Supplementary Table 4). Biologics were initiated within 
12 months of diagnosis in 28.8% (n = 57) of all patients (37.7% 
with CD, 17.9% with UC and 14.3% with IBD-U, respectively).

Kaplan–Meier curves were used to compare time to initiation of 
biologic therapy for those patients with and without each clinical 
characteristic in a univariate fashion. For patients with CD, indi-
vidual characteristics at diagnosis that were individually associated 
with earlier initiation of biologic therapy included complicated 
disease behaviour (defined as penetrating or stricturing disease), 
higher PCDAI score (>30), presence of well-formed granuloma, 

moderate or severe Physician Global Assessment Score (PGAS) 
and lower serum albumin level (<30; Figure 2).

We analyzed all continuous variables by correlation and uni-
variate linear regression analysis for those patients who received 
biologic therapy. For patients with CD who received biologic 
therapy, individual characteristics at diagnosis that were signif-
icantly correlated with earlier initiation of biologic therapy in-
cluded older age, higher PCDAI and lower serum albumin level 
(Figure 3).

For patients with UC, Kaplan–Meier analysis of individual 
characteristics at diagnosis that were significantly associated 
with earlier initiation of biologic therapy curves included age 
over 10 years, male sex, pancolitis, PUCAI score ≥35 and serum 
albumin <35  g/L (Figure  4). For continuous variables, indi-
vidual characteristics at diagnosis of UC that were significantly 
correlated with time to initiation of biologic therapy included 
older age at diagnosis, higher PUCAI score and lower serum al-
bumin level (Figure 5).

Similar analysis for the 28 patients with IBD-U including 
Kaplan–Meier and regression analysis for continuous variables 
yielded no statistically significant disease characteristics associated 
with IBD-U and time to biologic initiation. This analysis included 

Figure 3.  Scatterplots showing univariate linear regression of individual characteristics at diagnosis of Crohn’s disease that were significantly correlated 
with time to initiation of biologics, including: (A) age, (B) Pediatric Crohn’s Disease Activity Index (PCDAI) and (C) serum albumin level.
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both disease activity indices. Full details of statistical significance 
for each parameter evaluated are described in Supplementary 
Tables 1–3 (for CD, UC and IBD-U, respectively).

An optimized multivariate Cox proportional hazards model 
for CD included age, presence of granuloma, albumin and BMI 
z-score (Figure 6A). This model showed an overall concordance 

of 0.721. For UC, an optimized multivariate Cox proportional 
hazards model included age, sex, PUCAI, hemoglobin and 
erythrocyte sedimentation rate (Figure  6B). This model had 
an overall concordance of 0.863. Summary statistics for each 
model are found in Supplementary Table 5. Both final models 
were statistically significant by likelihood ratio test, Wald test 

Figure 4.  Kaplan–Meier curves comparing individual characteristics at diagnosis of ulcerative colitis that were significantly associated with earlier initiation 
of biologics: (A) age of 10 years or older, (B) male sex, (C) pancolitis, (D) Pediatric Ulcerative Colitis Activity Index (PUCAI) ≥35 and (E) serum albumin 
<35. Shaded regions indicate the 95% confidence interval over time.
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Figure 5.  Scatterplots showing univariate linear regression of individual characteristics by at diagnosis of ulcerative colitis that were significantly correlated 
with time to initiation of biologics, including (A) age at diagnosis, (B) Pediatric Ulcerative Colitis Disease Activity Index (PUCAI) and (C) serum albumin 
level.

Figure 6.  Survival curves of the optimal multivariate models created using Cox proportional hazard models. (A) Crohn’s disease model, which included 
age, presence of granuloma, albumin and body mass index (BMI) z-score (concordance = 0.721). (B) Ulcerative colitis model, which included age, sex, 
Pediatric Ulcerative Colitis Disease Activity Index (PUCAI), hemoglobin and erythrocyte sedimentation rate (ESR) (concordance = 0.863). Shaded re-
gions indicate the 95% confidence interval over time. Summary statistics for these models can be found in Supplementary Table 5. 
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and log-rank test. No multivariate model for the IBD-U cohort 
reached statistical significance.

Discussion
In the present study, we identified patient characteristics at 
the time of IBD diagnosis associated with subsequent bio-
logic therapy in a large pediatric cohort with lengthy follow-up. 
Parameters associated with disease severity, such as age and 
higher disease activity index scores, were higher at presenta-
tion in patients who eventually received biologic therapy. This 
finding suggests that patients presenting with more severe dis-
ease were more likely to be started on biologic therapy. Thus, 
patients who have more severe disease at presentation may 
benefit from earlier initiation of biologic therapy than those 
presenting with milder disease. It has been assumed that bio-
logic therapy is more appropriate for those with more severe 
disease, but data supporting which features of IBD are associ-
ated with need for biologic therapy in children were previously 
lacking.

The precise indications for starting biologic therapy for a child 
with IBD are not clear. Until 2019, there were no guidelines for 
biologic therapy initiation for pediatric IBD in North America 
(8). In the European guidelines, recommendations for CD 
management are based on expert opinion and data surrounding 
potential predictors of severe disease (7). Not all patients re-
spond to biologic therapy (12), nor does relatively earlier bi-
ologic therapy appear to prevent stricturing disease (13). Our 
study demonstrates that there were features present at diag-
nosis that differentiated patients who were prescribed biologic 
therapy from those who were not prescribed biologic therapy. 
These features could be useful in future studies as potential 
indicators for biologic initiation.

When considering disease severity and poor outcomes as 
starting points for identifying IBD patients who would benefit 
from biologics, there is extensive adult literature to support this 
strategy (14). Factors that are known to correlate with poor 
outcomes in pediatric IBD are often disease-related changes (as 
opposed to demographics) and include acute phase reactant 
levels (15), growth failure (13) and disease activity (16). Our 
study approached biologic use at any time as potentially a func-
tion of such markers at the time of diagnosis, providing a novel 
perspective on biologic initiation. Our analysis supports the 
previous findings that severity markers (such as growth failure, 
disease activity and acute phase reactants) play a strong role in 
patients eventually starting biologics. Demographics such as 
age and sex have also previously been seen to influence disease 
severity (13) and indeed in our study these factors were simi-
larly associated with biologic initiation.

Statistically, the characteristics at diagnosis that we identified 
were weakly correlated when examined individually, but the 

correlation increased substantially when these characteristics 
were combined in a multivariate model.

Prediction of outcomes in IBD has been challenging (17). 
Kugathasan et  al. performed a prospective cohort study that 
used age, race, disease location and antimicrobial serologies as 
predictors of IBD complications in a pediatric cohort (13). Our 
study aimed to identify unique features of IBD at presentation that 
were associated with biologic use. We did not identify perianal 
disease as predictors of biologic initiation, although this feature is 
considered indicative of poor prognosis (7). This difference from 
previous studies may be due the fact that we limited our data col-
lection to the immediate diagnostic period, whereas these disease 
features would be more likely to appear over time.

Data from previous studies suggest that hypoalbuminemia is a 
marker for overall disease severity in patients with IBD (18,19). 
Our study supports this finding, in that hypoalbuminemia at diag-
nosis was also associated with earlier initiation of biologic therapy 
when compared to patients with normal serum albumin levels, and 
the severity of the hypoalbuminemia was linearly correlated with 
earlier initiation of biologic therapy. Those patients presenting with 
normal serum albumin levels who eventually received biologic 
therapy may have subsequently developed hypoalbuminemia. It 
seems plausible that severely lowered serum albumin levels may be 
considered a possible harbinger of future need for biologic therapy.

This study was limited by its single centre retrospective de-
sign in that the initiation of biologic therapy in this patient co-
hort did not necessarily imply improved outcomes. Practice 
with respect to biologic initiation changed over the course of 
our study. The process of disease classification also changed 
over the course of the study (11). However, given the lack of 
pre-existing data to guide which patients should be started on 
biologic therapy, this study provides a foundation for further 
prospective evaluation that will help to determine if initiation 
based on these patient characteristics at the time of IBD diag-
nosis does indeed lead to improved clinical outcomes.

In summary, for both CD and UC, our patient population pos-
sessed unique clinical characteristics present at diagnosis that were 
strongly associated with earlier initiation of biologic therapy, no-
tably demographics (such as age and sex), disease severity and al-
tered acute phase reacts. These findings imply that it may be possible 
to differentiate patients at the time of IBD diagnosis who would 
and would not benefit from biologic therapy. Eventually, this in-
formation could be used to guide treatment decisions in IBD, thus 
establishing better disease control and minimizing complications.
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