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Background/purpose: Clinical outcomes in pediatric ulcerative colitis (UC) in the era of biologic agents are poorly
defined. We aimed to describe risk factors for colectomy in pediatric UC in the era of infliximab therapy.
Methods: We reviewed 217 pediatric patients at Texas Children's Hospital with newly diagnosed UC between
2003 and 2015; 117 had aminimum of 5 years of follow-up. Extent of disease at diagnosis, medication exposure,
the presence of extraintestinal manifestations (EIMs), and need for surgery were noted.
Results: Average length of follow upwas 5.02± 2.27 years. Forty-two percent presented with pancolitis. Infliximab
was used in 39%, immunomodulators in 65%, and steroids in 89% of patients. EIMs occurred in 24.9% of patients. The
cumulative rate of colectomywas 12.9% at 5 years. Children presenting as E2 (Paris Classification) and children pre-

scribed oral steroid monotherapy at diagnosis progressed to surgery faster than any other group. Of the children
who received infliximab, females and children less than 5 years old were less likely to respond to therapy.
Conclusions: The natural course of pediatric UC remains aggressive despite the addition of infliximab to the standard
of care and suggests a need for early aggressive clinical intervention.
Level-of-evidence rating: Level IV.

© 2020 Elsevier Inc. All rights reserved.
The epidemiology of inflammatory bowel disease has been well
studied in adults; however, clinical outcomes of pediatric ulcerative
colitis (UC) are less understood. Most of the population-based studies
have been conducted outside of the United States and prior to the intro-
duction of biologic (anti-tumor necrosis factorα) agents in the standard
treatment of pediatric UC [1–6]. Children with UC tend to present with
more extensive disease and greater severity at diagnosis than adults
[7,8]. Because of the early and aggressive onset of pediatric UC, these
children may be at an increased risk of disease complications and the
need for surgical intervention [4,9]. In addition, pediatric UC patients
have significantly more complications after surgery, including pouchitis
and evenpouch failure, as compared to adults [8]. It is important thatwe
understand the risk factors for these complications in order to better
tailor therapeutic management of the disease.
nterology, Hepatology & Nutri-
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eazu).
In 2013, Malaty et al. conducted a retrospective review of pediatric
UC patients presenting to Texas Children's Hospital (TCH) from 1986
to 2003 [4]. They found that the cumulative colectomy rate was 4.1%
at 1 year and 14% at 5 years. Twenty percent of the patients had extra-
intestinal manifestations (EIMs). Boys were twice as likely to undergo
colectomy as girls. Age, time between onset of symptoms and diagnosis,
and EIMs were not associated with increased risk of colectomy [4]. This
analysis took place prior to the use of infliximab in the standard therapy
for pediatric UC; therefore, it is unclear if we can apply itsfindings to our
current patient population.

While initial optimism about the efficacy of biologics in IBD was
high, it is unclear if outcomes have been significantly improved for
these patients. Cannom et al. [10] found that between 1998 and 2005
overall rates of hospitalization for adult IBD patients increased signifi-
cantly, while overall surgical rates remained unchanged, concluding
that the increasing use of infliximab did not have an impact on surgical
rates or hospitalizations. A more recent meta-analysis found that
infliximab use decreased rates of hospitalization in adult IBD, but the
impact on surgery was less clear [11]. Murthy et al. similarly demon-
strated that introduction of infliximab has not led to significant declines
in the rates of UC-related hospitalization rates or colectomies between
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Table 1
Descriptive statistics of pediatric ulcerative colitis cohort at diagnosis.

Overall
(N = 217)

Treated with
Biologics (N = 84)

p-value

Follow-Up (Years ± Std Dev) 5.02 ± 2.27 4.69 ± 2.06 0.09
Mean Age at Diagnosis
(Years ± Std Dev)

11.4 ± 3.9 11.5 ± 3.8 0.92

Males/Females 107/110
(49.3% / 50.7%)

47/37
(55.9%/44.1%)

0.3

Race 0.94
Caucasian 66 (30.4%) 26 (33.3%)
Hispanic 37 (17.1%) 13 (15.5%)
African American 18 (8.3%) 9 (10.7%)
Asian 7 (3.2%) 2 (2.4%)
N/R 89 (41.0%) 32 (38.1%)

Extent of Disease 0.52
E1 22 (11.9%) 7 (8.3%)
E2 19 (8.8%) 13 (15.5%)
E3 31 (14.4%) 15 (17.9%)
E4 (Pancolitis) 91 (42.1%) 31 (36.9%)
Incomplete 21 (9.7%) 7 (8.3%)
Unknown/Not Performed 33 (15.2%) 11 (13.1%)

EIMs 54 (24.9%) 19 (22.6%) 0.32

EIMS = Extraintestinal Manifestations.
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1995 and 2012 [12]. Finally, a pediatric IBD study found that from 2007
to 2012 hospital utilization decreased while surgical utilization in-
creased [13]. Ultimately, the efficacy of biologicmedications to decrease
surgical rates remains unclear, with multiple studies showing conflict-
ing results [14,15].

We aimed to describe the natural history of pediatric UC and to as-
certain the risk factors associated with surgery in patients presenting
to TCH in the era of infliximab therapy.We hypothesized that outcomes,
including need for surgery, would be unchanged despite the availability
and common use of biologics to treat pediatric UC.

1. Materials and methods

1.1. Patient population

Pediatric patients (≤17 years old) who presented with a new diag-
nosis of UC (using International Classification of Disease, Ninth Revision
Clinical Modification codes 556.2, 556.5, 556.6, 556.8 and 556.9) be-
tween January 2003 and July 2015 were identified. The clinical (includ-
ing available small bowel imaging) and histological diagnosis of UCwas
verified and patients who did not meet these criteria were excluded.

1.2. Data collection

All patient records through July 2015 were reviewed. A follow-up
phone call was made to all patients who were lost to follow-up or
transitioned to adult care within five years of diagnosis to assess clinical
outcomes.

1.3. Outcome measures/variables descriptions

Disease diagnosis was based on clinical, endoscopy, radiology and
pathology records. We specifically noted extent of disease at diagnosis,
extension of disease at follow-up endoscopy, medication use, presence
of EIMs, and need for surgery.

Extent of disease was categorized according to the Paris classification
(the pediatric modification of theMontreal classification) [16,17]. Ulcera-
tive proctitis (E1)was defined as involvement limited to the rectum. Left-
sided UC (E2) was defined as involvement limited to a portion of the
colorectum distal to the splenic flexure. Extensive UC (E3) was defined
as involvement that extends proximal to the splenic flexure but distal to
the hepatic flexure [16]. Pancolitis (E4)was defined as involvement prox-
imal to the hepatic flexure [17]. Patients with incomplete colonoscopy
(terminating in the transverse colon) demonstrating disease extension
proximal to the splenic flexure were considered “E3”.

Medications included the following: oral 5-aminosalicylic acid
(5-ASA); topical therapies (5-ASA enema or suppository, hydro-
cortisone foam or enema); corticosteroids (oral prednisone or
budesonide, IV methylprednisolone); immunomodulators (azathi-
oprine [AZA], 6-mercaptopurine [6-MP], methotrexate); and
biologic therapy (infliximab). Patients were classified as being ex-
posed to a medication if it was prescribed during the follow-up period.

EIMs were defined as arthritis, arthralgia, primary sclerosing
cholangitis (PSC), autoimmune hepatitis (AIH), aphthous stomatitis,
erythema nodosum and skin lesions. The treating physician determined
diagnosis of EIMs.

1.4. Statistical analysis

Qualitative variables are reported numerically and as percentages;
quantitative variables were calculated as averages with standard devia-
tions. Data were analyzed using right-censored (to account for children
lost to follow-up) Kaplan–Meier survival curves with subsequent log-
rank analysis. The primary outcome was defined as colectomy. Predic-
tive variables for colectomy included age, gender, race, extent of disease
at diagnosis, EIMs, and medication exposure. Univariate Cox
proportional hazards models were used to first identify risk factors for
surgery to be included in multivariate Cox analysis — any risk factor
with a p b 0.1 was included in the multivariate analysis to account for
variable interaction and relative contribution. Hazard ratios (HR) were
estimatedwith their 95% CI. All tests were two-tailed, and statistical sig-
nificancewas consideredwith p b 0.05. The “Overall” dataset (N=217)
was also used in the Cox proportional hazards analyses after accounting
for children lost to follow up. The “Infliximab” dataset of children pre-
scribed anti-TNFα therapy (N = 84) was used to evaluate the efficacy
of infliximab therapy in various patient groups. All statistical analyses
were performed with RStudio version 0.99.491 with the aid of the
‘survminer,”survival’, and ‘Rcmdr’ analysis packages (versions 0.4.0,
2.40–1, and 2.4–1 respectively).

1.5. Ethical considerations

This study received IRB approval (H-33527).

2. Results

2.1. Population characteristics

Between January 2003 and July 2015, 217 patients with newly
diagnosed UC presented to Texas Children's Hospital (Table 1).
Mean age at diagnosis was 11.4 ± 3.9 years, with no significant dif-
ference between males and females (11.13 ± 4.2 and 11.72 ± 3.60
respectively, p = 0.27 one-way ANOVA). The average length of
follow up was 5.02 ± 2.27 years (median 4.6 years, range
2–15 years). One hundred seventeen patients were followed for
over 5 years or progressed to surgery within 5 years of diagnosis.
There were 66 (30%) Caucasians, 37 (17%) Hispanics, 18 (8%)
African Americans, 7 (3%) Asians, and the remaining 89 (41%) were
unknown or chose not to report.

2.2. Extent of disease

Of the 217 patients, 33 (15.2%) patients did not have endoscopic
data available from the time of diagnosis. One hundred eighty-four
(184, 84.8%) patients had initial endoscopic data available, of which 21
(9.7%) had an incomplete endoscopic evaluation. Twenty-two (22,
10.2%) patients presented at diagnosis with ulcerative proctitis (E1),
19 (8.8%) had left sided disease (E2), 31 (14.4%) had extensive UC
(E3), and 91 (42.1%) had pancolitis (E4) (Table 1). Of note, 20 patients
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were included in the “E3” category who had incomplete colonoscopy,
but with evidence of disease extension proximal to the splenic flexure.
2.3. Medication exposure

Initial therapy documentation was not available for 37 (17%)
patients. Of the remaining 180 patients, 62.8%were treated withmono-
therapy at the time of diagnosis: 47.8% 5-ASA, 27.4% oral steroids, and
23% IV steroids. One patient was treated with biologic monotherapy,
and one was treated with immunomodulator monotherapy at diagno-
sis. Thirty-seven percent (37%) of patients received a combination of
medications at diagnosis.

Throughout the follow-upperiod, biologic therapywas used in 38.7%
of patients, immunomodulators in 65.4%, oral 5-ASA in 95%, topical
therapy (rectal 5-ASA and rectal steroids) in 43.3%, and 89.4% were ex-
posed to systemic steroid therapy (Table 2). All patients who received
biologics were treated with infliximab as their initial biologic therapy.
Twelve patients (5.5%) also received adalimumab throughout the follow
up period, and 5 patients (2.3%) were exposed to more than 2 biologics
throughout the follow up period. Average time to infliximab exposure
was 1.98 years from diagnosis, with some evidence that females were
being prescribed infliximab earlier in their disease course than males
(1.49 years versus 2.35 years respectively, p = 0.07, one-way ANOVA).
2.4. Extraintestinal manifestations

EIMs occurred in 54 patients (24.9%). In respect to all patients, 4%
had arthritis, 4% had arthralgia, 11% had primary sclerosing cholangitis,
4% had autoimmune hepatitis, and b1% had aphthous stomatitis. One
patient (b1%) had psoriasis, but no patients were diagnosed with ery-
thema nodosum or other skin lesions. Development of EIMswas not as-
sociated with age, gender, race, or extent of disease at diagnosis (data
not shown).
2.5. Progression to colectomy

The cumulative rate of colectomy in our cohort was 4.6% by 1 year
after diagnosis, 8.3% by 2 years, 10.6% by 3 years, and 12.9% within
5 years of diagnosis. All patients underwent colectomy for fulminant/
severe, medically refractory colitis. There were no cases of toxic
megacolon, and no cases were elective (data not shown). Additionally,
all patients who required colectomy, received it prior to transition to
adult care. Several factors were found to influence progression to sur-
gery, as measured by univariate Cox regression (See Supplementary
Fig. 1), in the 217 children included in the study. These included Paris
Classification at diagnosis (Fig. 1A), initial treatment received (Fig. 1B),
EIMS (Fig. 2A), infliximab exposure (Fig. 2B), and 5-ASA exposure
(Fig. 2C). Following multivariate analysis, only Paris Classification, initial
treatment at diagnosis, exposure to 5-ASA, and exposure to infliximab
Table 2
Medication exposure in pediatric ulcerative colitis patients.

Overall cohort
(N = 217)

Treated with
biologics (N = 84)

p-value

Topical Therapy 94 (43.3%) 45 (53.6%) 0.9
Hydrocortisone 14 (14.9%) 7 (15.6%)
Mesalamine 67 (71.3%) 33 (73.3%)
Both 13 (13.8%) 5 (11.1%)

Steroids 194 (89.4%) 84 (100%) 0.002
5-Aminosalycylic Acid 205 (94.5%) 79 (94.0%) 0.89
Immunomodulators 142 (65.4%) 62 (73.8%) 0.37

6-mercaptopurine 93 (65.5%) 38 (61.3%)
Azathioprine 29 (20.4%) 8 (12.9%)

Biologics (Infliximab) 84 (38.7%) -- --
remained as significant predictors of colectomy within 5 years of diag-
nosis (Fig. 1C).

Children who presented as E2 progressed to surgery 14.5 times
faster than those who presented as E1 and approximately 3.5 times
faster than children who presented as either E3 or E4 (p = 0.04,
Fig. 1C). As for the effects of induction therapy, those patients initially
treated with oral steroid monotherapy progressed to surgery faster
than those prescribed 5-ASA, IV steroids, or combination therapy as
first line medications (p b 0.05, Fig. 1C). Patients with any exposure to
5-ASA were less likely to progress to colectomy compared to those not
exposed to this drug class (p b 0.01, Fig. 1C).

Patients prescribed infliximabat any time in the course of their disease
progressed to colectomy 8.2 times faster than those not receiving bio-
logics (p b 0.01, Fig. 1C). However, it is important to note that most chil-
dren who received infliximab and ultimately underwent colectomywere
prescribed infliximab therapywithin 1 year of surgical intervention (data
not shown). As demonstrated in Supplementary Fig. 2, patientswhowere
prescribed anti-TNF biologicwithin 3months of diagnosis had a lower in-
cidence of surgery than thosewhowere prescribed biologics later in their
disease course (between 3 months and 2 years).

Several factors were found to influence progression to surgery in
children who were prescribed infliximab, as measured by univariate
Cox regression (See Supplementary Fig. 3). These included gender
(Fig. 3A), age (Fig. 3B), development of EIMS (Fig. 4A) exposure to 5-
ASA (Fig. 4B), and year of diagnosis (Fig. 4C). Following multivariate
analysis, however, only age at diagnosis and gender remained signifi-
cant (Fig. 3C). Of the children prescribed infliximab, those diagnosed
with UC less than the age of 5 progressed to surgery 3.5 times faster
than patients diagnosed at a later age (p = 0.03, Fig. 3C). Furthermore,
females were less likely to respond to infliximab therapy and
progressed to surgery 2.7 times faster than their male peers (p =
0.03, Fig. 3C).
3. Discussion

This is one of the largest cohorts of pediatric UC patients in the
United States presenting in the infliximab erawith 5 years of clinical fol-
low up reported. The strengths of this study include its single center de-
sign, as well as the availability of detailed clinical records. Significant
variation in the diagnostic accuracy and clinical care practices for IBD
has been well described in the literature [18–20]. The largest prospective
study in pediatric IBD to date also underscored significant intercenter
practice variation [21]. A single center design with similar IBD care
practices can limit multicenter bias [22]. Additionally, Texas Children's
Hospital (TCH) is one of the largest children's hospitals in the nation
with a diverse patient population, which has already allowed for unique
demographic and clinical observations in pediatric IBD [23–25].

Our findings indicate that the natural course of pediatric UC remains
highlymorbid despite the addition of infliximab to the standard care for
these patients. Infliximab use at TCH increased when it became ap-
proved for pediatric Crohn's disease in 2006, but was available for use
before that. From 2003 to 2015, it has been used for steroid-refractory
and steroid-dependent UC, for both induction andmaintenance therapy
in these patients. Importantly, incidence of pediatric IBD has remained
unchanged in the Houston Metro Area over recent years [25]. The
colectomy rate for our patients was 4.6% by one year, and 12.9% by
5 years after diagnosis. These rates are in agreementwith previously re-
ported colectomy rates at our institution in the prebiologic era (4.1% at
1 year, 14% at 5 years) [4]. Notably, nationwide database surveys indi-
cate a stable incidence of colectomy rates in pediatric UC patients over
the prior decade, in spite of the use of biologic agents [26]. It is unclear
if this is a reflection of more severe disease over time, or evidence that
biologic therapy is not efficacious in significantly modulating the dis-
ease course in those pediatric UC patients who become refractory to
available treatments within 5 years of diagnosis.



Fig. 1. Risk factors for progression to colectomy in pediatric ulcerative colitis patients. (A) Paris classification at diagnosis and (B) initial treatment received significantly influenced
progression to surgery. (C) Multivariate analysis demonstrated that children who presented with E2 disease (by Paris classification), those who received only oral steroids at diagnosis,
those who received 5-ASA treatment throughout their course of disease, and those who received biologic medications progressed to colectomy the fastest.
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Our current study suggests that childrenwhopresentwith left-sided
UC (E2) progress to surgery significantly faster than those with any
other Paris Classification. Previous observations have shown that the
majority of pediatric UC patients will ultimately progress to have exten-
sive disease, regardless of initial presentation [4,9]. This emphasizes that
extent of disease at diagnosis cannot be used alone to predict outcome

Image of Fig. 1


Fig. 2.Additional risk factors in progression to surgery. (A) Extraintestinalmanifestations (EIMS), (B) exposure to biologic medications, and (C) 5-ASA exposure influenced progression to
colectomy by univariate analysis.
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Fig. 3. Factors influencing progression to surgery in children receiving biologics (infliximab). (A) Gender and (B) age significantly influenced progression to surgery in children receiving
infliximab therapy. (C) Multivariate analysis demonstrated that females and children less than the age of 5 years progressed to colectomy significantly faster than other children.
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Fig. 4. Additional factors influencing progression to surgery in children receiving biologics. (A) Extraintestinal manifestations (EIMS), (B) exposure to 5-ASA medications, and (C) year of
diagnosis influenced progression to colectomy by univariate Cox regression in children receiving biologic medications.

1821F.D. Ihekweazu et al. / Journal of Pediatric Surgery 55 (2020) 1815–1823

Image of Fig. 4


1822 F.D. Ihekweazu et al. / Journal of Pediatric Surgery 55 (2020) 1815–1823
in pediatric UC patients, and limited but intense colonic disease beyond
the rectum may warrant as aggressive therapy as similarly active
pancolitis. Gender and age at presentation were not associated with
need for surgery in our cohort, which is in agreement with some previ-
ously reported studies [9,27], but not consistent with Malaty et al, who
found that in the prebiologic era, males were twice as likely to require a
colectomy as females [4].

A high percentage of our patients (42.1%) presented with pancolitis
(E4) at diagnosis, with an additional 14.4% presenting with extensive
(E3) disease. The percent of pediatric patients with extensive disease
at diagnosis varies across different studies, with some reporting N80%
[28,29] and others reporting 35%–43% [4,9,30]. One possible explana-
tion for this discrepancy is that patients with less severe presenting
symptoms are being referred to private care facilities, as opposed to ter-
tiary care centers. However, this would not explain the discrepancy be-
tween disease presentation observed by Malaty, et al. (25% E1, 40% E2,
35% E3) [4] and our cohort (10.2% E1, 8.8% E2, 56.5% E3 or greater), as
bothfindings are from the same tertiary care center, but duringdifferent
time periods. Therefore, UC presentation may be shifting towards more
extensive colonic disease in children of the Southern United States.

Alongwith location of disease, initial treatment at diagnosiswas also
associated with progression to colectomy. Children who received only
oral steroids as their first line of treatment progressed to surgery 5
times faster than children who were prescribed 5-ASA or combination
therapy (HR = 5.03, p b 0.05). Children who received oral steroid
monotherapy were likely deemed more severe than those started on
5-ASA monotherapy, but not severe enough to require admission and
IV steroid therapy or combination therapy with immunomodulators. It
is possible that these patients would have benefitted frommore aggres-
sive initial therapy. These findings suggest that a more aggressive initial
therapeutic intervention may improve long-term outcomes in children
with UC. Importantly, children who received infliximab had a substan-
tially greater risk (HR = 8.19, p b 0.01) of progressing to colectomy
than those who did not receive infliximab, regardless of their location
of disease at diagnosis. It is logical that children with more severe dis-
ease are both more likely to receive infliximab and more likely to re-
quire colectomy throughout the course of their disease. In fact, the
majority of children were prescribed infliximab therapy within 1 year
of colectomy, reflecting its use as a final therapeutic option in an effort
to avoid surgery in patients with severe UC.

It isworth noting that patientswhowere prescribed biologicswithin
3 months of diagnosis had a lower incidence of surgery than those pre-
scribed biologics between 1 and 2 years after diagnosis. This implies that
more aggressive use of infliximab earlier in the disease course could im-
prove outcomes in pediatric UC, especially for patients with severe dis-
ease whowill likely need initiation of biologic therapy within 2 years of
diagnosis. This is supported by a recent retrospective review which
found that the use of infliximabwas independently associatedwith a re-
duction in 2-year colectomy rates in pediatric ulcerative colitis [31]. A
recent multicenter study identifying outcomes following standardized
therapy after initial diagnosis of UC also supports this conclusion [32].
These and our findings suggest that patients presenting with more se-
vere disease may warrant more aggressive therapeutic interventions
early in the course of their disease.

This must be balanced by the recent finding that hospitalized
patients with UC (adult and pediatric) who received accelerated
infliximab dosing after initial standard infusion dosing (5 mg/kg) had
a higher 30-day colectomy rate [33]. The authors proposed that these
patients had a high inflammatory burden and altered infliximab phar-
macokinetics leading to more rapid drug clearance, and may have
benefited from high dose (10 mg/kg) initial treatment to decrease the
risk of colectomy. This further emphasizes the potential importance of
aggressive initial therapy in the setting of severe disease.

Interestingly, patients who did not initiate infliximab therapy for at
least 2 years after diagnosis were also less likely to progress to surgery
in our study, indicating that disease may bemore responsive to therapy
in patients who remain naive to anti-TNF therapy for at least 2 years
after diagnosis. This is in agreement with a study by Mir et al. [34],
which demonstrated that initiation of infliximab within 20 months of
disease onset increased the likelihood of colectomy within one year,
whereas those with longer disease duration at time of infliximab initia-
tion were more likely to respond to therapy.

Additionally, we found that females treated with infliximab
progressed to surgery significantly faster than males. This signifies
that infliximab may be more effective in preventing surgery in males
than in females. This finding has not been previously reported, and it
will be important to investigate sex differences in the effectiveness of
infliximab in future studies of pediatric UC. It is worth noting that a re-
cent study investigating the effect of initial infliximab induction dose on
30-day colectomy rate found that females had a significantly increased
odds of needing accelerated induction of infliximab compared to
males [33]. This supports our finding that standard-dose infliximab is
not as effective in females with UC. Also, in our cohort of patients, chil-
dren younger than 5 years did not appear to benefit from infliximab
therapy as much as older children. Clinically, such early-onset disease
often has a genetic component and is substantially more aggressive,
which likely contributed to this nonresponse to therapy [35] as has
been further indicated in a recently published cohort [36].

Infliximab wasn't approved by the Food and Drug Administration
(FDA) for use in pediatric UC until 2011. Until recently, infliximab has
been reserved for use in acute severe UC. However, with increasing
reluctance to use immunomodulators (specifically thiopurines) in this
population owing to concerns of malignancy induction [37,38],
infliximab use is likely increasing, along with its use earlier on in the
course of pediatric UC. Additionally, the way that infliximab is dosed
in clinical practice has evolved over recent years, with a new emphasis
on therapeutic drugmonitoring [39,40] andmucosal healing as a target
[41–43]. It is possible that these changes have led to overall higher and
more aggressive infliximab dosing early on. It will be important for
large, multicenter, placebo controlled trials to evaluate how these
changes have affected colectomy rate in this patient population over
time.

Although this is one of the largest pediatric UC cohorts in the United
Stateswithmore than 5 years of clinical follow-up, we acknowledge the
inherent limitations of a retrospective clinical study. No specific proto-
col was followed for the treatment of these patients, but the single cen-
ter experience does provide advantages in this respect over multicenter
retrospective explorations. Given the well documented intercenter
practice variation that exists [21], it is likely that even without a specific
protocol to follow, general practice within a single center will be more
similar than between centers. Incomplete endoscopic data at the time
of diagnosis restricted our sample size for certain analyses. It is not un-
common for physicians to limit the extent of a conoloscopic exam in the
face of severe mucosal disease to decrease risks to the patient. Many of
these patients had evidence of disease beyond the splenic flexure; how-
ever, because the colonoscopic examination did not extend to the
ascending colon, we could not determine which of these patients pre-
sented with pancolitis by Paris Classification standards. Additionally,
we were unable to stratify based on clinical disease severity, as PUCAI
scores were not available for all patients. Similarly, race/ethnicity was
not reported in 41% of our patients, and initial therapy was unknown
in 17%. Finally, owing to the retrospective nature of this study, diagnosis
of EIMs were based upon available records, and standard criteria for di-
agnosis could not be applied. Given these limitations, there is certainly
risk for bias in the interpretation of our results.

3.1. Conclusion

Our study demonstrates that pediatric UC remains with unchanged
1- and 5-year colectomy rates, despite the addition of infliximab ther-
apy to the standard of care for these patients. Based on our findings,
early use of biologics (within 3 months of diagnosis) may decrease the
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risk of colectomy in pediatric UC. Ourwork also suggests that infliximab
therapymay not be as effective in certain patient populations, including
females and young children. Recent changes in infliximab dosing regi-
mens based on therapeutic drug monitoring and mucosal healing as a
targetmay have led tomore intense and aggressive dosing of infliximab
earlier on, which could affect colectomy rates in this patient population.
Future studies with national level data may confirm and strengthen our
findings. This work emphasizes the need for the development of novel
preventative and therapeutic measures to combat pediatric UC.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2020.01.054.
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