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Predictors of Ustekinumab Failure in Crohn’s Disease After Dose
Intensification

Rahul S. Dalal, MD,* Cheikh Njie, MD," Jenna Marcus,* Sanchit Gupta, MD,* and Jessica R. Allegretti,
MD, MPH*

Background: Many patients with Crohn’s disease (CD) who lose response to the standard ustekinumab dose interval of every 8 weeks (q8w)
undergo dose intensification to q4w or q6w. However, baseline factors that predict success or failure after dose intensification are unknown. We
sought to identify predictors of failure of ustekinumab after dose intensification for patients with CD.

Methods: This was a retrospective cohort study of adult CD patients undergoing ustekinumab dose intensification at a tertiary referral center
between January 1, 2016, and January 31, 2019. Electronic health records were reviewed to obtain patient demographics, CD history, and labora-
tory data. The primary outcome was failure to achieve corticosteroid-free remission (Harvey-Bradshaw Index <5) within 12 months after inten-
sification. The secondary outcome assessed was time to new biologic therapy after dose intensification. We used multivariable logistic regression
and Cox regression to identify predictors of these outcomes.

Results: We included 123 patients who underwent ustekinumab dose intensification to q4w (n = 64), q5w (n = 1), 6w (n = 55), or q7w (n = 3).
Multivariable logistic regression demonstrated that perianal disease, Harvey-Bradshaw Index, and opioid use at time of intensification were asso-
ciated with failure to achieve remission. Cox regression demonstrated that perianal disease and corticosteroid use at time of intensification were
associated with shorter time to a new biologic.

Conclusion: Perianal disease, Harvey-Bradshaw Index, current opioid use, and current corticosteroid use are associated with ustekinumab
failure after dose intensification in CD. Larger, prospective studies are needed to corroborate these findings and guide therapeutic strategies for

patients who lose response to standard ustekinumab dosing.

Key Words: ustekinumab, Crohn’s disease, dose escalation, optimization, IBD

INTRODUCTION
There is a rising need for individualized therapeutic ap-
proaches in the management of Crohn’s disease (CD). Crohn’s
disease phenotypes vary widely from mild mucosal inflamma-
tion to fistulizing perianal disease. Consequently, sustained
response to biologic therapy is variable. For patients starting
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antitumor necrosis factor (TNF) therapy, up to 40% will require
dose intensification or change to an alternative biologic class."?

Ustekinumab (UST) is a monoclonal antibody targeting
interleukin (IL)-12 and IL-23 that was approved for the treat-
ment of CD in 2016. The standard treatment regimen of UST
for CD begins with an intravenous (IV) weight-based induction
dose followed by subcutaneous (SQ) maintenance injections
of 90 mg every 8 weeks (q8w). Though this regimen has been
shown to be effective, many patients lose or have an inadequate
clinical response to standard dosing.>* For patients who lose
response to anti-TNF therapy, therapeutic drug monitoring
effectively guides dose intensification and has been shown to
be associated with improved outcomes.> ¢ However, data re-
garding UST drug levels and clinical outcomes are limited.”
8 Therefore, the best management approach for CD patients
with suboptimal response to standard UST dosing is unclear,
and many undergo empiric dose intensification.

Recent data suggest that UST dose intensification to
90 mg every 4 weeks (q4w) or every 6 weeks (q6w) is safe and
effective for many patients.” ' However, the choice of dosing
interval is often provider-dependent, and data directly com-
paring intensified dose schedules are lacking. Furthermore,
although up to half of patients seem to respond to UST dose
intensification, identification of factors associated with treat-
ment failure after dose intensification is needed to tailor man-
agement strategies for high-risk patients.” 1
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In this study, we sought to compare baseline characteris-
tics and outcomes among patients undergoing UST dose inten-
sification to q4w or q6w from standard q8w dosing. We then
attempted to identify factors associated with failure of UST
therapy after dose intensification.

MATERIALS AND METHODS

Study Design and Patient Enrollment

This was a retrospective cohort study of patients 18 years of
age and older with a diagnosis of CD (International Classification
of Diseases, 10th Revision Clinical Modification code KS50x)
treated with UST at Massachusetts General Hospital or Brigham
and Women’s Hospital in Boston, Massachusetts. Patients under-
going UST dose intensification from q8w to a shorter interval
at the discretion of their provider between January 1, 2016,
and January 31, 2019, were included. Electronic health records
(EHRs) were manually reviewed to obtain patient demographics,
CD history, medication history, and endoscopic, imaging, and
laboratory data available through April 25, 2020. Crohn’s disease
activity was measured using the Harvey-Bradshaw Index (HBI)
obtained from clinic visits within 3 months before UST dose in-
tensification and at visits within 12 months after intensification.

Independent Variables

Independent variables included age at time of dose in-
tensification, sex, race, CD duration at time of intensification,
time from UST initiation to dose intensification, substance use
at time of intensification (eg, cigarette smoking, cannabis, and
opioids), CD location (Montreal classification: L1 terminal
ileum, L2 colon, L3 ileocolon, L4 upper GI), CD behavior
(Montreal classification: B1 nonstricturing and nonpenetrating,
B2 stricturing, and B3 penetrating), perianal disease including
abscess, sinus tract, or fistula (determined by cross-sectional
imaging, endoscopy, or physical examination), extraintestinal
manifestations, UST dose intensification interval, prior IBD
surgery, 2 or more prior anti-TNF therapies, prior anti-integrin
therapy, corticosteroid use at time of intensification, Harvey-
Bradshaw Index (HBI) within 3 months before intensification,
elevated fecal calprotectin (>120 mcg/g) within 3 months before
intensification, and mean albumin to C-reactive ratio (CRP)
within 3 months before intensification. The albumin to CRP
ratio was chosen because it has been shown to be a predictor
of remission among Crohn’s disease patients receiving UST.!
Albumin values were converted from g/dL to mg/L by a multi-
plication factor of 100 before dividing by CRP values (mg/L).

Outcomes

The primary outcome was failure to achieve
corticosteroid-free remission (HBI <5) within 12 months
after dose intensification. Patients with HBI <5 and no use

of corticosteroids at the time of intensification were excluded
from the analysis of corticosteroid-free remission. The sec-
ondary outcome was discontinuation of UST with initiation
of new biologic therapy. This was assessed as both a binary
outcome limited to 12 months of follow-up after intensifica-
tion and as a time-to-event analysis that was not limited to
12 months of follow-up. Additional outcomes assessed within
12 months after intensification included clinical response (ie, re-
duction of pre-intensification HBI by >3 points), improvement
in endoscopic findings, improvement in computed tomography
(CT) or magnetic resonance imaging (MRI) of abdomen/pelvis,
patient-reported improvement in perianal disease, initiation of
corticosteroids, IBD-related surgery, IBD-related hospitali-
zation, reduction in CRP by 225%, normalization of elevated
CRP (using upper limit of normal of assay), and normalization
of fecal calprotectin (using upper limit of normal of assay).
Patients who did not meet an outcome with less than 12 months
of follow-up data available after intensification were excluded
from the assessment of that outcome.

Statistical Analysis

Descriptive statistics were presented as means for contin-
uous data and percentages for categorical data. Continuous and
categorical data were compared using Student ¢ test and Pearson
y? test, respectively. Multivariable logistic regression was used
to identify predictors of failure to achieve corticosteroid-free
remission within 12 months after UST dose intensification. To
assess factors associated with time to new biologic therapy, a
multivariable Cox proportional hazard model was generated, and
a Kaplan-Meier curve was constructed. Patients were censored at
loss of follow-up, time of UST discontinuation without initia-
tion of new biologic therapy (ie, when patients self-discontinued
therapy due to improvement of symptoms), or time of further
ustekinumab dose intensification from every 6 weeks to every 4
weeks. Once the final Cox model was constructed, the propor-
tional hazards assumption was tested using Martingale resid-
uals. To avoid overfitting of the multivariable logistic and Cox
regression models, candidate covariates were selected among
variables using P < 0.20 on univariate comparisons by outcome.
The final models were generated using forward selection among
these covariates with a requirement of P < 0.05 to remain in the
model. Stata/IC 15.1 (StataCorp, College Station, TX, USA) was
used for all statistical analyses.

ETHICAL CONSIDERATIONS

This study was approved by the institutional review board
of Mass General Brigham.

RESULTS
We identified 238 patients who were initiated on UST for
CD between January 1, 2016, and January 31, 2019. Among
these patients, 123 (51.7%) underwent dose intensification
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TABLE 1. Characteristics Compared by Every 4- and Every 6-Week Ustekinumab Intervals

Ustekinumab Every

Ustekinumab Every

Characteristics 4 Weeks (n = 64) 6 Weeks (n = 55) P
Age, mean y 422 40.3 0.44
Sex, % 0.27

Female 60.9 50.9

Male 39.1 49.1
Race, % 0.12

Asian 3.1 0.0

Black 0.0 5.5

Hispanic 0.0 1.8

Unknown 0.8 3.6

White 89.1 89.1
Age of IBD diagnosis, mean, y 25.0 26.5 0.55
Disease duration at ustekinumab start, mean, y 15.5 12.7 0.08
Time on ustekinumab before intensification, mean, d 363.8 368.7 0.92
Ustekinumab level before intensification, mean, 2.0 1.3 0.54

ug/mL,n=14,n=4
Current smoking, % 4.7 18.2 0.02
Current cannabis, % 15.6 29.1 0.08
Current opioids, % 359 27.3 0.31
HBI within 3 months before intensification %, n = 60 0.66

Remission (<5) 31.7 30.8

Mild (5-7) 23.3 30.8

Moderate (8-16) 433 34.6

Severe (>16) 1.7 39
Extraintestinal manifestations, % 54.7 47.3 0.42
Prior IBD surgery, % 64.1 63.6 0.96
Prior anti-TNF, % 100.0 100.0 n/a
>1 prior anti-TNF, % 81.3 67.3 0.08
Prior anti-integrin, % 48.4 473 0.90
Current corticosteroids, % 31.3 14.6 0.03
CD Location (Montreal classification), % 0.32

L1 Terminal ileum 10.9 16.4

L2 Colon 18.8 25.5

L3 Ileocolon 67.2 56.4

L4 Upper GI 0.0 1.8

L3+L4 Ileocolon + Upper GI 3.1 0.0
CD Behavior (Montreal classification), % 0.36

B1 Nonstricturing, nonpenetrating 21.9 32.7

B2 Stricturing 17.2 18.2

B3 Penetrating 60.9 49.1
Perianal disease, % 37.5 47.3 0.28
Lab markers within 3 months before intensification

Fecal calprotectin >120 mcg/g, %, n=25;n="7 88.0 100.0 0.34

Albumin to CRP ratio, mean, n = 54, n = 46 82.3 237.6 0.08

*Calculated by Student ¢ test or Pearson y? test

after a median of 307 (interquartile range, [IQR], 168-557)
days from UST initiation. A median of 521 (IQR, 314-725)
days of clinical follow-up was available after the time of dose
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intensification through April 25, 2020. Dose intensification
schedules included q4w (n = 64), g5w (n = 1), g6w (n = 595),
or q7w (n = 3). A total of 18 (14.6%) patients underwent
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TABLE 2. Twelve-month Outcomes Compared by Every 4- and Every 6-Week Ustekinumab Intervals
Ustekinumab Every Ustekinumab Every

Outcomes 4 Weeks 6 Weeks P
Corticosteroid-free remission (HBI <5)*, %, n =42, n =33 54.8 54.6 0.99
Change to new biologic, %, n =44, n =40 18.2 7.5 0.15
Clinical response (A HBI 23)°, %, n = 38, n = 29 60.5 58.6 0.24
Endoscopic improvement, %, n =27, n = 19 63.0 63.2 0.99
Improvement in CT or MRI abdomen, %, n =29, n = 14 41.4 35.7 0.72
Improvement in perianal disease, %, n =24, n = 26 16.7 7.7 0.33
Start corticosteroids, %, n =45, n =49 15.6 15.0 0.94
IBD surgery, %, n =44, n =40 11.4 5.0 0.29
IBD hospitalization, %, n = 45, n = 40 17.8 7.5 0.16
Reduction in CRP by 25%, %, n =45, n = 39 40.0 53.9 0.20
Normalization of elevated CRP, %, n =38, n = 28 23.7 7.1 0.08
Normalization of elevated fecal calprotectin, %, n =14, n=13 7.1 33.3 0.20

“Excludes patients with HBI <5 and no corticosteroid use at time of intensification
®Calculated by Student rtest or Pearson y? test
°Excludes patients with HBI <5 at time of intensification

further dose intensification from qow to q4w; 13 of these pa-
tients were categorized as qo6w because this frequency was
utilized for >50% of the postintensification follow-up period.
The remaining 5 patients were categorized as q4w. When
comparing q4w with q6w dose intensification groups, base-
line characteristics were similar, with the exception of ciga-
rette smoking (4.7% q4w vs 18.2% q6w, P = 0.02) and current
corticosteroid use at time of intensification (31.3% q4w vs
14.6% q6w, P = 0.03; Table 1).

Within 12 months after dose intensification, 23 of 42
(54.8%) q4w patients and 18 of 33 (54.6%) q6w patients experi-
enced corticosteroid-free remission (P = 0.99). Discontinuation
of UST with initiation of new biologic therapy occurred in 8
of 44 (18.2%) gq4w patients and 3 of 40 (7.5%) q6w patients
(P = 0.15). All patients who discontinued UST did so due to
treatment failure and not due to adverse reactions or insurance
coverage. No UST drug levels were checked between UST in-
tensification and discontinuation. Clinical response occurred
in 23 of 38 (60.5%) q4w patients and 17 of 29 (58.6%) qow
patients (P = 0.24). Rates of other 12-month outcomes were
similar between q4w and q6w groups (Table 2).

Though 92 patients (74.8%) in our cohort underwent dose
intensification for loss of clinical response, we observed that 31
patients (25.2%) underwent UST dose intensification despite
meeting criteria for clinical remission (ie, HBI <5 without use
of systemic corticosteroids) at the time of dose intensification.
To better understand the justification for dose intensification
of these patients, we manually reviewed documentation from
gastroenterology clinic assessments. The reasons for dose inten-
sification included symptom recurrence before 8 weeks (10 of
31), endoscopic inflammation (8 of 31), low serum UST con-
centration (4 of 31), elevated fecal calprotectin (3 of 31), bowel

inflammation on CT or MRI (3 of 31), perianal disease symp-
toms (2 of 31), and patient preference (1 of 31).

When comparing patients by corticosteroid-free remis-
sion vs no corticosteroid-free remission within 12 months after
dose intensification, intensified dose interval frequency and
baseline characteristics were similar, with the exception of pe-
rianal disease (33.3% vs 58.8%, P = 0.03), pre-intensification
HBI (13.5% remission, 46.0% mild, 40.5% moderate, and 0.0%
severe vs 0.0% remission, 30.3% mild, 63.6% moderate, and
6.1% severe; P = 0.02), and current opioid use (21.4% vs 50.0%;
P < 0.01; Table 3). When comparing patients who changed to
a new biologic vs those who did not change to a new biologic,
characteristics were also similar with the exception of peri-
anal disease (37.7% vs 64.7%; P = 0.04; Supplementary Table
1). The mean time from UST initiation to dose intensification
was similar between those with and without perianal disease
(359 days vs 372 days, P = 0.78) and those with and without
current opioid use (410 days vs 347 days, P = 0.21).

Multivariable logistic regression demonstrated that peri-
anal disease (odds ratio [OR], 3.2; 95% CI, 1.0-9.9), HBI as
a continuous variable (OR, 1.3; 95% CI, 1.1-1.6), and current
opioid use (OR, 3.4; 95% CI, 1.1-10.8) at time of intensification
were associated with failure to achieve remission (Fig. 1). Cox
regression demonstrated that perianal disease (hazard ratio
[HR], 3.0; 95% CI, 1.1-8.4) and current corticosteroid use (OR,
2.9; 95% CI, 1.0-7.9) at time of intensification were associated
with shorter time to a new biologic. Kaplan-Meier analysis
demonstrated a separation in the rate curves of time to new bi-
ologic stratified by perianal disease that did not reach statistical
significance (log rank test P = 0.05; Fig. 2).

A sensitivity analysis of q4w vs q6w outcomes was per-
formed after stratifying patients by metrics of disease severity
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TABLE 3. Patient Characteristics Compared by
Remission Status Within 12 Months After Ustekinumab
Dose Intensification

No Corticosteroid- Corticosteroid-

free Remission  free Remission?

Characteristic (n=34) (n=42) P
Age, mean y 42.0 42.7 0.82
Sex, % 0.43
Female 52.9 61.9
Male 47.1 38.1
Race, % 0.31
Asian 0.0 24
Black 0.0 7.1
Hispanic 2.9 0.0
Unknown 2.9 4.8
White 94.1 85.7
Age of IBD 26.0 26.1 0.97
diagnosis, mean, y
Disease duration at 15.0 14.5 0.80
ustekinumab
start, mean, y
Time on ustekinumab 347.6 345.1 0.97
before intensification,
mean, d
Ustekinumab level before 3.9 2.4 0.63
intensification, mean,
ug/mlL,n=2,n=>5
Current smoking, % 14.7 7.1 0.29
Current cannabis, % 26.5 14.3 0.18
Current opioids, % 50.0 21.4 <0.01
Intensification 0.66
frequency, %
q4 weeks 55.9 54.8
q5 weeks 0.0 0.0
q6 weeks 44.1 429
q7 weeks 0.0 2.4
HBI within 3 months 0.02
before intensification,
%, n=33,n=37
Remission (<5) 0.0 13.5
Mild (5-7) 30.3 46.0
Moderate (8-16) 63.6 40.5
Severe (>16) 6.1 0.0
Extraintestinal 61.8 54.8 0.54
manifestations, %
Prior IBD surgery, % 70.6 50.0 0.07
Prior anti-TNF, % 100.0 100.0 n/a
>1 prior anti-TNE, % 79.4 73.8 0.57
Prior anti-integrin, % 50.0 47.6 0.84
Current corticosteroids, % 29.4 28.6 0.94
CD Location 0.41
(Montreal

classification), %
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Table 3. Continued

No Corticosteroid- Corticosteroid-

free Remission  free Remission?

Characteristic (n=34) (n=42) P
L1 Terminal ileum 5.9 1.9
L2 Colon 23.5 26.2
L3 Ileocolon 67.6 57.1
L4 Upper GI 2.9 0.0
L3+L4 Ileocolon + 0.0 4.8
Upper GI
CD Behavior (Montreal 0.83
classification), %
B1 Nonstricturing, 26.5 26.2
nonpenetrating
B2 Stricturing 11.8 16.7
B3 Penetrating 61.8 57.1
Perianal disease, % 58.8 333 0.03
Lab markers within
3 months
before intensification
Fecal calprotectin 64.3 85.7 0.19
>120 meg/g, %o,
n=9,n=12
Albumin to 217.1 137.9 0.55
CRP ratio,

mean, n =30, n =36

“Excludes patients with both HBI <5 and no use of corticosteroids at time of
intensification
Calculated by Student 7 test or Pearson y” test

at the time of intensification (Table 4). Among patients with
pre-intensification HBI score of 5 to 7 (mild disease), rates
of corticosteroid-free remission were similar. However, rates
of changing to new biologic therapy were lower among q6w
patients (40.0% q4w vs 0.0% qb6w, P = 0.02). Among pa-
tients with HBI >7 (moderate or severe disease), rates of
corticosteroid-free remission and changing to new biologic
therapy were similar. After stratification of patients by corti-
costeroid use at the time of intensification, rates of remission
and changing to new biologic therapy were similar. A second
sensitivity analysis compared outcomes by number of prior
biologic therapies (Supplementary Table 2). Patients who
used 2 previous biologics were more likely to discontinue
UST and start a new biologic after UST dose intensification
than those who used 1 biologic or 3 or more biologics (25.7%
vs 8.3% and 2.5%, P < 0.01).

DISCUSSION
Recapturing clinical response to a biologic agent con-
tinues to be a complex challenge in Crohn’s disease manage-
ment. Though dose intensification has been shown to be
effective among patients who lose response to TNF or integrin
antagonists, the efficacy of dose intensification strategies using
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FIGURE 1. Multivariable logistic regression model of failure to achieve corticosteroid-free remission. Model excludes patients who met criteria for
corticosteroid-free remission (ie, HBI <5 and no use of systemic corticosteroids) at the time of ustekinumab dose intensification. Multivariable anal-
ysis assessed current opioid use, current corticosteroid use, perianal disease, HBI as a continuous variable, and prior surgery based on P-value <0.2
on univariate analysis. The final model includes only variables with P < 0.05 after forward selection.
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FIGURE 2. Kaplan-Meier analysis of time to new biologic therapy after
ustekinumab dose intensification. *Calculated using log-rank test.
Numbers represent censoring at loss of follow-up, time of ustekinumab
discontinuation without initiation of new biologic therapy, or time of
further ustekinumab dose intensification from every 6 weeks to every
4 weeks.

UST is less established.® > 13 Additionally, it is unknown which
baseline factors place patients at higher risk of failing UST
after dose intensification. The results of our study suggest that
perianal disease, HBI, and current opioid use were associated
with failure to achieve remission, whereas perianal disease and
current corticosteroid use were associated with shorter time to
new biologic therapy.

Postintensification outcomes in the g4w and q6w groups
suggest that these strategies are clinically effective, as more than
50% of patients in both groups achieved corticosteroid-free re-
mission within 12 months. However, g4w patients had signifi-
cantly greater use of systemic corticosteroids at the time of UST
dose intensification. These patients may have had more com-
plex disease at the time of intensification, as they had longer

CD duration, greater proportion with use of 2 or more prior
TNF antagonists, and greater proportion with penetrating di-
sease, though these differences were not statistically significant.
Therefore, we cannot unequivocally conclude that there are no
differences in efficacy between g4w and q6w dosing.

Our study identified perianal disease as a predictor of
both failure to achieve remission and need to change to alter-
native biologic after dose intensification. A recent study by
Ollech and colleagues investigating the efficacy of UST dose
escalation did not identify perianal disease as a predictor of
clinical remission on univariate analysis.’ Patients with pe-
rianal disease comprised a larger proportion of our sample
(44.7% among our cohort assessed for remission compared
with 31.8% in Ollech et al) which may partly account for this
discrepancy. Additionally, their entire cohort was escalated to
g4w dosing, whereas 52% of our patients with perianal disease
were escalated to q6w dosing with a lower rate of improve-
ment in perianal symptoms compared with those escalated to
q4w dosing (7.7% vs 16.7%). However, it is unclear if perianal
disease is a driver of UST failure or rather a prognostic indi-
cator of refractory CD. Perianal fistulas represent a disabling
manifestation of CD and occur in up to 40% of patients by
the time of CD diagnosis.!* Tumor necrosis factor antagonists
are effective for the induction and maintenance of perianal
CD, with up to 46% of patients demonstrating perianal fistula
closure after 56 weeks of treatment with infliximab.'>'® Data
regarding the efficacy of UST for perianal CD is less robust,
with 36% of patients demonstrating resolution of perianal fis-
tulae at 24 weeks in a small retrospective cohort study.” The
results of our study suggest that patients with perianal disease
on UST may be less likely to experience remission after dose
intensification. Because the majority of patients receiving
UST in our health system ultimately required dose intensifi-
cation, the presence of perianal disease should be considered
before initiation of UST therapy, particularly if anti-TNF
options have not been exhausted.
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TABLE 4. Subgroup Analyses of 12-month Outcomes Compared by Every 4- and Every 6-Week Ustekinumab

Intervals

Corticosteroid-free Remission Stratified by Pre-intensification HBI
HBI5-7,%,n=11,n=15

HBI>7,%,n=23,n=15

Change to new biologic stratified by pre-intensification HBI

HBI 5-7,%,n=10,n=12

HBI >7,%,n=20,n=15

Corticosteroid-free remission stratified by pre-intensification corticosteroid use
No corticosteroid use, %, n =27, n = 26

Corticosteroid use, %, n=15,n=7

Change to new biologic stratified by pre-intensification corticosteroid use
No corticosteroid use, %, n = 34, n = 32

Corticosteroid use, %, n =10, n =8

Every 4 Weeks Every 6 Weeks p
54.6 66.7 0.53
39.1 40.0 0.96
Every 4 weeks Every 6 weeks P
40.0 0.0 0.02
20.0 6.7 0.27
Every 4 weeks Every 6 weeks P
48.2 61.5 0.33
66.7 28.6 0.10
Every 4 weeks Every 6 weeks P
14.7 3.1 0.10
30.0 25.0 0.81

*Calculated using Pearson %’ test

Current opioid use was also associated with lower odds
of remission after dose intensification. Opioid use has been
associated with severe infections and mortality among pa-
tients with CD; however, many patients with IBD receive
opioid analgesics despite these risks.?” ! The mechanisms
by which opioid use increases the risk of IBD complications
are not confirmed. However, opioids may mask symptoms
of early flares and infections that lead to more severe pres-
entations. Opioids also promote bowel hypomotility which
can exacerbate obstructive symptoms related to CD. Opioid
use in our study may be affected by confounding by indica-
tion because patients who require opioid analgesics may have
more severe disease. However, we assessed metrics of CD se-
verity including penetrating phenotype, prior biologic ther-
apies, prior surgeries, HBI, and inflammatory markers that
were not significantly different by remission status after in-
tensification. It would be prudent to emphasize non-narcotic
strategies of symptom management and wean opioid use in
this population to unmask early symptoms of CD exacerba-
tions. Our study would have benefited from understanding
the dose relationship between opioid use and UST failure;
however, limitations in EHR documentation precluded accu-
rate assessment of total dose consumption.

This study has a number of strengths. Though prior in-
vestigations have emphasized the efficacy and safety of UST
dose intensification, this study highlights factors associated
with failure of intensification. These predictors were identi-
fied after assessing several metrics of CD severity. Although
there seemed to be nonsignificant differences in prior IBD
surgery by remission status, prior surgery was assessed in
our multivariable analysis and did not remain in the final
model due to lack of association with our outcome. If the
factors we have identified are validated by larger studies,
they can help providers risk stratify individuals before UST
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initiation or intensification. Additionally, our time to new
biologic analysis applied rigorous censoring criteria for pa-
tients with limited follow-up data and UST discontinuation
that was unrelated to treatment failure. We therefore have
greater confidence that this outcome provides an objec-
tive assessment of UST failure that is measurable at a dis-
crete time point. Our study also directly compares patient
characteristics and outcomes by dose interval frequency,
though our findings highlight the need for larger studies on
this topic.

Our study has several limitations. This was a retro-
spective study utilizing EHR data, which is susceptible to
incomplete data, documentation errors, and variable fol-
low-up. In the absence of randomization, we cannot as-
sume a causal relationship between dose intensification and
clinical response among those with favorable outcomes.
The observational nature of our study and small number
of outcomes also limits our ability to control for all poten-
tial confounders. Our remission outcome relied on the HBI,
which is a subjective scoring system that can vary between
providers. Postintensification endoscopic and imaging data
were present in less than 50% of our population, precluding
multivariable assessment of more objective measures of re-
mission. Though we assessed outcomes by dose interval fre-
quency, our study was not powered to detect differences in
these outcomes. We also identified various reasons for UST
dose intensification in our cohort. It would be informative
for clinicians to identify independent predictors of clinical
response or failure in subgroups of patients with different
indications for dose intensification, including those in whom
a treat-to-target strategy was emphasized, those with post-
operative disease recurrence, those with clinical loss of re-
sponse, and those with partial response. However, larger
studies are needed for this purpose.
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The study took place at a tertiary referral center with
a complex patient population; consequently, the majority of
patients had failed at least 2 TNF antagonists before UST
initiation. Therefore, our results cannot be generalized to
patients who are treated with UST as a first- or second-line
agent. Additionally, we are unable to track clinical data or
medication dose adjustments that may have occurred at
other centers. Our data also suggest that serum UST con-
centrations are uncommonly used to guide decisions re-
garding dose intensification (n = 18 of 123 patients), and
the scarcity of this data precluded our ability to assess the
efficacy of dose intensification for patients with lower UST
levels.

CONCLUSION

In summary, we demonstrated that UST dose inten-
sification to either g4w and q6w intervals was effective in
achieving corticosteroid-free remission for nearly 55% of pa-
tients previously receiving standard q8w dosing. However,
perianal disease, HBI, current opioid use, and current cor-
ticosteroid use are associated with UST failure after dose
intensification. These factors should be considered when
determining the appropriateness of q4w or q6w dosing.
Alternative strategies, such as IV reinduction of UST fol-
lowed by g4w dosing, may be more effective for patients
with perianal disease or those requiring corticosteroids. The
efficacy and safety of UST reinduction therapy for patients
with moderate to severe CD is currently being evaluated as
a randomized controlled trial (NCT03782376). Larger, pro-
spective studies are needed to corroborate our findings and
assess the relative efficacies and cost effectiveness of different
dose intensification strategies among patients with variable
CD characteristics and complexity. Such data will be critical
to help providers tailor management approaches for patients
who lose response to standard UST dosing.

SUPPLEMENTARY DATA

Supplementary data is available at Inflammatory Bowel
Diseases online.
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