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Introduction: We evaluated baseline Clearance of anti-tumor necrosis factors
and human leukocyte antigen variant (HLA DQA1*05) in combination as poor
prognostic factors (PPF) of pharmacokinetic (PK) origin impacting immune
response (formation of antidrug antibodies) and disease control of
inflammmatory bowel disease (IBD) patients treated with infliximab or adalimumab.

Methods: Baseline Clearance was estimated in IBD patients before starting
treatment using weight and serum albumin concentrations. HLA DQA1*05
carrier status (rs2097432 A/G or G/G variant) was measured using real time
polymerase chain reaction. The outcomes consisted of immune response,
clinical and biochemical remission (C-reactive protein<3 mg/L in the absence
of symptoms), and endoscopic remission (SES-CD<3). Statistical analysis
consisted of logistic regression and nonlinear mixed effect models.

Results and discussion: In 415 patients enrolled from 4 different cohorts (median
age 27 [IQR: 15-43] years, 46% females), Clearance>0.326 L/day and HLA
DQA1*05 carrier status were 2-fold more likely to have antidrug antibodies
(OR=2.3, 95%Cl: 1.7-3.4; p<0.001, and OR=1.9, 95%Cl: 1.4-2.8; p<0.001,
respectively). Overall, each incremental PPF of PK origin resulted in a 2-fold
(OR=2.16, 95%Cl: 1.7-2.7; p<0.01) higher likelihood of antidrug antibody
formation. The presence of both PPF of PK origin resulted in higher rates of
antidrug antibodies (p<0.01) and lower clinical and biochemical remission
(p<0.01). Each incremental increase in PPF of PK origin associated with lower
likelihood of endoscopic remission (OR=0.4, 95%Cl: 0.2-0.7; p<0.001). Prior
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biologic experience heightened the negative impact of PPF of PK origin on
clinical and biochemical remission (p<0.01). Implementation of proactive
therapeutic drug monitoring reduced it, particularly during maintenance and in
the presence of higher drug concentrations (p<0.001). We conclude that PPF of
PK origin, including both higher Clearance and carriage of HLA DQA1*05, impact
outcomes in patients with IBD.

KEYWORDS

drug response, tumor necrosis factor, clearance, inflammatory bowel
disease, pharmacogenetic

1 Introduction

Predicting response to monoclonal antibody therapies remains an
unmet need in the management of immune-mediated inflammatory
disease, particularly in inflammatory bowel disease (IBD; Crohn’s
disease [CD] and ulcerative colitis [UC]), that causes progressive
intestinal damage, which impacts the quality of life of affected patients
(1). After two decades of intensive research, it is clear that the response
to anti-tumor necrosis factor-o; (TNF) such as infliximab (IFX) and
adalimumab (ADA) is complex and pathway dependent (2, 3).
Undoubtedly, the response to anti-TNF is also a function of
suboptimal pharmacokinetics (PK) (4) where immune response and
formation of neutralizing antibodies preclude the achievement of the
minimally effective concentration required for disease control (5). In
fact, the prediction of suboptimal baseline PK in patients starting
induction is likely to be important, as a countermeasure of simple dose
intensification may prevent the potential negative impact of lower
concentration on disease control in a susceptible individual.

One of the most promising genetic markers associated with the
immune response to anti-TNF and formation of antibodies to IFX
(ATI) or ADA (ATA) is HLA DQA1*05 (tagged rs2097432 A/G),
and substantial evidence supports the value of the genotype as
recently reported in a meta-analysis (6) with 75% higher risk of
immunogenicity compared with non-carriers and twofold higher
risk of secondary loss of response. The precise mechanism of action
is well established and combines the recognition of the antigenic
proteolytic fragments of the monoclonal antibody itself by the
immune system and clonal expansion to produce neutralizing
antibodies. However, HLA DQA1*05 has modest performances
when associated with PK and pharmacodynamic outcomes,
illustrating the complexity of a low penetrance single variant
with outcome.

Recently, several reports have established that baseline
clearance calculated from covariates estimated in the population
PK model is associated with outcome in IBD (7, 8), where higher
clearance reflects intrinsic suboptimal PK (e.g., recirculation of the
IgG through the neonatal receptor and/or higher weight) as well as
an individual’s inflammatory burden, which consumes the drug.

Frontiers in Immunology

This unfavorable state is only worsened in the presence of the HLA
DQA1*05 carrier status and the associated immune response.

In this report, we evaluate accelerated baseline clearance and
HLA DQAI1¥05 carrier status as PPFs of PK origin impacting
immune response and therapeutic outcomes in IBD. Our results
show a significant impact of higher clearance and presence of HLA
DQA1*05 carrier status on immune response where the cumulative
presence of both PPFs of PK origin is associated with a high
likelihood of treatment failure.

2 Methods
2.1 Patients

Patients with IBD were enrolled from four different cohorts
starting subcutaneous ADA or intravenous IFX treatment (9-12).
Internal review boards approved the studies, and patient informed
consent was collected. The first cohort (BOLOGNA) was performed
in the context of a 1-year prospective observational clinical trial
aimed at identifying biomarkers and predictors of a failure to
respond to ADA in patients with CD (11). The second cohort
(PREDICROHN) was a prospective multicenter cohort study in
patients with CD naive to biologics with active luminal disease (12);
participants were started on ADA and IFX and followed up
longitudinally. The third cohort (STRIDENT) was from an open-
label, single-center, randomized controlled trial evaluating dose
intensity in participants with symptomatic intestinal Crohn’s
disease strictures (9). The patients in the fourth cohort (Proactive
dosing cohort, PRECISION IFX trial [NCT02624037]) received
proactive dose intensification using therapeutic drug monitoring
(TDM) and iDose dashboard (Baysient, LLC, Fort Myers, FL, USA)
to target therapeutic concentrations above 17 pg/mL and 10 pug/mL
during induction and maintenance, respectively (10); the impact of
proactive TDM in preventing immunization to IFX has been
reported elsewhere (13). Patients from each cohort were followed
up longitudinally at each visit during their maintenance treatment.
Blood specimens were collected periodically during maintenance
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and always at the trough for IFX; sera were isolated and stored at
subzero temperature (—80°C) until analysis.

2.2 Pharmacokinetic and
pharmacogenetic measurements

Serum ADA and IFX concentrations and their respective
antibodies (ATA and ATI, respectively) were determined using
drug-tolerant homogenous mobility shift assay in the clinical
laboratory at Prometheus Laboratories (San Diego, CA, USA) (14,
15). All specimens were collected in serum separator tubes. Pre-
analytical experiments have shown that the analytes are stable for at
least 14 days at room temperature in serum. Serum was stored at
-80°C within 72 hours of isolation. The lower and upper limits of
quantification of the drug assay were 1.6 pug/mL and 50 pg/mlL,
respectively, for ADA and 0.8 ug/mL and 34 pg/mL, respectively, for
IFX. The cutoffs associated with ATA and ATT status (corresponding
to the 97.5th percentile of normal health) were 1.7 U/mL and 3.1 U/
mL, respectively. Serum albumin and C-reactive protein (CRP) were
determined using immunochemistry (IMMAGE 800 Protein
Chemistry Analyzer, Beckman Coulter, Brea, CA, USA) in the
clinical laboratory at Prometheus Laboratories). Carriage of the
HLA-DQA1*05 (presence of rs2097432 AG or GG variant) was
determined from genomic DNA extracted from serum or whole
blood using real-time PCR with allelic discrimination (13).

2.3 Derivatization of baseline clearance

The population PK parameters were estimated from the
BOLOGNA and PREDICROHN cohorts (113 patients who
received ADA and 553 samples/observations) using non-linear
mixed-effects modeling (one compartment with linear
elimination), with random effects on apparent clearance (CL/F)
with albumin levels and weight as covariates. The covariate
estimates of weight and albumin from the population PK model
were applied to calculate baseline clearance for ADA and IFX in all
patients before starting treatment. Cutoff for higher clearance
corresponds to the typical value determined from that population
PK model and was applied unmodified to all other cohorts receiving
ADA or IFX. This clearance calculation was used for both IFX and
ADA baseline clearance.

2.4 Outcome variables and
statistical analysis

Immune response to ADA and IFX consisted of antidrug
antibody formation (above cutoff) during induction and
maintenance, anytime (corresponding to immune response
detected at any of the time points where serum was available for
PK analysis), and at all cycles (corresponding to immune response
detected at all of the time points where serum was available for PK
analysis). The clinical outcome determined at each study visit was
CRP-based clinical remission status, defined as CRP levels below 3
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mg/L in the presence of clinical remission (Crohn’s Disease Activity
Index<150 points or Harvey-Bradshaw index (HBI) below 5 points
for CD, or partial Mayo below 2 points for UC).

Endoscopic remission (ER) was available in CD only and
corresponded to the Simple Endoscopic Score for CD (SES-CD< 3
points) available during treatment in the BOLOGNA and STRIDENT
cohorts. Statistical analysis consisted of logistic regression with odds
ratio (OR; with 95% confidence interval). Results were expressed as
median with interquartile ranges (IQRs), as appropriate.

The impact of baseline clearance and HLA DQA1*05 carrier
status on outcomes was estimated using longitudinal repeated event
analysis using non-linear mixed-effects modeling via Monolix
(Lixoft, 2021R2). Prior biologic exposure and implementation of
proactive TDM (from the PRECISION cohort) were used as
covariates in the analysis, as appropriate. Logistic regression and
Mann-Whitney testing were used as appropriate.

3 Results

A total of 415 patients (median age 27 [IQR: 15-43] years, 46%
female) were enrolled in the study (n = 185 ADA and n = 230 IFX).
PK measurements and CRP-based clinical remission status during
maintenance were available in a total of 1,893 cycles collected with
PK specimens; antidrug antibodies were detected in 15% of patients
at any time point. Results are presented in Table 1. There was no
difference in concentrations between IFX and ADA during
maintenance (IFX: median of 9.9 pug/mL [IQR 5.0-15.1 pg/mL];
ADA: median of 10.7 ug/mL [IQR 6.9-14.6 ug/mL]; p > 0.6).

3.1 Baseline clearance and calculation of
PF of PK origin score

Baseline clearance was calculated using the parameter estimates
derived from the population PK model from ADA patients
(BOLOGNA and PREDICROHN cohorts) as follows:

CL = (EXP(LOG(0.326) + 0.458 x LOG(WT/70)
- 0.768 % LOG(ALB/4.0)),

where WT is weight in kg and ALB is serum albumin level
in g/dL.

The PPF of PK origin score was calculated as the sum of higher
clearance (>0.326 L/day, 1 point) and HLA DQA1*05 G carrier
status (1 point) and ranged from 0 to 2 (0 corresponding to the
absence of both PPFs of PK origin, 1 corresponding to either
clearance > 0.326 L/day or HLA DQA1*05 G carrier status, and 2
corresponding to the presence of both PPFs of PK origin).

3.2 Impact of PPFs of PK origin on immune
response during treatment

Longitudinal repeated event analysis over the treatment
period revealed that longer time on therapy associated with
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TABLE 1 Patient characteristics.
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BOLOGNA

(Italy)

PREDICROHN
(Spain)

STRIDENT
(Australia)

PRECISION
(USA)

All
cohorts

Anti-TNFs

ADA

ADA/IFX

ADA

IFX

ADA/IFX

Crohn’s disease

100% (53/53)

100% (112/112)

100% (77/77)

73% (125/173)

88%% (367/415)

Prior biologics
Age (years)
Gender (female)

Weight at baseline

30% (16/53)
24 (26; 44)
36% (19/53)

67 (60; 78)

0% (0/112)
39 (29; 50)
48% (54/112)

64 (57; 76)

12% (9/77)
44 (30; 52)
51% (39/77)

78 (66; 87)

22% (38/173)
15 (125 17)
46% (79/173)

45 (33; 59)

15% (63/415)
27 (15; 43)
46% (191/415)

61 (46; 73)

ALB at baseline

39(3.8;4.2)

3.8 (3.3; 4.4)

3.7 (3.5; 3.9)

32(2.8;3.7)

3.6 (3.0; 4.0)

HLA DQAT1*05 carriage

47% (25/53)

37% (42/112)

27% (21/77)

46% (80/173)

40% (168/415)

CL > 0326 L/day
Responder score >0
Responder score >1

Antibodies (anytime)

51% (27/53)
79% (42/53)
19% (10/53)

23% (12/53)

49% (55/112)
67% (75/112)
20% (22/112)

16% (18/112)

79% (61/77)
86% (66/77)
21% (16/77)

14% (11/77)

42% (72/173)
69% (120/173)
18% (32/173)

13% (23/173)

52% (215/415)
73% (303/415)
19% (80/415)

15% (64/415)

Antibodies all cycles

15% (28/182)

11% (70/614)

8% (24/285)

4% (34/930)

8% (156/2011)

CRP-based clinical rem.

47% (28/182)

44% (235/535)

45% (113/250)

52% (487/930)

49% (919/1893)

SES-CD
SES-CD = 3
Maintenance cycles

Trough concentrations

1(0; 4)
43% (39/90)
34 (182)

10 (5.2; 12.8)

NA
NA
4.5 (507)

8.0 (3.9; 12.2)

64% (35/55)

3(0;8)

2.7 (208)

13.2 (8.2; 18.0)

NA
NA
2.5 (434)

12.3 (8.3; 18.0)

3(0; 6)
51% (74/145)
32 (1331)

10.2 (6.0; 15.1)

Results are expressed as median IQR or % (n/N), as appropriate.
SES-CD, Simple Endoscopic Score for Crohn’s Disease.
NA, not available.

immune response and antidrug antibody formation (8me =
+ 0.006 + 0.001, p< 0.001), where the presence of PPFs of PK
origin (clearance > 0.326 L/day; HLA DQA1*05 carrier status) at
baseline each independently and significantly contributing to
immunization during treatment (Ociearances0326 = +2.2 = 0.70,
p = 0.02, and Oura pQA1*05 carrier = +1.5 £ 0.70, p = 0.03,
respectively) (0,5, = —9.6 £ 1.0). Patients with clearance > 0.326
L/day and HLA DQA1*05 carrier status were twofold more likely
to present with treatment cycles with antidrug antibodies (OR =
2.3, 95%CI: 1.7-3.4, p< 0.001, and OR = 1.9, 95%CI: 1.4-2.8, p<
0.001, respectively).

When combined, the increased number of PPFs of PK origin
resulted in a higher risk of immune response for both ADA and
IFX (Table 2). Results by cohort are presented in Supplementary
Table 2. The incidence of antidrug antibodies by PPFs of PK
origin is presented in Figure 1. Overall, each incremental PPF of
PK origin resulted in a 2-fold (OR=2.16, 95%CI: 1.7-2.7; p<0.01)
higher likelihood of antidrug antibody formation. Also, antidrug
antibodies detected at the time of clinical assessment were
associated with a lower likelihood of CRP-based clinical
remission (OR = 0.5, 95%CI: 0.3-0.7, p< 0.001) and endoscopic
remission (OR = 0.2, 95%CI: 0.1-0.7, p = 0.003). There was no
impact of prior biologic treatment on immune response (data
not shown).
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3.3 Impact of PPFs of PK origin on CRP-
based clinical remission

Longitudinal repeated event analysis over the treatment period
revealed that longer time on therapy was associated with a higher
probability of achieving CRP-based clinical remission (B = +0.004 +
0.001, p< 0.001). Additionally, higher baseline clearance (>0.326 L/day,
OCiearance>0.326 = —1.1 £ 0.2, p< 0.001) and prior biologic therapy (Oprior
biologics = —1.2 + 0.3, p< 0.001) negatively impacted achievement of

TABLE 2 Poor prognostic factors of pharmacokinetic origin and immune
response to anti-TNFs.

Parameter = Adalimumab Infliximab All cohorts
epo,, -11.3 £ 29 -9.1+12 -10.1 £ 1.2
(p< 0.001) (p< 0.001) (p< 0.001)
0oy score =1 +4.5 + 2.5 +1.8 + 1.1 +2.5+09
versus 0 (p =0.07) (p =0.102) (p = 0.006)
Ocov: SCOTE =2 +6.2 £ 2.6 +2.6 £ 1.2 +38 + 1.1
versus 0 (p =0.017) (p = 0.030) (p< 0.001)
Btime +0.006 + 0.001 +0.006 + +0.006 + 0.001
(p = 0.030) 0.001 (p< 0.001)
(p = 0.030)

Model, logit(Probability of CRP Based Remission) = 60 + Ocovi * COV; + .
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FIGURE 1

PPF of PK origin score and treatment cycles with antidrug antibodies. (A, B) The results by monoclonal antibody and cohorts, respectively. OR is
given with 95% confidence intervals. Immune response (ATA or ATI) detected anytime during treatment was calculated. PPF, poor prognostic factor.

CRP-based clinical remission, an effect that was modified by proactive
TDM (Bproactive tdm = 0.6 * 0.2, p< 0.003) but not HLA DQA1*05
carrier status (B pQA1%05 carrier = 0.1 £ 0.2, p = 0.62) (Bpop = —0.5 =
0.2, p = 0.012).

The impact of the PPF of PK score (>0) on CRP-based clinical
remission status adjusting for prior biologics, proactive TDM, and
time on therapy is presented in Figure 2. The analysis revealed a
significant impact of prior biologics on worse outcomes, while
proactive TDM was associated with improved disease control, an
effect that was also dependent on the presence of PF of PK origin.
Results by cohorts and biologics are presented in Supplementary
Tables 3, 4, respectively.

During maintenance, longitudinal analysis also revealed that
prior biologics, proactive TDM, and the presence of at least one PPF
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of PK origin impacted therapeutic outcomes with higher
concentrations resulting in improved disease control. Results are
presented in Figure 3.

3.4 Impact of PPFs of PK origin on
endoscopic outcomes

Endoscopic outcomes (n = 145 assessments) were available in
ADA-treated patients enrolled in the BOLOGNA and STRIDENT
cohorts. ATA status detected anytime during treatment was
associated with a 0.2-fold (95%CI 0.1-0.7) (p = 0.002) lower
likelihood of having endoscopic remission. Multivariate logistic
regression analysis revealed that higher clearance (adjusted OR =
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FIGURE 2

Time (weeks)

Impact of PPFs of PK origin by proactive TDM and prior biologics on CRP-based clinical remission status over time. Estimates are as follows: 8,

p =054 0.3 (p = 0.100); 0.0y, prior biologics = -1.2 + 0.3 (p< 0.001); 6. PPFs of PK origin >0

=-0.8 + 0.3 (p = 0.008); 60y, proactive TDM = 0.8

+ 0.2 (p< 0.001); B1ime = 0.004 + 0.001 (p< 0.001). (A) Probability of CRP-based clinical remission in patients naive to biologics. (B) Probability of
CRP-based clinical remission in patients with prior biologics. The probability of CRP-based remission in the presence of proactive TDM and PPK > O
was indistinguishable from the probability from the probability of with no TDM and PPF of PK = 0. PPF, poor prognostic factor; PK, pharmacokinetic;

TDM, therapeutic drug monitoring; CRP, C-reactive protein.

0.3, 95%CI: 0.2-0.7, p = 0.004) and presence of HLA DQA1*05
carriage (adjusted OR = 0.4, 95%CI: 0.2-0.8, p = 0.013)
independently and significantly impacted endoscopic remission.

Cumulatively, each incremental increase in PPFs of PK origin
resulted in a lower likelihood of endoscopic remission (OR = 0.4,
95%CI: 0.2-0.7, p< 0.001). Results are presented in Figure 4. There
was no association between prior biologics on worse endoscopic
outcomes (data not shown).

4 Discussion

In this report, we have established that the PPFs of PK origin,
both higher baseline clearance of IFX and ADA and carriage of
HLA DQAI1*05, impact immune response and disease control in
patients with IBD. These PPFs of PK origin specifically detect a
signature associated with suboptimal PK during treatment with
anti-TNF-a;. The first PPF of PK origin corresponds to accelerated
clearance of the monoclonal antibody itself and is representative of
its baseline intrinsic recirculation (with albumin as a proxy) (16)
and also the inflammatory burden that accelerates the consumption
of the drug from the central compartment (17). The second PPF of

PK origin corresponds to the HLA DQA1*05 variant (detected as
the A/G and G/G genotype), which informs on the immunization
risk by presentation of the monoclonal antibody for clonal
expansion and production of antidrug antibodies (6).

Our finding that the combination of these two PPFs of PK
origin resulted in worse outcomes was expected. Notably, in
addition to increasing immune response and antidrug antibodies,
disease control was also worsened with reductions in clinical
remission across all four cohorts. Our analysis further revealed
that the detrimental effects of the PPFs of PK origin on CRP-based
clinical remission were heightened in those who were biologic-
experienced and lessened in those utilizing proactive TDM, as seen
in the PRECISION cohort (10). With regard to endoscopic
outcomes available from two separate cohorts, suboptimal PK
secondary to the PPFs of PK origin resulted in worse outcomes
with no impact of prior biologics.

Our data have some strengths and limitations in this population
of IBD patients who all started an anti-TNF. The strengths include
multiple, rich cohorts enrolled, the availability of endoscopic
outcomes (at least with ADA) and availability of PK outcomes,
and the fact that the responder score and clearance derived from the
ADA-treated cohorts (BOLOGNA and PREDICROHN) also

A B
__100 __100
=T 9 =T 92 :
2% 80 8T 80 :
© © .
a2 70 2.2 70 :
o 3 60 8- PPFOPK=0&proactiveTOM & & 60 .
2 2
(3] g 50 ~O-  PPF of PK>0 & proactive TDM o aE> 50 :
5o 40 & PPFOIPK=0&noTOM 5 s 40 :
a8 30 PPF of PK>0 & no TDM a8 30 i
82 20 O PPRo no o 20 *
a5 10 5 10 :
0 0 :
T T T T T T T T T T T 1
5 10 15 20 25 30 5 10 15 20 25 30

Concentration (ug/mL)

FIGURE 3

Concentration (pg/mL)

Impact of PPFs of PK origin by proactive TDM and prior biologics on CRP-based clinical remission status by exposure during maintenance. Estimates
are as follows: By = 0.3 + 0.4 (p = 0.453); Oy, prior biologics = =1.7 + 0.5 (p = 0.001); 8., PPFs of PK origin >0 = -0.9 + 0.4 (p = 0.024); 6.\,
proactive TDM = 1.4 + 0.3 (p< 0.001); Oconcentrations = 0.07 + 0.01 (p< 0.001). (A) Probability of CRP-based clinical remission in patients naive to
biologics. (B) Probability of CRP-based clinical remission in patients with prior biologics. PPF, poor prognostic factor; PK, pharmacokinetic; TDM,

therapeutic drug monitoring; CRP, C-reactive protein.
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FIGURE 4

Endoscopic remission and PPFs of PK origin. The OR with 95%CI for each incremental unit of the PPF of PK origin is given. PPF, poor prognostic

factor; PK, pharmacokinetic.

generally replicated in the IFX cohorts and the STRIDENT ADA
cohorts. Limitations arise from the retrospective nature of our
study, and it will be important to prospectively evaluate the value
of the PPFs of PK origin.

There are potential direct clinical applications of these findings.
The measurement and presence of the PPFs of PK origin before
starting treatment could inform providers on the appropriateness of
drug selection and dose intensification strategies to achieve
exposure commensurate with disease control and thus remediate
any suboptimal PK. Results may also identify which patients may
benefit from combination therapy with a thiopurine to decrease the
formation of antidrug antibodies, allowing for more sophisticated
therapeutic decision-making and limiting unnecessary risk of
adverse events in patients where there is an absence of PPFs of
PK origin (18).

In conclusion, a serogenetic panel combining higher baseline
clearance and HLA DQA1*05 is associated with outcomes in
patients with IBD treated with anti-TNF therapies. Whether these
PPFs of PK origin are also associated with outcomes in other
immune-mediated inflammatory diseases is not known, but we
hypothesize that their presence resulting in suboptimal PK is likely
to result in lesser disease control as well, at least among the group of
patients with active disease and high inflammatory burden.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

Frontiers in Immunology

Ethics statement

The studies involving humans were approved by Mount Sinai
Medical Center, St Vincent Hospital, University de la Princessa,
University de Bologna. The studies were conducted in accordance
with the local legislation and institutional requirements. Written
informed consent for participation in this study was provided by the
participants’ legal guardians/next of kin.

Author contributions

ES: Conceptualization, Data curation, Formal analysis,
Methodology, Writing — review & editing. MD: Conceptualization,
Data curation, Formal analysis, Writing — review & editing, Funding
acquisition, Investigation, Project administration, Supervision. MK:
Conceptualization, Data curation, Project administration,
Supervision, Writing - review & editing. MC: Data curation,
Project administration, Supervision, Writing - review & edjting,
Conceptualization. PG: Data curation, Project administration,
Conceptualization, Writing - review & editing. FR: Writing -
review & editing, Conceptualization, Data curation. JG:
Conceptualization, Data curation, Writing - review & editing,
Project administration. EW: Conceptualization, Data curation,
Writing - review & editing, Methodology. JS: Conceptualization,
Data curation, Writing — review & editing. AH: Conceptualization,
Data curation, Writing - review & editing. DM: Conceptualization,
Writing - review & editing, Investigation, Validation. TD:
Conceptualization, Data curation, Formal analysis, Investigation,
Methodology, Project administration, Validation, Writing -
original draft.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1342477
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Spencer et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by Prometheus Laboratories.

Acknowledgments

We acknowledge Jordan Stachelski, Judson McFarland, and
Patty Hughes for the management of testing in the Prometheus
Laboratories, and Manny Ma and Annelie Everts van der Wind for
the data management. We also acknowledge Carl Panetta for the
statistical support and pharmacokinetic modeling.

Conflict of interest

JG has served as speaker, consultant, and advisory member for
or has received research funding from MSD, Abbvie, Pfizer, Kern
Pharma, Biogen, Mylan, Takeda, Janssen, Roche, Sandoz, Celgene/
Bristol Myers, Gilead/Galapagos, Lilly, Ferring, Faes Farma, Shire
Pharmaceuticals, Dr. Falk Pharma, Tillotts Pharma, Chiesi, Casen
Fleet, Gebro Pharma, Otsuka Pharmaceutical, Norgine and Vifor
Pharma. MD is a consultant for Prometheus Laboratories, Janssen,
Abbvie, Takeda, Celgene, Gilead, U.C.B., Pfizer, Arena, and Eli Lilly

References

1. Podolsky DK. Inflammatory bowel disease. N Engl ] Med (2002) 347:417-29. doi:
10.1056/NEJMra020831

2. Jurgens M, Laubender RP, Hartl F, Weidinger M, Seiderer J, Wagner J, et al.
Disease activity, ANCA, and IL23R genotype status determine early response to
infliximab in patients with ulcerative colitis. Am ] Gastroenterol (2010) 105:1811-9.
doi: 10.1038/ajg.2010.95

3. Strand V, Cohen SB, Curtis JR, Zhang L, Kivitz AJ, Levin RW, et al. Clinical utility
of therapy selection informed by predicted nonresponse to tumor necrosis factor-a
inhibitors: an analysis from the Study to Accelerate Information of Molecular
Signatures (AIMS) in rheumatoid arthritis. Expert Rev Mol Diagn (2022) 22:101-9.
doi: 10.1080/14737159.2022.2020648

4. Tutuncu Z, Kavanaugh A, Zvaifler N, Corr M, Deutsch R, Boyle D, et al. Fcgamma
receptor type IIIA polymorphisms influence treatment outcomes in patients with
inflammatory arthritis treated with tumor necrosis factor alpha-blocking agents.
Arthritis Rheum (2005) 52:2693-6. doi: 10.1002/art.21266

5. Cheifetz AS, Abreu MT, Afif W, Cross RK, Dubinsky MC, Loftus EV, et al. A
comprehensive literature review and expert consensus statement on therapeutic drug
monitoring of biologics in inflammatory bowel disease. Am J Gastroenterol (2021). doi:
10.14309/2ajg.0000000000001396

6. Solitano V, Facciorusso A, McGovern DPB, Nguyen T, Colman RJ, Zou L, et al.
HLA-DQA1 *05 genotype and immunogenicity to tumor necrosis factor-alpha
antagonists: A systematic review and meta-analysis. Clin Gastroenterol Hepatol
(2023). doi: 10.1016/j.cgh.2023.03.044

7. McGovern DPB, Kamm MA, Li D, Hamilton AL, Wright EK, Schulberg JD, et al.
Tul767 BASELINE CLEARANCE FOR ANTI TUMOR NECROSIS FACTORS
PREDICTS LACK OF DISEASE CONTROL DURING MAINTENANCE
TREATMENT OF CROHN'S DISEASE WITH INFLIXIMAB AND
ADALIMUMAB. Gastroenterology (2023) 164:5-1117-S-1118. doi: 10.1016/S0016-
5085(23)03582-5

8. Battat R, Hemperly A, Truong S, ‘Whitmire N, Boland BS, Dulai PS, et al. Baseline
clearance of infliximab is associated with requirement for colectomy in patients with
acute severe ulcerative colitis. Clin Gastroenterol Hepatol (2021) 19:511-518.e6. doi:
10.1016/j.cgh.2020.03.072

9. Schulberg JD, Wright EK, Holt BA, Hamilton AL, Sutherland TR, Ross AL, et al.
Intensive drug therapy versus standard drug therapy for symptomatic intestinal
Crohn's disease strictures (STRIDENT): an open-label, single-centre, randomised

Frontiers in Immunology

10.3389/fimmu.2024.1342477

as well as co-Founder of Mi Test Health and Trellus Health. TD is
employee of Prometheus Laboratories; MK, AH, and EW: research
grants from Prometheus Laboratories; DM: consultant Prometheus
Laboratories, Merck; Palatin Bio; Takeda; Prometheus Biosciences;
Palisade Bio.s.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.
1342477/full#supplementary-material

controlled trial. Lancet Gastroenterol Hepatol (2022) 7:318-31. doi: 10.1016/52468-
1253(21)00393-9

10. Dubinsky MC, Mendiolaza ML, Phan BL, Moran HR, Tse SS, Mould DR.
Dashboard-driven accelerated infliximab induction dosing increases infliximab durability
and reduces immunogenicity. Inflammation Bowel Dis (2022). doi: 10.1093/ibd/izab285

11. Rizzello F, Gionchetti P, Spisni E, Saracino IM, Bellocchio I, Spigarelli R, et al.
Dietary habits and nutrient deficiencies in a cohort of european crohn's disease adult
patients. Int ] Mol Sci (2023) 24. doi: 10.3390/ijms24021494

12. Chaparro M, Guerra I, Iborra M, Cabriada JL, Bujanda L, Taxonera C, et al.
Usefulness of monitoring antitumor necrosis factor serum levels during the induction
phase in patients with Crohn's disease. Eur ] Gastroenterol Hepatol (2020) 32:588-96.
doi: 10.1097/MEG.0000000000001706

13. Spencer EA, Stachelski J, Dervieux T, Dubinsky MC. Failure to achieve target
drug concentrations during induction and not HLA-DQAT1 *05 carriage is associated
with antidrug antibody formation in patients with inflammatory bowel disease.
Gastroenterology (2022) 162:1746-1748 e3. doi: 10.1053/j.gastro.2022.01.009

14. Wang SL, Hauenstein S, Ohrmund L, Shringarpure R, Salbato J, Reddy R, et al.
Monitoring of adalimumab and antibodies-to-adalimumab levels in patient serum by
the homogeneous mobility shift assay. ] Pharm BioMed Anal (2013) 78-79:39-44. doi:
10.1016/j.jpba.2013.01.031

15. Wang SL, Ohrmund L, Hauenstein S, Salbato J, Reddy R, Monk P, et al.
Development and validation of a homogeneous mobility shift assay for the
measurement of infliximab and antibodies-to-infliximab levels in patient serum.
J Immunol Methods (2012) 382:177-88. doi: 10.1016/j.jim.2012.06.002

16. Sand KM, Bern M, Nilsen ], Noordzij HT, Sandlie I, Andersen JT. Unraveling the
interaction between fcRn and albumin: opportunities for design of albumin-based
therapeutics. Front Immunol (2014) 5:682.

17. Wright EK, Chaparro M, Gionchetti P, Hamilton AL, Schulberg J, Gisbert JP,
et al. Adalimumab Clearance, rather than Trough Level, May Have Greatest Relevance
to Crohn's Disease Therapeutic Outcomes Assessed Clinically and Endoscopically.
J Crohns Colitis (2023). doi: 10.1093/ecco-jcc/jjad140

18. Ungaro RC, Colombel JF, Dubinsky MC, Jain A, Dervieux T. Impact of
thiopurine exposure on immunogenicity to infliximab is negligible in the setting of
elevated infliximab concentrations. Inflammation Bowel Dis (2022) 28:649-51. doi:
10.1093/ibd/izab232

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1342477/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1342477/full#supplementary-material
https://doi.org/10.1056/NEJMra020831
https://doi.org/10.1038/ajg.2010.95
https://doi.org/10.1080/14737159.2022.2020648
https://doi.org/10.1002/art.21266
https://doi.org/10.14309/ajg.0000000000001396
https://doi.org/10.1016/j.cgh.2023.03.044
https://doi.org/10.1016/S0016-5085(23)03582-5
https://doi.org/10.1016/S0016-5085(23)03582-5
https://doi.org/10.1016/j.cgh.2020.03.072
https://doi.org/10.1016/S2468-1253(21)00393-9
https://doi.org/10.1016/S2468-1253(21)00393-9
https://doi.org/10.1093/ibd/izab285
https://doi.org/10.3390/ijms24021494
https://doi.org/10.1097/MEG.0000000000001706
https://doi.org/10.1053/j.gastro.2022.01.009
https://doi.org/10.1016/j.jpba.2013.01.031
https://doi.org/10.1016/j.jim.2012.06.002
https://doi.org/10.1093/ecco-jcc/jjad140
https://doi.org/10.1093/ibd/izab232
https://doi.org/10.3389/fimmu.2024.1342477
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Poor prognostic factors of pharmacokinetic origin predict outcomes in inflammatory bowel disease patients treated with anti-tumor necrosis factor-α
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Pharmacokinetic and pharmacogenetic measurements
	2.3 Derivatization of baseline clearance
	2.4 Outcome variables and statistical analysis

	3 Results
	3.1 Baseline clearance and calculation of PF of PK origin score
	3.2 Impact of PPFs of PK origin on immune response during treatment
	3.3 Impact of PPFs of PK origin on CRP-based clinical remission
	3.4 Impact of PPFs of PK origin on endoscopic outcomes

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


