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Abstract 

Objecti ves: To in vestigate the c har acteristics and prognostic value of fecal lactoferrin trajectories in ulcerati v e colitis ( UC ) . 

Methods: This study used data from the UNIFI trial ( ClinicalT rials.gov , NCT02407236 ) and included patients who r ecei v ed ustekin uma b 
during induction for trajectory modeling ( n = 637 ) . Patients who r ecei v ed ustekin uma b during maintenance therapy were used for 
1-year outcome analyses ( n = 403 ) . The levels of fecal lactoferrin, fecal calprotectin, and serum C-reactive protein were measured at 
weeks 0, 2, 4, and 8. The tr ajectories of these biomarkers w er e dev eloped using a latent class gr owth mixed model. 

Results: The trajectories of fecal lactoferrin, fecal calprotectin, and serum C-reactive protein were distinct, but all were associated 

with prior exposure to anti-tumor necrosis factor agents and vedolizumab. Furthermore, the fecal lactoferrin trajectory was the most 
v alua b le pr edictor of endoscopic, clinical, and histological r emission. Compar ed to the high/moder ate-r apid decrease tr ajector y gr oup, 
the moderate-slow decrease, high-slow decrease, and high-sta b le gr oups had adjusted odds ratios ( 95% confidence interv al ) of 0.38 
( 0.18, 0.78; P = 0.010 ) , 0.47 ( 0.23, 0.93; P = 0.032 ) , and 0.33 ( 0.17, 0.63; P = 0.001 ) , r especti v el y, of 1-year endoscopic remission. Patients with 

high/moder ate-r apid decrease tr ajectories also had the highest likelihood of achieving clinical and histological r emission. Finall y, we 
developed a patient-str atification sc heme based on fecal lactoferrin trajectories and concentrations. Patients with good, moderate, 
and poor prognoses in the scheme had a distinct pr oba bility of ac hieving 1-y ear endoscopic remission ( 52.7%, 30.9%, and 12.8%, 
r especti v el y ) . 

Conclusions: The trajectory of fecal lactoferrin is a valuable prognostic factor for 1-year remission in UC. 

Ke yw or ds: ulcer ati v e colitis, fecal lactoferrin, trajectory 
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Introduction 

Ulcer ativ e colitis ( UC ) is a c hr onic and disabling inflammatory 
bo w el disease that affects ∼0.2%–0.5% of the population in Europe 
and North America.1 Mor eov er, the incidence and pr e v alence r ates 
of UC are rapidly increasing in newly industrialized countries.2 UC 

causes a huge and gr aduall y incr easing bur den w orldwide; ho w- 
e v er, the patient management strategies are far from optimal. 

Pr edicting pr ognosis is one of the most important aspects 
of patient management. Inflammatory biomarkers, particularly 
fecal calprotectin ( FC ) , fecal lactoferrin ( FL ) , and serum C-r eactiv e 
pr otein ( CRP ) , hav e been shown to pr ovide pr ognostic informa- 
tion in patients with UC.3 , 4 For example, Dulai et al . r e v ealed that 
the concentration of FC at the end of induction ther a py could 

predict 1-year endoscopic and histological remission. FC is also 
associated with hospitalization and colectomy.5 Furthermore, FL, 
which is primarily secreted by neutrophils at the site of intestinal 
inflammation, could reflect disease severity in patients with UC.6 

Our recent research has suggested that FL concentration could be 
an earl y pr edictor of long-term disease remission, as well as risk 
of colectomy in UC.7 Ne v ertheless, pr e vious studies hav e focused 

on a single measurement of these inflammatory biomarkers, 
ov erlooking the pr ognostic v alue of longitudinal trajectories.
Trajectories can capture the evolving patterns of biomarkers 
over time and hold great promise for predicting the prognosis of 
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 arious diseases, suc h as color ectal cancer and hepatocellular car-
inoma.8 , 9 Ther efor e, we hypothesize that the trajectory of these
nflammatory biomarkers is a critical prognostic factor in UC. 

This study aimed to ( 1 ) demonstrate the trajectories of FL, FC,
nd CRP during induction ther a py, ( 2 ) inv estigate the prognostic
alue of biomarker trajectories, and ( 3 ) ascertain whether these 
r ajectories pr ovide additional pr edictiv e v alue beyond a single
iomarker measurement. We anticipate that the results of this 
tudy will assist clinicians in improving the prognosis of patients
ith UC. 

ethods 

tudy population 

his study used data from the UNIFI trial ( ClinicalT rials.gov ,
CT02407236 ) .10 The UNIFI trial is a randomized, double-blind,
lacebo-contr olled, phase-thr ee trial that recruited adult patients 
ith moder ate-to-se v er e UC and aimed to assess the efficacy
f ustekinumab . 10 Other information regarding the UNIFI trial 
an be found in the original article published by Sands et al .10 

ur study recruited patients who r eceiv ed ustekinumab during
he induction phase of the UNIFI trial. Patients with fewer than
wo measurements of FL, FC, and CRP were excluded from this
tudy. Eligible patients were included to develop trajectory models 
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Table 1. Baseline c har acteristics. 

Variable a N = 637 

Male 384 ( 60.3% ) 
Age, years 30.00 ( 30.00, 45.00 ) 
Disease duration, years 6.01 ( 2.78, 11.02 ) 
BMI, kg/m 

2 24.40 ( 21.21, 27.55 ) 
Smoking history 208 ( 32.7% ) 
Concomitant medications 

Corticosteroids 352 ( 55.3% ) 
5-Aminosalicylic acid 456 ( 71.6% ) 
Immunomodulators 192 ( 30.1% ) 

History of anti-TNF exposure 345 ( 54.2% ) 
History of vedolizumab exposure 121 ( 19.0% ) 
Partial Mayo score 6.00 ( 5.00, 7.00 ) 
Endoscopic Mayo score 3.00 ( 2.00, 3.00 ) 
CRP, mg/l 4.69 ( 1.62, 12.40 ) 
FC, μg/g 1486.00 ( 603.50, 2904.25 ) 
FL, μg/ml 202.79 ( 74.12, 443.82 ) 

a Continuous and categorical v ariables ar e pr esented as median ( IQR ) and fr e- 
quency ( % ) , r espectiv el y. 
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nd assess the associations between trajectories and week-8 out-
omes. Patients who entered the maintenance phase and r eceiv ed
stekinumab were utilized to assess the prognostic value of the
iomarker trajectories for 1-year outcomes. Patients who did not
ndergo efficacy assessment at the end of the maintenance phase
ere excluded. Supplementary Fig. 1, see online supplementary
aterial, presents a patient flow diagram. 
This study follo w ed the Strengthening the Reporting of Obser-

ational Studies in Epidemiology ( STROBE ) reporting guidelines.
he data for this study were obtained from the Yale University
pen Data Access Project ( No. 2022–5104 ) , which is in agreement
ith JANSSEN RESEARCH & DEVELOPMENT, L.L.C. Additional eth-

cal a ppr ov al and informed consent were not r equir ed for this
tudy because the data were collected pr e viousl y and pr esented
non ymousl y. 

nflammatory biomarkers 

nflammatory biomarkers, including FL, FC, and CRP, were de-
ected at weeks 0, 2, 4, and 8, if a vailable . T he lo w est detectable
e v els of FL, FC, and CRP were 0.82 μg/ml, 30 μg/g, and 0.2 mg/l,
 espectiv el y. If the concentrations of these biomarkers were lower
han their lo w est detectable le v el, we set the concentr ation to 0.82
g/ml for FL, 30 μg/g for FC, and 0.2 mg/l for CRP. Owing to the
kewed distribution of inflammatory biomarkers, we performed
og-transformation of FL, FC, and CRP for trajectory modeling. 

o v aria tes 

n this study, we collected v arious cov ariates, including sex,
 ge, disease dur ation, body mass index ( BMI ) , smoking history,
aseline concomitant medications, history of antitumor necrosis
actor ( TNF ) a gent exposur e, history of v edolizumab exposur e,
aseline partial Mayo score, endoscopic Mayo score ( EMS ) , and
aseline concentrations of FL, FC, and CRP. For patients who failed
o provide the exact date of disease diagnosis ( e.g. only reported
he year or year and month of diagnosis ) , we imputed the median
ate of the reported year ( July 1 ) or month ( 15th day ) to calculate
he disease duration. 

utcomes 

eek-8 and 1-year ( at the end of the maintenance phase ) out-
omes were assessed. The primary outcomes w ere 1-y ear endo-
copic remission. Endoscopic remission was defined as an EMS of
ero. Secondary outcomes included histological and clinical re-
ission at 1 year. Histological remission was defined as a highest
eboes score of < 2.0. Patients with a partial Mayo score ≤ 2 and
ll subscores ≤ 1 were considered to have clinical remission. Addi-
ional secondary outcomes included week-8 endoscopic response.
ndoscopic response was defined as a reduction of ≥1 point in
he EMS score from baseline. Patients who exited the clinical trial
arl y wer e consider ed unable to ac hie v e the desir ed outcome. 

ta tistical anal yses 

 latent class growth mixed model ( LCGMM ) w as emplo y ed to de-
elop the FL, FC, and CRP trajectories. LCGMM is a validated ap-
r oac h used to analyze longitudinal data and identify subgroups
ith distinct trajectories. It combines tw o po w erful techniques:

atent class analysis and growth mixture modelling. We devel-
ped the LCGMM using the lcmm pac ka ge in R softwar e.11 To deter-
ine the optimal trajectory, we performed LCGMM using a linear,

uadr atic, or cubic pol ynomial function with differ ent class num-
ers ranging from 2 to 5.12 The optimal trajectory was selected
ased on ( 1 ) the lo w est Bay esian information criterion, ( 2 ) a min-
mum of 5% of patients in each class, and ( 3 ) the posterior proba-
ility of assignments being > 0.7 in each class.8 , 12 , 13 Ultimately, a
uadratic function with three classes, a cubic function with five
lasses, and a cubic function with three classes fit the optimal tra-
ectories of FL, FC, and CRP, r espectiv el y ( supplementary Table 1,
ee online supplementary material ) . 

The median [interquartile range ( IQR ) ] and frequency ( % ) were
sed to describe continuous and categorical v ariables, r espec-
iv el y. Kruskal–Wallis and c hi-squar e tests were performed to
ompar e the differ ences in continuous and categorical variables,
 espectiv el y, among the differ ent tr ajectories . T he correlation
mong trjactories of FL, FC, and CRP was calculated using Spear-
an correlation analysis. Statistical significance was set at P -

alue < 0.05. Associations between outcomes and trajectories
ere assessed using a m ultiv ariate logistic r egr ession model after
djusting for potential confounders. Model 1 was adjusted for sex
nd age, while Model 2 was adjusted for variables from Model 1,
s well as a history of anti-TNF exposure, history of vedolizumab
xposur e, baseline concomitant corticoster oid, baseline EMS, and
r eatment allocation. Subgr oup anal yses wer e performed among
atients of different sex, age ( < 40 or ≥40 years old ) , disease dura-
ion ( < 18 or ≥18 months ) , and history of TNF exposure to explore
hether there was any interaction. Moreover, we performed a re-

eiv er oper ating c har acteristic ( ROC ) curv e anal ysis to e v aluate
he pr edictiv e ability of the biomarker trajectories for outcomes.
he area under the ROC curve ( AUC ) and maximum Youden index
ere calculated. 
We conducted a sensitivity analysis to demonstrate the con-

istency of our results. First, patients who withdr e w pr ematur el y
rom the study were excluded. Second, we further adjusted for
isease duration, body mass index, and variables in Model 2. 

All the statistical anal yses wer e performed using R version
.6.3. 

esults 

aseline characteristics 

 total of 637 patients were eligible for the trajectory model devel-
pment ( supplementary Fig. 1 ) . As shown in Table 1 , 384 ( 60.3% )
atients were male, with a median age and disease duration of
0.0 ( IQR: 30.0, 45.0 ) years and 6.01 ( IQR: 2.78, 11.02 ) years, respec-
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Figure 1. Trajectory of inflammatory biomarkers: ( A ) fecal lactoferrin; ( B ) fecal calprotectin; and ( C ) C-reactive protein. 
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tiv el y. Regarding biological exposur e, 345 ( 54.2% ) patients had a 
history of exposure to anti-TNF agents, while 121 ( 19.0% ) had ex- 
posure to vedolizumab. The median ( IQR ) baseline partial Mayo 
score and EMS were 6.00 ( 5.00, 7.00 ) and 3.00 ( 2.00, 3.00 ) , respec- 
tiv el y. For 1-year outcome analyses, 405 patients were included 

( supplementary Table 2, see online supplementary material ) ; 240 
( 59.3% ) were male, 204 ( 50.4% ) had a history of anti-TNF ex- 
posure, and 64 ( 15.8% ) had a history of vedolizumab exposure.
The other baseline c har acteristics ar e described in supplementary 
Table 2. 

Characteristics of inflammatory biomarker 
trajectories 

FL, FC, and CRP le v els sho w ed distinct trajectories during the in- 
duction ther a py ( Fig. 1 ) . The biomarker tr ajectories wer e named 

based on their initial concentrations ( low, moderate, and high ) and 

variation tendencies ( rapid decrease, slow decrease, and stable ) .
The initial concentrations and variation speed of each biomarker 
tr ajectory ar e pr esented in supplementary Table 3, see online sup- 
plementary material. 

Ther e wer e fiv e gr oups of FL tr ajectories: moder ate-r a pid 

decr ease ( n = 46 ) , high-r a pid decr ease ( n = 57 ) , moder ate-slow 

decrease ( n = 103 ) , high-slow decrease ( n = 150 ) , and high-stable 
( n = 259 ) . In the r a pid decr ease gr oup ( moder ate/high-r a pid 

decrease ) , patients had a lo w er history of exposure to anti-TNF 
agents ( P = 0.001 ) and vedolizumab ( P < 0.001 ) when compared to 
the slow decrease and high-stable groups ( supplementary Table 
4, see online supplementary material ) . For FC, three trajectories 
wer e determined: moder ate-r a pid decr ease ( n = 124 ) , high-slow 

decrease ( n = 72 ) , and high-stable ( n = 435 ) . Patients in the 
moder ate-r a pid decr ease and high-slow decr ease gr oups wer e 
ess likely to have anti-TNF ( P < 0.001 ) or vedolizumab ( P < 0.001 )
xposure than those in the high-stable group ( supplementary 
able 5, see online supplementary material ) . For CRP, the three
r ajectories wer e labeled as slow-stable ( n = 99 ) , high-r a pid
ecrease ( n = 68 ) , and high-slow decrease ( n = 470 ) . Patients with
 slow-stable trajectory were younger, had a shorter disease du-
ation, and had a lo w er proportion of anti-TNF and vedolizumab
xposure ( supplementary Table 6, see online supplementary 
aterial ) . Spearman corr elation anal yses sho w ed that FL and FC

rajectories ( ρ = 0.161, P < 0.001 ) , and FL and CRP trajectories ( ρ
 0.001, P = 0.005 ) had weak correlations, while no significant
orr elation was observ ed between FC and CRP trajectories ( ρ =
.067, P = 0.132 ) . 

Mor eov er, we assessed the association between biomarker tra-
ectories and endoscopic response at w eek 8. Moderate-slo w de-
r ease, high-slow decr ease, and high-stable groups in FL had an
djusted odds ratio ( OR ) of 0.27 ( 95% confidence interval ( CI ) :
 0.14, 0.50 ) ; P < 0.001 ) , 0.14 ( 95%CI: ( 0.07, 0.25 ) ; P < 0.001 ) , and
.12 ( 95%CI: ( 0.07, 0.22 ) ; P < 0.001 ) , r espectiv el y, when compar ed
o the r a pid decr ease gr oup ( Table 2 ) . The moder ate-r a pid de-
r ease gr oup in FC had the lar gest pr oportion of patients ( 79.8%;
 = 99 ) with week-8 endoscopic r esponse, wher eas the slow de-
rease ( OR ( 95%CI ) : 0.27 ( 0.14, 0.53 ) ; P < 0.001 ) and high-stable
roups ( OR ( 95%CI ) : 0.12 ( 0.07, 0.20 ) ; P < 0.001 ) were less likely to
c hie v e endoscopic response. According to the CRP trajectory, the
igh-slow decrease group ( OR ( 95%CI ) : 0.53 ( 0.33, 0.86 ) ; P = 0.010 ) ,
ather than the high-rapid decrease group ( OR ( 95%CI ) : 1.16 ( 0.59,
.29 ) ; P = 0.673 ) , was significantly associated with a lower like-
ihood of an endoscopic response than the low-stability group 

 Table 2 ) . Additionally, we found that combining FC and FL trajec-
ories, as well as CRP concentration, had the highest AUC ( 0.7594
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Table 2. The association between biomarker trajectories and week-8 endoscopic response. 

Univ aria te anal ysis Model 1 a Model 2 b 

n / N OR ( 95% CI ) P value OR ( 95% CI ) P value OR ( 95% CI ) P value 

Trajectory of FL 
Moder ate/high-r a pid 
decrease 

82/103 Reference − Reference − Reference −

Moder ate-slow decr ease 57/103 0.32 ( 0.17, 0.58 ) < 0.001 0.32 ( 0.17, 0.58 ) < 0.001 0.27 ( 0.14, 0.50 ) < 0.001 
High-slow decrease 60/149 0.17 ( 0.09, 0.30 ) < 0.001 0.18 ( 0.10, 0.31 ) < 0.001 0.14 ( 0.07, 0.25 ) < 0.001 
High-stable 106/259 0.18 ( 0.10, 0.30 ) < 0.001 0.18 ( 0.10, 0.30 ) < 0.001 0.12 ( 0.07, 0.22 ) < 0.001 
Trajectory of FC 

Moder ate-r a pid decr ease 99/124 Reference − Reference − Reference −
High-slow decrease 40/72 0.32 ( 0.17, 0.60 ) < 0.001 0.31 ( 0.16, 0.59 ) < 0.001 0.27 ( 0.14, 0.53 ) < 0.001 
High-stable 171/434 0.16 ( 0.10, 0.26 ) < 0.001 0.16 ( 0.10, 0.26 ) < 0.001 0.12 ( 0.07, 0.20 ) < 0.001 
Trajectory of CRP 
Low-stable 58/99 Reference − Reference − Reference - 
High-r a pid decr ease 45/68 1.38 ( 0.73, 2.65 ) 0.322 1.40 ( 0.74, 2.69 ) 0.306 1.16 ( 0.59, 2.29 ) 0.673 
High-slow decrease 212/469 0.58 ( 0.37, 0.90 ) 0.016 0.59 ( 0.38, 0.92 ) 0.021 0.53 ( 0.33, 0.86 ) 0.010 

a Model 1 was adjusted for sex and age. 
b Model 2 was adjusted for variables from Model 1 as well as history of anti-TNF exposure, history of vedolizumab exposure, baseline concomitant corticosteroid, 
baseline EMS and treatment allocation. 
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 95%CI: ( 0.7213, 0.7975 ) ) for identifying endoscopic responses
 supplementary Table 7, see online supplementary material ) . 

rognostic value of inflammatory biomarker 
rajectories 

L tr ajectory could pr edict endoscopic, histological, and clinical
emission. For endoscopic remission, moderate-slow decrease,
igh-slow decrease, and high-stable had an OR ( 95%CI ) of 0.38
 0.18, 0.78; P = 0.010 ) , 0.47 ( 0.23, 0.93; P = 0.032 ) , and 0.33 ( 0.17,
.63; P = 0.001 ) , r espectiv el y, when compar ed with the r a pid
ecr ease gr oup ( Table 3 ) . For histological r emission, moder ate-
low decrease ( OR ( 95%CI ) : 0.37 ( 0.15, 0.87 ) ; P = 0.005 ) , high-slow
ecrease ( OR ( 95%CI ) : 0.22 ( 0.08, 0.55 ) ; P = 0.001 ) , and high-stable
 OR ( 95%CI ) : 0.25 ( 0.11, 0.55 ) ; P = 0.001 ) were all less likely to
c hie v e the 1-year outcome ( Table 3 ) . Furthermore, the rapid
ecr ease tr ajectory gr oup had the highest likelihood for 1-year
linical remission, follo w ed b y the moderate-slo w decrease
 OR ( 95%CI ) : 0.40 ( 0.16, 0.96 ) ; P = 0.046 ) , high-slow decrease
 OR ( 95%CI ) : 0.35 ( 0.14, 0.82 ) ; P = 0.020 ) , and high-stable ( OR
 95%CI ) : 0.23 ( 0.10, 0.50 ) ; P < 0.001 ) trajectory groups ( Table 3 ) .
he subgroup analyses sho w ed no significant interaction be-
ween FL trajectories and sex, age, disease duration, or anti-TNF
xposure ( supplementary Tables 8–11, see online supplemen-
ary material ) . Furthermore, we performed sensitivity analyses
nd found consistent results ( supplementary Tables 12 and
3, see online supplementary material ) . Ho w e v er, FC and CRP
r ajectories wer e not associated with endoscopic or clinical
emission ( Table 4 ) . We further assessed the predictive ability
f the biomarkers and biomarker trajectories for all 1-year out-
omes . T he results sho w ed that the FL trajectory had the largest
UCs for predicting endoscopic ( 0.7054, 95%CI: ( 0.6516, 0.7592 ) ) ,
istological ( 0.7442, 95%CI: ( 0.678, 0.8103 ) ) , and clinical ( 0.7188,
5%CI: ( 0.6661,0.7715 ) ) remission among all the biomarkers and
iomarker trajectories ( supplementary Tables 14–16, see online
upplementary material ) . 

a tient str a tifica tion based on FL and its 

rajectory 

e further explored whether FL trajectories could add value to
 single FL measurement ( at week eight ) for stratifying patients
ith distinct prognoses. First, we assessed the prognostic value of
eek-8 FL in each FL trajectory group. We performed ROC analy-
is to determine the optimal cut-off value for FL and assessed its
ssociation with 1-year endoscopic r emission. The r esults sho w ed
hat FL < 7.05 μg/ml in the moderate-slow decrease trajectory ( OR
 95%CI ) : 8.13 ( 1.76, 50.62 ) ; P = 0.013 ) was mor e likel y to ac hie v e
ndoscopic remission, while FL < 435.40 μg/ml in the high-stable
roup ( OR ( 95%CI ) : 3.37 ( 1.11, 12.89 ) ; P = 0.047 ) indicated bet-
er outcome ( supplementary Table 17, see online supplementary

aterial ) . Second, we de v eloped a sc heme for patient str atifica-
ion based on FL trajectory and week-8 FL le v el ( Fig. 2 ) . P atients
ere divided into three groups: good ( rapid decrease trajectory or
oder ate-slow decr ease tr ajectory plus week-8 FL < 7.05 μg/ml ) ,
oder ate ( high-slow decr ease tr ajectory or high-stable tr ajectory

lus week-8 FL < 435.40 μg/ml ) , and poor ( moderate-slow de-
r ease tr ajectory plus FL ≥ 7.05 μg/ml or high-stable trajectory
lus week-8 FL ≥ 435.40 μg/ml ) pr ognosis. P atients with good,
oder ate, and poor pr ognoses had distinct pr obabilities of ac hie v-

ng 1-year endoscopic ( 52.7%, 30.9%, and 12.8%, r espectiv el y )
nd clinical ( 73.1%, 62.0%, and 57.9%, r espectiv el y ) r emission
 Fig. 2 ; supplementary Table 18, see online supplementary

aterial ) . 

iscussion 

e performed a post hoc analysis of the UNIFI trial to demonstrate
he trajectory of the three most widely used biomarkers and as-
essed their pr edictiv e ability for 1-year outcomes. We discov er ed
hat FC, FL, and CRP le v els had distinct trajectories during induc-
ion ther a py with ustekinumab, and their tr ajectory c har acteris-
ics were associated with a history of exposure to anti-TNF agents
nd vedolizumab. Among these biomarker trajectories, the FL tra-
ectory was the most valuable for predicting clinical, endoscopic,
nd histological r emission. Furthermor e, a simple a ppr oac h based
n the FL trajectory and FL concentration could stratify patients
ith different prognoses . T hese findings highlight the importance
f trajectories in predicting prognosis and provide new insights for
linicians to utilize biomarker trajectories in patient stratification
nd management. 

To the best of our knowledge, this is the first study to investi-
ate inflammatory biomarker trajectories in UC. Distinct trajec-
ories were observed in FL, FC, and CRP; ho w ever, they had some
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Table 3. The prognostic value of inflammatory biomarker trajectories for 1-year remission. 

Univ aria te anal ysis Model 1 a Model 2 b 

n / N OR ( 95% CI ) P value OR ( 95% CI ) P value OR ( 95% CI ) P value 

Endoscopic remission 
Trajectory of FL 
Moder ate/high-r a pid 
decrease 

36/65 Reference − Reference − Reference −

Moderate-slow decrease 22/72 0.35 ( 0.17, 0.71 ) 0.004 0.36 ( 0.18, 0.73 ) 0.005 0.38 ( 0.18, 0.78 ) 0.010 
High-slow decrease 31/91 0.42 ( 0.21, 0.80 ) 0.009 0.46 ( 0.23, 0.88 ) 0.020 0.47 ( 0.23, 0.93 ) 0.032 
High-stable 40/163 0.26 ( 0.14, 0.48 ) < 0.001 0.26 ( 0.14, 0.47 ) < 0.001 0.33 ( 0.17, 0.63 ) 0.001 
Trajectory of FC 

Moder ate-r a pid decr ease 32/73 Reference − Reference − Reference - 
High-slow decrease 18/48 0.77 ( 0.36, 1.61 ) 0.489 0.77 ( 0.36, 1.62 ) 0.488 0.87 ( 0.39, 1.92 ) 0.728 
High-stable 82/278 0.54 ( 0.32, 0.91 ) 0.021 0.54 ( 0.32, 0.92 ) 0.022 0.68 ( 0.38, 1.22 ) 0.189 
Trajectory of CRP 
Low-stable 25/59 Reference − Reference − Reference −
High-r a pid decr ease 23/53 1.04 ( 0.49, 2.21 ) 0.913 1.13 ( 0.53, 2.42 ) 0.751 1.28 ( 0.58, 2.87 ) 0.541 
High-slow decrease 84/291 0.55 ( 0.31, 0.99 ) 0.043 0.59 ( 0.33, 1.07 ) 0.077 0.71 ( 0.38, 1.35 ) 0.289 
Histological remission 
Trajectory of FL 
Moder ate/high-r a pid 
decrease 

24/63 Reference − Reference − Reference −

Moderate-slow decrease 12/67 0.35 ( 0.15, 0.78 ) 0.012 0.35 ( 0.15, 0.79 ) 0.012 0.37 ( 0.15, 0.87 ) 0.025 
High-slow decrease 9/83 0.20 ( 0.08, 0.45 ) < 0.001 0.22 ( 0.09, 0.50 ) 0.001 0.22 ( 0.08, 0.55 ) 0.001 
High-stable 18/153 0.22 ( 0.11, 0.44 ) < 0.001 0.21 ( 0.10, 0.43 ) < 0.001 0.25 ( 0.11, 0.55 ) 0.001 
Trajectory of FC 

Moder ate-r a pid decr ease 24/69 Reference − Reference − Reference −
High-slow decrease 8/45 0.41 ( 0.15, 0.98 ) 0.052 0.38 ( 0.14, 0.93 ) 0.041 0.38 ( 0.13, 0.98 ) 0.053 
High-stable 32/260 0.26 ( 0.14, 0.49 ) < 0.001 0.26 ( 0.14, 0.49 ) < 0.001 0.29 ( 0.14, 0.57 ) < 0.001 
Trajectory of CRP 
Low-stable 17/57 Reference − Reference − Reference −
High-r a pid decr ease 6/50 0.32 ( 0.11, 0.86 ) 0.030 0.34 ( 0.11, 0.91 ) 0.039 0.32 ( 0.10, 0.91 ) 0.039 
High-slow decrease 41/270 0.42 ( 0.22, 0.83 ) 0.010 0.45 ( 0.23, 0.88 ) 0.018 0.48 ( 0.24, 1.02 ) 0.050 
Clinical remission 
Trajectory of FL 
Moder ate/high-r a pid 
decrease 

57/66 Reference − Reference − Reference −

Moderate-slow decrease 50/72 0.36 ( 0.14, 0.83 ) 0.020 0.35 ( 0.14, 0.82 ) 0.019 0.40 ( 0.16, 0.96 ) 0.046 
High-slow decrease 62/91 0.34 ( 0.14, 0.75 ) 0.010 0.34 ( 0.14, 0.75 ) 0.011 0.35 ( 0.14, 0.82 ) 0.020 
High-stable 90/162 0.20 ( 0.09, 0.41 ) < 0.001 0.20 ( 0.09, 0.41 ) < 0.001 0.23 ( 0.10, 0.50 ) < 0.001 
Trajectory of FC 

Moder ate-r a pid decr ease 55/74 Reference − Reference − Reference - 
High-slow decrease 32/48 0.69 ( 0.31, 1.54 ) 0.362 0.68 ( 0.30, 1.51 ) 0.334 0.84 ( 0.36, 1.97 ) 0.687 
High-stable 180/277 0.64 ( 0.35, 1.12 ) 0.131 0.64 ( 0.35, 1.13 ) 0.133 0.80 ( 0.42, 1.48 ) 0.481 
Trajectory of CRP 
Low-stable 46/60 Reference − Reference − Reference −
High-r a pid decr ease 37/54 0.66 ( 0.29, 1.51 ) 0.330 0.66 ( 0.28, 1.52 ) 0.329 0.68 ( 0.28, 1.65 ) 0.402 
High-slow decrease 185/289 0.54 ( 0.28, 1.01 ) 0.062 0.54 ( 0.27, 1.01 ) 0.062 0.62 ( 0.30, 1.22 ) 0.177 

a Model 1 was adjusted for sex and age. 
b Model 2 was adjusted for variables from Model 1 as well as history of anti-TNF exposure, history of vedolizumab exposure, baseline concomitant corticosteroid, 
baseline EMS and treatment allocation. 
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common features. For instance, trajectories with rapidly decreas- 
ing patterns were more frequently observed in biologic-naïve pa- 
tients, wher eas slow-decr easing or highl y stable patterns wer e 
correlated with a history of exposure to anti-TNF agents. Ustek- 
inumab has been shown to have unsatisfactory efficacy in pa- 
tients alr eady tr eated with anti-TNF a gents, especiall y in those 
who do not respond to these a gents, compar ed with anti-TNF- 
naïve patients.14 , 15 The efficacy of ustekinumab is first manifested 

by the degree and speed of inflammation control, which could be 
reflected in the trajectories of inflammatory biomarkers . T here- 
for e, it is unsur prising that biomarker tr ajectories ar e associated 

with a history of biological exposur e. Mor eov er, our study sho w ed 
hat the FC and FL trajectories were related to the week-8 en-
oscopic response . T he percentage of patients with endoscopic
esponse in the rapid decrease, slow decrease, and highly stable
roups was ∼80%, 50%, and 40%, respectively. As FC and FL have
een demonstrated to be useful for assessing endoscopic activity 

n UC,16 we further assessed the pr edictiv e v alue of biomarkers
nd biomarker trajectories for identifying endoscopic response.
e found that the combination of FC, FL trajectories, and CRP con-

entration was the most accurate for identifying the endoscopic 
esponse, with an AUC of 0.7594. Although more high-quality re-
earch is needed to validate this finding, it provides an alternative
ool for clinicians to e v aluate patient r esponse status and may
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Figure 2. Scheme for patient stratification based on FL trajectory and week-8 FL level. 
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educe the need for invasive endoscopic procedures in patients
ith UC. 
Importantl y, the FL tr ajectory could pr edict 1-year r emission.

r e vious studies hav e demonstr ated that FL is a prognostic factor
or UC. Frin et al . recruited 31 UC patients who received infliximab
nd found that the FL le v el at week 14 could predict sustained
esponse at week 52.17 Mor eov er, Gisbert et al . conducted a mul-
icenter pr ospectiv e cohort study and r e v ealed that a positiv e
L test was a risk factor for r ela pse in patients with clinical
 emission.18 Similar r esults wer e also found in other studies.19 , 20 

ecently, we performed another post hoc analysis based on the
ata from the UNIFI trial and r e v ealed that FL concentration
ould be an early predictor of long-term disease remission and
isk of colectomy in UC.7 Ho w e v er, it is unclear whether the
rajectory of FL can predict therapeutic outcomes, especially
ndoscopic r emission, whic h has been r ecommended as the most
mportant long-term ther a peutic tar get in UC.21 Our study fills the
ap in this field. In our study, the r a pid decr ease tr ajectory of FL
uggested the highest likelihood of 1-year remission, followed by
he slow decrease trajectory, whereas the highly stable trajectory
ndicated the worst ther a peutic outcomes. Additionall y, we dis-
ov er ed that patients with distinct FL trajectories ( e.g. high-r a pid
ecrease and moderate-slow decrease ) had different prognoses
ut similar FL concentrations at week 8. This phenomenon
ighlights the need to consider the ov er all tr end and pr ocess of
L c hanges r ather than r el ying solel y on FL concentr ation at a
ingle time to predict further therapeutic outcomes accurately. 

We further investigated whether combining the FL trajectory
nd single FL measurements could better predict the prognosis
nd could be applied to patient stratification. FL at week 8
 as sho wn to differentiate patients with differ ent pr ognoses in

roups with a moderate-slow decrease and high-stable trajecto-
ies . T her efor e, we de v eloped a scheme for patient stratification
ased on FL trajectory and concentration. In this scheme, pa-
ients identified as ha ving good, moderate , and poor prognosis
ave likelihoods of 52.7%, 30.9%, and 12.8% of ac hie ving 1-year
ndoscopic remission. This patient-stratification scheme has
e v er al adv anta ges. First, it pr ovides high accuracy and clear
tr atification. Second, the assessment pr ocess is simple and
oes not r equir e complex mathematical equations or scoring
ystems . T hird, because only one biomarker is measured, it is
 elativ el y cost-effectiv e and non-inv asiv e . T hese featur es r ender
his scheme promising for use in clinical practice. 

Our study has some limitations. First, it included patients
ith moder ate-to-se v er e UC. Ther efor e, the findings of our study

annot be applied to patients with mild or se v er e acute UC.
econd, our study could not investigate the association between
iomarker trajectories and colectomy because of the lack of
ong-term follow-up data. Howe v er, we assessed the association
etween biomarker trajectories and endoscopic remission, which
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are associated with the risk of colectomy and are recommended 

as the principal long-term treatment targets in UC.21 Third, 
this study only included patients who received ustekinumab, 
instead of other biologics, such as infliximab , adalimumab , and 

vedolizumab. T hus , whether the present study findings could be 
applied to UC patinets using other biologics is still unclear and 

necessitates more evidence. Finally, we did not perform an ex- 
ternal validation of the patient stratification scheme . T herefore ,
the validity and generalizability of our scheme require further 
r esearc h. Soon, we plan to perform a real-world cohort study to 
v alidate the pr edictiv e ability of our patient str atification sc heme.

In conclusion, this study described the c har acteristics of 
biomarker trajectories during induction therapy and found that 
the FL could predict 1-year remission in patients with UC. Fur- 
thermor e, a sc heme based on FL tr ajectories and concentr ations 
can better stratify patients. Ho w ever, further studies are required 

to validate these findings. 
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Supplementary data is available at PCMEDI online. 
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