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Background: This retrospective study from a single center in Poland was undertaken to evaluate the clinical utility of neu-
trophil-to-platelet ratio in therapy of 35 ulcerative colitis (UC) patients with infliximab or vedolizumab.
Material/Methods: This study included 35 patients: 16 were treated with infliximab and 19 were treated with vedolizumab.
Treatment response was evaluated using partial Mayo score. Treatment response was defined as a reduction
of partial Mayo score of >3 points followed by a decrease of a minimum of 30% from the baseline, decrease in
the rectal bleeding subscore of >1, or an absolute rectal bleeding subscore of 0 or 1. During the maintenance
period, we diagnosed 13 patients with loss of response (LOR) (5 with infliximab and 8 with vedolizumab). The
Mann-Whitney U test was performed to assess differences between the groups. Statistical significance was
defined as P<0.05. The median was used to describe the value of the parameter. Analysis of the receiver oper-
ating characteristic (ROC) curve with the determination of area under the curve (AUC) was performed for the
neutrophil-to-platelet parameter during the induction period.
Results: The median value of the neutrophil-to-platelet ratio for the treatment response group was lower than in the
LOR group (median=13.18 and median=19.49, respectively). Calculation of AUC curve for neutrophil-to-plate-
let ratio during the induction period showed best sensitivity and specificity for values >32.511. There were no
other significant findings.
Conclusions: Neutrophil-to-platelet ratio might be a promising biomarker of LOR in biologic therapy of UC. However, to ful-
ly prove this, further studies are needed.
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Background

Ulcerative colitis (UC) is a chronic, diffuse, nonspecific inflamma-
tion of colonic mucosa with unknown etiology [1], with the natu-
ral course including periods of exacerbations and remissions [1].
Diagnosis of UC uses information obtained during medical in-
terview, including persistent/recurrent bloody/mucous stools,
family history, smoking, medications, and recent foreign travel
[2]. The most important findings during physical examination
are abdominal tenderness, weight loss, fever, and anemia [2].
Colonoscopy is a valuable tool for confirmation of UC, evalua-
tion of its severity, monitoring effectiveness of treatment, and
observation for possible development of colorectal cancer [3-
6]. Non-endoscopic imaging examinations like abdominal ultra-
sound, computed tomography, or magnetic resonance imaging
are used for pre- and post-treatment assessment of UC activity
or confirmation of complications [7,8]. The current treatment
strategy for UC is based on early induction of remission (en-
doscopic and clinical) by demonstrating mucosal healing and
long-term maintenance therapy to prevent relapse [9]. The first-
line treatment for low-risk patients with mild-to-moderate ul-
cerative proctitis or ulcerative proctosigmoiditis is mesalamine
in the form of suppository/enemas [10,11]. Alternative therapy
includes use of topical steroids in the form of suppository/ene-
mas or foam preparation [10,12]. Patients who are unwilling or
unable to tolerate topical medications can be treated with oral
5-aminosalicylates (5-ASA) (high-dose mesalamine is prefera-
ble, with sulfasalazine as an alternative) [10,13,14]. The first-
line treatment for left-sided or extensive colitis with mild-to-
moderate activity UC is with a combination of oral 5-ASA agent
and rectal mesalamine, or sulfasalazine as an alternative op-
tion [13,14]. Failure to respond can be treated using 5-ASA with
topical glucocorticoids; no response requires adding budesonide
MMX to the existing regimen [15]. Lack of symptom improve-
ment requires discontinuation of budesonide MMX and initia-
tion of glucocorticoid therapy with prednisone [16]. Induction
therapy among patients with moderate-to-severe UC should
be personalized, and based on several factors, including risk of
adverse effects, prior therapy for UC, patient preferences and
characteristics, and a plan for long-term therapy [17]. Therapy
with anti-tumor necrosis factor (TNF) drugs like infliximab is
used to induce remission in such patients, with or without ad-
ditional use of immunomodulators like azathioprine or meth-
otrexate in case of intolerance to thiopurines [18-20]. Anti-
integrin antibody agents like vedolizumab are usually preferred
in induction of remission among patients with history of ma-
lignancy, higher risk of infections, or advanced age, because of
gut-selection action [21,22]. Ustekinumab acts as an anti-in-
terleukin 12/23 antibody agent and is a treatment option for
moderate-to-severe UC, especially for patients who did not re-
spond to other forms of treatment (mesalamine and/or glu-
cocorticoids and/or immunosuppressants), but failure of pri-
or anti-TNF treatment is not required [23]. Janus kinase (JAK)
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inhibitors (upadacitinib and tofacitinib) are approved to use in
the United States as a subsequent therapy for patients not re-
sponding to anti-TNF drugs [23,24].

Recent findings regarding the use of several biomarkers in the
clinical management of UC patients include markers of inflam-
matory response in the prediction of UC’s prognosis [25], the
activity of UC [1,9-11], or LOR [26]. Finding proper diagnostic
biomarkers would enable development of easy, timesaving,
and low-cost monitoring of disease without the need to per-
form endoscopic examinations, which are valuable tools, but
are often contraindicated in severe cases and are burdened
with the risk of dangerous complications [27].

The neutrophil-to-platelet ratio is a novel biomarker studied
in monitoring the activity of UC [1] as well as in other diseas-
es [28]. Neutrophils play a major role in the pathophysiology of
UC due to their appearance in colonic mucosa [29] and the high
prevalence of anti-neutrophil cytoplasmatic antibodies (ANCA)
among UC patients [30]. Some research found platelets play a
crucial role in UC, as a release of Interleukin 8 (IL-8) leads to
chemoattraction of neutrophils [31], which together with ex-
cessive production of superoxide creates neutrophil-platelet
aggregates related to the activity of disease [32].

This scientific paper describes the evaluation of the Neutrophil-
to-platelet ratio in UC patients who underwent biologic therapy
with infliximab and vedolizumab. Similar studies were already
conducted for different biomarkers [26] or in Crohn’s disease
(CD) [33]. The reason for studying the neutrophil-to-platelet ratio
is the assessment of its clinical utility in biologic therapy of UC,
because to the best of our knowledge there have been no stud-
ies assessing its diagnostic value in this form of UC treatment.
Additionally, biomarkers might be a useful, low-cost, and mini-
mally invasive method of helping in monitoring treatment of UC.

Therefore, this retrospective study from a single center in Poland

aimed to evaluate the neutrophil-to-platelet ratio in patients
with UC treated with infliximab or vedolizumab.

Material and Methods

Ethics

Out local Bioethics Committee reviewed and approved our
study (approval number APK.002.241.2021) for original data
collection. The requirement for patient written informed con-
sent was waived due to the retrospective analysis of routine-
ly collected clinical data, as well as the commitment of the
authors of the study to confidentiality and not to disclose per-
sonal data to unauthorized persons. The study was conduct-
ed in accordance with the Helsinki Declaration.
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Data source

To assess the neutrophil-to-platelet ratio, a retrospective anal-
ysis of clinical data of patients who underwent biologic ther-
apy between January 2018 and November 2021 was conduct-
ed in our hospital.

Study design

Infliximab is a monoclonal anti-TNF-alpha antibody and was
one of the first biologic drugs with approval for treatment of
UC [34]. Vedolizumab is a recombinant, humanized monoclo-
nal anti-alpha-4-beta-7 integrin, which specifically targets the
gastrointestinal tract, and is approved for treatment moder-
ate-to-severe UC [35].

Patients with moderate-to-severe activity of UC undergoing
vedolizumab and infliximab treatment with the achievement
of clinical response during the induction period were includ-
ed in our study. Because of the lack of achieving clinical re-
mission during the induction period, we decided to exclude
7 patients from the study. Dosages of infliximab and vedoli-
zumab were administered according to the recommended reg-
imen (5 mg/kg and 300 mg, respectively) at weeks 0, 2, and
6, and the maintenance dosage was every 8 weeks. UC was
diagnosed clinically, endoscopically, and histopathologically.
Demographic, clinical, and laboratory data were obtained from
patients’ electronic medical records. Measurement of neutro-
phils and platelets was conducted using the Sysmex XN 1500
hematology analyzer. Neutrophils and platelets were measured
at the same stage of treatment. However, we did not compare
pre- and post-treatment levels.

One week before the beginning of therapy all patients were
examined by a physician and biochemical markers of systemic
inflammation were measured using a blood test. Additionally,
every patient was physically examined with a blood test, and
response estimation was performed at week 2, week 6, and
subsequently every 8 weeks thereafter. The neutrophil-to-plate-
let ratio was calculated by the division of differential count
of neutrophils with the platelets divided by 1000 [1]. Patients
were followed until the end of therapy.

UC activity was evaluated with the partial Mayo score, which
is a scale used for noninvasive monitoring of UC activity, and
is composed of 3 categories (stool frequency, bleeding, and
physician’s global assessment) rated from 0 to 3 points [36].
A partial Mayo score >7 was determined as severe UC, where-
as a partial Mayo score >5 was defined as moderate-to-severe
active UC [36]. Clinical relapse of UC with the need for opti-
mization of dose of a biologic drug and/or use of additional
drugs during the maintenance period was determined as LOR.
The sustained response was classified as a lack of LOR over
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the follow-up duration [37]. Patients, who obtained clinical
responses at the end of the induction phase (week 14) were
classified as responders. Reduction of partial Mayo score of >3
points followed by a decrease of at least 30% from the base-
line, and a decrease in the rectal bleeding subscore of >1, or
an absolute rectal bleeding subscore of 0 or 1 was determined
as treatment response [38]. Biopsy and histopathological ex-
amination, which is an evidence-based approach in assessing
LOR in UC, were not used in our study.

Statistical Analysis

The median and the interquartile range (IQR) were used for
continuous variables. The U Mann-Whitney rank-sum test for
nonparametric independent variables was used to compare
the differences between patients with sustained response and
LOR. Probability value (P value) was utilized to assess statisti-
cal significance. A Pvalue less than 0.05 was regarded as sta-
tistically significant. Receiver operating characteristics (ROC)
curves were used to calculate the area under the ROC curve
and to determine the correctness of the classifier (neutro-
phil-to-platelet ratio). Statistical analysis was performed us-
ing Statistica version 13 (TIBCO Software, Inc).

Results

Baseline Characteristic of the Study Population

Forty-two patients started biologic therapy at University
Hospital in Biatystok, Poland: 7 were excluded due to a pri-
mary lack of response, and 35 patients undergoing treatment
with infliximab and vedolizumab (16 treated with infliximab
and 19 with vedolizumab) were included in the study. All pa-
tients achieved remission during the induction phase of thera-
py. During the maintenance period, 13 patients were diagnosed
with LOR (5 treated with infliximab and 8 with vedolizumab).

The baseline characteristics of the study population are pre-
sented in Table 1. No patients were diagnosed with malignant
tumors. Three patients treated with infliximab and 4 treated
with vedolizumab had comorbidities (3 patients diagnosed
with hypertension, 2 had diabetes type 2, 1 had rheumatoid
arthritis, and 1 had a history of ischemic stroke). None of the
patients had cardiovascular symptoms.

Difference in Neutrophil-to-Platelet Ratio Between
Responders and LOR Patients

Differences between populations of patients with sustained
response and LOR are presented in Table 2. The neutrophil-
to-platelet ratio in patients with LOR (median=19.41) was
significantly higher than in patients with sustained response

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€938827-3




LAB/IN VITRO RESEARCH

Table 1. General characteristics of the study group of ulcerative
colitis patients treated with Infliximab or Vedolizumab.
(Word 2016, Microsoft Office).

All patients

Number of patients 35

Age at diagnosis, median
(interquartile range)

Age at start of therapy, median
(interquartile range)

Disease duration, median
(interquartile range)

Elf)(l:(t)ict?styl)er:‘.t—sided/pancolitis 2/15/18
Contaminant therapies, n%
"""" mmunomodulators 9 (257%)
"""" Cotticosteroids 6 (7.14%)
"""" Mesalamine 21 (60%)
"""" Sufasalazine 2 (7%
Partial Mayo score, median ;s

(interquartile range)

WBC (/ul), median
(interquartile range)

Platelet (x103/pl),
median (interquartile range)

Neutrophils (x103/pl),

4.71 .217-5.
median (interquartile range) 718 G205
Hemoglobin (g/dl),
median (interquartile range) 1228 (e
CRP (mg/l),
median (interquartile range) 275 (zi64)
MPV (f

®, 9.9 (9.3-10.8)

median (interquartile range)

Neutrophil-to-platelet ratio,

median (interquartile range) e (152

UC - ulcerative colitis, WBC — white blood cells, CRP — C-reactive
protein, MPV — mean platelet volume, pl — microliters,

g/dl — grams per deciliter, mg/l — milligrams per liter,

fl — femtoliters.

(median=13.62) (P<0.05). We observed significant differences
in 14-week value of neutrophil-to-platelet ratio between pa-
tients with sustained response and LOR (P=0.007) (Figure 1). To
assess the diagnostic usefulness of the neutrophil-to-platelet
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ratio, we used the ROC curve for 3 neutrophil-to-platelet ra-
tios measured during the induction period (weeks 2, 6, 14)
with area under the curve (AUC)=0.787, with a 95% confi-
dence interval: (0.619, 0.954). The best cut-off value was
32.511 (sensitivity: 81.2%; specificity: 68.9%) (Figure 2). We
also assessed ROC curves for week 2, 6, and 14 for neutro-
phils (Figure 3; AUC=0.556; 95% Cl: 0.345-0.767) and WBC
(Figure 4; AUC=0.502; 95% Cl: 0.318-0.789). Due to the use
of 2 different drugs, we constructed separate ROC curves for
vedolizumab (Figure 5) and infliximab (Figure 6). Neutrophil-
to-platelet ratio appears to be a better predictor of LOR for
infliximab (AUC=0.873; 95% Cl: 0.688-1) than vedolizumab
(AUC=0.795; 95% Cl: 0.559-1). To assess difference in remis-
sion among patients with concomitant therapy using steroids
and steroid-free individuals we decided to construct 2 addi-
tional ROC curves (Figures 7 and 8, respectively).

Discussion

Our study results show that a high neutrophil-to-platelet ra-
tio in the induction phase of the therapy is associated with a
high risk of LOR in UC therapy with infliximab and vedolizum-
ab. In addition, more patients were diagnosed with LOR using
vedolizumab in comparison to infliximab.

Comparative study of the effectiveness of infliximab and ve-
dolizumab in UC showed that more patients responded to
induction with vedolizumab than infliximab, but clinical re-
sponse after the induction period was comparable for both
drugs [39]. Interestingly, a multi-center study from France
found that more UC patients after failure to a first subcuta-
neous TNF drug achieved clinical remission with vedolizumab
than with infliximab [40]. However, disease severity was signif-
icantly higher among patients treated with infliximab; there-
fore, there is still a need for more studies with 2 comparable
groups of patients [40].

A potential explanation of our result is the role of neutro-
phils in the inflammatory process [41] as well as their abili-
ty to cause tissue damage in UC [42]. Pathological factors are
also relevant, as the accumulation of neutrophils and forma-
tion of abscesses in the intestinal crypts play important roles
in the pathogenesis of UC [43]. Additionally, removing activat-
ed granulocytes through apheresis has been well established
as a therapeutic option in UC [44]. Platelets are also believed
to play a significant role in mucosal inflammation due to their
inflammatory functions associated with the modulation of oth-
er inflammatory cells or participating in the release of inflam-
matory mediators [45].

Only 1 previous study assessed the utility of neutrophil-to-
platelet ratio in UC in monitoring disease activity with good
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Table 2. Differences between ulcerative colitis patients with sustained response and loss of response to Vedolizumab or Infliximab.

(Word 2016, Microsoft Office).

Sustained response Loss of response P value
Number of patients 22 13
Gender: maleffemale o6 w2 0578
| Age at diagnosis, median (interquartile range) 23 (1835 years 30 2339 years 0229
| Ageatstart of therapy, median (nterquartile range)
© Vedolizumab 25 Ql4dyeas 42 (30-585)yeas 0033
”””” mfiximab 37 Q84d)years 40 (0-S4)years 0583
 Disease duration, median (interquartile range) 4Gy o @15 0091
| UC location: proctitis/left-sided/pancolitis wsn2 orre T
Contaminanttherapies,n%
”””” mmunomodulators  3(36%® 6 @1% 0113
”””” Cotticosteroids 2% 408 0302
”””” Mesalamine 1% 10 (6% 0191
”””” sufasalazine  1@s® 1@ 0932
 Partial Mayo score, median (interquartile range) 66 768 0158
| WBC (), median (interquartile range) 7950 (6025-9380) 8460 (5647-9547) 0749
 Platelet (<107, median (interquartile range) - 257 (21:30) 241 (198:274) 0215
 Neutrophils (<107, median (interquartile range) 4718 (217555 4334 (3409-6169) 0853
 Hemoglobin (g/d), median (interquartile range) 1325 (117-148) 143 (135148 0098
| CRP (mg/), median (interquartile range) 275 0764 26 (156 0625
| MPV (), median (nterquartile range) 99 (03108 101 86108 0624
 Neutrophil-platelet ratio, median (interquartile range) 1363 (1185-1701) 1941 (1688-2167) 0007

UC — ulcerative colitis, WBC — white blood cells, CRP — C-reactive protein, MPV — mean platelet volume, ul — microliters, g/dl — grams

per deciliter, mg/l — milligrams per liter, fl — femtoliters.

correlation, sensibility, and specificity, especially with the mild
and moderate activity of UC [1]. Similar studies were previ-
ously conducted for various types of cancer [46] and ischemic
stroke [28]. Neutrophil-platelet score (NPS) showed a high
correlation between CRP and albumin in breast, bladder, and
prostate cancer, as well as worse outcomes in colorectal can-
cer [46]. Neutrophil-to-platelet ratio in ischemic stroke was
found as a good 90-day survival marker [28].

Previously published research proved that the neutrophil-to-
lymphocyte ratio (NLR) can be considered a prognostic factor
for LOR in UC [26] and CD [47]. Both studies presented similar
results with best NLR cut-off values of 4.488 (sensitivity: 78.6%,
specificity: 78.3%) in UC and 4.068 (80% sensitivity and 87%
specificity) in CD. Our research shows that the neutrophil-to-
platelet ratio might be more valuable in monitoring LOR due

to increased value during the induction phase, and the asso-
ciated lower randomness observed in only 1 measurement, in
comparison to NLR with an elevated pre-treatment level [26].

Risk factors of LOR in infliximab therapy are associated with
low levels of the drug, high C-reactive protein (CRP), and the
presence of specific antibodies [8,32,33]. Risk factors of LOR
in vedolizumab therapy include previous anti-TNF therapy
and high CRP [48].

The Mayo scale for the assessment of activity of UC, which
was used in this study, is not a perfect tool because of sub-
jective components that have strong impact on the score [49].
Number of loose stools, presence of blood in the stool, and ab-
dominal pain are valuable elements of the Mayo scale, but phy-
sician global assessment is particularly sensitive to bias [49].
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P=0.05 (Mann-Whitney U test) 10
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Sustained response, n=22 Loss of response, n=13
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Figure 1. Box-plot comparison between average value of 0.0 0.2 04 06 0.8 1.0
neutrophil-to-platelet ratio during the induction phase 1-Specificity
between patients with sustained response and loss of

response to infliximab or vedolizumab. Small squares . . . L.
. . Figure 3. A receiver operating characteristic curve was used to
represent the median value. The figure was created L - . .
ine Statisti ion 13 (TIBCO Soft Inc) analyze the predictive ability of neutrophil value during
using ~tatistica version ortware, Inc.). the induction phase (weeks 2, 6, 14) in predicting loss
of response; AUC=0.556; 95% Cl: 0.345-0.767 AUC

— area under the curve, Cl — confidence interval. The
Receiver operating characteristic curve figure was created using Statistica version 13 (TIBCO
1.0 Software, Inc.).
32.511(0.8198,0.311)
08 Receiver operating characteristic curve
1.0
0.6
=
= 08
“ 04
0.6
=
02 g
7 04
0.0
0.0 02 04 0.6 0.8 1.0 02
1-Specificity ’
Figure 2. A receiver operating characteristic curve was used to 0.0
analyze the predictive ability of neutrophil-to-platelet 0.0 02 0.4 0.6 0.8 10
ratio value during the induction phase (weeks 2, 6, 1-Specificity
14) in predicting loss of response with the best cut-

off value of 32.511; AUC=0.787 (sensitivity: 81.2%;
specificity: 68.9%; 95% Cl: 0.619-0.954) AUC — area
under the curve, Cl — confidence interval. The figure
was created using Statistica version 13 (TIBCO
Software, Inc.).

Figure 4. A receiver operating characteristic curve was used
to analyze the predictive ability of white blood
cell value during the induction phase (weeks 2,
6, 14) in predicting loss of response; AUC=0.502;
95% Cl: 0.318-0.789; AUC — area under the curve,
Cl - confidence interval. The figure was created using
Statistica version 13 (TIBCO Software, Inc.).
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Receiver operating characteristic curve
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1-Specificity

Receiver operating characteristic curve

Figure 5. A receiver operating characteristic curve was used to
analyze the predictive ability of neutrophil-to-platelet
ratio in patients treated with vedolizumab during the
induction phase (weeks 2, 6, 14); AUC=0.795; 95% Cl:
0.559-1; AUC — area under the curve, Cl — confidence
interval. The figure was created using Statistica version
13 (TIBCO Software, Inc.).

Figure 7. A receiver operating characteristic curve was used

to analyze the predictive ability of the neutrophil-to-
platelet ratio during the induction phase (weeks 2,

6, 14) for patients with steroid drugs as concomitant
therapy during the induction phase with best cut-off
value 33.209. AUC=0.95; 95% Cl: 0.806-1; AUC — area
under the curve, Cl — confidence interval. The figure was
created using Statistica version 13 (TIBCO Software, Inc.).

Receiver operating characteristic curve

30.962(0.2,0.72)

0.8

0.6
=2
!
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Sensitivity

Receiver operating characteristic curve

0.8

34.18(0.2222, 0.8235)

0.6
04
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 6. A receiver operating characteristic curve was used
to analyze the predictive ability of the neutrophil-to-
platelet ratio in patients treated with infliximab during
the induction phase (weeks 2, 6, 14); AUC=0.873;
95% Cl: 0.688-1; AUC — area under the curve,
Cl - confidence interval. The figure was created using
Statistica version 13 (TIBCO Software, Inc.).
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to analyze the predictive ability of the neutrophil-to-
platelet ratio during the induction period (weeks 2, 6, 14)
for steroid-free patients with best cut-off value 34.180.
AUC=0,889; 95% CI: 0.76-1; AUC — area under the curve,
Cl - confidence interval. The figure was created using
Statistica version 13 (TIBCO Software, Inc.).
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According to the current evidence-based approach, assessing
activity of UC should be done using biopsy and histopatholog-
ical examination, with the grade activity based on the most
diseased fragment of the biopsy [50].

Limitations

First, we did not use biopsies and histopathological examina-
tion to determine activity of UC, which represents an evidence-
based approach and are supported by current clinical guide-
lines. Second, we did not evaluate the neutrophil-to-platelet
ratio before our patients underwent biologic therapy, as all data
were analyzed retrospectively, so there is a need for prospec-
tive studies. Third, we only included a relatively small num-
ber of patients, who were additionally treated with 2 differ-
ent drugs. Future studies assessing neutrophil-to-platelet ratio
should include more patients, who will be treated using 1 bi-
ologic. Moreover, we could not exclude the influence of bac-
terial infection on the results due to the lack of routine mea-
surement of procalcitonin. Our study could not measure the
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serum level of the drugs or drug-specific antibodies, which is
also a crucial limitation of the study. To fully confirm the use-
fulness of the neutrophil-to-platelet ratio, further studies with
larger sample sizes are needed, with the determinants of LOR
mentioned above taken into account. In addition, blood pa-
rameters were counted using an automatic analyzer, which
may have limited the measurement accuracy of the device.

Conclusions

Neutrophil-to-platelet ratio appears be a promising biomark-
er of LOR in biologic therapy of UC. However, to fully prove its
clinical utility, further studies are needed.
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