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In this issue of Perspectives on TDM: POCT, Dr. Gio-
nata Fiorino, and Dr. Giulia Roda, from Humanitas 
Research Hospital (Rozzano, Italy), and Dr. Edoardo 
Savarino and Dr. Sonia Facchin from the Gastroenterol-
ogy Unit, Department of Surgery, Oncology and Gas-
troenterology, University of Padua (Italy), describe the 
scientific evidences about the benefits of TDM in IBD 
patients treated with biologic therapies and the clinical 
experience of using POC devices for TDM, respectively.

In their review article Dr. Fiorino and Dr. Roda intro-
duce the concept of TDM as a useful tool for the opti-
mization of therapies and for providing a personalized 
medicine. The authors review some of the key studies 
such as: CLASSIC II, ACCENT I, SONIC and meta-
analysis that have provided evidence on the clinical 
and economic benefits of therapeutic drug monitoring 
of biological drugs. Authors highlight the importance 
of defining therapeutic cut offs for each drug and for 
each phase of treatment (induction and maintenance) 
in the treatment of patients with IBD. Regarding the 
roles of reactive versus proactive TDM, authors revise 
the AGA guidelines supporting reactive TDM and 
some of the published evidence on the role of proac-
tive TDM (e.g. TAXIT and TAILORIX prospective tri-

als and long term outcomes retrospective studies pub-
lished in last years).

Overall, the data reviewed by Dr. Fiorino and Dr. Roda 
reflect a profound change in therapeutic strategies in 
IBD patients during the last years. From a clinically 
based approach to a treat to target strategy based on 
TDM as a cornerstone of IBD therapies with biological 
drugs.

Dr. Fiorino and Dr. Roda explain the benefits perform-
ing TDM with new point-of-care test (POCT) devices in 
order to facilitate decision-making at the point of care 
instead of depending long awaited results reports.

In the second article of this issue, Dr. Savarino and Dr. 
Facchin revise the major factors of primary failure in the 
induction phase of therapy and secondary failure after 
an initial response to treatment. Authors revise pub-
lished literature showing that drug exposure is probably 
one of the major factors affecting treatment outcomes 
and it has been observed that there is a positive correla-
tion between infliximab serum levels and clinical and 
endoscopic outcomes. Among other factors, authors 
also describe that immunogenicity of the drug and the 
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formation of ADAs (anti-drug antibodies) 
is associated with low drug exposure. Thus 
TDM may be a useful support tool for ther-
apeutic decision-making in case of active 
disease or in situations with supratherapeu-
tic drug concentrations.

To exemplify the utility of a point of care 
test for TDM, Dr. Savarino and Dr. Facchin 

describe two real world case reports of IBD 
patients being treated with infliximab and 
monitored for the presence of ADAs with 
a POCT (Promonitor Quick) designed for 
the detection of anti-infliximab antibodies 
(ATIs).
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Articles

Therapeutic Drug Monitoring (TDM) measures the drug trough concentration and the pres-
ence of antibodies against a specific drug. TDM is an important tool to optimize individu-
al therapies to patients treated with biological drugs. Inflammatory Bowel Disease (IBD), 
Crohn’s disease (CD) and ulcerative colitis (UC), are progressive inflammatory disorders of-
ten treated with immunomodulators and/or biologics (i.e. anti-TNFs, antiinterleukins, anti-
integrins, etc.). The trough concentrations of these drugs may vary due to different factors, 
such as disease severity, phenotype, inflammatory state, immunomodulatory usage, patient 
gender, and body mass index (BMI) as well as variability in drug clearance through immune‐ 
and nonimmune‐mediated mechanisms and mechanistic failure1. 

Thus, TDM represents an important tool to decide which patients will be discontinued from 
anti-TNFs therapy and whether and when an increase of dosage is needed. The CLASSIC 
II study showed that trough level of anti-TNFs drugs (adalimumab, infliximab and certoli-
zumab pegol) are variable between patients as mentioned above and between drugs with a 
half-life of 2 weeks for adalimumab and 14 days for certolizumab pegol and infliximab. These 
differences should be taken into account in clinical practice2, 3.

In the last decades, therapeutic strategies for IBD have changed from a clinically driven ap-
proach to a target-driven strategy and TDM is a crucial part of this process.

Numerous studies have demonstrated an association between anti-TNF drug concentration 
and IBD outcome. Higher drug levels are associated with better clinical outcomes, biological 
remission, and mucosal healing4. 

This association has been confirmed for both UC and CD for infliximab and adalimum-
ab. In a meta-analysis including 22 studies and 3.483 IBD patients receiving infliximab, a 
trough level above 2 μg/mL was observed to be more likely associated with clinical remission 
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(P<0.001) and mucosal healing (P=0.004) compared to a lower drug concentration5. Another 
meta-analysis including 14 studies observed that patients with trough level over a predefined 
cutoff, which was different in each study, were more likely to achieve clinical remission than 
in presence of lower concentrations6.

There is a lack of a single fixed cutoff since it depends on the variability between studies 
and between phase of intervention (induction or maintenance). In the ACCENT I trial, the 
optimal trough level threshold of infliximab at week 14 for a durable sustained response was 
greater than 3.5 μg/mL7. Additionally, similar studies have analyzed the relation of adalim-
umab trough level at induction phase and clinical outcome. Baert et al. showed that a drug 
concentration below 5 μg/mL of adalimumab at week 4 was significantly associated with a 
risk of anti-adalimumab antibody formation, an increased CRP and loss of response8.

Of note, in the SONIC trial post hoc analysis, the rate of steroid-free remission at week 26 
according to infliximab through levels in patients treated with infliximab alone or in com-
bination with azathioprine (AZA) were similar for each drug quartile9, 10. These results sug-
gest that it is drug concentration, not combination therapy, that is associated with clinical 
outcomes.

TDM including the monitoring of drug levels and ADA (anti-drug antibodies) titers dur-
ing treatment can improve care by dose and schedule optimization and clinical outcomes 
improvement. In addition, TDM can provide cost savings benefits to patients and healthcare 
systems. A cost reduction between 28 and 34% based on patient data or simulations was ob-
served in the groups utilizing TDM in their clinical practice strategy11, 12.

So far only low-quality evidence supports the role of reactive therapeutic drug monitoring 
to guide changes in anti–tumor necrosis factor (TNF) therapy in patients with active inflam-
matory bowel disease. Guidelines have been published by the American Gastroenterology 
Association (AGA) and consist in 5 recommendations for anti-TNFs drugs and thiopurine 
but not for vedolizumab and ustekinumab due to the lack of data. AGA conditionally recom-
mend (quality of evidence: low evidence) the use of reactive TDM to guide treatment changes 
in patients with active IBD on maintenance therapy who are being treated with anti‐TNF 
agents or thiopurines9.

Proactive TDM, which consists of the measurement of trough levels in remission, is still a 
matter of debate. The role for proactive TDM of infliximab has been explored in the TAXIT 
and TAILORIX studies, but superiority over symptom-based dose optimization has not been 
demonstrated in short term prospective studies. The TAXIT study showed that at 1 year, 
patients in the no routine TDM group had higher rates of ADA and undetectable inflix-
imab trough levels. This presumably may increase the risk of disease flares and drug failure. 
However, the role of proactive TDM has not been defined because of the limited duration of 
follow up in the TAXIT study13, 14. Though, more recent retrospective studies have revealed 
that performing proactive TDM of infliximab or adalimumab may be associated with better 
long-term outcomes at more than 1 year follow-up15, lower risk of treatment failure, greater 
drug persistence and fewer IBD-related hospitalizations compared to standard of care or re-
active testing alone.15-18.
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Insufficient data concerns TDM during vedolizumab therapy, however drug levels at week 
6 of approximately >20 μg/ml have been shown to be associated with improved clinical out-
comes, including subsequent mucosal healing rates during maintenance and avoiding the 
need of dose escalation due to lack of response19.

Few evidences have been reported for ustekinumab (UST) as well showing that drug concen-
trations from 3.2 to 3.9 μg/mL had numerically increased rates of remission at 8 weeks after 
induction, but this was not significant. A clear association among clinical remission, CRP 
normalization, and endoscopic response with UST concentration was found in the mainte-
nance UST study20.

Loss of response, immunogenic reactions and the rising cost of treatments are driving the 
need for more personalized and cost-effective approaches to IBD management11, 20, 22.

Loss of response to immunosuppressants or biologics occurs as non-immune mediated or 
immune-mediated mechanism. Non‐immune‐mediated pharmacokinetic failure correlated 
with subtherapeutic trough concentrations in the absence of ADA. Typically the cause is a 
rapid drug clearance in presence of an inflammatory state. Immune‐mediated pharmacoki-
netic failure occurs in patients who have low or undetectable trough concentrations in the 
presence of ADA. Neutralizing ADA are causative of this kind of failure1.

Currently, there are many commercial assays available to test trough concentrations and 
ADA but none is universally used in clinical practice. Different methods to measure trough 
concentrations are relatively comparable in terms of specificity, accuracy, and reproducibility 
while variability exists for assays assessing ADA.

The majority of assays utilized for TDM are time-consuming and don’t offer real time re-
sults that could help managing therapies during clinical assessment. Moreover they require 
repeated patient appointments and the collection of a determinate number of samples from 
different patients before a batch can be processed in the laboratory, delaying several days until 
clinicians are reported and thus, the decision-making23.

Therefore, the availability of a point of care test (POCT) for TDM is of importance in clinical 
practice. The main features of a POCT for TDM in clinical practice should be:

• Fast results (20-30 minutes)
• Used at the point of care22

• Fully decentralized (if possible)24

• Drug levels: Quantitative
• ADA: Qualitative could be acceptable

Point of care devices may be a helpful tool for the early follow up of patients in the induction 
phase and also during the maintenance phase allowing physicians to optimize the therapies 
before the next dose. An optimal POCT should measure not only drug levels but also ADA 
titers and in the next future might be associated to biomarker detection.

UTILITY OF 
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TDM is useful for guiding the treatment of IBD patients with anti-TNFs drugs. Reactive 
TDM is currently recommended by AGA to guide decision making of therapy changes in 
patients with active IBD on maintenance therapy, while proactive TDM is still under debate. 
Several studies have demonstrated that it is during the induction phase when TDM is more 
important.

POC devices for TDM can be clinically useful and beneficial in the clinical practice because 
they allow for immediate appropriate management of IBD patients in the induction and 
maintenance therapy. POCT serve as a tool in clinical practice to make decisions in real time 
that could facilitate proactive TDM. Furthermore, the use of POCT in clinical practice might 
help decision-making such as increasing or decreasing drug dosage, switch out of class and 
also stopping immunomodulator in patients on combination therapy.

This publication has been funded by Grifols and the authors have received fees for the prepara-
tion of this article.
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Articles

The introduction of monoclonal antibodies (mAbs) for the treatment of inflammatory 
bowel disease (IBD) resulted in a better management of patients with IBD.1 Indeed, 
they were demonstrated to be superior to conventional therapies, including steroids 
and thiopurines, in terms of safety and effectiveness.2-4 However, a large number of 
patients either fail to respond initially (i.e. primary non-failure) or lose response to 
therapy (i.e. secondary failure) during the maintenance period of treatment. In par-
ticular, several studies showed that 10-30% of the patients do not respond to Infliximab 
(IFX) induction, whereas an annual rate of 10-20% of the initial IFX responders tend to 
stop due to loss of response.5 

Among the several factors associated with poor treatment outcomes, low mAb exposure 
has been advocated to play a major role6-12. Indeed, it has been clearly established in the 
medical literature that patients with IFX primary failure have significantly lower serum 
trough levels of the drug compared to patients who achieve clinical response or remis-
sion. Moreover, it has been observed a clear positive correlation between IFX serum lev-
els and rates of endoscopic improvement and remission, whereas undetectable IFX lev-
els place patients at an increased risk of hospitalization and surgery. The interindividual 
variation in mAbs serum levels in IBD patients has been associated to various potential 
factors: body mass index, albumin serum concentration, gender, smoking and disease 
phenotype/activity are known to impact the pharmacokinetics and pharmacodynamics 
of mAbs, therefore, influencing the drug availability on the patients’ serum; moreover, the 
immunogenicity of the drug and the consequent formation of antibodies able to neutral-
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ize mAbs has been clearly correlated with low drug serum concentrations7-13.Consequent-
ly, gastroenterologists have begun to use the monitoring of serum mAbs concentrations 
and the formation of anti-drug antibodies during therapy (Therapeutic Drug Monitoring, 
TDM) for the therapeutic decision-making process in the case of loss or suboptimal re-
sponse to medical treatment14, 15. Moreover, TDM may also support mAbs de-escalation 
in case of supratherapeutic serum concentrations, enhancing the cost-effectiveness of the 
therapeutic process and avoiding unnecessary side effects16.

Several methods for TDM have been developed, validated and made commercially available 
for their use in hospitals and laboratories. Some of them are able to measure both mAbs and 
antibodies to mAbs, whereas others are specific for one of these quantifications. Most of the 
available methods rely on an Enzyme-Linked Immunosorbent Assay (ELISA) technique17. 
Thus, they are time-consuming, require the collection of a determinate number of blood 
samples before a batch can be processed in the laboratory and do not provide real time 
results for the management of the patients during clinical assessment. In this context, the 
availability of a point of care test for TDM (POCT) represented an important step forward 
for improving the management of IBD patients in clinical practice18. In particular, POCs 
can be pivotal in the early follow up of patients in the induction phase and also during the 
maintenance phase because clinicians can make changes in the therapies before the next 
dose. We report here two cases that clearly illustrate the benefit from a POCT-driven man-
agement according to our experience with TDM. 

A 63-year old man, with a previous diagnosis of severe Ulcerative Colitis (UC), with distal 
localization (diagnostic colonoscopy performed in May 2017) and on therapy with mesa-
lamine and azathioprine for steroid-dependent disease (since January 2018), was referred 
to our IBD Unit in February 2019. In his medical history, he had arterial hypertension on 
medical therapy. The patient reported disease recurrence with rectal bleeding, diarrhea (>20 
bowel movements) and abdominal pain. A colonoscopy was performed, showing a severe 
ulcerative pancolitis (Mayo 3). The patient was hospitalised and treated with IV steroids 
with only partial response. Therefore, we opted to start IFX treatment at the dose of 5mg/kg, 
but the clinical response after the first two infusions was not adequate (partial Mayo score 
passed from 12 to 8). ADA (anti-drug antibodies) measured by using the POCT device  had 
a negative result (<23 AU) and the trough levels (TL) were low (2,27μg/mL). Thus, we opted 
to accelerate the infusion protocol administrating the third IFX dose after two weeks from 
the second one and then continuing with 5mg/kg every 4 weeks. The patient was revaluated 
after the 4th infusion and he had a good clinical response (Mayo score 4) with fecal calpro-
tectin levels that decreased from 2015 μg/g to 842 μg/g. Moreover, he repeated ADA and 
TL assessment which confirmed the absence of antibodies against IFX (<23 AU) and the 
presence of TL in the normal range (>7.05 μg/mL). A colonoscopy performed at 6 months 
after IFX initiation showed a clear and marked endoscopic response (Mayo 1). At the last 
follow-up visit, the patient was on IFX therapy at a standard dose dose (5mg/kg every 8 
weeks) and on colectomy-free disease remission.

CASE REPORT 1
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A 31-year old woman, with a previous diagnosis of ankylosing spondylitis and recur-
rent uveitis treated with Etanercept, was referred to our IBD Unit in September 2018 
because of new onset of diarrhea and abdominal pain. Ileo-colonscopy and small bowel 
magnetic resonance imaging revealed a Crohn’s disease with ileo-cecal and rectal involve-
ment, without strictures or fistulas. The patient stopped Etanercept and started Infliximab 
therapy at the dose of 5 mg/kg every 8 weeks with clinical (Harvey bradshaw index de-
creased from 10 to 5) and biochemical response (reduction of CRP from 2.1 mg/100ml 
to 0.3 mg/100ml and fecal calprotectin from 1382 μg/g to 452 μg/g). After 8 months of 
treatment, according to current Organization for the Study of Inflammatory Bowel Dis-
eases (IOIBD) suggestions19, disease assessment was repeated by means of colonoscopy 
which showed persistence of disease activity at the rectum (i.e. deep ulcers), whereas the 
ileo-cecal involvement was markedly reduced. The PCR was within the normal values and 
fecal calprotectin was 295 μg/g. ADA measured by using the POCT device had a positive 
result (>23 AU) and the trough levels (TL) were low (1,87μg/mL). Therefore, we opted 
to increase IFX treatment at the dose of 10mg/kg every 8 weeks and to add Azathioprine 
at low dose (50mg/day) in order to neutralize the immunogenicity to the drug, and we 
repeated the colonoscopy after 6 months. The endoscopic examination showed a clear 
and marked endoscopic response, with complete disappearance of the ulcers and only the 
presence of mild erythema was found. Also, the ADA were measured by using the POCT 
device with a negative result (<23 AU) and the trough levels (TL) were normal (5,52μg/
mL). At the last follow-up visit, the patient was on IFX therapy at high dose (10mg/kg 
every 8 weeks) and fecal calprotectin was 59 ug/g.

Monoclonal antibodies against the tumour necrosis factor have an important role in the 
management of IBD. However, the response rate of patients to these therapies is far from 
perfect, probably due to many factors including the pharmacokinetics (PK) of the drugs. As 
understanding of PK of these agents improves, new therapeutic algorithms for their use will 
develop. It is now clear that the development of ADA and low serum drug concentrations 
are associated with worse clinical, biochemical and endoscopic outcomes. Moreover, since 
current therapeutic options in case of infliximab or adalimumab failures remain limited, 
particular attention should be paid to enhance the utility and improve the capability of these 
drugs to be effective. In this particular context, the POC devices for TDM can be clinically 
useful and beneficial in the clinical practice because they permit us to immediately modify 
our management approach during the induction and maintenance therapy for our patients, 
as our clinical cases clearly showed. POCT may serve as a tool in clinical practice to make 
decisions in real time, facilitating a proactive TDM and enhancing the effectiveness of cur-
rent IBD treatments. 

This publication has been funded by Grifols and the authors have received fees for the prepara-
tion of this article.
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