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Let me explain the impetus for writing this perspective 
piece. First, my gastroenterology fellowship coincided with 
the dawn of the new day of biologics [1]. The treatment 
of inflammatory bowel disease (IBD) can be divided into 
“before infliximab” and “after infliximab.” Until that time, 
we did not discuss mucosal healing as an endpoint. We were 
content with symptomatic improvement for our patients. As 
such, I have lived the learning curve of anti-tumor necrosis 
factor (TNF) antibody (Ab) use and, more recently, usteki-
numab and vedolizumab (for now). Alongside the availabil-
ity of biologics, tests to measure serum levels of the biolog-
ics and Abs to the biologic are commercially available. In 
this perspective piece, I will attempt to synthesize the history 
of therapeutic drug monitoring (TDM) and how I use it in 
my very tertiary referral practice. The other reason for the 
timing of this article is the relatively recent publication of 
the American Gastroenterological Association (AGA) guide-
lines for TDM. The authors do an outstanding job of rating 
the literature and providing recommendations based on their 
interpretation of the available data. I have the opportunity 
to provide a different perspective on the same data. Thus, 
I hope to combine experience and evidence for my recom-
mendations on TDM.

Immunogenicity and Biologics

For the purposes of this article, biologics refer to monoclo-
nal Abs used in the treatment of IBD. All of these monoclo-
nal Abs are synthetically made proteins. Most are generated 
by taking the DNA sequence for the heavy and light chains 
of the Ab and introducing it into a cell line that serves as 
the factory for its synthesis and glycosylation. All of these 

proteins have the potential for causing immunogenicity, 
although there are clear differences in immunogenicity with 
newer biologics. In the earliest days of infliximab, the issue 
of immunogenicity was striking. Patients in the original 
clinical trial of cA2 (infliximab) often received only one 
dose of the medication or only a few doses of the medication 
followed by years of waiting for U.S. Food and Drug Admin-
istration (FDA) approval. Likewise, when infliximab was 
first approved, it was only approved for active disease, and 
thus patients routinely had dose interruptions. When these 
patients were re-dosed with infliximab, most developed a 
delayed-type hypersensitivity reaction. Unfortunately, we 
inadvertently immunized patients to the infliximab.

Fundamentally, there are two types of infusion reactions 
mediated by antidrug Abs—immediate-type and delayed-
type hypersensitivity (DTH) reactions. The immediate-type 
hypersensitivity is manifested by shortness of breath and 
flushing, although thankfully anaphylaxis is extraordinarily 
rare. This reaction is usually dealt with antihistamines and 
intravenous (IV) glucocorticoids at the time of the infusion. 
DTH reactions typically occur within 3–7 days after an infu-
sion and are manifested by a migratory polyarthritis. Often 
patients have jaw pain, which is characteristic of this DTH 
reaction. Typically, patients receive the first infusion after 
a dose interruption uneventfully, but it is usually with the 
second dose after a dose interruption that patients develop 
either the immediate-type hypersensitivity reaction or DTH 
reaction. DTH is treated with a methylprednisolone pack 
or a short course of glucocorticoids. At the end of it all, 
whether it is an immediate-type hypersensitivity reaction or 
a DTH reaction to infliximab, patients can no longer receive 
infliximab.

The first publication that systematically looked at Abs 
against infliximab came from the Belgian Group [2]. They 
showed that patients in whom Abs to infliximab developed 
had a much shorter response to the infliximab and had much 
lower serum levels of infliximab. It all seems obvious to us 
now, but that was an important observation. Since these early 
days, we have learned, and are still learning, how best to pre-
vent this from happening. The Belgian Group showed early 
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on that those patients who were on thiopurines were less 
likely to have developed Abs to the infliximab. This has led 
us to a cottage industry of how to deal with immunogenicity.

We also know that adalimumab causes immunogenic-
ity; it does so to a lesser extent than infliximab [3]. The 
immunogenicity with adalimumab can be a great deal more 
subtle than that with infliximab because it will not cause 
an immediate-type hypersensitivity reaction. Because adali-
mumab is administered subcutaneously, the drug is released 
more slowly into the systemic circulation and does not cause 
immune complex formation. Manifestations of Abs against 
adalimumab can range from just a loss of response to the 
medication to a polyarthropathy or a rash with detectable 
Abs to adalimumab.

Avoiding Immunogenicity

Early attempts to avoid immunogenicity included adminis-
tration of a dose of IV glucocorticoids before each dose of 
infliximab [4]. What turns out to be a more effective strategy 
is to administer infliximab or adalimumab with a thiopurine 
or methotrexate. The combination of a thiopurine or meth-
otrexate with infliximab or adalimumab tends to raise the 
level of the biologic, especially infliximab. Our group has 
demonstrated that one does not need to achieve high levels 
of the thiopurine in order to have this effect and that levels of 
thioguanine of 125 pmol/8 × 108 or greater can increase the 
levels of the infliximab [5]. Likewise, David Rubin’s group 
has shown that methotrexate doses of 12.5 mg per week 
and above, generally given orally, are sufficient to prevent 
immunogenicity and raise the serum levels of the biologic 
[6]. I view immunogenicity and low drug levels as being 
interconnected, since accelerated clearance of the biologics 
is due to Abs against these biologics.

Newer biologics such as ustekinumab and vedolizumab 
are associated with very low rates of immunogenicity. 
Ustekinumab is the one with the very lowest rate, with less 
than 5% of patients developing Abs to ustekinumab [7]. It is 
not entirely clear why these newer biologics do not lead to 
immunogenicity. My own working hypothesis is that there 
has been a tremendous improvement in manufacturing pro-
cesses with a reduction in contaminates from the cell lines 
that serve as adjuvants in the immune response. This raises 
a whole other issue, which is whether or not combination 
therapy is necessary for these new biologics. We know that, 
at least for ustekinumab, the addition of an immunomodula-
tor does not alter the serum levels of the drug [8].

Who is at risk for developing Abs against the biologics? 
There are known risks for increased clearance of protein-
based monoclonal Abs, including a high inflammatory bur-
den, which may be manifest by a high C-reactive protein 
or fecal calprotectin level, a low serum albumin level, and 

extensive colitis. Recently, the HLA-DQA1*05 haplotype 
was identified as a genetic determinant of immunogenic-
ity to TNF antagonists. Patients with the HLA-DQA1*05 
haplotype have a twofold increased risk of immunogenic-
ity to infliximab or adalimumab [3]. Approximately 40% of 
Europeans carry the HLA-DQA1*05 haplotype. In patients 
on infliximab monotherapy carrying this allele, 92% had 
Abs to infliximab by one year. Ideally, one would develop 
a composite score with these clinical and genetic vari-
ables to determine a patient’s individual risk of developing 
immunogenicity.

Biosimilars are no different. By their very design, they 
are meant to be identical to the parent drug. If patients have 
already become immunized to infliximab, then there is no 
role to switching them to a biosimilar of infliximab. All the 
things that we have painstakingly learned over a long period 
of time must still be kept in mind. For the foreseeable future, 
biosimilars to infliximab and adalimumab will be the first 
choice by insurance companies, because of their lower cost.

What happens once people have developed immunogenic-
ity to an anti-TNF? A sobering recent study has shown that 
for patients who have developed Abs to infliximab and are 
changed to adalimumab, although in the short-term the adal-
imumab is effective, by one year patients already have lost 
the effectiveness of the adalimumab as well [9]. By contrast, 
those patients who had low levels of infliximab in whom the 
dose is raised seem to do well. This finding has led to the 
speculation that with the second anti-TNF, one should abso-
lutely use an immunomodulator to prevent immunogenicity. 
On the other hand, this recommendation has not been tested 
prospectively. Even in patients with the HLA-DQA1*05 
haplotype, the risk of immunogenicity is halved when the 
biologic is used in combination with an immunomodulator.

Once a patient has developed Abs to infliximab or adali-
mumab, things can be done to regain response and suppress 
these Abs [10]. I use as a guiding principal whether patients 
have remaining levels of the biologic at trough or not. If the 
patient has no remaining drug level at trough and has Abs to 
the drug, the game is over, and there is no point in trying to 
continue the biologic. On the other hand, if the patient has 
low levels of Abs against the biologic and is still having a 
clinical effect after a dose of the drug, it is worth attempting 
more frequent dosing, higher doses, and the addition of an 
immunomodulator. When performing TDM, you will notice 
that the levels of the Abs against the biologic are reported on 
a different scale than the levels of the biologic itself.

Loss of Response

With any of these medications, there are patients who will 
not initially respond. The most recent relevant large study has 
found that about a quarter of patients fall into this category 
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[11]. No genetic or other biomarkers have been found to be 
useful for making clinical decisions about who is less likely 
to respond to an anti-TNF. What is far more common is for 
patients to have a partial response. For both adalimumab and 
infliximab, and possibly with all the other biologics, this initial 
(or chronic) partial response may very well be due to insuf-
ficient serum levels. Therefore, I am a believer that, early on, 
pushing the levels of the medication is a strategy worth trying. 
This is particularly true for those patients who have a high 
inflammatory burden or fistulizing disease. We have reported 
that patients with fistulizing disease need much higher levels 
of the drug in order to have a benefit [12]. The mean level of 
infliximab at trough in patients with fistula healing was 16 μg/
mL (based on the Prometheus assay). The other important 
experiment we performed was to measure levels of infliximab 
and adalimumab in intestinal tissue [13]. Even when patients 
have reasonably good systemic levels of the biologic in tissue, 
there can be high local production of TNF and other effector 
cytokines that continue to drive inflammation.

For patients who have lost response or are losing response, 
measuring levels of the drug of course can be an important 
maneuver. Several studies have shown that patients with low 
levels of the drug respond well to an increase in the dose. 
However, there is another group of patients who seem to be 
increasing in number, at least in referral centers, who lose 
the response even in the absence of developing Abs and with 
“adequate” drug levels. In these latter patients, the more likely 
scenario is that they have had a mechanistic loss of response, 
and more anti-TNF is unlikely to lead to a durable response.

At present, the response to the first biologic (or small mol-
ecule) is better than the response to subsequent treatment—
whether or not the treatment is another anti-TNF or another 
class of biologic. For this reason, I am a believer in optimizing 
the first biologic, generally an anti-TNF, as long as possible. 
For example, in the subgroup of patients who were on a previ-
ous anti-TNF, the effect of ustekinumab barely reached sta-
tistical significance [14]. So far, only tofacitinib in a network 
meta-analysis has been demonstrated to be effective after an 
anti-TNF. Even with vedolizumab, the subgroup of patients 
who have been on an anti-TNF previously has a substantial 
drop-off in responsiveness compared with biologic-naïve 
patients [15]. As a rule, patients in whom you are considering 
a change in biologic should be evaluated to make sure that 
there are (1) active inflammation and (2) no other complica-
tion such as a stricture that will never respond to any medical 
therapy we currently have.

What Drug Levels Does One Need 
to Achieve?

Here is the trickiest part of the entire story. Wouldn’t it 
be great if I could give you an actual level that one needs 
to achieve, that cuts across all the biologics so you only 
had to remember one number? I wish I could. I think the 
number 10 is probably a good number for anti-TNFs. I 
think that, regardless of the assay, levels greater than 
10 μg/mL for both adalimumab and infliximab probably 
capture patients at every end of the spectrum. I do think 
that therapeutic drug levels are a little bit like ammonia 
levels, that they depend on the patient and the scenario. 
The actual numerical value also depends on the laboratory 
that is being used. In general, I recommend that clinicians 
become used to a particular laboratory and how it reports 
levels and that they use the same company each time they 
check a particular patient’s levels so that one has an idea 
of the operating characteristics for that particular patient.

As I mentioned earlier, our own studies have shown that 
levels of infliximab have to be higher in patients who have 
fistulizing disease in order to see an improvement in fistu-
las. Although we only studied this for infliximab, I think 
we can apply the same principals to the other anti-TNFs 
and possibly even to ustekinumab, which is a second-line 
agent in patients who have fistulizing disease. For patients 
who have extensive severe colitis, whether Crohn’s coli-
tis or ulcerative colitis, higher levels are needed in order 
to achieve the tissue levels that are necessary to induce 
mucosal healing. However, once the bowel is healed, the 
levels probably do not need to be as high. For patients who 
are doing well, I do not necessarily raise the dose if the 
levels of the biologic are above 5 μg/mL.

As with all of the studies of biologics, if one looks at 
the post hoc analysis of patients on an immunomodulator 
with the biologic, there does not appear to be an increased 
benefit in patients who are on an immunomodulator with 
vedolizumab or ustekinumab. I will remind the readers, how-
ever, that until the SONIC (Study of Biologic and Immu-
nomodulator Naïve Patients in Crohn’s Disease) study [16] 
and then the UC SUCCESS study [17] were completed, we 
did not think that an immunomodulator was needed to be 
combined with infliximab for the treatment of Crohn’s and 
ulcerative colitis, respectively. Only in the SONIC study did 
we see that the combination of infliximab with azathioprine 
was superior at inducing mucosal healing. More recently, 
we learned that patients who had high trough levels of inf-
liximab did not seem to have an additional benefit with the 
addition of azathioprine [18]; therefore, there exists the 
possibility that the main effect of combining azathioprine 
or another immunomodulator with infliximab is due to the 
higher levels of infliximab that can be achieved.
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I do think, however, that there are patients who need 
an immunomodulator to help with efficacy, not simply to 
improve serum levels of the biologic, but also to mechanis-
tically complement the biologic. For this assertion, I have 
no data other than experience with tertiary referral patients 
who need everything plus the kitchen sink to have a clinical 
benefit. Thus, although I think that it is true that, in general, 
we do not need an immunomodulator for vedolizumab and 
ustekinumab, because they are far less immunogenic than 
anti-TNFs, I suspect that there will be a subset of patients 
who could benefit from combination therapy simply because 
each of these drugs has a benefit on its own.

Proactive Versus Reactive Testing

I am a believer in proactive testing. If I only had one trough 
level to check, it would be early on, just after induction and 
before maintenance with any of the biologics. It does not 
make sense to me to wait until someone is failing to realize 
that levels are too low or, worse, allow patients to make Abs 
to the biologic. The TAXIT (Trough Concentration Adapted 
Infliximab Treatment) and Tailorix (Tailored Treatment with 
Infliximab for Active Crohn’s Disease) studies are cited as 
evidence that proactive testing is not beneficial [19, 20]. The 
study shows that an early trough level and readjustment of 
the dose is a highly effective strategy for long-term efficacy. 
I also believe that the highly trained gastroenterologists in 
this study brought to bear a lot of experience in adjusting the 
dose based on clinical symptoms. I generally check trough 
levels of infliximab before the first maintenance dose and, 
for adalimumab, in the 10- to 14-week window. For usteki-
numab, I check the level prior to the second subcutaneous 
dose, and for vedolizumab, I check the level prior to the 
first maintenance dose. For vedolizumab, I like to see lev-
els above 15 μg/mL at that stage. For ustekinumab, there is 
much variability in the levels with respect to the laboratory 
used. I would say that if the Prometheus laboratory is used, 
the levels should be greater than 8 μg/mL, and if another 
laboratory is used, the level needs to be greater than 4.5 μg/
mL [21].

I could go into all the data supporting proactive testing. 
I acknowledge that the studies done by Adam Cheifitz and 
colleagues are observational [22]. Nevertheless, the results 
confirm my bias that if one checks levels on a regular basis, 
it is far more likely that you can maintain a patient well and 
adjust levels prior to a loss of response. Once a patient loses 
response and has low levels of the drug, there is a risk of 
developing Abs to the drug, with an inability to be rescued 
with any other intervention.

Much of the debate has been predicated on the fact that 
drug level testing can be expensive. I am a firm believer that 
such testing needs to be made as inexpensive as possible so 

we may check levels as we would order other routine labora-
tory tests. In general, I check levels about every 6 months in 
patients who are doing well. I think that even once a year is 
probably adequate in patients who are doing well.

Side Effects and Relationship to Levels

Higher levels of a biologic are better up to a point. In rheu-
matoid arthritis, giving higher doses of anti-TNFs is associ-
ated with a higher risk of infection. In IBD, higher trough 
levels are not associated with an increased risk of infections 
[22]. For biologics that appear to be safer overall, like ved-
olizumab and ustekinumab, the infection rate is low, and, 
therefore, it will be hard to show that higher levels are asso-
ciated with an increased risk of infection. The aspirational 
goal of complete mucosal healing is just that, aspirational. 
It cannot be achieved in all patients, and at every point along 
the way we need to make decisions about whether it is worth 
the potential for side effects by increasing the dose of a med-
ication or adding another drug such as an immunomodulator.

The psoriasiform reaction that we see with anti-TNFs is 
common if you are looking for it. Patients develop a rash 
either on their hands and feet, which can be painful, behind 
the ears, and on their scalp. Interestingly, there are still der-
matologists who do not realize that this is a psoriasiform 
reaction to the anti-TNF and tell patients that it has nothing 
to do with the anti-TNF; but we as gastroenterologists know 
better. Levels of the anti-TNF have not been clearly linked to 
the psoriasiform reaction [23]; it is likely to do with unop-
posed action of interferon-alpha [24]. Nevertheless, I would 
suggest reevaluating trough levels of the drug and adjusting 
the dose downward if there is room to do so. You may even 
have to stop the concurrent immunomodulator and let the 
biologic level drift down. Although ustekinumab is approved 
for the treatment of psoriasis and can be highly effective in 
traditional psoriasis, it is not nearly as effective in patients 
who have a psoriasiform reaction. Probably the most effec-
tive approach is simply to change the patient to something 
other than an anti-TNF, and over time the psoriasiform reac-
tion will simply resolve.

Summary

I hope I have imparted some of what I have learned over 
decades of using biologic medications. The story is nowhere 
near over. Whether we are giving a biologic agent or small 
molecule, I think we need to keep an open mind that test-
ing of drug levels or performing functional assays should 
guide us with respect to dosing. I think this is not as sim-
ple as managing high blood pressure, where one can easily 
check the blood pressure. In a patient with IBD, we cannot 
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do repeated real-time endoscopy. I am looking forward to a 
rich future of having many new delivery mechanisms and 
types of medications available for patients with IBD with 
each medication coming with a companion diagnostic test 
to predict efficacy.

Guiding Principles

• It is never as good as the first time—be proactive to maxi-
mize the benefit of the first biologic therapy a patient 
receives.

• Newer biologics are less immunogenic; thus, the need for 
concurrent immunomodulators should be driven by the 
need for efficacy rather than the prevention of immuno-
genicity.

• Higher levels of biologics are needed for the “bigger” 
problems—extensive colitis, deep ulcers, and fistulizing 
disease.
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