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BACKGROUND & AIMS:
Abbreviations used in this pape
RAND/UCLA Appropriateness M

Most current article
The availability of tests for blood concentrations of anti–tumor necrosis factor (TNF) agents and
antibodies against these drugs could improve dose selection for patients with inflammatory
bowel disease (IBD). However, there is little consensus on when to test and how to interpret test
results. We used the RAND/UCLA Appropriateness Method to determine when these tests are
appropriate and how to clinically interpret their results.
METHODS:
 We conducted a systematic literature search in November 2013 to identify observational or
experimental studies of the measurement of anti-TNF drug and antibody concentrations in
patients with IBD and interpretation of their results. We developed 35 scenarios that assessed
the appropriateness of testing and 143 scenarios that addressed clinical strategies in response
to test results, and presented the findings to an expert panel. The appropriateness of each
scenario was rated before and after an in-person meeting with the panel. Panelists rated the
appropriateness of various clinical management options including changing therapy within
class, switching out of class, adjusting drug dose or interval, adding or adjusting concomitant
immune modulators, and doing nothing for each of 6 permutations of high versus low drug
concentrations and high, low, or undetectable antibody concentrations. Disagreement was
assessed using a validated index.
RESULTS:
 Assessment of anti-TNF drug and antibody concentrations was rated appropriate at the end of
induction therapy in primary nonresponders, in secondary nonresponders, at least once during
the first year of maintenance therapy, and following a drug holiday. Routine assessment in
responders at the end of induction was rated uncertain. In nearly all scenarios, escalation of
drug dosing was rated appropriate when drug concentration was low in the absence of anti-
bodies, and switching within class was rated appropriate when antibodies were present. Other
recommendations depended on the specific clinical scenario for which the test was obtained.
CONCLUSIONS:
 Based on the RAND/UCLA Appropriateness Method of analysis, an expert panel recommends
testing fordrugandantibodyconcentrations inmanyclinical scenarios.Theappropriate timingand
best way to respond to anti-TNF drug and antibody testing for IBD depends on the specific clinical
scenario. These recommendations can help guide clinicians to best optimize anti-TNF therapy.
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Anti–tumor necrosis factor (TNF) therapy can heal
intestinal inflammation, reduce the likelihood of

future complications, and significantly improve quality of
life among patients with inflammatory bowel disease
(IBD).1–5 Improved clinical outcomes are associated with
higher trough drug concentrations and the absence of
antidrug antibodies.6–8 However, these medications are
not universally effective, and are subject to loss of effec-
tiveness over time in most responders. Mechanisms for
treatment may be caused by changes in the metabolism of
the drug, “mechanistic escape” warranting a different
class of therapy, and immunogenicity caused by the
development of antidrug antibodies that may be specific
to a particular drug. The ability to distinguish these
mechanisms of loss of response from one another using
drug and antidrug antibody concentrations offers clini-
cians insight into the appropriateness of clinical man-
agement strategies, including discontinuation of the drug
with a switch to an alternative anti-TNF or an alternative
class of therapy, manipulation of the drug dose or dosing
interval, and the addition of a concomitant immunomod-
ulator.9,10 However, without insight into the mecha-
nisms of treatment failure with these therapies, the
provider is left making educated inferences as to the
most appropriate management strategy. The availability
of commercial assays for the clinical assessment of
anti-TNF drug and antibody concentrations offers the
practicing clinician an opportunity to tailor management
decisions based on a biologically sound rationale. Howev-
er, further clarity into the optimal ways to use these tests
is needed, both in terms of the appropriateness of using
these tests and their interpretation in the context of spe-
cific clinical scenarios in which they might be used.

There are several different clinical scenarios in which
testing for drug and/or antibody concentrations may be
appropriate. These include testing routinely after in-
duction treatment11,12 and routinely during maintenance
therapy13,14 to determine whether an adequate drug
dose is being administered, and in patients with primary
nonresponse15,16 and in patients with an initial clinical
improvement but with secondary loss of response over
time10 to help determine mechanisms for suboptimal
efficacy. Strategies to respond to the results of these tests
may depend on the clinical scenario in which the tests
are ordered.17

To address these areas of uncertainty, we used the
RAND/UCLA Appropriateness Method (RAM) to assess
the appropriateness of ordering these tests and inter-
preting their results in patients with IBD receiving anti-
TNF therapy.
Methods

Study Design

RAM uses an iterative approach to combine the best
available evidence with expert opinion using a modified
Delphi panel.18–20 This structured methodology includes
a literature review presented to an expert panel followed
by 2 rounds of anonymous panel ratings. The second
round of ratings is conducted after an in-person moder-
ated discussion among participants, which is focused on
areas of disagreement in the first round of voting.
Literature Review

We conducted a systematic literature search in
November 2013 to identify observational or experi-
mental studies of the measurement and interpretation of
anti-TNF drug and antibody concentrations among
patients with IBD. We also conducted targeted reviews to
specifically address the following topics: association of
infliximab, adalimumab, and certolizumab pegol drug
and antibody concentrations with outcomes in Crohn’s
disease; association of infliximab, adalimumab, and cer-
tolizumab pegol drug and antibody concentrations with
outcomes in ulcerative colitis; therapeutic drug moni-
toring and dose optimization during maintenance ther-
apy; restarting anti-TNF therapy after a drug holiday;
and pharmacokinetics of infliximab, adalimumab, and
certolizumab pegol. These reviews were compiled into
a comprehensive monograph that was distributed to
all panelists before the first round of ratings
(Supplementary Material).
Clinical Scenarios

The survey was divided into 2 sections. In Section I,
panelists rated the appropriateness of ordering drug/
antibody concentration tests. Variables that were
assessed were selected on the basis of their potential
influence on pharmacokinetics and clinical decision-
making, including the drug clearance, type of anti-TNF
agent, smoking status, and disease phenotype and
behavior. These variables were assessed in 6 different
scenarios including routinely after induction, routinely
during maintenance therapy in primary nonresponders,
in secondary nonresponders, and when restarting after a
drug holiday.

In Section II, panelists rated the appropriateness of
various clinical interventions in response to a specific
result of drug/antibody testing for a given clinical sce-
nario, or chapter. Panelists rated 6 permutations of drug
and antibody test results (all combinations of low/high
drug concentration and undetectable/low/high antibody
concentration) in the following chapters: (1) at the end of
induction therapy (routinely), (2) at the end of induction
therapy in primary nonresponders, (3) in secondary
nonresponders (ie, in patients losing response), (4) dur-
ing maintenance therapy (at a regular interval), and (5) in
patients reinitiating anti-TNF therapy after an extended
“drug holiday.” For each permutation of drug/antibody
concentration within each chapter, panelists rated the
appropriateness of the following 6 clinical interventions
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to the anti-TNF regimen: (1) switch to another agent
within the anti-TNF class, (2) switch to another agent
within the anti-TNF class and add an immunomodulatory,
(3) switch outside of the anti-TNF class, (4) increase the
anti-TNF dose or decrease the interval, (5) add/adjust
immunomodulatory, and (6) do nothing.

Definitions and Assumptions

Definitions of terms were provided at the outset of
each round of ratings and at the in-person meeting
as listed next. “Normal drug clearance”: no obvious fac-
tors associated with rapid or slower drug clearance.
“Abnormal drug clearance”: one or more factors leading
to rapid or delayed drug clearance. “The end of induction
(infliximab)”: 14 weeks. “The end of induction (adali-
mumab)”: 6 weeks. “Primary nonresponder”: no clinical
response to induction doses. “Secondary nonresponder”:
initial response to induction doses, but with clinical loss
of response thereafter. “Drug holiday”: delay (intentional
or unintentional) of at least 3 doses (same for both
infliximab and adalimumab). “Drug below threshold”:
drug concentrations that are undetectable or “just above”
levels of detection, but below the threshold considered to
be therapeutic, specific to each drug, and determined
through a review of the literature. “Antibodies: high
level”: antibody levels associated with lower drug con-
centrations and lower clinical efficacy. “Antibodies: low
level”: detectable antibody levels thought to be transient
or nonneutralizing, and not necessarily associated with
decreased drug concentrations or clinical efficacy. Pub-
lished cutoff values for drug and antibody concentrations
associated with clinical efficacy were reviewed with the
panelists but were not specified for scenario ratings
given that several cutoffs have been proposed and that
they may vary across laboratories and assays. All pan-
elists reviewed and agreed with these definitions and
assumptions before the moderated discussion.

We assumed testing was performed using the vali-
dated homogeneous mobility shift assay, allowing for
measurement of antibodies in the presence of drug.
Consistent with RAM methodology, panelists were spe-
cifically asked not to consider cost in the decision to
order testing or in acting on test results.

Appropriateness Panel

The panel consisted of members of the Building
Research in Inflammatory Bowel Disease Globally
(BRIDGe; www.BRIDGeIBD.com), and recognized, pub-
lished leaders in the field of therapeutic drug moni-
toring in IBD. After receiving the literature summary
that was prepared by several participants, the panelists
were instructed to confidentially rate the scenarios on
the basis of their own expertise in the context of the
available literature. The panelists then convened 2
weeks later at a moderated in-person session (January
2014, Scottsdale, AZ). During this meeting scenarios
were discussed in detail, after which panelists confi-
dentially rerated each scenario; agreement was not
required.
Analysis

Appropriateness was rated on a scale of 1–9 for each
scenario (1–3, inappropriate; 4–6, uncertain; and 7–9,
appropriate). “Appropriate” was defined as when the
expected positive health benefits exceeded the potential
negative health consequences, whereas “inappropriate”
was considered to reflect that the expected health con-
sequences outweighed potential benefit. Median scores
were calculated and rounded up, so that a median score
of 3.5 was rated as uncertain and a median score of 6.5
was rated as appropriate. To quantify the level of
agreement, the RAND/UCLA disagreement index was
calculated using a standard published equation.18 A
disagreement index greater than 1.0 indicates extreme
variation, whereas disagreement index values less than
1.0 reflect agreement. Scenarios in which ratings met
criteria for disagreement were rated “uncertain” even if
the median score rating was “inappropriate” or
“appropriate.”
Results

The Appropriateness of Checking Drug and
Antibody Concentrations

Panelists did not distinguish between whether
patients were receiving infliximab or adalimumab when
rating the appropriateness of checking drug/antibody
levels for any scenario. Panelists did not rate scenarios
for patients using certolizumab pegol because of the lack
of a commercially available drug assay. Ratings sug-
gested that it is “appropriate” to check drug/antibody
levels in the following scenarios: (1) after induction in
primary nonresponders; (2) in secondary nonresponders
(ie, loss of response); (3) during maintenance therapy, at
least once during the first year; and (4) whenever
restarting a drug after a drug holiday. However, there
was uncertainty about whether to check levels in
patients routinely after induction therapy.

Regarding assessment of antibody levels at the time
of restarting anti-TNF therapy after a drug holiday
(defined as missing 3 or more scheduled doses), panel-
ists rated that checking levels after the first reinduction
dose was “appropriate” and that checking levels before
the first dose was “uncertain.” However, panelists agreed
that if antidrug antibodies were found before or after the
first dose, then further drug should not be given because
of the risk of an allergic reaction with additional dosing,
and that a switch to an alternative therapy (either in-
class or out-of-class) is appropriate.

http://www.bridgeibd.com


Table 1. End of Induction, Responding to Therapy

Drug concentration Antibody concentration Intervention Rating

Low Undetectable Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate

Lowa Switch within class Uncertain
Switch outside of class Inappropriate
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate

Higha Switch within class Appropriate
Switch outside of class Uncertain
Increase dose or decrease dose interval Uncertain
Do nothing Inappropriate

Adequate Undetectable Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Appropriate

Lowa Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Uncertain

Higha Switch within class Uncertain
Switch outside of class Uncertain
Increase dose or decrease dose interval Inappropriate
Do nothing Uncertain

aIf antibodies are positive, consider optimizing or adding immunomodulator in addition to other change in therapy.
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The Appropriateness of Interventions in
Response to Testing

Panelists rated the appropriateness of various in-
terventions in response to the results of drug concen-
trations (undetectable, low, or adequate) and antibody
concentrations (undetectable, low, or high) for each sce-
nario (Tables 1–4). Overall, panelists rated the appro-
priateness of 4 interventions (switch within class, switch
outside of class, increase dose or interval, do nothing)
for each of 6 possible combinations of drug/antibody
results in 4 discrete circumstances, for a total of 96 sce-
narios. There was a high degree of agreement among
the panelists, with only 7 of 96 scenarios meeting criteria
for disagreement. Overall, 21 interventions were rated
“appropriate,” 23 were rated “uncertain” or exhibited
disagreement and were thus assigned a rating of “un-
certain,” and 52 interventions were rated “inappropriate.”
Panelists agreed that if antibodies were positive, opti-
mizing or adding an immunomodulator was generally
appropriate in conjunction with other interventions.
Readers can view the panel’s appropriateness ratings for
all scenarios on a web-based platform after identifying
the relevant clinical context (http://www.bridgeibd.com/
anti-tnf-optimizer).
End of induction, responding to therapy

At the end of induction, in patients responding to
therapy but with low drug levels and low or
undetectable antibodies, increasing the anti-TNF dose or
frequency was considered appropriate, whereas “doing
nothing” was inappropriate (Table 1). However, if anti-
bodies were high then switching within class was the
only appropriate intervention. When drug concentration
was adequate but antibodies were high, there was
no “appropriate” scenario, although several scenarios
were rated “uncertain” and adding an immunomodulator
(or increasing the immunomodulator dose to a thera-
peutic dose if the patient was already on one) was
recommended.

End of induction, primary nonresponse

Assessment of drug and antibody concentrations was
considered “appropriate” at the end of the induction
period in patients without response (Table 2). In this
scenario, if the drug concentration was low, and no an-
tibodies were present, then the only “appropriate”
recommendation would be to increase the dose or
shorten the interval. In conjunction with that interven-
tion, consideration for optimizing or adding an immu-
nomodulator was recommended. However, if antibodies
were found to be high with a low drug concentration,
then switching within class would be considered
“appropriate,” switching out of class “uncertain,” and
increasing the dose would be considered “inappropriate.”
In scenarios where drug concentrations were adequate,
switching out of class would be considered “appropriate”
regardless of antibody concentration, whereas switching
within class was rated “uncertain.”

http://www.bridgeibd.com/anti-tnf-optimizer
http://www.bridgeibd.com/anti-tnf-optimizer


Table 2. End of Induction, Primary Nonresponder

Drug concentration Antibody concentration Intervention Rating

Low Undetectable Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate

Lowa Switch within class Uncertain
Switch outside of class Uncertain
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate

Higha Switch within class Appropriate
Switch outside of class Uncertain
Increase dose or decrease dose interval Inappropriate
Do nothing Inappropriate

Adequate Any value Switch within class Uncertain
Switch outside of class Appropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Inappropriate

aIf antibodies are positive, consider optimizing or adding immunomodulator in addition to other change in therapy.
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Loss of Response

Assessment of drug and antibody concentrations was
considered appropriate in patients with an initial
response to anti-TNF therapy but with subsequent loss
of response despite adherence to maintenance dosing
(Table 3). In this scenario, if the drug concentration were
found to be low, then increasing the dose or frequency
(with consideration of optimizing or adding an immu-
nomodulator) would be “appropriate” if antibodies were
undetectable or low. However, if antibodies were high,
then this intervention would be “inappropriate,” and
switching within class would be “appropriate.” In this
scenario, if the drug concentration were adequate, then
Table 3. Secondary Nonresponse (Loss of Response)

Drug concentration Antibody concentration

Low Undetectable

Lowa

Higha

Adequate Undetectable or Lowa

Higha

aIf antibodies are positive, consider optimizing or adding immunomodulator in ad
switching out of class would be “appropriate” regardless
of antibody status, and switching within class would
additionally be an “appropriate” intervention if anti-
bodies were high.

During Maintenance, in Responders

In patients responding to maintenance therapy,
assessment of drug and antibody concentrations was
rated “appropriate” at least once during the first year of
maintenance therapy (Table 4). If drug concentrations
were low with low or absent antibodies, increasing the
dose or decreasing the interval would be appropriate.
However, in those patients doing well on maintenance
Intervention Rating

Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate
Switch within class Uncertain
Switch outside of class Uncertain
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate
Switch within class Appropriate
Switch outside of class Uncertain
Increase dose or decrease dose interval Inappropriate
Do nothing Inappropriate
Switch within class Uncertain
Switch outside of class Appropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Inappropriate
Switch within class Appropriate
Switch outside of class Appropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Inappropriate

dition to other change in therapy.



Table 4. During Maintenance Therapy (in Responders)

Drug concentration Antibody concentration Intervention Rating

Low Undetectable or Lowa Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Appropriate
Do nothing Inappropriate

Higha Switch within class Appropriate
Switch outside of class Uncertain
Increase dose or decrease dose interval Uncertain
Do nothing Inappropriate

Adequate Undetectable Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Appropriate

Lowa Switch within class Inappropriate
Switch outside of class Inappropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Uncertain

Higha Switch within class Uncertain
Switch outside of class Inappropriate
Increase dose or decrease dose interval Inappropriate
Do nothing Uncertain

aIf antibodies are positive, consider optimizing or adding immunomodulator in addition to other change in therapy.
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therapy who have low drug concentration but high
concentration of antibodies, switching within class would
be appropriate, “doing nothing” would be inappropriate,
and other interventions were rated uncertain. However,
in cases where there were adequate drug and high
antibody concentrations, there was no obvious appro-
priate intervention, with “doing nothing” and “switching
within class” both rated as uncertain.
Discussion

Our study has several important findings. First, we
determined that ordering tests for drug and antibody
concentrations is appropriate in 4 clinical scenarios: (1)
secondary loss of response, (2) primary nonresponse, (3)
during the first year of maintenance therapy, and (4)
restarting after a drug holiday (after the initial dose);
but ordering these tests after induction was “uncertain.”
Second, we determined that the appropriateness of
various interventions in response to test results varies
across scenarios, reinforcing the concept that these tests
must always be interpreted in the specific context in
which they were ordered. Finally, we found very little
disagreement among the panelist appropriateness rat-
ings, even though the RAM does not require consensus
and the ratings are intended to reflect panelist opinion in
the context of the available literature.

An area of active investigation is the determination of
actual cutoff values of drug concentrations used to
determine treatment efficacy. These values may differ
across individual drugs, disease phenotype, and clinical
endpoints, and may vary across assays. For example,
although adalimumab trough concentrations have been
associated with normalization of C-reactive protein and
clinical remission,21 it may be that higher concentrations
may associate with mucosal healing.22 Minimum inflix-
imab concentrations associated with clinical efficacy in
Crohn’s disease have ranged from 3 to 5 mg/mL,6 although
these targets warrant prospective validation. In ulcerative
colitis, increasing infliximab trough concentrations have
been associated with improved clinical efficacy. In a
similar vein, antibody concentrations were qualitatively
defined as “low” or “high” to account for the potential to
overcome “low level” or “transient” antibodies with
higher drug dosing.23 We therefore grouped drug and
antibody concentrations using qualitative and not quan-
titative categories. In so doing, we intended for our find-
ings to be broadly relevant across various assays, which
may have different clinically meaningful cutoff values for
treatment efficacy and antibody concentrations.

Our study has several limitations. First, there is little
prospective evidence to support the clinical use of drug
and antibody testing for many scenarios. The RAM is
well-suited for such topics, so as to elicit recommenda-
tions from experts in the context of the best available
evidence regardless of the quality of the evidence.
Second, the variability across assays with respect to
reliability, validity, and clinical correlations warranted
qualitative, not quantitative definitions of the antibody
cutoffs for categorization as “high” and “low.” As new
assays emerge, the “low” and “high” cutoff values for
both drug and antibody concentrations remain disparate
and poorly defined; this can frustrate the clinician and
patient attempting to interpret results accordingly. Third,
panelists were instructed to not include “cost” as a
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consideration for the appropriateness of ordering these
tests. This was intentional, and in accordance with the
RAM,18 but may limit the generalizability of these rec-
ommendations to “real world” settings where the costs of
these tests may not be covered by payors. Nonetheless,
these tests have been shown to be cost-effective across
various pricings, given the cost-savings gained with
optimized therapy that reduces complications, hospital-
izations, and surgery.24,25

It is hoped that our current recommendations for
the appropriateness of testing will be used to inform
policies governing payment for these tests where they
are not currently covered. Although we attempted to
cover a broad range of clinical scenarios, it was not
possible to include all factors that may influence
decision-making, such as phenotype of Crohn’s disease,
prior surgery, and patient preferences. We attempted
to include variables for which some published evidence
was available to guide clinical decision-making. Finally,
our scenarios required some assumptions and defini-
tions that were based on the literature, when available,
but also relied on guidance from the panelists where
the literature is lacking, consistent with the RAM
relying on panelist expertise in the context of the
available literature. For example, the timing of “post-
induction” infliximab trough assessment is supported
by several studies,11,12 whereas the evidence for ada-
limumab is lacking.

We believe our findings are rigorously derived and can
serve as a practical clinical guide. These recommenda-
tions help to clarify the most appropriate use of drug and
antibody tests by delineating when they should be or-
dered, and how the results should be interpreted. To
further assist the clinician at the point of care, we have
developed a web-based application that can be accessed
for free and used to input results of drug and antibody
concentration testing in addition to the specific clinical
scenario. The application then shows how the expert
panel rated the appropriateness of various therapeutic
interventions for that particular circumstance (http://
www.bridgeibd.com/anti-tnf-optimizer). These recom-
mendations should not replace clinical judgment, but
might assist the clinician at the point of care in tailoring
management to individual patient circumstances.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://dx.doi.org/10.1016/j.cgh.2016.05.010.
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