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Abstract

Objectives: There is scant research about laboratory monitoring in people taking conventional synthetic disease-
modifying anti-rheumatic drugs (csDMARDs) for rheumatic disease. Our objective was to conduct a scoping study to
assess the range of current attitudes and the variation in practice of laboratory monitoring of csDMARDs by rheuma-
tologists and trainees.

Methods: Australian and overseas rheumatologists or trainees were invited through newsletter, Twitter and personal
e-mail, to complete an anonymous online survey between 1 February and 22 March 2021. Questions focused on
laboratory tests requested by csDMARD prescribed, frequency/pattern of monitoring, influence of additional factors
and combination therapy, actions in response to abnormal tests, and attitudes to monitoring frequencies. Results
were presented descriptively and analysed using linear and logistic regression.

Results: There were 221 valid responses. Most respondents were from Australia (n=53, 35%) followed by the US
(n=139, 26%), with a slight preponderance of women (n=284, 56%),> 11 years in rheumatology practice (n =283, 56%)
and in mostly public practice (n=79, 53%). Respondents had a wide variation in the frequency and scheduling of
tests. In general, respondents reported increasing monitoring frequency if patients had numerous comorbidities or if
both methotrexate and leflunomide were being taken concurrently. There was a wide variety of responses to abnor-
mal monitoring results and 27 (40%) considered that in general, monitoring tests are performed too frequently.

Conclusions: The results demonstrated a wide variation in the frequency of testing, factors that should influence
this, and what responses to abnormal test results are appropriate, indicates a likely lack of evidence and the need to
define the risks, benefits and costs of different csDMARD monitoring regimens.
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Key messages

+ There was little variation in the types of tests being
ordered for DMARD monitoring.

o There was wide variation in the frequency of
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« There was also wide variation in the response to
abnormal DMARD monitoring tests.

Introduction

Conventional synthetic disease modifying anti rheumatic
drugs (csDMARDs) such as methotrexate, leflunomide
and hydroxychloroquine are commonly used drugs in
rheumatology. They have both benefits and potential
risks including hepatotoxicity, myelosuppression, and
nephrotoxicity [1]. Co-morbidities such as fatty liver dis-
ease and renal impairment also change the risk profile
of individual csDMARDs [2]. Current guidelines for the
monitoring of csDMARDs vary, likely due to the lack of
high-quality evidence for specific monitoring regimens
[3-6]. Some drug monitoring practice recommenda-
tions are based on a good knowledge of the relative risk
and benefits such as hydroxychloroquine retinal toxicity
screening [7, 8]. However, the evidence base supporting
c¢sDMARD laboratory monitoring is considerably less
robust [1].

The most effective and safe monitoring practice for
each drug, indication and co-morbidities has not been
established. While some variation is expected, as patient
and clinician tolerance of risk will vary in specific clinical
situations [3], the optimal balance for patients in general
is uncertain. It would be useful to determine what rep-
resents excessively frequent monitoring, as such low-
value care might not only squander limited healthcare
resources, but also cause patient anxiety [9]. Excessively
frequent monitoring might also result in unwarranted
changes to therapy or trigger unnecessary investigations
[10], while insufficiently frequent monitoring may cause a
delay in detecting clinically relevant abnormalities.

In the absence of consistent recommendations about
how best to monitor for adverse effects, it is likely that
practices vary. This may relate to which recommenda-
tions rheumatologists follow, if any, as well as how well
they adhere to them. Additionally, although a clinician
may agree with a guideline this may not translate into
adherence to it [11]. In this context, we performed an
initial scoping online survey of a convenience sample of
rheumatologists and rheumatology trainees. The over-
all aim was to investigate the range of their csDMARD
monitoring practices and attitudes. Specific aims were
to (1) Understand what tests were being requested and
the range of frequency they were ordered in when they
were being used to monitor csDMARDs; (2) Determine
how patient co-morbidities and combinations of differ-
ent drugs influenced monitoring patterns; (3) Deter-
mine what actions rheumatologists took in response to
abnormal test results and what demographic factors of
respondents potentially influenced these responses; and
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(4) Determine what the attitude of rheumatologists was
to both the guideline recommendations regarding how
frequent monitoring be performed, as well as to how
frequently it was actually being performed in clinical
practice, and what demographic factors of respondents
potentially influenced these responses.

Methods

Design

The survey was developed using SurveyMonkey and
made available via a web link from 1st February 2021 to
22nd March 2021. The survey link was distributed via the
Australian Rheumatology Association (ARA) newslet-
ter (distributed to~530 Australian rheumatologists and
trainees), as well as a convenience sample of rheumatolo-
gists identified by the Twitter account of the last author
(@philipcrobinson, followers ~4500), as well as 25 of his
Australian and overseas rheumatologist contacts via per-
sonal email. No reminders were sent.

Participants were excluded if they answered ‘No’ to the
screening question asking if they are a practicing rheu-
matologist or rheumatology trainee. There was no exclu-
sion based upon years of practice, sex, primary practice
setting or country of practice.

Survey tool

Items were initially drafted from csDMARD monitoring
guidelines published by the American College of Rheu-
matology (ACR) and the British Society for Rheumatol-
ogy [4, 12]. The ACR recommendations are to monitor
from initiation to 3 months every 2—4 weeks, from 3 to
6 months every 8—12 weeks and from 6 months onwards
every 12 weeks [12]. The BSR guidance is similar but
monitoring frequency depending on how long specific
doses of DMARD are stable for [4]. The main items
focused on common monitoring schedules, csDMARDs
requiring specific testing, and thresholds for medication
review.

We also collected demographic data including sex,
country of employment, years in rheumatology practice,
clinical setting and the number of half-day outpatient
sessions completed on average each week. The survey
tool was refined by a panel of five geographically diverse
Australian rheumatologists and the final tool included 29
items (See Additional file 1: for a copy of the survey tool).

For each prescribed ¢sDMARD, respondents were
asked what blood tests they routinely request, whether
they used a fixed or variable monitoring schedule for
these requests, and the frequency of monitoring in
time periods. If a respondent monitored a patient every
two months regardless of treatment duration, this was
recorded as ‘one stage. If they reported that they moni-
tored the patient at monthly intervals for the first three
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months after initiating a new csDMARD and then
reduced the monitoring frequency to every three months
from then on this was recorded as a ‘two stage’ monitor-
ing practice etc. A three stage monitoring scheme used
three different frequencies of monitoring over three time
periods, and a four stage monitoring scheme used four
different monitoring frequencies over four time periods.
We also explored the impact of polypharmacy and com-
mon comorbidities on monitoring practices, and whether
trends within the normal range would alter treatment.
Respondents were also asked what their laboratory value
threshold would be for precipitating a change in medica-
tion, their opinion on current guidelines, and how many
changes to csDMARD treatment per month they esti-
mate they would make.

Data analysis
As this was a preliminary exploratory survey of rheuma-
tologist attitudes and practices and a blend of populations
were sampled, no sample size calculation was performed
and the results are primarily presented descriptively.
When questions generated responses that were pro-
portions, these proportions were compared using the
two-proportion Z test with Yates continuity correction
implemented. Logistic regression was used to examine
the responses to the questions about participants’ atti-
tudes to the frequency of testing stated in guidelines and
how often testing was being performed. The two most
common responses were used as the dependent vari-
ables (‘probably about right” and ‘too frequent’) and inde-
pendent variables in the model were country of practice,
sex, years of experience, number of times a participant
changes a ¢<sDMARD dose per month and number of
half day outpatient consulting sessions. All analyses were
performed in R; linear regression was performed with
the Im() function and logistic regression with the glm()
function.

Ethics

Ethical approval was provided by the Royal Brisbane &
Women’s Hospital Human Research Ethics Committee
(LNR/2020/QRBW/69723). A statement at the start of
the survey (see Supplementary data) informed the par-
ticipant that if they proceeded to complete the survey we
would take this as consent to participate. This approach
to consenting participants was approved by the ethics
committee, therefore we did not seek or obtain written
informed consent.

Results

Of 251 responses, 221 confirmed that they were rheuma-
tologists or rheumatology trainees. Not all respondents
completed the full survey. As the demographic items
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were at the end of the survey, complete demographic
details were only available for 150 respondents (67.9%).
Based upon the demographic data that were available,
the majority of respondents were working in Australia
(n=53, 35%) or the USA (n=39, 26%), with a wide range
of other countries making up the remainder (Table 1).
There was a broad representation of primary work envi-
ronment, experience and gender.

Almost all respondents indicated that regular blood
monitoring in an uncomplicated patient on a range of
commonly used csDMARDs would include liver function
tests (LFTs), full blood count (FBC) and renal function
assessment (Table 2).

There was substantial variation in the preferred moni-
toring frequency for patients prescribed methotrexate,
with a stepwise reduction in frequency over multiple
stages generally preferred by most respondents (Table 3).
Only 28 (13%) respondents reported using only one fixed
monitoring schedule (most commonly every 3 months),
while the remainder of respondents used two or more
stages. For those using two stages (n=88, 42%), most
monitored more frequently in the first stage (most

Table 1 Demographic details of respondents, N = 150

N (%)*

Country of practice

Australia 53 (35)

USA 39 (26)

New Zealand 9 (6)

United Kingdom 9(6)

Ireland 8 (5)

Other (7 or less responses)* 3221
Sex

Male 84 (56)

Female 66 (44)
Years in rheumatology practice

<2 years 7 (5)

2-5 years 3221

6-10 years 28 (19)

11-20 years 40 (27)

>20 years 43 (29)
Primary work setting

Private practice 48 (32)

Public practice 79 (53)

Evenly split between public and private 23(15)

2 Percentages are all rounded to the nearest whole number (including 0 and
100) and thus some differing raw numbers show the same percent and non-0
raw numbers may show 0%

# Demographic data unavailable for whole cohort (N=221)

*Canada, Italy, Denmark, Latvia, Philippines, Bangladesh, Columbia, Dominican
Republic, Ecuador, Finland, France, Germany, Greece, Honduras, India, Mauritius
and Mexico
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Table 2 Number (percent) who reported requesting full blood count, renal and liver function tests by csDMARD, N =210
c¢sDMARD FBC (N, %)* eGFR (N, %)* LFT (N, %)* None (N, %)* Drug not
prescribed (N,
%)*
Methotrexate 209 (100%) 199 (95%) 0 (100%) 2(1%) 0 (0%)
Leflunomide 205 (98%) 186 (89%) 204 (97%) 1 (0%) 5 (2%)
Sulfasalazine 204 (97%) 175 (83%) 201 (96%) 3(1%) 3(1%)
Hydroxychloroquine 76 (36%) 68 (32%) 60 (29%) 128 (61%) 0 (0%)
Azathioprine 208 (99%) 187 (89%) 206 (98%) 1 (0%) 2 (1%)
Mycophenolate 202 (96%) 185 (88%) 195 (93%) 2 (1%) 8 (4%)
Tacrolimus and other Calcineu- 135 (64%) 134 (64%) 129 (61%) 3 (1%) 74 (35%)

rin Inhibitors

FBC full blood count, eGFR estimated glomerular filtration rate, LFT liver function tests

# Laboratory monitoring data unavailable for whole cohort (N=221)

" Percentages are all rounded to the nearest whole number (including 0 and 100) and thus some differing raw numbers show the same percent and non-0 raw

numbers may show 0%

Table 3 Frequency of laboratory monitoring of methotrexate in each stage of respondents’ preferred schedule by respondent
percentage, N = 188"

Schedule (N, %)* Weekly (N, %)* Every 2 Monthly (N, %)* Every 2 Every 3 Every 4 Every 6 Yearly (N, %)*
Weeks (N, Months (N, Months (N, Months (N, Months (N,
%)* %)* %)* %)* %)*
1 Stage (27, 14%)
Stage 1 0 (0%) 0 (0%) 7 (26%) 4 (15%) 13 (48%) 3(11%) 0 (0%) (0%)
2 Stages (82, 44%)
Stage 1 (1%) 10 (12%) 63 (77%) 4 (5%) 4 (5%) 0 (0%) 0 (0%) 0 (0%)
Stage 2 0 (0%) 0 (0%) 7 (9%) 9(11%) 61 (74%) 2 (2%) 1(1%) 2 (2%)
3 Stages (63, 34%)
Stage 1 4 (6%) 35 (56%) 23 (37%) 0 (0%) 0 (0%) 0 (0%) 1 (2%) 0 (0%)
Stage 2 0 (0%) 1(2%) 33 (52%) 20 (32%) (13%) 0 (0%) 1 (2%) 0 (0%)
Stage 3 0 (0%) 0 (0%) 0 (0%) 4 (6%) (81%) 3 (5%) 3 (5%) 2 (3%)
4 Stages (16, 9%)
Stage 1 0 (0%) 4 (25%) 11 (69%) 0 (0%) 1(6%) 0 (0%) 0 (0%) 0 (0%)
Stage 2 0 (0%) 0 (0%) 6 (38%) 5(31%) 4 (25%) 0 (0%) 1 (6%) 0 (0%)
Stage 3 0 (0%) 0 (0%) 3(19%) 4 (25%) 6 (38%) 1 (6%) 2 (13%) 0 (0%)
Stage 4 0 (0%) 0 (0%) 2 (13%) 0 (0%) 10 (63%) 1 (6%) 2 (13%) 1 (6%)

* Frequency data unavailable for whole cohort (N=221)

*Percentages are all rounded to the nearest whole number (including 0 and 100) and thus some differing raw numbers show the same percent and non-0 raw

numbers may show 0%

commonly monthly), followed by every three months
thereafter. There was no relationship between ongoing
monitoring rate and practitioner characteristics includ-
ing sex, years of experience, practice setting, number of
half-day sessions or number of estimated changes to csD-
MARD doses made per month.

Despite their varied side effect profiles, other csD-
MARDs were monitored in a similar pattern to
methotrexate (Table 4A). Leflunomide monitor-
ing was approximately the same as methotrexate for
90% of respondents. 75 (40%) respondents monitored

sulfasalazine less frequently. Most participants reported
that they did not change monitoring frequency when
prescribing combination csDMARDs, except for the
combination of methotrexate and leflunomide where
most reported an increase in monitoring (Table 4B). An
increase in the frequency of monitoring was reported for
patients with comorbidities including fatty liver (69%)
or other liver disease (73%), increased alcohol intake
(60%), cytopenias (84%), or impaired renal function (70%,
Table 4C). Age >80 years old also led to an increase in
monitoring in 45% of respondents.
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Table 4 (A) Relative monitoring frequency for each csDMARD compared to methotrexate by respondent percentage, N= 187" (B)
change in monitoring frequency for each csDMARD combination by respondent percentage, N=173% (C) change in monitoring

frequency for each co-morbidity by respondent percentage, N= 173"
A: csDMARD More (N, %)* Less (N, %)* Equal (N, %)* No monitoring (N, Not
%)* prescribed
(N, %)*
(A
Leflunomide 8 (4%) 8 (4%) 168 (90%) 0 (0%) 3(2%)
Sulfasalazine 12 (6%) 75 (40%) 97 (52%) 1 (1%) 2 (1%)
Hydroxychloroquine 0 (0%) 81 (43%) 20 (11%) 86 (46%) 0 (0%)
Azathioprine 33 (18%) 7 (4%) 141 (75%) 1 (1%) 5 (3%)
Mycophenolate 26 (14%) 11 (6%) 142 (76%) 0 (0%) 8 (4%)
Tacrolimus and other calcineurin inhibitors 30 (16%) 4 (2%) 81 (43%) 4 (2%) 68 (36%)
c¢sDMARD combination More (N, %)* Less (N, %)* Equal (N, %)* Not
prescribed
(N, %)*
(B)
Methotrexate/leflunomide 76 (44%)* 0 (0%) 73 (42%) 24 (14%)
Methotrexate/sulfasalazine 19 (11%) 2 (1%) 145 (84%) 7 (4%)
Methotrexate/hydroxychloroquine 4 (2%) 3 (2%) 166 (96%) 0 (0%)
Sulfasalazine/hydroxychloroquine 3 (2%) 16 (9%) 147 (85%) 7 (4%)
Leflunomide/hydroxychloroquine 6 (3%) 3 (2%) 154 (89%) 10 (6%)
Sulfasalazine/leflunomide 28 (16%) 2 (1%) 131 (76%) 12 (7%)
Co-morbidity More (N, %)* Less (N, %)* Equal (N, %)* Cease csDMARD
(N, %)*
(@)
Obesity 26 (15%)* 1 (1%) 146 (84%) 0 (0%)
Fatty liver disease 120 (69%) 2 (1%) 51 (29%) 0 (0%)
Other liver disease 126 (73%) 2 (1%) 35 (20%) 10 (6%)
Alcohol intake above NHMRC Guideline 104 (60%) 1 (1%) 47 (27%) 21 (12%)
Existing cytopenias 145 (84%) 0 (0%) 19 (11%) 9 (5%)
eGFR<30 121 (70%) 1 (1%) 20 (12%) 31 (18%)
eGFR 30-60 75 (43%) 3(2%) 93 (54%) 2 (1%)
18-60 years old 3 (2%) 8 (5%) 162 (94%) 0 (0%)
60-80 years old 3(19%) 4 (2%) 136 (79%) 0 (0%)
>80 years old 78 (45%) 2 (1%) 89 (51%) 4 (2%)

# Change in monitoring frequency data unavailable for whole cohort (N =221)

*Percentages are all rounded to the nearest whole number (including 0 and 100) and thus some differing raw numbers show the same percent and non-0 raw

numbers may show 0%

Self-reported responses to changes in blood tests
results over time were highly variable. When prescrib-
ing methotrexate, a majority (n =94, 54%) of respondents
reported that they would not act on trends in FBC or LET
if results were within the normal range, while 38 (22%)
reported that they commonly would and 37 (21%) would
sometimes. In a typical patient on a csDMARD (exclud-
ing hydroxychloroquine), moderate lymphopenia (0.2—
0.5 10°/L) or a neutrophil count of 0.51-0.8 x 10°/L. was
the most common threshold for immediate suspension
of a csDMARD (Additional file 2: Table S1). Respondents

showed great variation in what abnormal liver transami-
nases would precipitate a reduction or suspension of csD-
MARD prescription (Table 5). The response to abnormal
platelet and haemoglobin results was similar (Additional
file 3: Table S2, Additional file 4: Table S3).

Most considered that current guideline advice regard-
ing the frequency of monitoring is about right (n=283,
55%) but over a third (n=56, 37%) considered that it
was too frequent. Most respondents considered the fre-
quency of monitoring for oral csDMARDs by rheuma-
tologists to be about right (n =87, 58%), while a minority
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Table 5 Least severe event regarding ALT/AST monitoring precipitating a change in methotrexate prescription by respondent (%),

N=150"

Event Change in prescription Respondent (N, %)*
Any None 0 (0%)
<2ULN ALT/AST Reduce dose 36 (24%)
<2ULN ALT/AST Suspend drug 9 (6%)
2-3 ULN ALT/AST Reduce dose 29 (19%)
2-3 ULN ALT/AST Suspend drug 16 (11%)
>3 ULN ALT/AST Reduce dose 6 (4%)
>3 ULN ALT/AST Suspend drug 12 (8%)
Multiple rising ALT/AST with most recent <2 ULN ALT/AST Reduce or suspend drug 19 (13%)
Multiple rising ALT/AST with most recent 2-3 ULN ALT/AST Reduce or suspend drug 12 (8%)
Multiple rising ALT/AST with most recent>3 ULN ALT/AST Reduce or suspend drug 7 (5%)
Other Individual 4 (3%)

# Impact of monitoring data unavailable for whole cohort (N=221)

*Percentages are all rounded to the nearest whole number (including 0 and 100) and thus some differing raw numbers show the same percent and non-0 raw

numbers may show 0%

considered it was either too frequent (n =40, 27%) or not
frequent enough (n=38, 5%).

Male respondents were significantly more likely to feel
that monitoring was being performed too frequently
with “probably about right/too frequent/not frequent
enough/other” responses of 48%/41%/6%/5%, and female
respondents 65%/15%/5%/14% (P=0.02). In logistic
regression only female sex significantly affected this
result (OR 3.4, 95%CI 1.5-7.6). This was also reflected
in responses to the question about whether respondents
felt the monitoring frequency recommended by guide-
lines was “probably about right/too frequent/not fre-
quent enough” with males responding 64%/26%/1%, and
females 44%/51%/2% (P<0.01). In logistic regression
only female sex significantly affected this result (OR 2.7,
95%CI 1.3-5.7).

Female respondents were significantly more likely to
act on trends within normal ranges than male respond-
ents, with “yes/no/not sure/sometimes” responses of
29%/45%/1%/25% for females and 15%/67%/2%17% for
males (P<0.01). Females also ceased ¢sDMARDs for
higher levels of lymphopenia compared to male respond-
ents, 30%/44%/21%/5% (females) and 47%/42%/11%/0%
(males) for<0.02/>0.2—<0.5/>0.5—<0.8/>0.8 x 10°/L
respectively (P=0.02).

Most respondents reported ceasing or changing a csD-
MARD less than once per month (n=63, 42%), followed
by 1-2 changes per month (31%). In univariate linear
regression there was no significant relationship between
the number of outpatient consultation sessions per week
worked and the number of times per month respondents
would cease or change a csDMARD (adjusted r2=0.004,
P=0.21).

Discussion

Our study has shown that rheumatologists and trainees
are ordering consistent types of monitoring tests, but
they are doing so in a wide variety of frequencies. Co-
morbidities commonly increase monitoring frequency
but only a combination of methotrexate and lefluno-
mide generally increase monitoring frequency. There is
also a wide variety of different actions, or inactions, in
response to abnormal monitoring tests. Many feel that
both the frequency of monitoring suggested by guide-
lines and the monitoring frequency being performed in
clinical practice was too frequent.

Of interest, male respondents also reported greater
tolerance of significant abnormalities in monitoring
tests before acting. Compared with female respondents,
male respondents also reported feeling that monitor-
ing tests were being performed too frequently, and that
recommended testing frequencies in guidelines were
too frequent. This may reflect the sex differences in risk
taking that have been observed when taking a range of
different risks including hypothetical choices, financial
risks, health risks and intellectual risk taking [13, 14].

Participants reported that they monitored some
combinations of csDMARD more frequently, includ-
ing methotrexate-leflunomide. Some studies, but not
all, have shown that combining methotrexate and
leflunomide causes an increased incidence of liver test
abnormalities so the value of potentially increasing
monitoring is unknown [15-18]. There was no rela-
tionship seen between the volume of clinical work a
respondent did and the frequency that they changed
¢sDMARDs dosing on their patients. This suggests that
there exists substantial practice variation regarding
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dose changes of csDMARDs in response to abnormal
monitoring tests.

The study was anonymous and therefore allowed
respondents to not be impeded by any perceived scru-
tiny from others in expressing their opinions. The limi-
tations of this work include the small size. Due to the
design and distribution method of the study, the results
may not be broadly representative, however the results
paint a picture of wide variation even in this small sam-
ple. The study cannot examine practice only self-reported
practice; although it seems very unlikely that wide varia-
tions in stated practice and attitudes would not result in
wide variation in practice. Finally, while these results are
the stated attitudes and behaviour of clinicians, they may
not actually reflect, and likely do not accurately reflect,
the monitoring being completed by patients. These limi-
tations could be addressed by reminders to improve
response rate, and performing studies where data is col-
lected to assess the actual behaviour of clinicians and not
just their opinions and attitudes.

Part of the impetus for this work included the daily
experience of many rheumatologists who review moni-
toring tests which are normal or near normal and do
not precipitate changes in csDMARD therapies. While
it is important to monitor patients using csDMARDs
for known adverse events such as methotrexate-induced
liver fibrosis or neutropenia, it would seem evident that
it is unclear what the optimal regimen is to both protect
our patients but also make good use of limited health
resources. With a prevalence of immune-mediated dis-
ease in the population of up to 9%, the use of immune
modulating drugs is widespread, estimated at around
2.8% of the US insured population [19]. Laboratory mon-
itoring consumes not only direct financial costs, but the
time of patients and clinicians to order, collect and review
the tests [20]. This work has potential relevance for other
medical specialities that have extensive use of immune-
modulating drugs such as immunology, gastroenterology,
dermatology, and neurology.

Recent work from a United Kingdom primary care
study found that the cumulative incidence of methotrex-
ate discontinuation is 1 in 24 in the first year for abnor-
mal tests and 1 in 169 for severely abnormal tests [21].
This rate decreases to 1 in 45 and 1 in 352 for abnormal
and severely abnormal tests respectively per year there-
after. Equivalent leflunomide discontinuation rates are
lower. This would suggest that severely abnormal blood
tests precipitating discontinuation are uncommon.
There is a definite ongoing need for monitoring tests, but
the value of current monitoring regimens is currently
uncertain.

Efforts to improve the value of care that is provided in
medicine have been widespread [22]. In rheumatology
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this has included the Choosing Wisely projects in Aus-
tralian, US and Canadian rheumatology [23-25]. If we
are to afford new, and often more expensive technology,
for the benefit of our patients, we have to ensure we are
providing the best value for money with our current
resources [10].

The most important next step is to determine
through high quality clinical trials the optimal moni-
toring frequency for each drug, co-morbidity and
combination. This work can then support high quality
evidence-based guidelines that has the potential to lead
to improvements in the quality and value of care we
provide to our patients.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/541927-022-00290-y.

Additional file 1. csDMARD Monitoring Survey.

Additional file 2. Supplementary Table 1. Least severe event regarding
neutrophils or lymphocytes causing a corresponding change in metho-
trexate prescription by respondent percentage, N = 150.

Additional file 3. Supplementary Table 2. Least severe event regarding
thrombocytopenia precipitating an immediate suspension of the pre-
scribed csDMARD, N = 150.

Additional file 4. Supplementary Table 3. Least severe event regard-
ing anaemia precipitating an immediate suspension of the prescribed
¢sDMARD, N = 150.

Acknowledgements
None.

Author contributions
JT, PR conceived the study. All authors planned the study. JT and PR per-
formed the study. All authors read and approved the final manuscript.

Funding
This study received no funding. RB is supported by an Australian National
Health and Medical Research Council (NHMRC) Investigator Fellowship.

Availability of data and materials
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was provided by the Royal Brisbane & Women's Hospital
Human Research Ethics Committee (LNR/2020/QRBW/69723). A statement at
the start of the survey (see Supplementary data) informed the participant that
if they proceeded to complete the survey we would take this as informed con-
sent to participate. This approach to consenting participants was approved

by Royal Brisbane & Women'’s Hospital Human Research the ethics committee,
therefore we did not seek or obtain written informed consent. All methods
were performed in accordance with the relevant guidelines and regulations.

Consent for publication
Not required.

Competing interests
JT: None. DFL: None. CA: None. RB: RB reports no conflicts of interest. CH: CH
reports no personal fees and grant funding from Vifor Pharmaceuticals. CH


https://doi.org/10.1186/s41927-022-00290-y
https://doi.org/10.1186/s41927-022-00290-y

Tsakas et al. BMC Rheumatology (2022) 6:59

reports speaking at Janssen symposium with no personal fees. SP: SP reports
personal fees from Janssen and Boehringer-Ingelheim and grant funding from
Janssen and Glaxo Smith Kline. SW: SW reports no conflicts of interest. PCR: PR
reports personal fees from Abbvie, Atom Biosciences, Eli Lilly, Gilead, Janssen,
Novartis, UCB, Roche, Pfizer; meeting attendance support from BMS, Eli Lilly,
Pfizer and UCB Pharma and grant funding from Janssen, Novartis, Pfizer and
UCB Pharma.

Author details

"University of Queensland School of Clinical Medicine, Faculty of Medicine,
Royal Brisbane and Women's Hospital, Herston, QLD 4006, Australia. *Depart-
ment of Rheumatology, Austin Health, Heidelberg, VIC, Australia. *Depart-
ment of Clinical Pharmacology and Therapeutics, Austin Health, Heidelberg,
VIC, Australia. “Department of Medicine, University of Melbourne, Parkville,
VIC, Australia. °Department of Rheumatology, Royal Prince Alfred Hospital,
Camperdown, NSW, Australia. Discipline of Medicine, University of Adelaide,
Adelaide, SA, Australia. ’Rheumatology Unit, Royal Adelaide Hospital, Adelaide,
SA, Australia. 8Rheumatology Unit, The Queen Elizabeth Hospital, Adelaide, SA,
Australia. °Monash-Cabrini Department of Musculoskeletal Health and Clinical
Epidemiology, Cabrini Health, Melbourne, Australia. '°Department of Epidemi-
ology and Preventive Medicine, School of Public Health and Preventive Medi-
cine, Monash University, Melbourne, Australia. ''Royal Brisbane and Women'’s
Hospital, Metro North Hospital and Health Service, Herston, QLD, Australia.

Received: 13 March 2022 Accepted: 11 July 2022
Published online: 17 October 2022

References

1. Walker AM, Funch D, Dreyer NA, Tolman KG, Kremer JM, Alarcon GS,
et al. Determinants of serious liver disease among patients receiv-
ing low-dose methotrexate for rheumatoid arthritis. Arthritis Rheum.
1993;36(3):329-35.

2. Schmajuk G, Miao 'Y, Yazdany J, Boscardin WJ, Daikh DI, Steinman MA.
Identification of risk factors for elevated transaminases in methotrexate
users through an electronic health record. Arthritis Care Res (Hoboken).
2014,66(8):1159-66.

3. Fraenkel L, Bathon JM, England BR, St Clair EW, Arayssi T, Carandang K,
etal. 2021 American College of Rheumatology Guideline for the treat-
ment of rheumatoid arthritis. Arthritis Rheumatol. 2021;73(7):1108-23.

4. Ledingham J, Gullick N, Irving K, Gorodkin R, Aris M, Burke J, et al. BSR
and BHPR guideline for the prescription and monitoring of non-biologic
disease-modifying anti-rheumatic drugs. Rheumatology (Oxford).
2017;56(6):865-8.

5. Smolen JS, Landewe RBM, Bijlsma JWJ, Burmester GR, Dougados M,
Kerschbaumer A, et al. EULAR recommendations for the management
of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2019 update. Ann Rheum Dis. 2020;79(6):685-99.

6. Rigby WFC, Lampl K, Low JM, Furst DE. Review of routine laboratory
monitoring for patients with rheumatoid arthritis receiving biologic or
nonbiologic DMARDs. Int J Rheumatol. 2017,2017:9614241.

7. Marmor MF, Kellner U, Lai TY, Melles RB, Mieler WF, American Academy of
0. Recommendations on screening for chloroquine and hydroxychloro-
quine retinopathy (2016 Revision). Ophthalmology. 2016;123(6):1386-94.

8. Yusuf IH, Foot B, Galloway J, Ardern-Jones MR, Watson SL, Yelf C, et al.
The Royal College of Ophthalmologists recommendations on screening
for hydroxychloroquine and chloroquine users in the United Kingdom:
executive summary. Eye (Lond). 2018;32(7):1168-73.

9. Liew DFL, Dau J, Robinson PC. Value-based healthcare in rheumatology:
axial spondyloarthritis and beyond. Curr Rheumatol Rep. 2021,23(6):36.

10. ScottIA, Elshaug AG, Fox M. Low value care is a health hazard that calls
for patient empowerment. Med J Aust. 2021;215:101.

11. Gvozdenovic E, Allaart CF, van der Heijde D, Ferraccioli G, Smolen JS,
Huizinga TW, et al. When rheumatologists report that they agree with
a guideline, does this mean that they practise the guideline in clinical
practice? Results of the International Recommendation Implementation
Study (IRIS). RMD Open. 2016;2(1):e000221.

12. Singh JA, Saag KG, Bridges SL Jr, Akl EA, Bannuru RR, Sullivan MC, et al.
2015 American College of Rheumatology Guideline for the treatment of
rheumatoid arthritis. Arthritis Rheumatol. 2016;68(1):1-26.

Page 8 of 8

13. Charness G, Gneezy U. Strong evidence for gender differences in risk tak-
ing. J Econ Behav Organ. 2012;83:50-8.

14. Byrnes JB, Miller DC, Schafer WD. Gender differences in risk taking: a meta-
analysis. Psychol Bull. 1999;125(3):367-83.

15. Bird P, Griffiths H, Tymms K, Nicholls D, Roberts L, Arnold M, et al. The
SMILE study—safety of methotrexate in combination with leflunomide in
rheumatoid arthritis. J Rheumatol. 2013;40(3):228-35.

16. Bredemeier M, Ranza R, Kakehasi AM, Ranzolin A, da Silveira IG, Ribeiro
ACM, et al. Safety of the methotrexate-leflunomide combination in
rheumatoid arthritis: results of a multicentric, registry-based, cohort study
(BiobadaBrasil). J Rheumatol. 2021;48:1519-27.

17. Kremer J, Genovese M, Cannon GW, Caldwell J, Cush J, Furst DE, et al.
Combination leflunomide and methotrexate (MTX) therapy for patients
with active rheumatoid arthritis failing MTX monotherapy: open-label
extension of a randomized, double-blind, placebo controlled trial. J
Rheumatol. 2004;31(8):1521-31.

18. Curtis JR, Beukelman T, Onofrei A, Cassell S, Greenberg JD, Kavanaugh A,
et al. Elevated liver enzyme tests among patients with rheumatoid arthri-
tis or psoriatic arthritis treated with methotrexate and/or leflunomide.
Ann Rheum Dis. 2010;69(1):43-7.

19. Wallace Bl, Kenney B, Malani PN, Clauw DJ, Nallamothu BK, Waljee AK.
Prevalence of immunosuppressive drug use among commercially
insured US adults, 2018-2019. JAMA Netw Open. 2021;4(5):e214920.

20. Cooper GS, Bynum ML, Somers EC. Recent insights in the epidemiology
of autoimmune diseases: improved prevalence estimates and under-
standing of clustering of diseases. J Autoimmun. 2009;33(3-4):197-207.

21. Nakafero G, Grainge MJ, Card T, Mallen CD, Zhang W, Doherty M, et al.
What is the incidence of methotrexate or leflunomide discontinuation
related to cytopenia, liver enzyme elevation or kidney function decline?
Rheumatology (Oxford). 2021;60:5785-94.

22. Levinson W, Kallewaard M, Bhatia RS, Wolfson D, Shortt S, Kerr EA, et al.
"Choosing Wisely”: a growing international campaign. BMJ Qual Saf.
2015;24(2):167-74.

23. Chow SL, Carter Thorne J, Bell MJ, Ferrari R, Bagheri Z, Boyd T, et al.
Choosing wisely: the Canadian Rheumatology Association's list of 5 items
physicians and patients should question. J Rheumatol. 2015;42(4):682-9.

24. Morrisroe K, Nakayama A, Soon J, Arnold M, Barnsley L, Barrett C, et al.
EVOLVE: The Australian Rheumatology Association’s “top five”list of inves-
tigations and interventions doctors and patients should question. Intern
Med J. 2018/48(2):135-43.

25. Yazdany J, Schmajuk G, Robbins M, Daikh D, Beall A, Yelin E, et al. Choos-
ing wisely: the American College of Rheumatology’s Top 5 list of things
physicians and patients should question. Arthritis Care Res (Hoboken).
2013;65(3):329-39.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Attitudes and practices in the laboratory monitoring of conventional synthetic disease modifying anti-rheumatic drugs by rheumatologists and rheumatology trainees
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Key messages
	Introduction
	Methods
	Design
	Survey tool
	Data analysis
	Ethics

	Results
	Discussion
	Acknowledgements
	References


