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Abstract
Background There is no evidence base to support the use of 6-monthly monitoring blood tests for the early detection of liver, blood and renal 
toxicity during established anti-tumour necrosis factor alpha (TNFα) treatment.

Objectives To evaluate the incidence and risk factors of anti-TNFα treatment cessation owing to liver, blood and renal side-effects, and to 
estimate the cost-effectiveness of alternate intervals between monitoring blood tests.

Methods A secondary care-based retrospective cohort study was performed. Data from the British Association of Dermatologists 
Biologic and Immunomodulators Register (BADBIR) were used. Patients with at least moderate psoriasis prescribed their first anti-TNFα 
treatment were included. Treatment discontinuation due to a monitoring blood test abnormality was the primary outcome. Patients were 
followed-up from start of treatment to the outcome of interest, drug discontinuation, death, 31 July 2021 or up to 5 years, whichever came 
first. The incidence rate (IR) and 95% confidence intervals (CIs) of anti-TNFα discontinuation with monitoring blood test abnormality was 
calculated. Multivariate Cox regression was used to examine the association between risk factors and outcome. A mathematical model 
evaluated costs and quality-adjusted life years (QALYs) associated with increasing the length of time between monitoring blood tests dur-
ing anti-TNFα treatment.

Results The cohort included 8819 participants [3710 (42.1%) female, mean (SD) age 44.76 (13.20) years] that contributed 25 058 person-
years (PY) of follow-up and experienced 125 treatment discontinuations owing to a monitoring blood test abnormality at an IR of 5.85 (95% 
CI 4.91–6.97)/1000 PY. Of these, 64 and 61 discontinuations occurred within the first year and after the first year of treatment start, at IRs 
of 8.62 (95% CI 6.74–11.01) and 3.44 (95% CI 2.67–4.42)/1000 PY, respectively. Increasing age (in years), diabetes and liver disease were 
associated with anti-TNFα discontinuation after a monitoring blood test abnormality [adjusted hazard ratios of 1.02 (95% CI 1.01–1.04), 1.68 
(95% CI 1.00–2.81) and 2.27 (95% CI 1.26–4.07), respectively]. Assuming a threshold of £20 000 per QALY gained, no monitoring was most 
cost-effective, but all extended periods were cost-effective vs. 3- or 6-monthly monitoring.

Conclusions Anti-TNFα drugs were uncommonly discontinued owing to abnormal monitoring blood tests after the first year of treatment. 
Extending the duration between monitoring blood tests was cost-effective. Our results produce evidence for specialist society guidance to 
reduce patient monitoring burden and healthcare costs.
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Anti-tumour necrosis factor alpha (TNFα) drugs are used in 

the treatment of psoriasis resistant to topical therapies and 

first-line nonbiologic systemic treatments such as methotrex-

ate.1 Although effective, they can cause cytopenia and ele-

vated liver enzymes. Concern about these side-effects led 

the British Association of Dermatology (BAD) to recommend 

monitoring with full blood count, liver function tests (LFTs), 

and urea electrolytes and creatinine at least every 6 months 

during long-term established anti-TNFα treatment.1 On the 

contrary, the American Academy of Dermatology does not 

recommend a fixed monitoring schedule, but leaves the 

decision on whether to monitor with blood tests – and the 

frequency of testing – to the patients’ dermatologist for all 

anti-TNFα drugs except for infliximab, for which 6-monthly to 

annual blood test monitoring is recommended.2 This is most 

likely owing to a higher reported risk of thrombocytopenia, 

neutropenia and hepatotoxicity with infliximab.3,4

There is no evidence base to support the use of monitoring 

blood tests for the early detection of toxicity after the first few 

months of anti-TNFα treatment and the cost-effectiveness 

of different monitoring strategies has never been evaluated. 

Previous studies have reported low rates of hepatotoxicity 

and cytopenia with anti-TNFα drugs in psoriasis, and that the 

risk of hepatotoxicity was increased in those concomitantly 

treated with methotrexate.5,6 To support evidence-based 

practice and better use of healthcare resources, we con-

ducted a retrospective cohort study to evaluate the incidence 

of anti-TNFα discontinuation owing to cytopenia, transamini-

tis or acute kidney injury; to ascertain the risk factors for this 

outcome; and to perform a health economic evaluation of 

alternate intervals between monitoring blood tests.

Materials and methods

Data source

Data from the BAD Biologic and Immunomodulators Register 

(BADBIR) were used in this study.7 The BAD established 

an online pharmacovigilance register (BADBIR) to assess 

the long-term safety of biologics prescribed for patients 

with moderate-to-severe psoriasis. Following baseline data 

acquisition, hospital clinicians recorded changes in therapy, 

disease activity, changes in treatment (including reasons for 

stopping treatment) and adverse events. Data on death and 

malignancy were obtained from linkages with the National 

Health Service Information Centre system.

Study design

This study protocol was approved by the BADBIR steering 

committee. It was a retrospective cohort study encompass-

ing the period 1 October 2007 to 31 July 2021.

Study population

Adults (aged ≥ 18 years) with psoriasis with or without 

arthritis prescribed their first anti-TNFα drugs were eligible. 

There were no exclusion criteria in terms of comorbidities 

or concurrent drug prescriptions. In the UK and Republic of 

Ireland (ROI), anti-TNFα drugs are prescribed from hospital 

outpatient clinics. The hospital team also organizes monitor-

ing blood tests and acts on any abnormalities.

Follow-up

Patients were followed-up from their first anti-TNFα prescrip-

tion until the outcome of interest, death, treatment discontin-

uation, 31 July 2021 or up to 5 years – whichever came first.

Outcome

Anti-TNFα discontinuation owing to a monitoring blood 

test abnormality was the outcome of interest and was 

ascertained using the information about reason(s) for stop-

ping treatment specified in BADBIR. Where the reason 

for stopping treatment was recorded only as an ‘adverse 

event’, ‘adverse event and inefficacy’, ‘other’ or ‘death’, 

What does this study add?

• It was uncommon for anti-TNFα drugs to be discontinued for hepatic, renal or haematological side-effects; this was even less fre-

quent after 1 year of treatment.

• Age, pre-existing liver disease and diabetes were independent risk factors.

• Assuming a threshold of £20 000/quality-adjusted life years, monitoring 6-monthly, annually and biennially was more cost-effective 

than monitoring 3-monthly; and monitoring annually and biennially was more cost-effective than monitoring 6-monthly.

• These findings should be used to rationalize monitoring for asymptomatic blood, kidney or liver toxicity during established anti-TNFα 

treatment.

What is already known about this topic?

• Hepatic, haematological and renal toxicity due to anti-tumour necrosis factor alpha (TNFα) drugs are uncommon during long-term 

treatment.

• Despite lack of evidence, all patients established on anti-TNFα treatment in the UK are required to undergo 6-monthly blood tests 

for the early detection of such toxicity.

• Risk factors for these side-effects are poorly understood and whether it would be cost-effective to reduce the frequency of monitor-

ing blood tests is unknown.
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the descriptions of the adverse event in the free text and 

MedDRA coding were manually reviewed to ascertain out-

comes related to side-effects of interest.

Blood test data from the 6-month period before stopping 

anti-TNFα treatment were used to ascertain whether the 

treatment was stopped for leukopenia, thrombocytope-

nia or elevated liver enzymes. The estimated glomerular 

filtration rate (eGFR) was calculated using the 2021 CKD 

Epidemiology Collaboration (CKD-EPI) equation, which does 

not consider race.8

Risk factors

Age at registration (years), sex, body mass index (BMI), alco-

hol intake [not currently drinking alcohol, and self-reporting 

low (1–14 units weekly), medium (15–21 units weekly) and 

high alcohol intake (≥ 21 units weekly)], diabetes, high cho-

lesterol and a recorded clinical diagnosis of liver disease 

before the date of the first anti-TNFα prescription were the 

risk factors (Table 1). The recorded height and weight at reg-

istration were used to calculate BMI. Age, sex, BMI, alcohol 

intake and diabetes were included as they are associated 

with drug-induced liver injury.3

Statistical analysis

Mean [standard deviation (SD)] and numbers with percent-

ages were used for descriptive statistics. The incidence 

rate (IR) and 95% confidence interval (CI) of outcome per 

1000 person-years (PY) was calculated for the entire fol-

low-up period, for the first 6 months, for the first 12 months 

and for the follow-up period after the first 12 months. 

Multivariable Cox regression was used to examine the 

association between covariates at baseline and outcome of 

interest. Missing data for BMI and alcohol were handled by 

multiple imputation using chained equations. Ten imputa-

tions were carried out, and the imputation model included 

all covariates and the outcome variable. Results from the 

imputed datasets were combined using Rubin’s rule. Data 

management and analysis were performed in STATA v. 16 

(StataCorp, College Station, TX, USA). A P-value < 0.05 was 

considered to be statistically significant.

Health economic methods

Patients were monitored according to each strategy for a 

period of 5 years. An additional monitoring appointment after 

the cessation of treatment as a result of an abnormal blood 

test was assumed. The probability that an abnormal blood 

test would result in an illness because of the extended mon-

itoring period was estimated by the clinical team members, 

based on their experience. This involved a remote video-

conference followed by asynchronous email discussion. The 

rates are provided in Table S1 (see Supporting Information). 

The clinicians erred toward overestimating the risks rather 

than underestimating them. The costs and quality-adjusted 

life year (QALY) losses associated with each condition were 

estimated following targeted literature reviews (Table S2; 

see Supporting Information). A monitoring appointment with 

blood tests was estimated to cost £24.09; details on this 

estimation are provided in Appendix S1 (see Supporting 

Information). No disutility was assumed for attending a 

monitoring appointment. To account for uncertainty in out-

come incidence, health economic analyses considered the 

midpoint and upper and lower 95% CI of the IR from start 

of treatment, from 1 year after the start of treatment and 

within the first year of treatment. It was assumed that these 

risks were distributed exponentially.

For each strategy the costs associated with both monitor-

ing and illness were estimated, as was the loss in QALYs. 

All values were discounted at a value of 3.5% per annum, 

as recommended by the National Institute for Health and 

Care Excellence.9 The results were presented in terms of 

incremental net monetary benefit (iNMB), assuming a cost 

per QALY threshold of £20 000, compared with monitor-

ing every 3 months. The strategy with the greatest iNMB 

value was estimated to be the most cost-effective treat-

ment. Sensitivity analysis considered threefold higher risks 

of illnesses than estimated by the clinicians.

Results

Data for 8819 participants with psoriasis (42.1% female) pre-

scribed their first anti-TNFα agent that contributed 25 058 

PY of follow-up were included in this study. Mean (SD) age 

and BMI were 44.76 (13.20) years and 31.15 (9.44) kg m–2, 

respectively. Of the included participants 6744 (76.5%), 

1718 (19.5%), 281 (3.2%) and 76 (0.9%) were prescribed 

adalimumab, etanercept, infliximab and certolizumab or their 

biosimilars, respectively. Diabetes, high cholesterol, liver 

disease and renal disease were present in 738 (8.4%), 742 

(8.4%), 419 (4.8%) and 131 (1.5%) participants, respectively.

There were 125 anti-TNFα treatment discontinuations for 

abnormal monitoring blood test results at an IR of 5.85 (95% CI 

4.91–6.97)/1000 PY. The IRs of discontinuation of etanercept, 

infliximab, certolizumab and adalimumab or their biosimilars 

for abnormal monitoring blood test results were 8.04 (95% CI 

5.55–11.65), 18.55 (95% CI 10.53–32.66), 9.79 (95% CI 1.38–

69.53) and 4.90 (95% CI 3.96–6.07)/1000 PY, respectively.

Forty-one, 64 and 61 discontinuations owing to abnor-

mal blood test results occurred in the first 6 months, in the 

first year and after the first year of first prescription dur-

ing 4111, 7428 and 17 751 PY of follow-up at IRs of 9.97 

(95% CI 7.34–13.54), 8.62 (95% CI 6.74–11.01) and 3.44 

(95% CI 2.67–4.42)/1000 PY, respectively. The IRs for the 

discontinuation of etanercept, infliximab, certolizumab and 

adalimumab or their biosimilars owing to abnormal blood 

test results after the first year of treatment were 4.63 (95% 

CI 2.63–8.16), 12.30 (95% CI 5.87–25.81), 23.60 (95% CI 

3.32–167.55) and 2.82 (95% CI 2.07–3.83) per 1000 PY.

Blood test results from within the 6 months prior to the 

stop date were available for 75 patients who stopped treat-

ment. Among them, 51 had an alanine transaminase (ALT) 

level of > 40 IU L–1 (of these, 29 had an ALT level > 80 IU L–1 

and 7 had an ALT level > 200 IU L–1); 5 had a total white 

blood cell (WBC) count < 4.0 × 103 cells mL–1 and none 

had a WBC count < 3.0 × 103 cells mL–1; 8 had a plate-

let count < 150 × 103 cells mL–1 (of these, 4 had a plate-

let count <100 × 103 cells mL–1 and none had a platelet 

count < 50 × 103 cells mL–1); 2 had an eGFR < 60 mL min–1, 

with none having an eGFR < 30 mL min–1.

Increasing age, diabetes and liver disease associated 

with anti-TNFα discontinuation with abnormal blood tests 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/b
jd

/a
d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/b

jd
/lja

d
4
3
0
/7

3
3
6
8
2
7
 b

y
 U

n
iv

e
rs

ity
 o

f S
h
e
ffie

ld
 u

s
e
r o

n
 1

8
 J

a
n
u
a
ry

 2
0
2
4



4 Monitoring anti-TNFα treatment, A. Abhishek et al.

in the model adjusted for age, sex, BMI, alcohol intake, pre- 

existing liver disease, diabetes and hypercholesterolaemia 

[adjusted hazard ratios (HRs) 1.02 (95% CI 1.01–1.04), 1.68 

(95% CI 1.00–2.81) and 2.27 (95% CI 1.26–4.07) respec-

tively]. Infliximab was statistically significantly associated 

with a higher likelihood of stopping treatment owing to 

abnormal monitoring blood test results than etanercept 

[unadjusted HR 2.38 (95% CI 1.21–4.67); adjusted HR 2.21 

(95% CI 1.12–4.34)]. Patients on adalimumab had a signifi-

cantly lower risk of stopping treatment owing to abnormal 

monitoring blood test results compared with etanercept on 

univariate analysis (unadjusted HR 0.63, 95% CI 0.41– 0.97); 

the data became nonsignificant after adjustment for covari-

ates (adjusted HR 0.66, 95% CI 0.43–1.03).

Health economic results

The iNMB for each strategy is shown in Figure 1. All extended 

monitoring periods were more cost-effective than 3-monthly 

monitoring. For all deciles, no monitoring was estimated to 

be most cost-effective, although annual and biennial moni-

toring were a considerable improvement on 3-monthly mon-

itoring. Disaggregated results for the base case are shown 

in Table S3 (see Supporting Information), with combined 

results in Table S4 (see Supporting Information). Sensitivity 

analyses using three times the risk of adverse events are 

also shown in Figure 1 and showed similar results to the 

main health economic analysis.

Discussion

In this study of UK and ROI populations we evaluated the 

incidence and risk factors of clinically significant blood test 

abnormalities (i.e. ones that required treatment cessa-

tion) due to anti-TNFα drugs. We also evaluated the cost- 

effectiveness of alternate blood test monitoring strategies. 

Among a cohort of patients with moderate-to-severe pso-

riasis starting anti-TNFα drugs for the first time, we found 

that it was uncommon for treatment to be stopped owing to 

abnormal blood test results, and that this became even less 

common after the first year of treatment. This is consist-

ent with reports that the median interval between starting 

anti-TNFα drugs and drug-induced liver injury and neutro-

penia ranged between 14 to 18 weeks and 12 to 17 weeks, 

respectively, although late-onset liver enzyme elevations 

and neutropenia were also reported in these studies.10–14 

Increasing age and pre-existing liver disease were independ-

ent risk factors for stopping anti-TNFα drugs owing to abnor-

mal monitoring blood test results, consistent with previous 

reports.3 Also consistent with previous reports of a higher 

risk of drug-induced liver injury with infliximab, we found 

Figure 1 Incremental net monetary benefit associated with extended monitoring periods vs. 3-monthly monitoring across different estimated 

risks (top panel). Sensitivity analyses assuming a triple rate of adverse events (bottom panel). The values on the horizontal axes are the incidence 

and upper and lower 95% confidence intervals (CIs) of anti-tumour necrosis factor alpha discontinuations owing to abnormal monitoring blood 

test results during the 5-year follow-up period [5.85 (95% CI 4.91–6.97)/1000 person-years (PY)], during the first year of treatment [8.62 (95% CI 

6.74–11.01)/1000 PY] and after the first year of treatment [3.44 (95% CI 2.67–4.42)/1000 PY)].
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a significantly higher risk of stopping infliximab treatment 

associated with abnormal monitoring blood test results.11,15

Our cost-effectiveness analysis showed that monitoring 

with blood tests every year and every 2 years was more 

cost-effective than monitoring with blood tests every 

3–6 months, and monitoring every 6 months was more 

cost-effective than monitoring every 3 months, although no 

monitoring was most cost-effective. This is a novel finding 

and may be used to reduce the frequency of monitoring 

blood tests in those established on anti-TNFα treatment 

(e.g. after the first 6 months). However, such changes in 

clinical practice should only be implemented once the find-

ings of this study have been considered by the relevant spe-

cialist societies.

In this study, among those who stopped treatment as a 

result of abnormal blood test results, most did so due to 

abnormal LFT results, and of these the vast majority had 

mildly elevated liver enzymes. Only a few participants 

stopped their treatment owing to low WBC and low platelet 

counts. No participant in this study had either leukopenia or 

thrombocytopenia that was severe enough to increase the 

risk of infection and bleeding, respectively. Previous studies 

have reported occasional patients with severe neutropenia 

and infection,13 although severe thrombocytopenia increas-

ing the risk of bleeding was not reported previously, to the 

best of our knowledge. Two patients stopped treatment 

owing to abnormal renal function. This is not unexpected 

as anti-TNFα drugs are occasionally associated with granu-

lomatous interstitial nephritis.16,17

The strengths of this study included the use of a nation-

wide cohort of patients with psoriasis from the UK and 

ROI, increasing the generalizability of the study findings. 

Furthermore, the reasons for stopping treatment were 

systematically documented in BADBIR. Free-text reasons 

for stopping treatment and MedDRA coding were individu-

ally reviewed when there was diagnostic uncertainty. This 

reduced the chances of missing outcome data. Another 

strength was the large sample size – to the best of our knowl-

edge this is the largest study of its kind to date. Nevertheless, 

several limitations need to be considered when interpreting 

the results. Some patients who stopped treatment owing to 

inefficacy and mildly abnormal monitoring blood test results 

were considered to have stopped treatment for abnormal 

blood test results. This may have increased the event rate 

and biased the health economic gain from less-frequent 

monitoring toward null. Lack of information on blood test 

results is another limitation. Information on disease severity 

and concurrent medications was not included in the data 

analysis. Few participants were treated with infliximab and 

certolizumab, which increased the imprecision around esti-

mates of the incidence of side-effects with these drugs.

In conclusion, this study has shown that anti-TNFα drugs 

are uncommonly stopped owing to abnormal monitoring 

blood test results and our health economic analysis showed 

that it is more cost-effective to undertake monitoring blood 

tests annually and biennially than the current practice of 

monitoring every 6 months. The results of this study ought 

to be considered by guideline writing groups so that the 

frequency of monitoring blood tests may be reduced.
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Table 1 Risk factors associated with the discontinuation of anti-tumour 

necrosis factor alpha (TNFα) drugs owing to abnormal blood test 

results

HR (95% CI) aHR (95% CI)

Age, years 1.03 (1.01–1.04) 1.02 (1.01–1.04)
Sex
 Female 1 1
 Male 1.25 (0.88–1.78) 1.31 (0.91–1.89)
BMI (kg m–2)a 1.01 (1.00–1.02) 1.01 (0.99–1.02)
Alcohol (units weekly)b 1.01 (1.00–1.02) 1.01 (1.00–1.02)
 Nondrinker 1 1
 ≤ 14 0.98 (0.64–1.51) 1.09 (0.71–1.69)

 15–21 1.22 (0.67–2.21) 1.39 (0.76–2.56)

 ≥ 21 0.89 (0.44–1.76) 1.03 (0.50–2.10)

Diabetesc

 No 1 1
 Yes 2.16 (1.34–3.49) 1.68 (1.00–2.81)
Liver diseasec

 No 1 1
 Yes 2.66 (1.50–4.72) 2.27 (1.26–4.07)
High cholesterolc

 No 1 1
 Yes 1.01 (0.54–1.87) 0.69 (0.36–1.31)

aHR, adjusted hazard ratio; BMI, body mass index; CI, confidence inter-
val; HR, hazard ratio. aBMI was calculated using height in meters/(weight 
in kg × weight in kg). Data for BMI were missing for 620 participants. 
bData for alcohol intake were missing for 848 participants. cComorbidi-
ties were defined as present if their year of onset preceded the year 
of anti-TNFα prescription, else they were defined as absent. No person 
with kidney disease experienced the outcome of interest.
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Ethics statement

The British Association of Dermatologists Biologic and 

Immunomodulators Register (BADBIR) received approval 

from the North West Research Ethics Committee in March 

2007. All participants provided written informed consent in 

accordance with the Declaration of Helsinki.

Supporting Information

Additional Supporting Information may be found in the 

online version of this article at the publisher’s website.
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