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Population Pharmacokinetics of Trimethoprim/
Sulfamethoxazole: Dosage Optimization for 
Patients with Renal Insufficiency or Receiving 
Continuous Renal Replacement Therapy
Emiel Leegwater1,2,3,*,†, Lauren Baidjoe4,†, Erik B. Wilms1,2 , Leo G. Visser3, Daniel J. Touw5 ,  
Brenda C. M. de Winter4 , Mark G. J. de Boer3, Judith van Paassen6 , Charlotte H. S. B. van den Berg7, 
Joffrey van Prehn8 , Teun van Gelder9  and Dirk Jan A. R. Moes9

The goal of the study was to describe the population pharmacokinetics of trimethoprim, sulfamethoxazole, and 
N-acetyl sulfamethoxazole in hospitalized patients. Furthermore, this study used the model to optimize dosing 
regimens of cotrimoxazole for Pneumocystis jirovecii pneumonia and in patients with renal insufficiency or 
with continuous renal replacement therapy (CRRT). This was a retrospective multicenter observational cohort 
study based on therapeutic drug monitoring (TDM) data from hospitalized patients treated with cotrimoxazole. 
We developed two population pharmacokinetic (POPPK) models: a model of trimethoprim and an integrated 
model with both sulfamethoxazole and N-acetyl sulfamethoxazole concentrations. Monte Carlo simulations were 
performed to determine the optimal dosing regimen. A total of 348 measurements from 168 patients were 
available. The estimated glomerular filtration rate (eGFR) and CRRT were included as covariates on the clearance 
of all three compounds. Cotrimoxazole TID 1,920 mg and b.i.d. 2,400 mg led to sufficient exposure for infections 
with P. jirovecii in patients without renal insufficiency. To reach equivalent exposure, a dose reduction of 33.3% is 
needed in patients with an eGFR of 10 mL/minute/1.73 m2 and of 16.7% for an eGFR of 30 mL/minute/1.73 m2. 
N-acetyl sulfamethoxazole accumulates in patients with a reduced eGFR. CRRT increased the clearance of 
sulfamethoxazole, but not trimethoprim or N-acetyl sulfamethoxazole, compared with the median clearance 
in the population. Doubling the sulfamethoxazole dose is needed for patients on CRRT to reach equivalent 
exposure.

Received April 8, 2024; accepted July 23, 2024. doi:10.1002/cpt.3421

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
	; Cotrimoxazole is an antibiotic combination of trimetho-

prim and sulfamethoxazole, effective against both Gram-
positive and Gram-negative pathogens. Sulfamethoxazole peak 
concentrations above 100 mg/L and trimethoprim concentra-
tions >5 mg/L have been associated with clinical effectiveness 
for Pneumocystis jirovecii pneumonia. Concentrations of sul-
famethoxazole >200 mg/L, its metabolite N-acetyl sulfameth-
oxazole >75 mg/L, and trimethoprim >15 mg/L are associated 
with toxicity. All three components are cleared to some extent 
by renal clearance.
WHAT QUESTION DID THIS STUDY ADDRESS?
	;Which dosing regimens of trimethoprim/sulfameth-

oxazole should be used to reach the target concentrations for 
Pneumocystis jirovecii pneumonia and which dose adjustments 
are needed for patients with renal insufficiency or with continu-
ous renal replacement therapy (CRRT).

WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
	; TID 1,920 mg and b.i.d. 2,400 mg lead to sufficient exposure 

for infections with P. jirovecii in patients without renal insuffi-
ciency. To reach equivalent exposure a dose reduction of 33.3% 
is needed in patients with an eGFR of 10 mL/minute/1.73 m2 
and of 16.7% for an eGFR of 30 mL/minute/1.73 m2. N-acetyl 
sulfamethoxazole accumulates in patients with a reduced eGFR. 
CRRT increased the clearance of sulfamethoxazole, but not tri-
methoprim or N-acetyl sulfamethoxazole, compared with the 
median clearance in the population.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
	; The dosing regimens suggested in this study can enhance 

the utilization of cotrimoxazole in hospitalized patients. The 
population pharmacokinetic models developed in this study 
can also be utilized to optimize treatment with cotrimoxazole 
for other infectious diseases.
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Cotrimoxazole is an antibiotic combination of trimethoprim 
and sulfamethoxazole, effective against both Gram-positive and 
Gram-negative pathogens.1 The drug disrupts the production of 
essential nucleic acids needed for bacterial proliferation and rep-
lication by synergistically inhibiting two consecutive enzymatic 
steps involved in bacterial folinic acid synthesis.1 It has excellent 
tissue penetration and is therefore used for the treatment of var-
ious infections, ranging from infections caused by more resistant 
pathogens (ESBL+ E. coli, MRSA) to Pneumocystis jirovecii pneu-
monia (PCP).1,2

Trimethoprim is primarily eliminated through nonionic renal 
diffusion, with 40–75% of the drug recovered unchanged in 
the urine within 24 h.3,4 Sulfamethoxazole is extensively me-
tabolized into inactive metabolites which are renally excreted. 
Approximately, 16% of sulfamethoxazole is eliminated unchanged 
and 46% as N-acetyl sulfamethoxazole, the predominant me-
tabolite.5–7 Although N-acetyl sulfamethoxazole lacks relevant 
antibacterial activity, this metabolite has been associated with 
concentration-dependent toxicity due to accumulation in patients 
with renal impairment.4,5 Therapeutic drug monitoring (TDM) is 
therefore recommended in patients with impaired renal function 
receiving high-dose cotrimoxazole.

Compared with other antibiotics, the pharmacodynamics of 
cotrimoxazole are poorly understood. It is unclear which phar-
macokinetic/pharmacodynamic (PK/PD) index (f T > MIC, 
Cmax > MIC, or AUC/MIC) best correlates with the efficacy of 
cotrimoxazole.8,9 Target concentrations for trimethoprim and sul-
famethoxazole are predominantly based on theoretical assumptions 
and in vitro measurements rather than an association with clinical 
outcomes. For the treatment of PCP, target concentrations for sul-
famethoxazole and trimethoprim have been suggested and used 
in both research and TDM in clinical practice.8,10,11 Specifically, 
sulfamethoxazole peak concentrations above 100 mg/L and tri-
methoprim concentrations above 5 mg/L are recommended. 
These targets are originally based on two small studies. The first 
study included 26 children with PCP and found that 3–5 mg/L 
for trimethoprim and 100–150 mg/L for sulfamethoxazole re-
sulted in clinical effectiveness.10 The other study included eight 
adults with PCP and reported that trimethoprim concentrations 
below 5.5 mg/L were linked to treatment failure.11 The concentra-
tions associated with toxicity have been studied more extensively: 
concentrations of sulfamethoxazole >200 mg/L, N-acetyl sulfame-
thoxazole >75 mg/L, and trimethoprim >15 mg/L are associated 
with toxicity both in healthy individuals as in patients with PCP. 
concentration-dependent adverse events that have been described 
include hematological toxicity, hyperkalemia, renal failure and cen-
tral nervous system adverse effects.12–15

Studies assessing the optimal initial dosing regimen to reach 
the target concentrations for PCP are lacking. Moreover, limited 
information is available regarding the need for dose reductions 
in patients with reduced renal function or on continuous renal 
replacement therapy (CRRT). Several dosing regimens have 
been proposed for patients with altered renal function, but these 
recommendations lack support from population pharmacoki-
netic (POPPK) simulations that consider both effectiveness and 
toxicity.5,7,16,17

To address these gaps, we conducted a retrospective cohort study 
in hospitalized patients treated with cotrimoxazole. Based on the 
measured serum concentrations, a model for trimethoprim and a 
combined population pharmacokinetic model for sulfamethoxaz-
ole and its metabolite N-acetyl sulfamethoxazole were developed. 
These models enabled us to simulate dose regimens and dose ad-
justments for patients with altered renal function or those receiv-
ing CRRT for PCP.

METHODS
Study design
This multicenter, retrospective cohort study was conducted in three 
university medical centers (Leiden University Medical Center, Erasmus 
MC, and University Medical Center Groningen) in The Netherlands. It 
was approved by the Medical Research Ethics Committee Leiden, Den 
Haag & Delft (reference number: G21.153) and by the boards of the par-
ticipating hospitals. The need for informed consent was waived by the 
Medical Ethics Committee.

Participants and data collection
Patients aged ≥18 years were included when they received therapeutic 
dosages of intravenous or oral cotrimoxazole between January 2016 and 
December 2021, had plasma concentrations of sulfamethoxazole, and/or 
trimethoprim measured during treatment and at least one serum creat-
inine measurement was available. Patients with registered objection for 
the use of their data and patients treated with extracorporeal membrane 
oxygenation (ECMO) treatment or intermittent hemodialysis during 
cotrimoxazole treatment were excluded.

Cotrimoxazole measurement
All cotrimoxazole concentrations were measured as part of routine TDM 
in patients with high-dose cotrimoxazole. The plasma concentrations 
were quantified using validated high-performance liquid chromatogra-
phy with diode-array detection (HPLC-DAD) or liquid chromatography 
with tandem mass spectrometry (LC–MS/MS) in ISO15189 accredited 
laboratories. The method used in the UMCG was an LC–MS/MS 
method and was previously validated.18 LUMC used an LC–MS/MS 
method and Erasmus MC a HPLC-DAD method, these methods are 
described in the supplement file. All laboratories participated in a profi-
ciency testing program for trimethoprim and sulfamethoxazole assuring 
interchangeability of the methods.
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Pharmacokinetic modeling
Nonlinear mixed-effects modeling (NONMEM) with first-order con-
ditional estimation method with interaction (FOCE-I) was used for 
POPPK model building. Two different POPPK models were devel-
oped. The first model described the population pharmacokinetics of 
trimethoprim, and the second model was an integrated model describ-
ing both the pharmacokinetics of sulfamethoxazole and N-acetyl sul-
famethoxazole. For all three components, one- and two-compartment 
models with first-order elimination were explored during the struc-
tural model development. Oral absorption was modeled using first-
order absorption and the biological availability was estimated. A lag 
time on oral absorption was evaluated. No urine concentrations were 
available for sulfamethoxazole or N-acetyl sulfamethoxazole; there-
fore, 40% of the total sulfamethoxazole clearance was estimated to 
be converted to N-acetyl sulfamethoxazole.19 Additive, proportional, 
and combined error models were tested for residual variability in drug 
concentrations. Inter-individual variation was tested for all PK param-
eters. The structural model selection was based on reduction of the 
objective function value (OFV) (approximation of a χ2 distribution 
for nested models, with a ΔOFV of 3.84 corresponding to a P-value of 
0.05), goodness-of-fit (GOF) plots, shrinkage, and precision of phar-
macokinetic parameter estimates.

To investigate potential factors that may impact the pharmacoki-
netics of the three components, biologically plausible patient char-
acteristics were tested for inclusion as covariates. This included age, 
body weight, body mass index, estimated glomerular filtration rate 
(eGFR, calculated using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) formula) and the use of CRRT. Continuous 
covariates were modeled using linear, exponential, and power functions. 
For body weight, the allometric rule standardized to an average adult 
of 70 kg was also considered. The inclusion of a covariate in the final 
model was determined by assessing if its effect was biologically plausi-
ble, if it produced a clinically relevant reduction in the inter-individual 
variability (IIV) of the parameter, and if the OFV was decreased by at 
least 3.84 (P < 0.05) in forward inclusion and 6.63 (P < 0.01) in back-
ward deletion.

The final model was evaluated using GOF plots and 500 prediction-
corrected visual predictive checks (pcVPCs). Parameter estimates and 
confidence intervals were assessed using nonparametric bootstrapping 
using 500 resampled data sets. Population pharmacokinetic modeling was 
carried out using NONMEM (v7.4; Icon Development Solutions, Ellicott 
City, MD, USA) and Perl Speaks NONMEM (v.5.0.0). Pirana (v.2.9.8) 
and R statistics (v.4.2.3) were used for interpretation and visualization of 
the pharmacokinetic models.

Dosing simulation
Monte Carlo simulations (n = 1,000) were conducted using the final 
model to assess the impact of cotrimoxazole dosing regimen, renal 
function, and use of CRRT on the probability of target attainment 
during the first 5 days of cotrimoxazole treatment. For both the tox-
icity threshold and target concentrations the maximal concentration 
during the dose interval (Cmax) was used. The minimal target concen-
trations for the treatment of PCP were 100 mg/L for sulfamethoxaz-
ole and 5 mg/L for trimethoprim. The following concentrations were 
used as upper limit of the therapeutic range: 200 mg/L for sulfame-
thoxazole, 75 mg/L for N-acetyl sulfamethoxazole, and 15 mg/L for 
trimethoprim.

Multiple dosing regimens were simulated to evaluate the optimal dose 
for PCP infections for different renal functions. Considering the approx-
imate 100% biological availability of both antibacterial components, 
we used intravenous administration for the simulations. The following 
dosing regimens were simulated: twice daily 800 mg sulfamethoxaz-
ole + 160 mg trimethoprim, twice daily 1,200 mg + 240 mg, twice daily 
1,600 mg + 320 mg, twice daily 2,000 mg + 400 mg and three times daily 
1,600 mg + 320 mg.

Furthermore, we simulated the dose reductions required for patients 
with a reduced eGFR or receiving CRRT that resulted in similar exposure 
compared with patients without renal insufficiency. We performed simula-
tions based on different eGFRs (10, 30, 50, and 70 mL/minute/1.73 m2), 
as well as a simulation considering the concomitant use of CRRT. The 
percentage dose reduction was calculated as well as the minimal dose lead-
ing to 25% of the simulated patients reaching concentrations of either 
sulfamethoxazole, N-acetyl sulfamethoxazole, or trimethoprim, above the 
upper limit of the target range.

RESULTS
Population
A total of 168 (16 LUMC, 116 Erasmus MC and 36 UMCG) 
patients were included in this study. The population was pre-
dominantly male (64.3%) and the median age was 58 years. The 
median eGFR, based on the CKD-EPI formula, was 70 mL/min-
ute/1.73 m2 and 18 patients (10.7%) were concomitantly treated 
with CRRT. The most frequently used initial dosing regimen was 
cotrimoxazole TID 1,920 mg (48.2%) and intravenous infusion 
was the most common route of administration (55.4%). Baseline 
patient characteristics are presented in Table 1.

In total, 348 sulfamethoxazole and N-acetyl sulfamethox-
azole concentrations were available for analysis. Trimethoprim 
concentrations were only measured in two of the three partici-
pating hospitals, with 137 concentrations from 52 patients (16 
LUMC and 36 UMCG) available for the trimethoprim model. 
The concentrations included both peak and through concen-
trations. Sulfamethoxazole concentrations ranged between 
2 and 380 mg/L, N-acetyl sulfamethoxazole between 2 and 
173.4 mg/L, and trimethoprim concentrations were between 0.2 
and 15.6 mg/L.

Pharmacokinetic modeling
The pharmacokinetics of trimethoprim were adequately de-
scribed by a one-compartment model (Table 2). Elimination 
followed first-order kinetics and a proportional error model de-
scribed the residual error. Biological availability was estimated 
at first, but as this was ~100%, fixing it to 100% led to similar 
model performance. The estimation of the absorption constant 
resulted in a relatively large residual error. IIV was included 
in the clearance and volume of distribution of trimethoprim. 
eGFR and CRRT were included as covariates. As the variation 
in clearance was small for patients on CRRT, we estimated the 
IIV for the clearance for patients treated with CRRT and pa-
tients without CRRT.

A one-compartment integrated model for sulfamethoxazole 
and N-acetyl sulfamethoxazole described the data best (Table 3). 
Elimination followed first-order kinetics, and a proportional error 
model was used to describe the residual error. Similarly to tri-
methoprim, the oral bioavailability was first estimated and then 
fixed at 100%. Inter-individual variability (IIV) was included in 
the clearance of both components and in the volume of distribu-
tion of sulfamethoxazole. Both eGFR and the use of CRRT were 
included as covariates on the clearance of sulfamethoxazole and  
N-acetyl sulfamethoxazole. The clearance of sulfamethoxazole in 
patients treated with CRRT was 2.2 (95% CI 2.0–2.4) times higher 
compared with the clearance of patients with a median eGFR of 
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70 mL/minute/1.73 m2 (Figure S6); however, the clearance of the 
N-acetyl sulfamethoxazole was 0.68 (95% CI 0.53–0.83) times 
lower in patients with CRRT.

Internal validation
The GOF plots and VPCs are visualized in Figures S1–S5 and in-
dicate that the observed concentrations were adequately described 
by both models. The bootstrap results are presented in Tables 2 
and 3 and indicate good stability of the POPPK parameters of the 
final model.

Dosing simulations for PCP
The results show that in a median patient with an eGFR of 
70 mL/minute/1.73 m2, a dosing regimen of b.i.d. 2,400 mg 

resulted in exposure in 89.0% of the patients within, 3.0% below 
and 8.0% above the target range for trimethoprim and 68.7% 
within, 10.9% below and 20.4% above for sulfamethoxazole and 
N-acetyl sulfamethoxazole. TID 1,920 mg resulted in 90.9% 
within, 1.8% below, and 7.3% above for trimethoprim and 
63.0% within, 6.2% below, and 30.8% above the target range for 
sulfamethoxazole.

In patients with a reduced eGFR, the likelihood of reaching 
concentrations above the target range increases. Figures 1 and 2 
illustrate simulated dose reductions for the target concentrations 
for the treatment of PCP. For patients with an eGFR of 10 mL/
minute/1.73 m2, all dosing regimens except b.i.d. 960 mg resulted 
in >25% of the patients with sulfamethoxazole or N-acetyl sulfa-
methoxazole concentrations above the upper limit of the target 
range, while b.i.d. 960 mg leads to 54.2% of patients with sulfame-
thoxazole underexposure.

For patients with an eGFR of 30 mL/minute/1.73 m2, b.i.d. 
1,920 mg results in 92.2% of the simulated patients on-target, 6.9% 
low, and 0.9% high concentrations for trimethoprim and 58.3% 
on-target, 14.9% low, and 26.8% high sulfamethoxazole concen-
trations. b.i.d. 1,440 mg leads to 72.9% within, 27.1% low exposure 
and no concentrations above the therapeutic range for trimetho-
prim and 48.4% within 43.4% below and 8.2% above the target 
range for sulfamethoxazole and N-acetyl sulfamethoxazole.

Similarly, for patients with an eGFR of 50 mL/minute/1.73 m2, 
b.i.d. 1,920 mg leads to 84.9% on-target, 14.6% low, and 0.5% high 
trimethoprim concentrations, and 65.1% of the patients on-target, 
23.3% low, and 11.6% high concentrations for sulfamethoxazole 
and N-acetyl sulfamethoxazole.

In patients on CRRT trimethoprim, TID 1,920 mg resulted in 
94.0% within, 4.3% below, and 1.7% above the target range for 
trimethoprim. Sulfamethoxazole concentrations were below the 
target range for more than 50% of the simulated patients using all 
dosing regimens lower than TID 1,920 mg; furthermore, accumu-
lation of N-acetyl sulfamethoxazole occurred in patients receiving 
TID 1,920 mg leading to toxic concentrations in 38.2% of the 
patients (Figure 1). Hence, none of the current dosing regimens 
achieved adequate target attainment for most simulated patients 
for sulfamethoxazole.

Dose reductions to reach equivalent exposure
In Table 4, the doses required to reach equivalent exposure com-
pared with a patient with an eGFR of 70 mL/minute/1.73 m2 (the 
median eGFR in the study population) are shown and the lowest 
dose that leads to >25% of the simulated patients reaching con-
centrations above the upper limit of the target range. In Figures 
S6 and S7 the exposure reached with different dosing regimens 
is visualized. The dose reductions were similar for all simulated 
eGFRs for both trimethoprim and sulfamethoxazole for patients 
with a low eGFR. To reach equivalent exposure a dose reduction 
of 16.7% is needed in patients with an eGFR of 30 mL/min-
ute/1.73 m2 and of 33.3% for an eGFR of 30 mL/minute/1.73 m2. 
For CRRT the dose adjustments were not similar for trimetho-
prim and sulfamethoxazole. A 100% increased dose is needed for 
sulfamethoxazole, while for trimethoprim no dose adjustments 
are required. The risk of concentrations above the target range 

Table 1  Baseline characteristics

All patients

Patients with 
measured 

trimethoprim 
concentrations

n = 168 n = 52

Patient characteristics

Males (% of total) 108 (64.3) 33 (63.4)

Age (years) (mean, SD) 58.2 ± 15.2 60.3 ± 11.9

Weight (kg) (mean, SD) 76.7 ± 16.2 80.6 ± 18.5

Height (cm) (mean, SD) 174.0 ± 10.3 173.8 ± 11.1

BMI (kg/m2) (mean, SD) 25.3 ± 5.0 26.5 ± 5.0

Laboratory values

Serum creatinine (μmol/L) 
(mean, SD)

119.7 ± 91.8 170.1 ± 101.5

Serum albumin (g/L) (mean, SD) 26.6 ± 6.8 29.1 ± 7.2

eGFR (mL/minute/1.73 m2) 
(mean, SD)

70.8 ± 33.2 49.2 ± 34.7

Initial route of administration (% of total)

Oral 75 (44.6) 22 (42.3)

Intravenous 93 (55.4) 30 (57.7)

Cotrimoxazole daily starting dose (% of total) (mg)

≤960 10 (6.0) 6 (11.5)

1,920–2,400 27 (16.1) 19 (36.6)

2,880 15 (8.9) 6 (11.5)

3,840–4,800 35 (20.8) 7 (13.5)

5,760 81 (48.2) 14 (27.0)

Co-medication

Corticosteroids (% of total) 62 (36.9) 18 (34.6)

Comorbidities

Continuous renal replacement 
therapy (count, %)

18 (10.7) 14 (27%)

Stem-cell transplantation  
(% of total)

13 (7.7) 3 (5.8)

Solid organ transplantation  
(% of total)

35 (20.8) 24 (46.2)

Malignancy (% of total) 23 (13.7) 6 (11.5)

HIV (% of total) 19 (11.3) 0 (0.0)
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increases with increasing dose for patients with reduced renal 
function.

DISCUSSION
We conducted a population pharmacokinetic study of sulfa-
methoxazole and trimethoprim in hospitalized patients. To 
the best of our knowledge, this is the largest cohort study up 
until now and the only population pharmacokinetic analysis 
that included trimethoprim, sulfamethoxazole, and N-acetyl 
sulfamethoxazole.

The pharmacokinetics of trimethoprim, sulfamethoxazole, 
and N-acetyl sulfamethoxazole were accurately described by one-
compartment models. The clearance and volume of distribution 
observed in our population were similar compared with values 
published in the literature for trimethoprim and sulfamethoxaz-
ole in both healthy individuals and other cohorts of hospitalized 
patients.7,12,15,16,20,21 To the set of our knowledge, there is no previ-
ously published information on the pharmacokinetics of N-acetyl 
sulfamethoxazole in the currently available literature. The bioavail-
ability of both trimethoprim and sulfamethoxazole was close to 

Table 2  Model parameters trimethoprim

Parameter Estimate RSE (%) Bootstrap median 95% CI

Trimethoprim

Biological availability 1 Fixed 1 Fixed

Absorption rate constant 0.337 54 0.364 0.095–0.877

Apparent clearance (L/hour)a 4.21 13 4.23 3.21–5.42

eGFR on CL 0.317 36 0.319 0.049–0.558

CRRT on CL 1.12 16 1.13 0.77–1.57

Volume of distribution (L) 134 10 132 105–161

IIV CL (%) 40.1 12 39.2 26.9–48.5

IIV CL patients on CRRT (%) 32.9 32 31.5 7.54–48.7

IIV Vd (%) 31.9 32 29.8 9.77–49.2

Proportional error

Trimethoprim 0.169 10 0.167 0.131–0.198
aFormula for clearance: in case of no CRRT = 4.21 × (EGFR/68)0.317 in case of CRRT: 4.21 × 1.12.

Table 3  Model parameters sulfamethoxazole

Parameter Estimate RSE (%) Bootstrap median 95% CI

Sulfamethoxazole

Biological availability 1 Fixed 1 Fixed

Absorption rate constant 0.978 45 0.95 0.25–8.61

Apparent clearance (L/hour)a 0.97 4 0.97 1.06

eGFR on CL 0.27 20 0.28 0.16–0.38

CRRT on CL 2.2 10 2.2 1.8–2.6

Volume of distribution (L) 37.0 6 36.8 21.5–43.3

IIV CL (%) 36.3 8 36.5 29.6–42.4

IIV Vd (%) 62.9 11 60.2 37.4–79.4

N-acetyl sulfamethoxazole

Conversion parent metabolite 0.4 × CL

Apparent clearance (L/hour)a 1.34 4 1.33 1.21–1.43

eGFR on CL 0.797 7 0.79 0.65–0.92

CRRT on CL 0.683 11 0.68 0.54–0.86

Volume of distribution (L) 3.98 24 3.87 1.55–6.33

IIV CL (%) 40.7 8 40.9 34.5–48.3

Proportional error

Sulfamethoxazole 0.181 8 0.178 0.144–0.208

N-acetyl sulfamethoxazole 0.201 8 0.194 0.155–0.230
aFormula for clearance: in case of no CRRT = 0.97 × (EGFR/68)0.27 in case of CRRT: 1.34 × 2.2. Formula for clearance of the metabolite in case of no 
CRRT = 1.34 × (EGFR/68)0.797 in case of CRRT: 1.34 × 0.683.
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100%, which aligns with previous studies and indicates that even in 
severely ill patients, oral administration of cotrimoxazole is a viable 
method.22 Inter-individual variation was large for both trimetho-
prim and sulfamethoxazole, which could be explained by the het-
erogeneous population in this study or other unmeasured variables 
affecting the pharmacokinetics. Generally, the model performance 
was good, except for some imprecision in the estimation of the ab-
sorption constant for trimethoprim. This discrepancy is likely due 
to the smaller sample size and the use of routinely collected data, 
which may introduce some uncertainty regarding the exact drug 
administration time.

eGFR and CRRT were included as covariates in both models. 
As expected, it was observed that the inclusion of eGFR had 
a more significant impact on the clearance of N-acetyl sulfa-
methoxazole compared with sulfamethoxazole. The primary 
clearance route for sulfamethoxazole is liver metabolism, with 
less than 30% being recovered unchanged in urine. In contrast, 
N-acetyl sulfamethoxazole is mainly cleared renally, leading to 
its accumulation in patients with reduced eGFR.7,16 For tri-
methoprim, the association between eGFR and clearance was 
also as expected, since the primary elimination route is renal 

clearance, with only a small percentage of metabolism or biliary 
excretion.19

The final model was used to generate dose recommendations 
for PCP and dose reductions in case of renal insufficiency. A start-
ing dose of TID 1,920 mg or b.i.d. 2,400 mg for PCP will result in 
sufficient exposure in the majority of patients. TID 1,920 mg has 
a larger risk of concentrations above the target range while b.i.d. 
2,400 mg has a larger risk of underexposure. Because of the large 
IIV, TDM should be considered to improve the percentage of pa-
tients within the target range. Patients with an eGFR of 30 mL/
minute/1.73 m2 require a dose reduction of 16.7%, and patients 
with an eGFR of 10 mL/minute/1.73 m2 a dose reduction of 
33.3% to reach similar exposure to patients without renal insuffi-
ciency. The risk of concentrations above the target range increases 
with doses in patients with a low eGFR. Therefore, for infections 
requiring high-dose cotrimoxazole like PCP or infections caused 
by Nocardia spp. the risk of concentration-dependent toxicity 
should be compared with the risk of low exposure when selecting 
an initial dosing regimen.

The clearance of sulfamethoxazole in patients on CRRT exceeds 
the median clearance of the patients in this study. For trimethoprim, 

Figure 1  Target attainment of trimethoprim for infections with Pneumocystis jirovecii pneumonia for different dosing regimens and different 
eGFRs. Low is determined as a Cmax below 5 mg/L, toxic is determined as a Cmax above 15 mg/L.
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the clearance in patients on CRRT was comparable to patients 
with an eGFR of 70 mL/minute/1.73 m2. N-acetyl sulfamethoxaz-
ole is not rapidly eliminated by CRRT. The rapid clearance of sul-
famethoxazole and the difference between sulfamethoxazole and 
N-acetyl sulfamethoxazole clearance has been previously reported 
in small case series.17,23 One possible explanation is that tubular 
reabsorption, which is significant for sulfamethoxazole, does not 
occur in patients treated with CRRT.5,24 When filtrated via CRRT, 
sulfamethoxazole will be cleared directly from the body via the ul-
trafiltrate. This lack of tubular reabsorption of sulfamethoxazole 
could explain the increased clearance observed in patients treated 
with CRRT. In contrast, N-acetyl sulfamethoxazole, being reab-
sorbed to a lesser extent, is less affected by CRRT.21,24 This change 
in pharmacokinetics presents a risk of rapid clearance of active sul-
famethoxazole in CRRT patients, while N-acetyl sulfamethoxaz-
ole accumulates, potentially leading to underexposure or toxicity. 
The clinical impact is unclear as the exposure to trimethoprim is 
sufficient in these patients. To prevent toxicity, therapy for PCP 
could be started with TID 1,920 mg and doses can be subsequently 
individualized using early TDM.17 For other infections requiring 

lower daily doses and thereby a lower risk of N-acetyl sulfame-
thoxazole accumulation, doubling the cotrimoxazole dose should 
be considered to reach similar exposure of sulfamethoxazole com-
pared with patients with a normal renal function.

We did not estimate the optimal dosing regimens for infections 
other than PCP. In the literature target concentrations have been 
suggested for infections caused by other pathogens; however, these 
target concentrations are based predominantly on in vitro studies 
and are not clinically validated.8 For PCP, the evidence for the tar-
get range is also limited to small studies, therefore, larger studies 
are needed to establish the optimal concentrations for effective-
ness. To further optimize the dosing regimens of cotrimoxazole, 
additional research is needed to investigate its PK/PD, PK/tox-
icity, post-antibiotic effect, and tissue penetration. In a murine 
thigh model, AUC/MIC was found to best predict the effective-
ness for MRSA infections.9 However, also, T > MIC, Cmax > MIC 
and species-dependent associations have been suggested.9,25–27 
Based on the specific association for a certain pathogen, alterna-
tive dosing regimens could be explored. For instance, beta-lactam 
antibiotics are often administered via continuous infusion because 

Figure 2  Target attainment of sulfamethoxazole for infections with Pneumocystis jirovecii pneumonia for different dosing regimens and 
different eGFRs. Low is determined as a Cmax of sulfamethoxazole below 100 mg/L and toxic is determined as a sulfamethoxazole Cmax above 
200 mg/L or an N-acetyl sulfamethoxazole concentration above 75 mg/L.
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T > MIC best predicts their effectiveness. If T > MIC is also a pre-
dictor of cotrimoxazole’s effectiveness, shortening the dose interval 
or using continuous infusion might be beneficial.28 If Cmax best 
predicts the effectiveness and there is sufficient post-antibiotic ef-
fect, high doses with a prolonged dosing interval might be more ef-
fective. Furthermore, because of the high tissue penetration of both 
trimethoprim and sulfamethoxazole the target site concentrations 
might be higher compared with plasma concentrations and require 
alternative dosing regimens based on infection site.19

This study has some limitations. First, we utilized retrospectively 
collected routine TDM data to build the model, which unavoid-
ably introduced some uncertainties regarding exact dosing and 
sampling times. In addition, the number of samples per patient was 
limited. However, the chosen type of analysis, nonlinear mixed-
effects modeling, can still provide reliable pharmacokinetic param-
eter estimates even in sparse datasets. Secondly, renal function was 
estimated using the CKD-EPI formula to calculate the eGFR. The 
CKD-EPI formula is not ideal for assessing glomerular filtration in 
ICU patients. Furthermore, trimethoprim interferes with tubular 
creatinine secretion resulting in an approximate 10–30% elevation 
in serum creatinine concentrations and thereby falsely underesti-
mated eGFR.29 To address this issue, future studies should focus 
on alternative measures of GFR, such as cystatin C or iohexol clear-
ance.30,31 Third, because of the limited number of patients treated 
with CRRT, we were not able to investigate the influence of differ-
ent CRRT regimens and settings on the pharmacokinetics. Lastly, 
we lacked information about N-acetyltransferase or CYP2C19 
genotypes, as well as urine pH, all of which are factors previously 
associated with the pharmacokinetics of cotrimoxazole.

CONCLUSION
Sulfamethoxazole and trimethoprim pharmacokinetics show 
large IIV in hospitalized patients, and are affected by eGFR and 
CRRT. The current recommended dose for PCP treatment leads 
to adequate exposure in general, but there is a risk of both under 
and over-exposure. Dose reductions for patients with an eGFR 
<30 mL/minute/1.73 m2 are suggested to reach similar exposure 
compared with patients without renal insufficiency. The risk of 
concentrations above the target range increases in patients with 

lower eGFR and high cotrimoxazole doses. Notably, in patients 
treated with CRRT, sulfamethoxazole clearance is increased. 
Therefore, doubling the sulfamethoxazole dose is needed to reach 
similar exposure to patients without renal failure. Monitoring 
with TDM is necessary in patients treated with CRRT as high 
doses might lead to N-acetyl sulfamethoxazole accumulation.
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