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ABSTRACT

OBJECTIVES: At normal doses of trimethoprim-sulfamethoxazole (TMP/SMX), trimethoprim inhibits tubular creatinine secretion, leading to
a rapid but reversible increase in serum creatinine (SCr). Although patients with connective tissue diseases are often in the state of immuno-
suppression and TMP/SMX is an important prophylactic drug, clinicians often have to stop or reduce the dosage due to concerns regarding
its effect on renal function. This study aimed to evaluate the effect of a prophylactic dose of TMP/SMX on SCr in Japanese patients with con-
nective tissue diseases, the extent of SCr level elevation and the independent risk factors for creatinine elevation.

METHODS: A retrospective cohort study was undertaken. Participants included patients with connective tissue diseases who were treated
with a prophylactic dose of TMP/SMX between 2004 and 2018. Using single and multiple regression analyses, the risk factors that affected
SCr elevation were evaluated.

RESULTS: A total of 262 patients, females, n=181; age, median (range) =59 (19-89) years, were included. The median baseline SCr level
before treatment was 0.62 (0.16-2.1) mg/dL. The median SCr elevation value was 0.07 (-0.54 to 0.84) mg/dL in 4 weeks after TMP/SMX initia-
tion. Five (2%) participants had =0.3mg/dL SCr elevation. Multiple regression analyses, including age, baseline SCr, diuretic use, nonsteroi-
dal anti-inflammatory drug use and diabetes mellitus, indicated that baseline SCr and advanced age were independent risk factors of SCr
elevation.

CONCLUSIONS: These results demonstrated that baseline SCr and advanced age were associated with SCr elevation by a prophylactic
dose of TMP/SMX. However, a prophylactic dose of TMP/SMX rarely elevated the SCr level significantly. Therefore, other causes can be con-

sidered if patients show an SCr elevation =0.3mg/dL.
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Introduction
Prolonged treatment with high-dose steroids is a major risk
factor for pneumocystis pneumonia (PCP) in patients with
rheumatic diseases.! Patients with immune dysfunction
induced by an inflammatory disease who receive more than
20mg/d prednisolone for longer than 2 to 3weeks should
receive PCP prophylaxis.> Prophylactic trimethoprim-sul-
famethoxazole (TMP/SMX) substantially decreases the inci-
dence of PCP in patients with rheumatic diseases who receive
prolonged, high-dose steroid treatment.?®’ Low-dose oral
TMP/SMX is the most common and effective prophylactic
agent for PCP.6

However, clinicians often have to stop the drug or reduce its
dose owing to adverse events, such as gastrointestinal symp-
toms, rashes, increased serum creatinine (SCr) levels, elevated
liver enzyme levels, and electrolyte disorder.! A previous study
conducted in a Japanese patient population reported that the

rate of TMP/SMX discontinuation within 30days after start-
ing PCP prophylaxis was 40%.3

Pentamidine isethionate, dapsone, and atovaquone are
sometimes used as second-line treatment drugs, but these
drugs are less efficacious than TMP/SMX.%? An effective
chemoprophylaxis regimen for PCP with a high drug retention
rate is important for patients with rheumatic diseases, as these
patients often require long-term or sometimes life-long immu-
nosuppressive therapy.

With the usual dose of TMP/SMX, the TMP component
inhibits tubular creatinine secretion, leading to a rapid but
reversible increase in the SCr level’®1 without altering the
glomerular filtration rate.!” The increase in the SCr level causes
an apparent decrease in the calculated creatinine clearance.

Studies on the effect of TMP on SCr in healthy individuals
have shown an average increase in the SCr level of 15% to
35%.19-16 A study on TMP and its effect in patients with a
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normal renal function and those with chronic renal failure
reported that the SCr level in patients with a normal renal
function did not differ substantially from baseline levels,
whereas that in patients with chronic renal failure elevated sig-
nificantly from the baseline level.? In a previous study of out-
comes in renal transplant recipients on TMP/SMX prophylaxis
for 1year, 38% of all patients suffered a complication necessi-
tating cessation of TIMP/SMX. Most commonly, it was acute
kidney injury that resolved after the cessation of the drug.!®

Cystatin C, a low-molecular-weight (LMW) (13kD) basic
protein that is produced at a constant rate by all nucleated cells,
is freely filtered by the kidney and is not secreted; proximal
tubule cells reabsorb and catabolize the filtered cystatin C, so
that little is normally excreted in the urine. Thus, serum cysta-
tin C level depends on actual glomerular filtration rate and is
not affected by TMP. Cystatin C levels are used in estimating
glomerular filtration rate (eGFR). Comparing SCr-based
eGFR with serum cystatin C-based eGFR before and after
administration of TMP/SMX may be useful for evaluating
whether occurrence of SCr elevation was due to TMP or to
other causes.

When patients with connective tissue diseases (CTDs)
show elevated SCr levels, it becomes difficult to distinguish
CTDs from worsening glomerulonephritis because of the
rheumatic disease manifesting as chronic kidney disease
(CKD) or renal-related adverse drug reactions (ADRs) of con-
current drugs. It is not clear whether prophylactic doses of
TMP/SMX, especially single-strength doses available in Japan,
increase SCr levels in patients with CTD. The aim of this
study was to evaluate the effects of prophylactic doses of TMP/
SMX on creatinine level in patients with CTD, the extent of
creatinine level elevation exhibited in patients, and the inde-
pendent risk factors for creatinine elevation.

Materials and Methods
Patients

The inclusion and exclusion criteria were as follows. Inclusion
criteria included (1) patients with CTDs and treated with
TMP/SMX at a prophylactic dose from 2004 to 2018, (2)
patients older than 18years at baseline, and (3) patients who
underwent blood tests between weeks 1 and 4 from baseline
and within a month before baseline, that was defined as the day
that a prophylactic dose of TMP/SMX with prednisolone was
prescribed for the first time during the observation period.
Exclusion criteria included (1) patients with acute kidney
injury owing to other causes (underlying disease and comor-
bidities, infection, dehydration, postoperation status, gastroin-
testinal bleeding, or other drug use).

This study complied with the tenets of the World Medical
Association Declaration of Helsinki and the current ethical
guidelines; it was approved by the institutional ethics board of
St Luke’s International Hospital (18-R127). Written informed

consent from the patients for participation in this study was
not required because the data were obtained retrospectively and
analyzed anonymously.

The selected patients were divided into 2 groups based on
the elevation in the SCr level from baseline within 4 weeks of
initiation of TMP/SMX at a prophylactic dose: Patients with
SCr elevation of <0.3 mg/dL and those with SCr elevation of
=0.3mg/dL, according to the Kidney Disease: Improving
Global Outcomes (KDIGO) definition and staging system
definition for acute kidney injury, which is the most recent and
preferred definition.?? The KDIGO guidelines define AKI as
follows: (1) increase in SCr by =0.3 mg/dL (=26.5 pmol/L)
within 48hours; (2) increase in SCr to =1.5 times baseline,
which is known or presumed to have occurred in the past
7 days; or (3) urine volume of <0.5mL/kg/h for 6hours. As
most patients did not undergo a urine test, we classified patients
according to criteria (1) or (2) to the group of patients with
SCr elevation of =0.3 mg/dL.

Data collection

Blood test results before the initiation of prophylaxis (baseline)
and between weeks 1 and 4 from baseline, and the SCr, serum
cystatin C, urine qualitative, sediment test results, and serum
electrolyte levels were obtained. The SCr elevation level was
calculated accordingly.

The SCr-based eGFR was calculated using the following

equation?®:

Male : SCr-based eGFR(mL/min/1.73m?)
=194x Cr-1.094 x age-0.287

Female : SCr-based eGFR(mL/min/1.73m?)
=194 xCr-1.094 x age-0.287 % 0.739

Cr : SCr concentration(mg/dL)

Serum cystatin C-based eGFR was calculated using the fol-
lowing equation??:

Male : serum cystatin C —based eGFR(mL/min/1.73m?)
= (104 x cystatin C-1.019x0.996%°) —8

Female : serum cystatin C —based eGFR(mL/min/1.73 m?)
= (104 x cystatin C-1.019x0.996™° x0.929) - 8

Cystatin C: serum cystatin concentration(mg/L)

Baseline patient characteristics, including the dose of pred-
nisolone and TMP/SMX; concomitant use of drugs, such as
diuretics, antihypertensive agents, and immunosuppressants;
and pretreatment comorbidities, including CKDs, cardiovas-
cular diseases, diabetes mellitus, and malignant disease were
also obtained.
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481 patients with connective tissue diseases
treated with prophylaxis dose of trimethoprim—

sulfamethoxazole (TMP/SMX) were enrolled.

184 and 20 patients who did not undergo blood tests 1-4 weeks from baseline
and within a month before baseline, which was defined as the day that
a prophylactic dose of TMP/SMX with prednisolone was prescribed

for the first time during the observation period, respectively, were excluded.

15 patients with acute kidney injury due to other reasons
(underlying diseases, comorbidities, infection, dehydration, post-operation status,

gastrointestinal bleeding, and other drug use) were excluded.

Remaining 262 patients were finally evaluated.

17 out of 262 patients underwent blood tests
of cystatin C before and after initiating TMP/SMX.

One patient whose eGFR at baseline was less than

30 mL/min was excluded.

before and after initiating TMP/SMX.

In 16 patients, we calculated cystatin C- and serum creatinine-based eGFR

Figure 1. Process scheme for the application of the inclusion and exclusion criteria to arrive at the study population. eGFR indicates estimating

glomerular filtration rate; TMP/SMX, trimethoprim-sulfamethoxazole.

Chemaprophylaxis and patient follow-up

The TMP/SMX was the only drug used for PCP prophylaxis
in this study and was administered as either 160 mg TMP 3
times a week or 80mg TMP per day. The patients for PCP
prophylaxis and duration of prophylaxis were mainly deter-
mined by the treating physicians. For patients with renal insuf-
ficiency, the TMP/SMX dose was adjusted accordingly
(determined by SCr-based eGFR, n=23). Second-line antibi-
otics against PCP, such as dapsone, atovaquone, and aerosolized
pentamidine, were not used for the primary prophylaxis against

PCP during the observation period.

Statistical analyses

First, we evaluated whether patients show an elevation in the
creatinine level of =0.3 mg/dL according to the KDIGO
definition and staging system definition for acute kidney
injury. Second, we assessed independent risk factors for cre-
atinine elevation. Finally, we compared SCr-based eGFR
and serum cystatin C—based eGFR before and after the ini-
tiation of TMP/SMX. Comparisons between the groups of
patients (those with SCr elevation =0.3 mg/dL and those
with SCr elevation <0.3mg/dL) were performed using

Mann-Whitney U test for continuous and ordinal variables
and the y2-test for categorical variables. Both univariate and
multivariate analyses were performed using linear regression
analysis to assess independent risk factors for creatinine ele-
vation. Variables based on previous literature regarding risk
factors of acute kidney injury and creatinine elevation due to
TMP/SMX were analyzed using a multiple linear regression
model.12:23-26 Al statistical tests were 2-tailed, and the results
were considered significant at P<.05.

All analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). EZR is a modified version of R
commander designed to add statistical functions frequently
used in biostatistics.2”

Results

Four hundred eighty-one patients with CTDs, older than
18years at baseline and treated with TMP/SMX at a prophy-
lactic dose, were enrolled in the study from 2004 to 2018. A
retrospective review of all medical records of the patients was
carried out. One hundred eighty-four patients who did not
undergo blood tests within the observation period and 20
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patients who did not undergo blood tests within a month
before baseline were excluded. Fifteen patients with acute kid-
ney injury owing to other causes (underlying disease and
comorbidities, infection, dehydration, postoperation status,
gastrointestinal bleeding, and other drug use) were also
excluded. The data obtained from the remaining 262 patients
were finally evaluated (Figure 1).

Two hundred sixty-two patients (females, n=181; age,
median [range]=59 [19-89] years; specific CTD subgroups:
rheumatoid arthritis [RA], n=74; systemic lupus erythemato-
sus [SLE], n=73; anti-neutrophil cytoplasmic autoantibody
[ANCA]-associated vasculitis, n = 28; polymyalgia rheumatica/
giant-cell arteritis [PMR/GCA], n=29; systemic scleroderma
[SSc], n=30; polymyositis/dermatomyositis [PM/DM], n=10;
mixed connective tissue disease [MCTD], n=5; and others,
n=>55) fulfilled the criteria for the analysis. The median
baseline creatinine level before treatment was 0.62 (0.16-2.1)
mg/dL. The median dose of TMP/SMX was 1 (0.86-1) tablet
per day. The median dose of prednisolone at baseline was 25
(1-1250) mg/d. The baseline characteristics of all patients and
the comparison of variables between the groups of patients are
shown in Table 1.

The median SCr elevation level was 0.07 (-0.54 to 0.84)
mg/dL. Among patients whose SCr-based eGFR was less than
60 mL/min, the median SCr elevation level was 0.07 (-0.54 to
0.31) mg/dL. In all, 75% of all patients showed SCr elevation
after administration of TMP/SMX (matched paired ¢
P<.001). Distribution of SCr changes is shown in Figure 2.

However, only 5 patients (2%) had an elevation in SCr by
=0.3mg/dL. The details of the 5 patients are shown in Table
2. Two out of 3 patients who showed an elevation in SCr by
=0.3mg/dL within a week from the baseline had ANCA-
associated vasculitis with nephritis. The remaining 2 patients
showed an elevation in SCr by =0.3 mg/dL at 4weeks from
the baseline.

Among the 17 patients who underwent blood tests for cys-
tatin C at the baseline and after the initiation of TMP/SMX, 1
patient whose SCr-based eGFR at baseline was <30mL/min
was excluded, and the remaining 16 patients were evaluated for
changes in SCr-based eGFR and serum cystatin C—based
eGFR. The median changes of SCr-based ¢GFR and serum
cystatin C-based eGFR were -8 (-89 to -2) mL/min (matched
paired # P=.0235) and 4.7 (-11.7 to 16.6) mL/min (matched
paired #, P=.135), respectively (Table 3). A graph of the upward
slope was obtained by taking a ratio of SCr and serum cystatin
C before and after administration of TMP/SMX, because SCr
level was elevated and serum cystatin C level did not change
after treatment (Figure 3).

Multivariate analysis was performed using the following
variables: age; baseline SCr level; use of loop diuretics, spirono-
lactone, and nonsteroidal anti-inflammatory drugs (NSAIDs);
and a history of diabetes mellitus. The results of the univariate
and multivariate analyses are presented in Table 4. The

multivariate analysis revealed that the baseline SCr level and
older age were independent risk factors. The regression coef-
ficient and P value for age and SCr were .0012 (95% confi-
dence interval [CI]: 0.00037-0.002) and P=.0043, and -.0098
(95% CI: -0.155 to -0.042) and P=.00076, respectively.

The continuation rate of TMP/SMX for 12 weeks was 85%.
The median dose of prednisolone at week 12 in patients who
continued TMP/SMX for 12weeks was 5 (1-90) mg/d. In the
remaining 15% of the patients, 13 and 20 patients stopped
TMP/SMX before 12 weeks because of adverse reactions and a
decrease in the dose of prednisolone to <15 mg/d, respectively.
One patient switched to atovaquone according to the request
of the patient. One patient with systemic sclerosis and 1 patient
with dermatomyositis died of deterioration of interstitial lung
disease owing to an underlying disease. One patient developed
PCP and the dose of TMP/SMX was increased. Three patients
were not followed up because of transfer to another hospital.

During the observation period, ADRs occurred in 33
patients (13%), and 13 patients (5%) discontinued TMP/SMX
(Table 5). The most common ADRs were hyperkalemia (serum
potassium level >5mEq/L) in 22 patients (8%), followed by a
skin rash in 5 patients (2%). In 5 out of the 22 patients with
hyperkalemia, TMP/SMX was discontinued; in 3 patients
within 1month and in 2 patients within 2 months. Seventeen
patients continued TMP/SMX for 12 weeks (maximum serum
potassium level=5.4mEq/L). Five out of the 17 patients had
underlying CKD, and hence, hyperkalemia at baseline.
Hyponatremia (serum sodium <130mEq/L) occurred in 4
patients, and 1 patient showed hyponatremia at baseline.
However, all patients with hyponatremia were asymptomatic
and continued TMP/SMX for 12weeks. The ADR severity
was mild to moderate. None of the patients had serious ADRs
that led to prolonged hospitalization. All patients recovered
shortly after the discontinuation of TMP/SMX. There was one
case of PCP during prophylaxis.

Conversely, 120 (55%) out of the 219 patients who were
excluded could continue TMP/SMX for 12weeks. In the
remaining 45% of the patients, 27 and 29 patients stopped
TMP/SMX before 12 weeks because of adverse reactions and a
decrease in the dose of prednisolone to <15 mg/d, respectively.
Five patients stopped TMP/SMX according to the request of
the patient. Four patients died of deterioration of interstitial
lung disease owing to an underlying disease. One patient died
of a urinary tract infection. Eight patients died of malignant
cancer. Twenty patients were not followed up because of trans-
fer to another hospital.

In the group of patients who were excluded, ADRs occurred
in 27 patients (12%), and all these patients discontinued TMP/
SMX. The most common ADRs were rashes in 14 patients
(6%), followed by liver function test abnormality in 6 patients
(3%), allergy in 5 patients (2%), hyperkalemia in 1 patient
(0.5%), and hyponatremia in 1 patient (0.5%). All patients
recovered shortly after the discontinuation of TMP/SMX.
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Table 1. Baseline characteristics of all patients and a comparison of variables between the groups.a.

ELEVATION OF SERUM CREATININE

<0.3MG/DL (N=257)

=0.3MG/DL (N=5, 2%)

Male, n
Age,y
Weight, kg
Serum creatinine at baseline, mg/dL
eGFR at baseline, mL/min/1.73m?2
Serum potassium level at baseline, mEqg/L
Serum sodium level at baseline, mEq/L
Medication
Dose of prednisolone at baseline, mg/d
Dose of TMP/SMX at baseline, tablet per day
Alternate-day dosing of TMP/SMX
Cumulative doses of TMP, mg
ACE-i/ARB
NSAIDs
Spironolactone
Loop diuretics
Azathioprine
Bucillamine
Cyclosporine
Methotrexate
Tacrolimus
Underlying diseases
RA
SLE
ANCA-associated vasculitis®
PMR/GCA
SSc
PM/DM
MCTD
Others
Comorbidities
CKD
Cardiovascular disease
Diabetes mellitus
Hypertension

Malignancy

81 (31%)°
9 (19-89)
54.4 (18.6-95.9)
0.62 (0.16-2.1)
82.5 (24-452)
1(2.5-5.5)
139 (118-146)

25 (1-1250)
1(0.86-1)
55 (21%)
2240 (480-2240)
87 (33%)
216 (82%)
21 (8%)
41 (16%)
31 (12%)
23 (
16 (
(
(

9%)
6%)
61 (23%)
103 (39%)

74 (28%)
73 (28%)
28 (11%)
29 (11%)
0 (11%)
0 (4%)
5 (2%)
55 (21%)

3 (9%)

33 (13%)

0 (11%)
61 (23%)
77 (30%)

78 (30%)

59 (19-89)
54.6 (18.6-95.9)
0.62 (0.16-2.1)
82.5 (24-452)

41 (2.5-5.5)

139 (118-146)

25 (1-1250)
1(0.86-1)
55 (21%)
2240 (480-2240)
85 (33%)
211 (82%)
20 (8%)
40 (16%)
31 (12%)
22 (9%)
15 (6%)
60 (23%)
103 (40%)

73 (28%)
73 (28%)
25 (10%)
28 (11%)
30 (12%)
10 (4%)
4 (2%)
55 (21%)

21 (8%)

32 (12%)
30 (12%)
59 (23%)
76 (30%)

3 (60%)

64 (36-77)
48.3 (29.2-73.8)
0.63 (0.52-1.36)

69.36 (47.4-104)

41 (3.7-4.8)

138 (136-140)

20 (5-60)
1(1-1)
0 (0%)

2240 (1280-2240)

2 (40%)
5 (100%)
1 (20%)
1 (20%)
0 (0%)
1 (20%)
1 (20%)
1 (20%)
0 (0%)

1 (20%)
0 (0%)
3 (60%)
1(20%)
0 (0%)
0 (0%)
1(20%)
0 (0%)

2 (40%)
1 (20%)
0 (0%)

2 (40%)
1 (20%)

Abbreviations: ACE-i, angiotensin-converting enzyme inhibitor; ANCA, anti-neutrophil cytoplasmic autoantibody; ARB, angiotensin Il receptor blocker; CKD, chronic kidney
disease; DM, dermatomyositis; eGFR, estimated glomerular filtration rate; GCA, giant-cell arteritis; MCTD, mixed connective tissue disease; NSIADs, nonsteroidal anti-
inflammatory drug; PM, polymyositis; PMR, polymyalgia rheumatic; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SSc, systemic scleroderma; TMP/SMX,

trimethoprim-sulfamethoxazole.

aPatients showing serum creatinine elevation by <0.3mg/dL and those showing serum creatinine elevation by =0.3mg/dL.

bn (%) or median (range).

°The number of ANCA-associated vasculitis with renal manifestations was 12 out of 28, and 2 patients with renal manifestations showed serum creatinine elevation by

>0.3mg/dL.
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Figure 2. Changes in serum creatinine after treatment.

Table 2. Details of 5 patients exhibiting elevation in the serum creatinine level by =0.3mg/dL.

PATIENT AGE SEX UNDERLYING COMORBIDITIES CONCOMITANT SERUM EGFR AT SERUM EGFR AFTER
DISEASES DRUGS CREATININE BASELINE, CREATININE SERUM CREATININE
AT BASELINE, mL/ ELEVATION ELEVATION,
mg/dL min/1.73m2  VALUE, mg/dL  mL/min/1.73m2
12 64 M RA CKD CyA 0.86 69.36 0.85 32.7
MPA 100mg/d
BUC
200mg/d
2 77 F MCTD HTN Spironolactone  0.88 47.4 0.3 34.39
CVD 40mg/d
CKD Valsartan
50mg/d
3 72 F PMR MTX 0.52 85.9 0.38 4715
12mg/wk
MZR
300mg/d
4 48 M GPA HTN 0.64 104.1 0.39 61.84
5 36 M GPA CKD Losartan 1.36 49.55 0.31 39.58
Peripheral 25mg/d
T-cell ymphoma
GVHD
(Stem cell

transplantation)

Abbreviations: BUC, bucillamine; CKD, chronic kidney disease; CVD, cardiovascular disease; CyA, cyclosporine; eGFR, estimated glomerular filtration rate; GPA,
granulomatosis with polyangiitis; GVHD, graft-versus-host disease; HTN, hypertension; MCTD, mixed connective tissue disease; MPA, microscopic polyangiitis; MTX,
methotrexate; MZR, mizoribine; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis.

aAll patients continued to receive trimethoprim-sulfamethoxazole (TMP/SMX) during the observation period and showed return to the baseline level of serum creatinine
shortly after the discontinuation of TMP/SMX.

Patient 1 showed serum creatinine elevation by >0.8 mg/dL.

Exacerbation of GPA was not detected in physical examination and blood and urine tests.

The patient started to take bucillamine 1year before showing elevation in the serum creatinine level.

Serum trough of CyA was 111 ng/mL and within appropriate range.

Serum creatinine value returned to the baseline 1 week after the cessation of TMP/SMX.

Administration of TMP/SMX was reinitiated, and the serum creatinine level elevated again.
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Table 3. Change in serum creatinine-based eGFR and serum cystatin C—based eGFR after the administration of trimethoprim-sulfamethoxazole in
16 patients whose cystatin C results were available.

SCR-BASED
EGFR AT

SCR-BASED
EGFR AFTER
TREATMENT,
mL/min/1.73m?2

CHANGES IN SCR-
BASED EGFR AFTER
TREATMENT,
mL/min/1.73m?

SERUM CYSTATIN
C-BASED EGFR AT
BASELINE,
mL/min/1.73 m?2

SERUM CYSTATIN
C-BASED EGFR
AFTER-TREATMENT,
mL/min/1.73m?

CHANGES IN SERUM
CYSTATIN C-BASED EGFR
AFTER TREATMENT,
mL/min/1.73m?2

BASELINE,
mL/min/1.73 m?2

1 64.7 58.4 -6.3 791 67.4 -11.7
2 46.9 37.1 -9.8 40 34.6 -5.4
3 62.2 59.6 -2.6 75 721 -2.9
4 113.7 1031 -10.6 81 85.3 4.3
5 69.6 59.9 -9.7 91 79.3 -11.7
6 78.4 67.8 -10.6 109.7 123.3 13.6
7 65.8 63 -2.8 61.2 70.8 9.6
8 29 25.5 -35 25.8 30.9 5.1
9 47.8 45.8 -2 72 80.6 8.6
10 70.3 57.8 -12.5 66.1 66.8 0.7
11 54.6 60.6 -6 94.7 1041 9.4
12 39.7 35.6 -41 16.7 1441 -2.6
13 53.7 51.2 -2.5 377 511 13.4
14 149.3 110.4 -38.9 117.2 125 7.8
15 109.3 78.4 -30.9 66.3 66.3 0

16 187 98 -89 68 84.6 16.6

The median change of SCr- -8 (-89 to -2) The median change of serum cystatin 4.7 (-11.7 t0 16.6)

based eGFR C-based eGFR

Abbreviations: eGFR, estimated glomerular filtration rate; SCr, serum creatinine.

Discussion 16
In this study, we evaluated the effect of TMP/SMX at a pro- 14

o

o
o

spectively. Our study showed that the SCr level was rarely ele-
vated (=0.3mg/dL) in patients with CTD treated with TMP/
SMX at prophylactic doses.

Studies have shown that TMP/SMX at prophylactic doses
is useful in the prevention of PCP.2® However, the elevation in
SCr is one of the effects caused by the drug that may limit its
use. It is difficult to distinguish the elevation in SCr from renal

o
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medical history of 262 Japanese patients with CTD treated E)-
. . . £%Fo08 —}
with TMP/SMX at a prophylactic dose was reviewed retro- % g —
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Figure 3. Change in the serum creatinine/serum cystatin C level after the
administration of trimethoprim/sulfamethoxazole in 16 patients whose

. . cystatin C results were available.
damage owing to other causes, and the drug is often stopped ystat uits were aval

because of the elevation in the SCr level. The risk factors for

SCr elevation with TMP/SMX at prophylactic or therapeutic
doses have been investigated previously; however, data on the
level of increase in SCr by TMP/SMX at the prophylactic dos-
age in Japanese patients with CTD are scarce. Herein, we pre-
sent the findings from 262 patients with CTD and conclude
that the clinically significant increase in SCr by =0.3 mg/dLL
after initiating TMP/SMX prophylaxis is rare (2%), although

75% of all patients showed SCr elevation after treatment.
These results are consistent with those of previous studies
showing that creatinine elevation after TMP/SMX therapy is
dose-dependent.?’

After the administration of a single dose of TMP/SMX,
approximately 60% is excreted in urine within 24hours and
70% to 85% is excreted within 48 hours. The increase in the
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Table 4. Results of the univariate and multivariate analyses for risk factors of serum creatinine elevation.

UNIVARIATE ANALYSIS

95% Cl

MULTIVARIATEA ANALYSIS

REGRESSION
COEFFICIENT
Age .0008
Sex -.057
SCr at baseline -173
Serum potassium level at baseline .0056
Serum sodium level at baseline -.0024
The dose of prednisolone at baseline -.398

Alternate-day dosing of TMP/SMX 413

ACE-i/ARB .016
NSAIDs .032
Spironolactone -.066
Loop diuretics -.0089
Azathioprine -.013
Bucillamine .017
Cyclosporine .051
Methotrexate .0069
Tacrolimus .0056
RA .0047
SLE .0074
ANCA-associated vasculitis .058
PMR/GCA .012
SSc -.0042
PM/DM -.00011
MCTD -.058
Others -.0064
CKD .066
CVD -.076
DM -.017
HTN .027
Malignancy .013

-0.00036
-0.094
-0.248
-0.029
-0.0074
-0.801
0.0066
~0.021
-0.0072
-0.135
-0.062
-0.064
-0.044
-0.011
-0.034
-0.029
-0.036
-0.036
0.005
-0.043
-0.057
-0.077
-0.192
-0.048
0.0043
-0.129
-0.066
-0.013

-0.021

0.002
—-0.020
-0.099

0.040

0.0026

0.0054

0.820

0.053

0.072

0.0019

0.044

0.038

0.078

0.113
0.047
0.040
0.046
—-0.050
0.110
0.067
0.049
0.077
0.076
0.035
0.128
-0.023
0.033
0.066

0.047

A77
.501
.000007
.750
.339
.053
.046
.385
.108
.057
.743
.621
.580
104
.736
.750
.821
734
.031
.661
.876
.998
.396
.759
.036
.0055
.502
182

439

REGRESSION  95% Cl
COEFFICIENT

.0012 0.00037  0.0020 0043
-.098 -0155  -0.042 .00076

037 0.00043  0.074 047
~.056 ~0.117 0.0041 067
~014 -0.060  0.033 557
-.013 ~0.058  0.032 578

Abbreviations: ACE-i, angiotensin-converting enzyme inhibitor; ANC: anti-neutrophil cytoplasmic autoantibody; ARB, angiotensin Il receptor blocker; CKD, chronic
kidney disease; CVD, cardiovascular disease; DM, dermatomyositis; DM, diabetes mellitus; GCA, giant-cell arteritis; HTN, hypertension; MCTD, mixed connective
tissue disease; PM, polymyositis; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis; SCr, serum creatinine; SLE, systemic lupus erythematosus; SSc, systemic

scleroderma.

aMultivariate analysis was performed using the following variables: age; SCr at baseline; use of loop diuretics, spironolactone, and nonsteroidal anti-inflammatory drugs;

and history of diabetes mellitus.
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Table 5. Adverse drug reactions due to trimethoprim-sulfamethoxazole administration.

NUMBER OF CASES, NO. (%)

Adverse drug reactions 33 (13)
Gastrointestinal problems 1(0.4)
Liver function test abnormality 2(0.8)
Skin rash 5(2)
Hyperkalemia 22 (8)
Hypernatremia 4 (1.5)
Allergy 1(0.4)
Serious adverse drug reactions 0

SCr level observed is not due to renal dysfunction but is caused
by the inhibition of creatinine secretion in renal tubules by
TMP. Hence, it is a functional attribute and is unrelated to
drug-induced renal dysfunction.3°

Factors known to affect creatinine secretion from the
tubules include drugs, such as trimethoprim, cimetidine,
pyrimethamine, and dapsone, and impaired renal function. The
renal tubules secrete increased creatinine with deteriorating
renal function. This mechanism is saturated when the SCr level
exceeds 1.5 to 2mg/dL (132-176 pmol/L) resulting in SCr
level elevation.!?

Although rare, 5 patients showed SCr elevation by
=0.3mg/dL, presumably caused by TMP. One of them
had ANCA-associated vasculitis with an SCr elevation of
0.8mg/dL. In all 5 patients, TMP/SMX was discontinued,
which subsequently restored the SCr level to the baseline lev-
els. Other causes, including exacerbation of the primary dis-
ease, were ruled out based on physical examination, and
biochemical and urine tests.

Increased age and high baseline creatinine levels were found
to be risk factors for the elevation in the SCr level in this study,
in line with the findings of previous studies.!? As kidney func-
tion deteriorates with age, creatinine secretion from renal
tubules inevitably decreases. Patients with CKD treated with
100mg TMP every 12hours for 10days showed significant
elevation of SCr level, which was more than 34.6% of baseline,
compared with that of healthy subjects.?

In the Japanese population, the eGFR tends to be overesti-
mated when patients are older or have decreasing muscle mass.
Although it is appropriate to evaluate creatinine clearance (CrCl)
that is measured by collecting the patient’s urine for 24 hours

CrCl(mL/min) = (Urine concentration(mg / dL) x
Urine volume(mL / d)/Plasma concentration(mg / dL) x
Time(min/d))"

there were several missing values at baseline and during the
observation period in this study. Thus, we chose SCr at baseline
as a variable for the multivariate analysis.

DRUG WITHDRAWAL, NO. (%)
13 (5)

0(0)

2(0.8)

5(2)

5(2)

0(0)

1(0.4)

If patients show an SCr elevation by =0.3 mg/dL while on
TMP/SMX  therapy, it is necessary to exclude causes other
than TMP/SMX, such as exacerbation of the underlying
nephritis or CKD, prerenal acute kidney injury due to dehydra-
tion or bleeding, postrenal acute kidney injury in hospitalized
patients, and adverse effects of concomitant medications.

The SCr-based eGFR tended to decrease after TMP/SMX
was taken (matched paired # P=.0235). However, serum cysta-
tin C—based eGFR did not change significantly in this study
(matched paired # P=.135). The clinical conditions and the
results suggested that the elevation in SCr was because of the
inhibition of tubular creatinine secretion by TMP/SMX. A
comparison between SCr- and serum cystatin C-based eGFRs
in 16 patients is important because it can clarify whether the
creatinine elevation observed in this study is pseudo-elevation
(simply caused by the inhibition of tubular creatinine secre-
tion) or involves other causes.

Cystatin C levels were reported to be independent of sex,
muscle mass, and age after 12months of age, but there is a
growing body of evidence suggesting that this may not be the
case. Cystatin C levels may be affected by factors independent
of renal function, such as corticosteroids, thyroid dysfunction,
obesity, diabetes, smoking, and high C-reactive protein (CRP)
value.3136 A meta-analysis published in 2002 showed that
serum cystatin C measured with an immunonephelometric
assay is more accurate than SCr as a marker of GFR.37%8

Serum cystatin C level does react to slight deteriorations
in renal function, which can cause an elevation in its serum
concentration. While the SCr level is not elevated until the
GFR declines to 30 to 40 mL/min, cystatin C can be detected
in the early stages of renal failure, at around a GFR of 60 to
70 mL/min.? The concentration of serum cystatin C reaches
its maximum when the renal function deteriorates to end-
stage renal disease; thus, patients with an eGFR less than
30mL/min were excluded from this evaluation. When it is
difficult to distinguish whether SCr elevation has occurred
due to TMP/SMX or to other causes, cystatin C might be

used for evaluation.
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There were some limitations to the present study. First,
this was a single-center, retrospective study, and there may
have been a selection bias at the time of patient exclusion.
The continuation rate in the group of patients who were
excluded is different from that of the study population
because there was a large number of patients who discontin-
ued TMP/SMX due to a decrease in the dose of prednisolone,
transfer to another hospital, the patient’s own request, ADRs,
such as rash and liver function test abnormality that war-
ranted cessation of TMP/SMX, and death as a result of
malignant cancer.

Second, the study did not include CrCl in urine tests, and
only 16 cases were evaluated for SCr-based eGFR calculated
with cystatin C, which was more reflective of actual renal
function. Third, there are several confounding factors that can
be implicated in the elevation in SCr. Comedications, includ-
ing angiotensin-converting enzyme (ACE) inhibitors, cyclo-
sporin, and NSAIDs and diseases, such as lupus nephritis and
ANCA-associated vasculitis with renal involvement might
have led to the elevation in SCr. The inclusion of a control
group with similar manifestation and disease activity would
be appropriate to attribute the renal dysfunction to TMP/
SMX. Therefore, our findings need to be confirmed in a pro-
spective study.

Conclusions

In conclusion, only 2% out of the 272 Japanese patients with
CTD who received prophylactic TMP/SMX showed an
increase in the SCr level by =0.3 mg/dL. Increased age and
high baseline creatinine levels have been shown to be risk fac-
tors for the elevation in SCr levels. Other causes of renal
impairment should be considered if patients with low-dose

TMP/SMX show creatinine elevation by =0.3 mg/dL.
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