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Abstract

Background and Objective Oral linezolid is often used as alternative therapy for intravenous vancomycin. According to
the current guidelines, no dose adjustment has to be made in case of renal impairment. Nevertheless, in our hospital we
have seen several patients with renal impairment who developed linezolid-induced thrombocytopenia when linezolid was
taken in the standard dose. In this case series and review we want to emphasize the necessity of reviewing the Dutch and
international guidelines.

Methods We describe five cases with renal impairment that developed linezolid-induced thrombocytopenia in our hospital.
A PubMed literature review was conducted to identify other cases and find the optimal dosing regimen for these patients.
Results Our cases join a long list of cases and available literature about linezolid-induced thrombocytopenia in patients with
renal impairment. Less linezolid-induced thrombocytopenia was found, both in our cases and in the literature, after dose
reduction of 50%. High linezolid trough concentrations were associated with a higher risk of linezolid-induced thrombocyto-
penia. Besides renal impairment, other risk factors for developing linezolid-induced thrombocytopenia were also identified,
such as low body weight, high daily dose/kg, higher age, longer duration of therapy, low baseline count, malignity, low-dose
aspirin and interacting co-medication.

Conclusion Re-evaluation of the current dose advice is necessary. We advocate for a standard dose reduction to 50% after
2 days of standard dosing for all patients with an estimated glomerular filtration of <60 mL/min/1.73 m?. Besides this,
therapeutic drug monitoring and thrombocytes monitoring may be executed weekly when patients have renal impairment or
other risk factors for developing linezolid-induced thrombocytopenia.
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Staphylococcus aureus, penicillin-resistant Streptococ-
cus pneumoniae and vancomycin-resistant enterococcus
(VRE). It is used to treat infections like pneumonia, skin
infections and (off-label) periprosthetic infections. Lin-
ezolid has a unique mechanism of action; it binds to the
bacterial 50S ribosomal subunit and prevents the forma-
tion of the 70S subunit complex, which results in the inhi-
bition of protein synthesis. Its effect is time-dependent
and in general bacteriostatic, but in most streptococci
bactericidal [1].

After oral administration, the bioavailability of line-
zolid is approximately 100%. The volume of distribution
is approximately 0.5 L/kg. It is metabolized both enzymati-
cally and nonenzymatically into several metabolites. The
two major metabolites are aminoethoxyacetic acid (PNU-
142300) and hydroxyethyl glycine (PNU-142586). Both
metabolites have no antibacterial activity. The major route
of elimination is glomerular filtration. At steady state the
mean recovery in excreta is about 94%, of which 30% is
unchanged in the urine, 55% as metabolites in the urine and
9% in the faeces [2].

Because of its good bioavailability and effectiveness
against VRE, oral linezolid is often used as an oral alterna-
tive for intravenous targeted vancomycin therapy. Especially
for patients who no longer have an indication for hospitali-
zation, changing to oral linezolid therapy is a way to dis-
charge patients earlier. Additionally, oral linezolid therapy
is cheaper because a central venous catheter does not need
to be inserted and no home care organisation is required to
administer the intravenous therapy.

A common side effect of linezolid is myelosuppression
and linezolid-induced thrombocytopenia (LIT), defined as a
thrombocyte count of <150%10°/L. The mechanism remains
unclear, but it could possibly be immune-mediated, or a
result of drug-induced bone marrow suppression [3]. LIT is
often dose dependent and generally occurs after 2 or 3 weeks
of treatment. This means that theoretically the side effect
can be prevented by monitoring thrombocytes and linezolid
trough concentrations [4]. Patients treated with linezolid at
home are at risk for these side effects when there is no fre-
quent monitoring.

Several studies have shown a correlation between LIT and
renal impairment in patients treated with linezolid [5-11].
Despite this, the current guidelines still advise to maintain
the standard linezolid dose (600 mg twice daily) in case of
renal impairment [25]. Over the last 3 years we have encoun-
tered several suspected cases of LIT in patients with renal
impairment, who are described in this paper. In addition,
we performed a review of the current literature regarding
this condition in order to find a safe and effective dose for
linezolid in patients with renal impairment, to support our
advocacy for reviewing the current Dutch and international
guidelines.
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2 Case Reports

Over the years 2019-2022, we treated 37 patients for >4
days with linezolid in our hospital. From these patients, 12
had renal impairment, defined as estimated glomerular fil-
tration (eGFR) (Chronic Kidney Disease — Epidemiology
Collaboration [CKD-EPI] equation) <50 mL/min/1.73 m>.
Five of them (42%) developed thrombocytopenia after start
of linezolid therapy. In comparison, only 20% of the patients
with a normal renal function developed thrombocytopenia
during linezolid treatment. All five patients were classified
with a Naranjo score between 5 and 8, which means that the
causality of the adverse reaction is considered ‘probable’.
The key characteristics of each case are described in Table 1.
Relevant comedication can be found in Table 3. Samples for
linezolid trough concentrations were all drawn within 2 h
before the next dose.

2.1 Case1

Case 1 is a 76-year-old man with a history of diabetes mel-
litus type 1 and renal impairment with an eGFR (CKD-EPI)
of 30 mL/min/1.73 m?. He was re-admitted to the hospi-
tal because of a wound infection after osteosynthesis for a
lower leg fracture. Enterococcus faecium was cultured and
vancomycin IV was started. After 11 days, at discharge,
vancomycin was switched to oral linezolid 600 mg twice
daily. The thrombocyte count was 450*10°%/L at the day of
discharge. At day 20 after the start of linezolid, the throm-
bocyte count had dropped to 63*10%/L. Six days later he was
suffering a severe nose bleeding that required blood transfu-
sion. The linezolid trough concentration was 26.6 mg/L and
linezolid was stopped. At day 30 the thrombocytes dropped
to 46%10°/L and recovered to 160%10°/L 4 days later.

2.2 Case?2

Case 2 is a 59-year-old woman with a history of diabe-
tes type 1, renal impairment, haemodialysis and a kidney
transplant in 2009 with an eGFR (CKD-EPI) of +30 mL/
min/1.73 m%. She was admitted to the hospital because of a
persistent septic arthritis of the knee. Arthroscopic debride-
ment of the knee followed, and ceftriaxone was started as
initial broad spectrum antibiotic treatment. Bacterial cultures
showed a Corynebacterium striatum and vancomycin IV was
started. After 2 weeks vancomycin was replaced by oral lin-
ezolid 600 mg twice daily. Three days after the start of lin-
ezolid, the linezolid trough concentration was 25.4 mg/L,
which led to a dose reduction to 600 mg once daily on day
10. On day 15 the thrombocyte count dropped from a base-
line of 400*10°/L at the beginning of the linezolid therapy to
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Table 1 Clinical patient characteristics and identified risk factors

Case 1 Case 2 Case 3 Case 4 Case 5
Age 76 59 65 49 76
Gender Male Female Female Male Female
Weight (kg) 86 82 98 110 130
BMI 27.1 32.8 40.3 31.1 52.1
Infection Osteosynthesis  Septic arthritis  Osteosynthesis  Liver cyst infection  Periprosthetic
wound infec- wound infec- hip joint
tion tion infection
eGFR (CKD-EPI) at baseline (mL/min/1.73 m?) +30 +30 +50 Haemodialysis +50
Dose (at start) 600 mg b.i.d. 600 mg b.i.d. 600 mg b.i.d. 600 mg b.i.d. 600 mg b.i.d.
Dose (after dose reduction) NA 600 mg o.d. NA 600 mg o.d. 600 mg o.d.
Baseline platelet count (*10°/L) 450 400 380 230 170
Number of days between starting linezolid and 20 15 16 18 11
thrombocytopenia
Number of days until recovery of thrombocyto- 8 7 13 4 8
penia after stopping linezolid
Lowest platelet count (*10%L) 46 53 85 86
Highest linezolid trough concentration (mg/L) 26.9 254 14.6 15.0 7.5
Naranjo score 8 8 5 5 7

b.i.d. bis in die = twice a day, BMI Body mass index, NA not applicable, o.d. omne in die = once a day

120#10%/L and it was decided to cease the linezolid. Throm-
bocytes recovered to 340%10°/L within 3 weeks.

2.3 Case3

Case 3 is a 65-year-old woman with diabetes mellitus type 2,
a pertrochanteric femur fracture, treated with an intramedul-
lary nail, and renal impairment with an eGFR (CKD-EPI)
of about 50 mL/min/1.73 m?. She was admitted because of
a cut out of the intramedullary osteosynthesis land necrosis
of the femoral head. The fixation nail was removed and a
Corynebacterium striatum, Proteus mirabilis and Staphy-
lococcus epidermis were cultured. Vancomycin IV and
cefuroxime IV were started. After 3 weeks of treatment, this
therapy was replaced by oral ciprofloxacin 750 mg and oral
linezolid 600 mg, both twice daily. At baseline the throm-
bocyte count was 300%10°/L. Linezolid was continued for
2 weeks, during which time the renal function remained sta-
ble and thrombocytes and linezolid trough concentrations
were not measured. Because of blurry vision, a suspected
adverse event of linezolid, the linezolid was replaced with
vancomycin IV for 11 days. The adverse event was not con-
firmed, and vancomycin was switched back to linezolid.
The renal function remained stable, and the thrombocyte
count was 380%10%/L. At day 12 after the restart, the lin-
ezolid trough concentration was 14.6 mg/L. At day 16 the
thrombocytes had reduced to 89%10°/L, which resulted in
linezolid therapy cessation one day later. Thrombocytes
further decreased to 53*10°/L at day 24 but recovered
to 260%10°/L at day 35. Renal function remained stable

during the antibiotic treatment. A hip prosthesis was never
implanted because of mental and physical impairments.

2.4 Case4d

Case 4 is a 49-year-old man with a history of diabetes type
2, hypertension and autosomal dominant polycystic kidney
disease leading to terminal renal failure treated with haemo-
dialysis. He was admitted to the hospital because of infected
liver cysts. In blood cultures an Enterococcus faecium was
found. He was initially treated with vancomycin IV and at
discharge switched to oral linezolid 600 mg twice daily.
Trough concentrations were monitored before dialysis and
were 7.1 and 15 mg/L at day 6 and 11, respectively, after the
switch to linezolid. Based on the last trough concentration,
the dose was reduced to 600 mg once daily. This resulted
in a trough concentration of 5.2 mg/L at day 18. At day
20, he was admitted to the hospital again with cold shiv-
ers and a Campylobacter was found in the blood cultures.
The linezolid was stopped, and vancomycin was started. His
thrombocyte level had dropped from a baseline of 200%10°/L
to 85%10°/L at day 21. At day 25 the thrombocytes recovered
to 220%10%/L.

2.5 Case5
Case 5 is a 76-year-old woman with hypertension and
an eGFR (CKD-EPI) of about 50 mL/min/1.73 m?. She

was admitted to the hospital because of a periprosthetic
hip joint infection. The hip prosthesis was explanted. A
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Staphylococcus epidermidis was cultured and treated with
vancomycin IV for 10 days. Vancomycin was stopped and
linezolid 600 mg twice daily was started orally. Linezolid
trough concentration at day 5 after the switch to linezolid
was 7.5 mg/L, after which the linezolid dose was reduced
to 600 mg once daily on day 8. Her eGFR (CKD-EPI) had
dropped to 40 mL/min/1.73 m? at day 7 and linezolid was
stopped at day 12. At day 13 the thrombocytes dropped from
a baseline of 180*10"9/L to 86*10"9/L. Thrombocytes and
renal function recovered at day 20 to 160*10%/L and 50 mL/
min/1.73 m?, respectively. Treatment was continued with
vancomycin IV. The total hip was re-implanted successfully
after 2 months.

3 Discussion

In this cases series, we have described five cases of patients
with impaired renal function who probably developed LIT.
Also, a high linezolid trough concentration (above the thera-
peutic range of 2-8 mg/L) was measured in four of these
patients. Our cases substantiate the list of already published
cases (Table 2). Overall, in the current literature, LIT is
described in 42.9-78.6% of patients with renal impairment
compared with 5.6-42.9% in patients with a normal renal
function [12-22]. As the definition of renal impairment is
described differently through the literature, a direct compari-
son is not possible.

Table 2 Case reports about LIT in patients with renal impairment

The manufacturer of linezolid advises not to reduce the
dose in case of renal impairment. This advice is based on
studies showing no difference between the area under the
concentration—time curve (AUC) of linezolid in patients
with a normal renal function and with renal impairment.
Exposure to the two main linezolid metabolites was reported
to be higher (10-fold), but not included in the dose advice,
as the clinical relevance was not clear. Nevertheless, it does
warn to be cautious when the eGFR is <30 mL/min [24].
The dose advice is similar to the manufacturers’ and based
on the manufacturers’ advice and only one small study [25].
In this small, single-dose pharmacokinetics study, no dif-
ferent linezolid clearance was found in patients with renal
impairment compared with healthy patients with CLCR
>80 mL/min. Moreover, toxicity and longer exposure to lin-
ezolid were not monitored, so possible accumulation of lin-
ezolid was not studied. It is remarkable that despite the many
reports of LIT and available literature, the dosing advice for
patients with renal impairment has remained the same.

Even though the higher blood concentrations of the two
main metabolites (PNU-142300 and PNU-142586) have
been considered irrelevant, it could be a possible explanation
for linezolid toxicity in patients with renal impairment. The
metabolite concentrations were 3.3- and 2.8-fold higher in
patients with renal impairment (éGFR <60 mL/min/1.73 m?)
than in patients without renal impairment, respectively [26].
And a 7- to 8-fold increase in exposure to the two metabo-
lites was found in patients with severe renal impairment
<30 mL/min [27]. As no other specific studies are available

Study Age Gender Infection Linezolid initial
dose

Dose reduction  Renal function = Thrombocyto-  Outcome
penia

Cossu et al., 72 Woman MRSA pulmo- 600 mg b.i.d.
2014 [5] nary infection

Tsuji et al., 2015 78  Man MRSA medias- 600 mg o.d.
[9] tinitis

Taguchi et al., 87 Woman MRSA 1200 mg/day
2013 [11]

Xiaoetal.,2018 50 Woman MRSA endocar- 600 mg b.i.d.
[23] ditis

Discontinuation CRRT 32*1079/L Thrombocytes
reached
normal levels
7 days after
discontinua-
tion

300 mg o.d. 8.6 mL/ 65*%1079/L Thrombo-

min/1.73 m? cyte count
recovered and
infection was
successfully
treated with
linezolid

600 mg o.d. 30 mL/min 54*%1079/L Decreased dose
was well
tolerated, no
thrombocyto-
penia occurred

None 23 mL/ 12*1079/L Died from
min/1.73 m? multiple organ
failure

b.i.d. bis in die = twice a day, CRRT continuous renal replacement therapy, o.d. omne in die = once a day
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about the toxicity of the two metabolites, further research
is needed to investigate the involvement of the metabolites.

Our cases show that in daily practice, when a patient
shows symptoms of LIT, linezolid is often stopped, with
the thrombocyte level subsequently recovering in approxi-
mately 7 days. This could be explained by the lifetime of a
thrombocyte, which is about 8 days. A dose reduction of
50% after the occurrence of thrombocytopenia has resulted
in recovery of the thrombocyte count and adequate infection
treatment [9, 11]. An early dose reduction may avoid adverse
events and unnecessary treatment withdrawal of linezolid in
patients with renal impairment. Patient-specific dose advice
is needed.

In four of our cases, high linezolid trough concentrations
(>10 mg/L) were measured. Linezolid trough concentrations
of >7.5-8.2 mg/L are associated with a higher risk of devel-
oping LIT [4, 28-32]. These findings suggest that linezolid
exposure in patients with renal impairment is higher and a
dose adjustment is justified. In simulations, an initial fixed
dose of linezolid 600 mg twice daily for 2 days followed by
300 mg twice daily leads to an effective therapeutic concen-
tration with the optimal balance of safety and efficacy in a
patient with a clearance of 60 mL/min [18]. This study was
conducted in an Asian population, so differences with the
Caucasian population should be taken into consideration.
The maximized attainment of therapeutic trough concentra-
tions in Caucasian patients with renal impairment has been
identified with Monte Carlo simulations. For patients with
an eGFR <30 mL/min, the probability for linezolid trough
concentrations to be within the therapeutic range (2—8 mg/L)
is 33% for 600 mg twice daily, 64% when dosed at 300 mg
twice daily and 55% when dosed at 600 mg once daily. At
a dose of 600 mg twice daily, 65% of these patients have a
probability for linezolid trough concentrations to be above
this range. For 300 mg twice daily, this is 26% and for
600 mg once daily, 13%. Both dose reductions in patients
with eGFR <30 mL/min result in a probability of attain-
ing linezolid trough concentrations within the therapeutic
range that is comparable to the dose of 600 mg twice daily
in patients with an eGFR >90 mL/min (60% probability of
attaining linezolid trough concentrations within the thera-
peutic range and 19% probability to be above this range)
[12]. Moreover, a formula has been proposed to calculate
the required dose to achieve the target trough concentra-
tion based on the renal function: initial daily dose (mg/day)
= CL X AUC,,= (0.0258 x CLCr + 2.03) x (18.2 X C;,
+ 134.4), based on a target AUC,, of 200 ug*h/mL [4].
Also, in patients undergoing haemodialysis, a dose reduc-
tion to 300 mg twice daily or 600 mg once daily has led to
a linezolid trough concentration just before haemodialysis
of 20.6 mg/L and 6.0 mg/L, respectively. Compared with
a standard dose of 600 mg twice daily, less LIT was seen
in this population [33]. This suggests that a dose reduction

to 600 mg once daily is also appropriate in haemodialysis
patients.

It is remarkable that in 21% of the patients with good
renal function, no trough concentration >2 mg/L is reached
with 600 mg twice daily [12], and that a creatinine clear-
ance >100 mL/min is associated with linezolid underex-
posure [34, 35]. Also, in the case of Tsuji et al. [9], the
patient developed LIT despite having a 50% dose reduction
from start of treatment. Pea et al. [35] found a strong and
significant association between high linezolid trough con-
centrations and renal clearance <40 mL/min, but no signifi-
cant linear correlation between linezolid trough concentra-
tions and renal function in general [35]. This suggests that
high linezolid trough concentrations can only partially be
explained by renal impairment and that there are several
other risk factors that contribute to a large inter-individual
variability [36]. Identified risk factors are low body weight
of <60 kg [21], daily dose >18.75-22 mg/kg [21, 22], age
>75 years [37], duration of therapy >7-14 days [20, 21,
38], baseline platelet count <150-200 *10%/mm? [22, 38],
malignity [37], low-dose aspirin [38] and concomitant use
of interacting medication like caspofungin or levofloxacin
(higher linezolid trough concentrations) [21]. Remarkably,
all of our described cases had used linezolid for >7 days,
suggesting accumulation plays an important role in the
development of LIT in patients with renal impairment. An
overview of all the risk factors that applied to our cases can
be found in Tables 1 and 3.

Several studies have shown therapeutic drug monitoring
(TDM) to be a useful tool to monitor the linezolid trough
concentrations and to prevent LIT [9, 12, 17, 18, 39]. Espe-
cially for patients with multiple risk factors, additional TDM
next to a standard dose reduction in case of renal impair-
ment may contribute to the prevention of high linezolid
blood levels.

Currently, linezolid is only available as a 2 mg/mL infu-
sion fluid and as a 600 mg tablet in the Netherlands. The

Table 3 Risk factors specified for our five cases

Case 1 2 3 4 5

Duration of therapy 26 15 13417 21 13
(days)

Hepatic impairment No No No No No

Malignity No No No No No

Low-dose aspirin Yes Yes No No No

Concomitant drugs with  NA NA Furosemide Furosemide NA
thrombocytopenia as
adverse event

Concomitant drugs with  NA NA NA NA NA
relevant interaction
with linezolid

NA not applicable
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tablet has no score line to split into equal doses, hence it
can only be administered in the reduced dose of 600 mg
once daily. The infusion fluid (2 mg/mL) can also be taken
orally, but because of the low concentration, a large volume
has to be taken. Besides this, the infusion fluid contains a
lot of glucose (45.7 mg/mL), which could cause stomach
problems. To be able to optimize dosing by TDM, doses
smaller than 600 mg are needed, which makes it necessary
to develop an alternative dose or dosage form. This can be
done by a specialized pharmacy.

4 Conclusion

The large amount of available literature describing LIT in
patients with renal impairment, and studies about the opti-
mal linezolid dose in these patients, make it necessary to
re-evaluate the current dosing advice. A dose reduction to
600 mg/day in patients with eGFR <60 mL/min/1.73 m?
(also in haemodialysis patients), after 2 days of standard
dosing, may lead to effective trough concentrations with
less LIT, but further research is necessary to confirm this.
In addition, we also advocate for TDM and thrombocytes
monitoring 1 week after therapy initiation, followed by
monitoring of both parameters weekly, in all patients with
renal impairment or other risk factors such as low body
weight, high daily dose/kg, higher age, longer duration of
therapy, low baseline count, malignity, low-dose aspirin and
interacting co-medication. In order to optimally implement
TDM-based dosing, a suitable smaller dosage form should
be available. Further prospective studies should be encour-
aged to determine the effects of dosing according to TDM
on the occurrence of LIT in the real population and to deter-
mine the toxicity of the two main metabolites.
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