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Linezolid has been associated with reversible myelosuppression. Clinical trial data were evaluated for
anemia, thrombocytopenia, and neutropenia. Thrombocytopenia and a slight increased risk for anemia were
evident at =2 weeks of linezolid treatment. Hematologic abnormalities were consistent with mild, reversible,
duration-dependent myelosuppression. Appropriate monitoring is warranted with linezolid use.

Myelosuppression is associated with antibiotics (24, 6, 7, 9,
10, 12, 13). Similarly, linezolid, which is effective against gram-
positive bacteria (5, 16, 17-19, 21), has been associated with
reversible myelosuppression (11, 14; K. Attassi, E. Hersh-
berger, R. Alam, and M. Zervos, Ann. Meet. Infect. Dis. Soc.
Am., abstr. 466, 2001; K. Hicks, R. Y. Hachem, A. Huen, and
I. I. Raad, Ann. Meet. Infect. Dis. Soc. Am., abstr. 467, 2001;
J. S. Lewis and J. E. Patterson, Ann. Meet. Infect. Dis. Soc.
Am., abstr. 470, 2001; and J. Peterson, Letter, Pharmacia Corp.,
2001). In preclinical studies (up to 3 months), linezolid produced
time- and dose-dependent reversible myelosuppression with
doses up to 1,000 mg/kg of body weight/day. At lower doses (10
to 40 mg/kg/day), hematologic findings involved erythrocytes
and reticulocytes, but mild effects on white blood cells (WBC)
and platelet counts (PLTC) were observed (data on file; Phar-
macia Corp.). Thus, controlled clinical trials were assessed
prospectively for anemia, thrombocytopenia, and neutropenia.

Data from 2,046 linezolid- and 2,001 comparator (i.e., van-
comycin, ceftriaxone, cefpodoxime, clarithromycin, or oxacil-
lin-dicloxacillin)-treated adult patients in seven comparator-
controlled studies (pneumonia, skin and/or soft tissue, or
methicillin-resistant Staphylococcus aureus infections) were as-
sessed for risk of myelosuppression. Linezolid was adminis-
tered in 600-mg doses twice daily (5 studies) or 400-mg doses
twice daily (2 studies). Hematology assays included hemoglo-
bin, hematocrit, red blood cell count, WBC count, WBC dif-
ferential, PLTC, and absolute neutrophil count (ANC).

Mean hematology values were determined for the intent-to-
treat populations. Shifts from baseline to the lowest hemato-
logic value were evaluated using the AIDS Clinical Trial
Group criteria (1). Reticulocyte indices (RI) were assessed
using standard methods (20) at baseline and follow-up (600-
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mg-dose group only), and changes were assessed using ad-
justed difference analysis (8).

For patients with normal baseline values, substantially ab-
normal values were prospectively defined as follows: hemoglo-
bin and PLTC, <75% of the lower limit of the normal range
(LLN), and ANC, <50% of LLN. For patients with abnormal
baseline values, substantially abnormal values were prospec-
tively defined as follows: hemoglobin, <75% of baseline;
PLTC, <75% of baseline; and ANC, <50% of baseline. Ad-
justed difference analyses, accounting for differences of study
design and sample size, were used to compare proportions in
each treatment group with those from substantially abnormal
laboratory assays (8). The cumulative percentage of patients
with substantially abnormal values was evaluated using the
Kaplan-Meier method (15). Adverse events related to anemia,
neutropenia, or thrombocytopenia in conjunction with sub-
stantially abnormal laboratory values were examined.

Mean hemoglobin, PLTC, and ANC values, which were
available for linezolid and comparator groups (for compari-
sons of hemoglobin values, data were compared for 1,997 ver-
sus 1,952 patients, respectively; for platelet comparisons, 1,987
versus 1,944 patients, respectively; and for neutrophil compar-
isons, 1,931 versus 1,887 patients, respectively) were above
LLN at baseline, end of treatment, and follow-up.

Shift analyses (Table 1) showed downward shifts for hemo-
globin (6.6% versus 6.4%), PLTC (2.9% versus 1.6%), and
ANC (3.3% versus 3.4%) values in linezolid- and comparator-
treated patients, respectively. Most shifts were mild (grade 1 or
2) regardless of treatment, with no clinically significant differ-
ences in severe shifts (grade 3 or 4). Importantly, most shifts
occurred in patients treated =2 weeks. RI data (Table 2) were
evaluated in 637 linezolid- and 611 comparator-treated pa-
tients. In linezolid-treated patients, mean RI at end of treat-
ment decreased significantly from baseline (change, —0.52;
P < 0.01) and returned to values significantly above baseline at
follow-up (change, 1.29; P < 0.01). In comparator-treated pa-
tients, mean RI at end of treatment significantly increased
from baseline (change, 0.80; P < 0.01), with an additional
increase at follow-up (change, 1.03; P < 0.01). Mean RI were
significantly different between groups at end of treatment (P <
0.01) but were not different at follow-up.
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linezolid phase III comparator-controlled trials”

TABLE 1. Shifts from baseline to worst value during study for hemoglobin, platelets, and neutrophils in

Group
(shift category)

% (no. shifted/total no.) for:

All treatment durations in:

Linezolid group

Comparator group

Treatment durations greater than 2 weeks in:

Linezolid group

Comparator group

Hemoglobin
Any shift
Shift of 1 grade
Shift of 2 grades
Shift of 3 grades
Shift of 4 grades

Platelet

Any shift

Shift of 1 grade
Shift of 2 grades
Shift of 3 grades
Shift of 4 grades

Neutrophil
Any shift
Shift of 1 grade
Shift of 2 grades
Shift of 3 grades
Shift of 4 grades

6.6 (118/1785)
5.3 (95/1785)
0.8 (15/1785)
0.2 (4/1785)
0.2 (4/1785)

2.9 (36/1243)
1.4 (18/1243)
1.1 (14/1243)
0.3 (4/1243)
0

3.3 (55/1673)
2.5 (41/1673)
0.4 (7/1673)
0.3 (5/1673)
0.1 (2/1673)

6.4 (110/1726) 9.0 (64/708) 6.5 (43/662)
5.3 (91/1726) 7.8 (55/708) 5.3 (35/662)
0.6 (11/1726) 0.7 (5/708) 0.9 (6/662)
0.2 (4/1726) 0.1 (1/708) 0.3 (2/662)
0.2 (4/1726) 0.4 (3/708) 0

1.6 (19/1174) 4.1 (19/461) 1.0 (4/403)
0.9 (10/1174) 2.0 (9/461) 0.7 (3/403)
0.5 (6/1174) 1.5 (7/461) 0.2 (1/403)
0.3 (3/1174) 0.7 (3/461) 0

0 0 0

3.4 (54/1612) 4.7 (31/664) 3.7 (23/622)
2.3 (37/1612) 3.5 (23/664) 3.1 (19/622)
0.7 (11/1612) 0.6 (4/664) 0.3 (2/622)
0.2 (3/1612) 0.5 (3/664) 0

0.2 (3/1612) 0.2 (1/664) 0.3 (2/622)

“ AIDS Clinical Trial Group criteria (15).

Adjusted difference (AD) analyses showed that the percent-
ages of patients with substantially low hemoglobin (5.5% ver-
sus 4.9%; AD, 0.66; 95% confidence interval [CI], —0.02 to
1.35), PLTC (2.4% versus 1.5%; AD, 0.40; 95% CI, —0.25 to
1.04]), or ANC (0.8% versus 0.8%; AD, —0.22; 95% CI, —0.69
to 0.26]) values were not statistically different between treat-
ment groups. The cumulative percentages of patients with at
least one substantially low hematologic value were similar be-
tween groups (Fig. 1), with a nonstatistically significant differ-
ence noted in PLTC levels at day 14 (2.4% versus 1.5%; P, not
significant). The mean (* standard deviation) times to onset of
these substantially low values were more rapid with the com-
parator group than with the linezolid group (hemoglobin
group, 10.5 = 8.8 versus 12.1 = 10.7 days; platelet group, 11.3
+ 10.1 versus 12.0 = 6.2 days; neutrophil group, 12.4 = 8.9
versus 14.3 = 11.3 days), respectively. Overall, substantially
abnormal hematologic values, regardless of treatment group,
occurred most often in patients with lower baseline values
(Table 3).

Of the 5% of patients with substantially low hemoglobin
levels, only 0.7 and 0.2% of the linezolid- and comparator-
treated patients, respectively, had a substantially low hemoglo-
bin value and an anemia-related adverse event. These events
were not drug related; one report of postoperative anemia
resulting in transfusion was considered serious. Three lin-
ezolid-treated patients (0.2%), who were receiving concomi-
tant anticoagulation therapy, had a bleeding-related adverse
event (epistaxis, purpura, or ecchymosis) and a substantially
low PLTC. These events were considered mild and not serious
or drug related. No events of neutropenia were reported.

These findings support preclinical data suggesting that lin-
ezolid causes mild, reversible, time-dependent myelosuppres-
sion (Zyvox package insert, Pharmacia & Upjohn Company,
Kalamazoo, Mich.); however, a pronounced effect was not

evident in clinical trials with a treatment of <28 days. Throm-
bocytopenia and anemia occurred in some patients, specifically
those treated for =2 weeks, with no increased risk of neutro-
penia. Nonetheless, patients with underlying hematologic
abnormalities or lower baseline values were more likely to
develop substantially low hematology values, regardless of
treatment group.

Substantially low PLTC occurred in more linezolid- than
comparator-treated patients; however, the importance of this
divergence is unclear, given the small numbers of patients.
Overall, a mild, reversible thrombocytopenia may occur in
some patients with linezolid treatment at =2 weeks. The mech-
anism of linezolid-associated thrombocytopenia is unknown,
but there is no evidence for anti-platelet or anti-linezolid an-
tibodies or interference with platelet function (data on file;
Pharmacia Corp.).

Mild effects on hemoglobin were evident, but no appreciable

TABLE 2. Mean RI and change from baseline
(= standard deviation)

Timepoint Linezolid Comparators Adjusted

(parameter) (n = 637) (n = 611) difference 95% CI
Baseline
Mean index 454 238 4.62*+264 —0.06 —0.33t00.21

End of treatment

Mean index 402228 542*x245 —143 -—1.68to —1.17
Change from  —0.52 +2.52* 0.80 = 2.54 —136 —1.63 to —1.09
baseline
Follow-up
Mean index 5.84 £2.89 5.65=*2.64 0.25 —0.045 to 0.55
Change from 1.29 = 2.58* 1.03 * 2.64° 0.31 0.031 to 0.60
baseline

“ Change from baseline within treatment group (P < 0.01).
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FIG. 1. Patients with at least one substantially low PLTC, hemoglobin value, or neutrophil count in linezolid and comparator groups—

cumulative percentage over time.

differences between treatment groups were noted. Decreased
reticulocytes may be associated with anemia. The RI analysis
did not control for other variables possibly associated with RI
changes; however, a short-lived and reversible effect on eryth-
ropoiesis was detected in linezolid-treated patients. Further-
more, linezolid is not genotoxic in standard in vitro and in vivo
genetic toxicology studies, including chromosome aberration
assays in human peripheral lymphocytes, and there is no clini-
cal evidence of aplastic anemia (data on file; Pharmacia Corp.).

Reversible myelosuppression is manageable and common
with antibiotics (4, 10, 12). Current recommendations suggest
monitoring of complete blood counts in predisposed patients
(Zyvox package insert, Pharmacia & Upjohn Company; Peter-
son, letter). Given linezolid’s efficacy for treating serious gram-
positive infections, activity against resistant pathogens, and
equivalent intravenous-to-oral formulations, the benefits of
linezolid treatment may outweigh the potential risk of revers-
ible myelosuppression.

TABLE 3. Baseline mean hematology assay values for patients with or without subsequent substantially abnormal values for that assay®

Results for linezolid treatment

Assay (patient group)

Results for comparator treatment

No. (%) Baseline mean” No. (%) Baseline mean”

Hemoglobin

With substantially abnormal values 85 (4.8) 105+ 14 76 (4.5) 10.6 = 1.5

Without substantially abnormal values 1,686 (95.2) 13.0 £ 2.1 1,631 (95.5) 13.0 =22
Total 1,771 1,707
Platelet

With substantially abnormal values 35(2.2) 173 = 86 19 (1.2) 151 =50

Without substantially abnormal values 1,557 (97.8) 258 =99 1,502 (98.8) 263 £ 111
Total 1,592 1,521
Neutrophil

With substantially abnormal values 13 (0.8) 6.0 =63 13 (0.8) 42 x50

Without substantially abnormal values 1,584 (99.2) 7.8 =53 1,522 (99.2) 79 5.1
Total 1,597 1,535

“ For patients with paired baseline and on-treatment assays.

> Hemoglobin assay results are given in grams per deciliter; platelet and neutrophil assay results are given in 10°/mm?.
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