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Dear editor

We read with interest the study published by Song et al describing their retrospective
analysis of the clinical response and hospital costs associated with the empiric use of
vancomycin or linezolid therapy in patients with hospital-acquired pneumonia (HAP) in
the People’s Republic of China.' Results from matched comparisons showed similar clini-
cal response (30.0% vs 31.7%; P=0.847) and treatment failure rates (55.0% vs 45.0%;
P=0.289) but a significantly lower in-hospital mortality rate (3.3 vs 18.3%; P=0.013) for
vancomycin-treated patients compared to linezolid-treated patients. Treatment failure
rates (odds ratio [OR], 1.139; P=0.308) and risk of in-hospital mortality were comparable
(OR, 0.186; P=0.055) between vancomycin- and linezolid-treated patients following
further adjustment for an imbalance in variables between the matched treatment groups.
Reported total hospital costs were not significantly different between vancomycin- (RMB
113,160) and linezolid (RMB 133,825)-treated patients (P=0.076).

While we applaud these authors for publishing these real-world data, there are
several issues that deserve further attention. First, although Song et al used one-to-one
propensity score matching to create matched pairs, significant differences remained
in baseline characteristics between the linezolid and vancomycin treatment groups.
Specifically, patients who received linezolid received less combination therapy com-
pared to those who received vancomycin (18.3% vs 43.3%; P=0.007) and required
more current (46.7% vs 16.7%; P=0.001) or previous (63.3% vs 46.7%; P=0.033)
mechanical ventilation. More patients treated with vancomycin than linezolid received
frontline treatment (51.7% vs 23.3%; P=0.001) with cephalosporins whereas more
patients treated with linezolid than vancomycin received frontline treatment with other
beta-lactams (56.7% vs 36.7%; P=0.029). This is not a successful matching as several
significant differences in baseline characteristics remained in the matched comparison
group. Therefore, we believe that it is misleading and not appropriate to report the
comparison results between the two unmatched groups.

Second, the matched vancomycin patients selected in the study were not representative
of the general vancomycin population. This study started with the selected 3,708 van-
comycin cases and 273 linezolid cases and further selected the qualified vancomycin
(n=621) and linezolid (n=60) cases based on certain selection criteria. The final sample
included the selected 60 vancomycin cases based on the propensity scores to match
the 60 linezolid cases. Given this, the propensity score matching was not a random-
ized selection process, the selected vancomycin cases cannot represent the original
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vancomycin population (n=621). There is a need to further
examine the difference between the unselected/unmatched
vancomycin cases (n=561; [621 — 60=561]) vs the 60 selected
vancomycin cases. Any conclusions made about differences
found between linezolid- and vancomycin-treated patients
should be made and interpreted with caution.

Third, although clinical response rates were similar
between the treatment groups, these response rates are
considerably lower than those reported in previous retrospec-
tive or observational studies of patients with MRSA HAP or
ventilator-associated pneumonia (VAP)** and a prospective,
randomized study conducted enrolling patients with gram-
positive infections in the People’s Republic of China.® In the
study by Chan et al, clinical improvement defined by a clinical
pulmonary infection score =6 at day 3 of therapy was similar
between linezolid- (63.0%) and vancomycin (56.4%)-treated
patients with MRSA VAP In the study by Watanabe et al, a
response rate of 70.0% was reported for Japanese patients with
MRSA HAP treated with linezolid.* In the study by Peyrani
et al, a response rate of 85% was reported for linezolid-treated
patients compared to 69% for vancomycin-treated patients
with MRSA VAP (P=0.009). Response rates were also higher
for linezolid than vancomycin in a randomized, double-blind,
comparator-controlled, multicenter study enrolling 80
hospitalized patients with gram-positive pneumonia in the
People’s Republic of China. At end of treatment, the effec-
tive treatment rate was 78.6% for linezolid-treated patients
and 52.9% for vancomycin-treated patients (95% confidence
interval, 2.99-48.3).5

The low response rate reported in this analysis potentially
reflects the empirical administration of linezolid and vancomy-
cin in this study. In general, HAP treatment was not guided by
identification of a causative pathogen; of the 681 study patients,
only five underwent bacterial culture testing. The authors noted
that in Chinese tertiary care hospitals, routine assessment
for the causative HAP pathogens is not commonly performed.
The lower response rate reported by Song et al suggests that
at least some vancomycin- and linezolid-treated patients had
gram-negative HAP. Results from studies evaluating the micro-
biology of HAP in the People’s Republic of China suggest, that
gram-negative organisms are responsible for the majority of
HAP and intensive care unit-acquired pneumonia cases.*’

Although some patients in the study by Song et al received
concomitant gram-negative therapy, it is not clear how many
patients received active therapy against organisms such as
Acinetobacter baumannii and Pseudomonas aeruginosa.
In the matched patient cohort, significantly more patients
receiving vancomycin than linezolid therapy received

concurrent cephalosporin therapy (43.3% vs 18.3%; P=0.007).
Depending on type of cephalosporin administered, potentially
more patients treated with vancomycin than linezolid received
therapy active against gram-negative organisms such as
P aeruginosa. Very little additional information on cepha-
losporin therapy is provided.

Fourth, we find it surprising that a similar response
rate was noted in vancomycin-treated patients compared to
linezolid-treated patients. Results from the most recently
conducted Phase IV ZEPHyR study in patients with MRSA
pneumonia showed a significantly higher response rate in
patients treated with linezolid (57.6%) than dose-adjusted
vancomycin (46.6%; P=0.042).% Of note, the clinical
response rate with vancomycin therapy in the ZEPHyR trial
was lower than that with linezolid therapy even though the
vancomycin dose was higher than that utilized in the study
by Song et al. In the ZEPHyR trial, vancomycin therapy was
initiated at a dose of 15 mg/kg as recommended by current
guidelines’ and adjusted based on trough levels. In contrast,
the mean vancomycin dose in the study by Song et al was
only approximately 1,500 mg per day. Potential explana-
tions for this result include a lack of MRSA pneumonia in
study participants and the significant differences in baseline
characteristics that remained between the treatment groups
following propensity score matching.

Fifth, Song et al reported a significantly lower in-hospital
mortality rate for vancomycin-treated patients compared to
linezolid-treated patients (3.3% vs 18.3%; P=0.013). This
difference in mortality rate was lost after adjustment for an
imbalance in variables between the matched treatment groups
(OR: 0.186; 95% confidence interval: 0.033—1.39; P=0.055).
No mortality differences were found between linezolid- and
vancomycin-treated patients in the ZEPHyR trial and several
meta-analyses published since the beginning of the year
2010.1 Song et al however concludes that “vancomycin
likely had a lower in-hospital mortality rate when compared
with linezolid.” Caution must be exercised when making
comparisons between the linezolid and vancomycin treatment
groups as statistically significant imbalances in baseline
characteristics could account for the increased mortality
reported in patients treated with linezolid compared to
vancomycin. No differences in mortality were found after
accounting for differences in baseline patient characteristics
that remained following propensity-score matching.

Lastly, Song et al reported significantly lower acquisition
costs for vancomycin (RMB 2,880) than linezolid therapy
(RMB 8,194; P<<0.001). Lower vancomycin acquisition
costs were also reported in a cost-effectiveness analysis of
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linezolid vs vancomycin therapy for patients with MRSA-
confirmed nosocomial pneumonia using cost data from
four cities in the People’s Republic of China (ie, Beijing,
Guangzhou, Nanjing, and Xi’an)." Although acquisition
costs were significantly higher for linezolid than vancomycin
in the study by Song et al, no difference in median total hos-
pital costs was found (P=0.076). Similarly, results from the
cost-effectiveness analysis in all four Chinese cities showed
that linezolid was a cost-effective alternative to vancomycin
in patients with MRSA-confirmed nosocomial pneumonia
having similar or lower total treatment costs.

In conclusion, we challenge the statement made by Song
et al that “future clinical practice guidelines could use this
evidence to further support the established first-line treatment
with vancomycin for difficult HAP”” Additional studies are
needed in the People’s Republic of China to determine the
causative pathogens in patients with HAP. Vancomycin and
linezolid should only be administered to patients with a high
suspicion of or documented MRSA pneumonia. In patients
with MRSA HAP, results from randomized clinical trials
suggest similar or increased response rates for linezolid
compared to vancomycin therapy’® with no difference in
mortality.3!°* Furthermore, results from a cost-effectiveness
analysis conducted using data from Beijing, Guangzhou, Nan-
jing, and Xi’an show that linezolid compared to vancomycin
therapy in patients with MRSA nosocomial pneumonia is a
cost-effective therapy.

Disclosure

BAL and XG are employees of Pharmerit International which
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Dear editor
We would like to thank Lesher et al for the comments on our
recent publication that examined the clinical response and
hospital costs associated with the empirical use of vancomycin
and linezolid for hospital-acquired pneumonia (HAP) in a
Chinese tertiary care hospital.! Whilst we concur with a
number of the points made by the authors, there are a num-
ber that deserve to be challenged. Our study analyzed real-
world outcomes of patients treated with one of two different
antibiotics, vancomycin or linezolid, who were diagnosed
with HAP in a tertiary care hospital in Shanghai, People’s
Republic of China. A number of the limitations discussed
by Lesher et al highlight the differences between research
conducted using real-world data and randomized studies.
Firstly, the criticism that the two treatment groups com-
pared differed significantly in terms of baseline character-
istics even after we had taken steps to create matched pairs
of patients using one-to-one propensity score matching is
not accurate. In our study, several variables were not well
balanced between the matched treatment groups. However,
we conducted multiple regression analyses to adjust the
unbalanced variables in the matched patients to overcome this
limitation. The results, after the regression adjustment, were

highly consistent with the results of the direct comparisons
between the matched treatment groups. Thus, we believe that
the confounding effects associated with these unbalanced
variables on the measured outcomes in this study were modest
at best, and that appropriate steps were taken to account for
most differences.

Secondly the criticism that the vancomycin patients
included in the matched comparison were not representative
of the overall sample of vancomycin patients is unfounded. In
our study, the number of patients receiving linezolid was much
smaller than the number of patients receiving vancomycin
(273 vs 3,708). The main purpose of employing a matching
algorithm was to compare the two antibiotic treatments across
comparable groups of patients. To do this we used one-to-one
propensity score matching to identify patients who had similar
baseline characteristics across both treatment arms. Using
this approach we believe provided findings that are more
applicable to the patients who are likely to receive linezolid
for the treatment of HAP under normal clinical conditions.

We note that the response rates seen in our study are
considerably lower than those reported in some previous
studies. Differences in findings between studies in the same
therapeutic area are a typical phenomenon associated with
clinical research due to many reasons, including differences
in study design, treatment patterns, clinical settings, patient
characteristics, and inclusion/exclusion criteria. The treat-
ment response rates cited by Lesher et al are mainly from
randomized trials and studies that included patients with dif-
ferent characteristics to those in our study who were from a
real-world clinical setting in the People’s Republic of China.
Thus, the variances in treatment response rates between our
study and the other studies are not unexpected. Our study
findings are well interpreted in our paper by emphasizing that
the treatment used was empirical, and most of our patients
were not tested for causative pathogens. It is inappropri-
ate to compare the results from our study to those from a
prospective randomized study designed to test efficacy. We
agree that the lower treatment response rates in our study
cohort could be the result of a higher proportion of HAP
caused by gram-negative bacteria, which may explain the
higher mortality observed in patients receiving linezolid in
our study. As pointed out by Lesher et al, previous research
from the People’s Republic of China has identified high rates
of gram-negative bacteria in patients with HAP.? Significantly
more patients receiving vancomycin than linezolid therapy
received concurrent cephalosporin therapy; however, the
unbalanced concurrent cephalosporin use was further
adjusted in the regression analysis in the matched patients.
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Thus, the confounding effects associated with the concurrent
cephalosporin use were mainly related to the differences in
the distribution of cephalosporin drugs associated with the
two treatments. The results of our study findings support the
high risk of gram-negative bacterial infection associated with
HAP, in this clinical setting.

The comparison of the results from our study to those
from studies conducted in different countries and using
different study designs highlights one of the pitfalls when
attempting to make cross-study comparisons. The main
purpose of our study was to observe naturalistic treatment
patterns and outcomes in a real-world setting in a tertiary care
hospital in the People’s Republic of China. In the ZEPHyR
study,? the superiority findings associated with linezolid were
based on the analysis of the per-protocol group, whereas the
analysis based on intention-to-treatment basis found highly
comparable treatment response for the two antibiotic treat-
ments. Additionally, the rate of vancomycin treatment in
the ZEPHyR study was lower because serum vancomycin
levels did not reach the optimal levels needed for adequate
penetration into the lung and therefore the efficacy of
vancomycin was likely to have been underestimated in this
study.® Subsequently, two published meta-analyses did not
identify any superiority for linezolid over vancomycin for
the treatment of pneumonia.*?

Our study’s findings can be used to support treatment
decision making in real-world hospital settings in the People’s
Republic of China, where most patients with HAP have no
causative pathogen identified, and where empirical antibiotic
treatment is routine practice.

Our study reported a significantly lower in-hospital
mortality rate associated with vancomycin treatment
compared to linezolid treatment. The observed higher mor-
tality associated with linezolid treatment in our study could
reflect the high risk of gram-negative infection in Chinese
patients with HAP, previously discussed.

Because the patient cohorts, clinical settings, treatment
patterns, and health care resource use patterns observed
in our study were likely different from those in the cost-
effectiveness analyses cited by Lesher et al, it is inappropri-
ate to apply the conclusions of these studies to our findings.
Even if we assume that the two treatments were associated
with similar costs in our study, the increased in-hospital
mortality associated with linezolid treatment does not support
a cost-effectiveness argument for linezolid when compared

with vancomycin. On the other hand, the cost-effectiveness
analyses referred to in this letter used information on health
care resource and clinical outcomes directly obtained from
a study conducted in the USA and European centers where
it is expected that clinical practices and treatment patterns
would likely be very different to those in the People’s Repub-
lic of China. We believe the results and conclusion from this
comparison may include some biases, and it is therefore
inappropriate to use it to critique our study.

In summary, we thank the authors of this letter by
providing us with an opportunity to further clarify the
interpretation of our study’s findings and guide the use of
our evidence when empirically treating patients with HAP.
However, the evidence cited by Lesher et al are mainly based
on studies including patients with confirmed MRSA HAP. As
such their opinions may not be relevant to real-world clinical
settings, where HAP is frequently treated empirically without
the benefit of identification of the causative pathogen.
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