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Background: Hospital-acquired pneumonia (HAP) is the most common health care-associated
infection contributing to death. Studies have indicated that there may be differences in the
causative pathogens and outcomes of ventilator-associated pneumonia (VAP) and non-ventilatorassociated pneumonia (NV-HAP). However, with limited NV-HAP-specific data available,
treatment is generally based on data from studies of VAP. The Phase 3 Assessment of Telavancin for Treatment of Hospital-Acquired Pneumonia (ATTAIN) studies were two double-blind
randomized controlled trials that demonstrated the non-inferiority of telavancin to vancomycin
for treatment of Gram-positive HAP. We conducted a post hoc subgroup analysis of patients
enrolled in the ATTAIN studies who had NV-HAP.
Methods: Data from the two ATTAIN studies were pooled, and patients with NV-HAP
were analyzed. The all-treated (AT) population consisted of all randomized patients who
received $1 dose of study medication, and the clinically evaluable (CE) population consisted
of AT patients who were protocol-adherent or who died on or after study day 3, where death
was attributable to the HAP episode under study. The primary endpoint was clinical response
(cure, failure, or indeterminate) at the follow-up/test of cure visit, conducted 7–14 days after
the end of therapy.
Results: A total of 1,076 patients (71.6% of overall ATTAIN AT population) had NV-HAP
(533 and 543 patients in the telavancin and vancomycin treatment groups, respectively). Clinical
cure rates in the CE population were similar for patients with NV-HAP treated with telavancin and vancomycin (83.1% [201/242] and 84.1% [233/277], respectively). In patients with
methicillin-resistant Staphylococcus aureus isolated at baseline, cure rates in the CE population were 74.8% (77/103) for telavancin and 79.3% (96/121) for vancomycin. The incidence
of adverse events, serious adverse events, and deaths in patients with NV-HAP was similar
whether patients received telavancin or vancomycin.
Conclusion: This post hoc subgroup analysis of the ATTAIN studies demonstrated similar
cure rates for telavancin and vancomycin for treatment of NV-HAP.
Keywords: nosocomial pneumonia, Staphylococcus aureus, methicillin-resistant S taphylococcus
aureus
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Hospital-acquired pneumonia (HAP), defined as pneumonia occurring at least 48 hours
after admission to a health care facility (which was not incubating at admission), is the
most common health care-associated infection contributing to death.1–3 The treatment of
HAP is complicated by the frequent involvement of multidrug-resistant (MDR) pathogens, including methicillin-resistant Staphylococcus aureus (MRSA).1,2 Mechanical
ventilation is the primary risk factor for HAP, with mechanically ventilated patients up
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to 21 times more likely to develop HAP than non-ventilated
patients.1,4 As such, ventilator-associated pneumonia (VAP),
defined as pneumonia occurring at least 48–72 hours after
endotracheal intubation, has been the focus of the majority
of HAP research to date.1,5
Although there is a paucity of data on patients with
non-ventilator-associated pneumonia (NV-HAP), recent
reports suggest that it may be worthy of greater attention.
Certain studies have suggested that mortality in patients
with NV-HAP may be similar to, or even higher than, those
with VAP.6,7 Furthermore, studies have indicated that the
underlying pathogens, and the antimicrobial susceptibility
thereof (including incidence of MDR strains), of VAP and
NV-HAP may be different.7–11 It is well recognized that early,
appropriate antimicrobial therapy is critical in reducing HAP
mortality.1 Successful empiric therapy hinges on knowledge
of the likely pathogens involved, and in particular, on recognizing patients at risk of infection with MDR pathogens.1
Despite these potential differences, treatment decisions
concerning NV-HAP are most often made based on extrapolation of VAP data, which may prove to be suboptimal.
Telavancin is a lipoglycopeptide antibiotic with bactericidal activity against clinically relevant Gram-positive
bacteria, mediated by a dual mechanism of action involving
inhibition of cell-wall biosynthesis and disruption of bacterial
membrane barrier function.12–14 Telavancin has been shown to
adequately penetrate into the epithelial lining fluid and alveolar
macrophages and remain active in the presence of pulmonary
surfactant.15,16 Telavancin is approved in the United States
and Europe for the treatment of hospital-acquired bacterial
pneumonia (HABP), including ventilator-associated bacterial
pneumonia (VABP) due to susceptible isolates of S. aureus
(methicillin-resistant strains [MRSA] only in Europe), when
alternative medicines are unsuitable.
The Assessment of Telavancin for Treatment of
Hospital-Acquired Pneumonia (ATTAIN) studies were two
identical double-blind randomized controlled trials that
demonstrated the non-inferiority of telavancin to vancomycin
for treatment of Gram-positive HAP (NCT00107952 and
NCT00124020).17
To contribute to the understanding of NV-HAP, we conducted a post hoc subgroup analysis of patients with NV-HAP
enrolled in the ATTAIN studies.

Methods
Study design
The methodology of the ATTAIN studies has been described
in detail previously17 and is summarized here. Patients were
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eligible for enrollment if they had pneumonia acquired
after 48 hours in an inpatient acute or chronic care facility, or
that developed within 7 days after being discharged. Patients
were randomized (1:1) to receive either telavancin 10 mg/kg
intravenously every 24 hours or vancomycin 1 g intravenously
every 12 hours for 7–21 days. Vancomycin dosage could be
modified per site-specific guidelines based on weight, renal
function, and/or vancomycin serum level determinations as
long as the study blind was maintained. Respiratory samples
(invasive or noninvasive) and two blood culture specimens
were obtained at baseline for Gram stain and culture in accordance with clinical practice guidelines.1 Isolated pathogens
were submitted to a central laboratory for confirmation of
identity and susceptibility testing, per Clinical and Laboratory Standards Institute guidance.18

Statistical analysis
For the present analysis, data from the two ATTAIN studies
were pooled. Patients with NV-HAP were patients with HAP
who had never been ventilated, plus those who developed
pneumonia after at least 48 hours of hospitalization (HAP)
and then went on to require mechanical ventilator support
(and so were deemed to have developed their pneumonia
prior to being ventilated).
The analysis populations were defined as follows: the
safety population included all patients who received $1 dose
of study medication (according to the treatment received).
The all-treated (AT) population included all randomized patients who received $1 dose of study medication
(according to the randomized treatment). The “modified AT”
population consisted of patients in the AT population who
had a respiratory pathogen identified from baseline samples,
or from blood cultures if no respiratory sample was positive.
The clinically evaluable (CE) population consisted of patients
in the AT population who were protocol-adherent or who
died on or after study day 3, where death was attributable to
the HAP episode under study. The microbiologically evaluable (ME) population consisted of CE patients who had a
Gram-positive respiratory pathogen recovered from baseline
respiratory specimens or blood cultures.
One of the stratification factors at randomization was
ventilatory status (in addition to geographic region and the
presence or absence of diabetes). Patient demographics,
pathogens, clinical response, adverse events (AEs), and
mortality were evaluated by treatment group (telavancin or
vancomycin). The primary endpoint was clinical response
in the AT and CE populations at the follow-up/test of cure
(FU/TOC) visit, which was conducted 7–14 days after the end
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of therapy (EOT). Clinical response was classified as cure,
failure, or indeterminate. “Cure” was defined as improvement
or lack of progression of baseline radiographic findings at
EOT and resolution of signs and symptoms of pneumonia at
FU/TOC. “Failure” was defined as at least one of: persistence
or progression of signs and symptoms, or progression of
radiological signs of pneumonia at EOT; termination of
study medications due to “lack of efficacy” and initiation
within 2 calendar days of a different potentially effective
antistaphylococcal medication; death on or after day 3
attributable to primary infection; or relapsed infection at TOC
after termination of study medications. “Indeterminate” was
defined as inability to determine outcome. Failure at EOT
was carried forward to FU/TOC. Two-sided 95% confidence

intervals (CIs) were calculated on the difference in response
rate; pooled-study CIs were stratified by study.
Survival over the 28-day period was summarized using
Kaplan–Meier estimates.

Results
Demographics and patient disposition
The NV-HAP AT population constituted 71.6% (1,076/1,503)
of the overall ATTAIN AT population (533 and 543 patients
in the telavancin and vancomycin treatment groups, respectively) (Figure 1).
The demographic and baseline characteristics of the
telavancin- and vancomycin-treated patients in the NV-HAP
AT population were generally similar (Table 1). The number

ATTAIN AT population
N=1,503

Non-ventilated patients
N=819

Ventilated patients
N=684

Patients with HAP
occurring ≥48 h
after hospitalization
then requiring
mechanical
ventilation
N=257

VAP patients
N=427

NV-HAP AT population
N=1,076

Telavancin
N=533

Vancomycin
N=543

NV-HAP CE population
N=519

Telavancin
N=242

Vancomycin
N=277

Figure 1 Patient disposition.
Notes: Two patients who were randomized to receive vancomycin actually received telavancin. These patients were included in the vancomycin group for the AT population
but were included in the telavancin group for the safety population. Neither patient was included in the CE population.
Abbreviations: AT, all-treated; ATTAIN, Assessment of Telavancin for Treatment of Hospital-Acquired Pneumonia; CE, clinically evaluable; HAP, hospital-acquired
pneumonia; NV-HAP, non-ventilator-associated pneumonia; VAP, ventilator-associated pneumonia; h, hours.
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Table 1 Demographics and baseline characteristics of patients
with NV-HAP (all-treated population)
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n (%)a

Age (years), mean ± SD
Age $65 years
Female
BMI, kg/m2
Race
White
Asian
Black, of African heritage
Diabetes
Acute renal failure
CLCR #50 mL/min
Hemodialysis

Telavancin
N=533

Vancomycin
N=543

64.0±17.8
306 (57)
190 (36)
25.0±6.7

65.0±16.9
322 (59)
204 (38)
25.0±5.5

361 (68)
129 (24)
15 (3)
151 (28)
43 (8)
200 (38)
7 (1)

366 (67)
137 (25)
16 (3)
145 (27)
39 (7)
197 (36)
10 (2)

Note: aUnless otherwise stated.
Abbreviations: BMI, body mass index; CLCR, creatinine clearance; NV-HAP, nonventilator-associated pneumonia; SD, standard deviation; N, total number in study;
n, subtotal in study group.

of patients who received telavancin and vancomycin who had
creatinine clearance #50 mL/min or who had acute renal
failure at baseline was comparable (Table 1).
Approximately half of modified AT patients had solely
Gram-positive pathogens isolated at baseline (Table 2). Approximately two-thirds of the S. aureus identified at baseline was
MRSA (Table 2). A greater number of telavancin-treated than
vancomycin-treated patients with NV-HAP had mixed Grampositive/Gram-negative infections at baseline (Table 2).

Clinical response
Clinical cure rates in the CE population were similar for patients
with NV-HAP treated with telavancin (83.1%) and vancomycin
(84.1% [95% CI for the difference: −7.5% to 5.3%]) (Table 3).
Likewise, the rates of clinical failure and the reasons thereof
were similar between the treatment groups (Table 3).
Cure rates were similar for NV-HAP patients treated with
telavancin and vancomycin who had S. aureus isolated at baseline (78.8% and 79.9%, respectively), including methicillinsensitive S. aureus (85.0% and 80.0%, respectively) and
MRSA baseline (74.8% and 79.3%, respectively) (Table 3).

Safety
The incidence of AEs and serious AEs (SAEs) in
patients with NV-HAP was similar between the treatment

Table 3 Clinical response at TOC (clinically evaluable population)
and by baseline pathogen (microbiologically evaluable population)
in patients with NV-HAP
Clinically evaluable
population, n (%)

Table 2 Respiratory pathogens at baseline from patients with
NV-HAP (modified all-treated population)
n (%)

Pathogens from respiratory tract only
Pathogens from respiratory tract and
blood
Gram-positive pathogens only
Single pathogen
Multiple pathogens
Staphylococcus aureus
MRSA
MSSA
Mixed Gram-positive/Gram-negative
infection
Number of pathogens
1
2
.2

Telavancin
N=376

Vancomycin
N=368

349 (93)
14 (4)

342 (93)
22 (6)

177 (47)
167 (44)
10 (3)
237 (63)
154 (41)
87 (23)
87 (23)

195 (53)
182 (49)
13 (4)
238 (65)
165 (45)
75 (20)
70 (19)

247 (66)
88 (23)
28 (7)

254 (69)
87 (24)
23 (6)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillinsensitive Staphylococcus aureus; NV-HAP, non-ventilator-associated pneumonia;
N, total number in study; n, subtotal in study group.
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Reasons for study drug discontinuation were similar between
the treatment groups. The five most common reasons for discontinuation in telavancin-treated patients were death (9%), unsatisfactory therapeutic response (8%), Gram-positive coverage no
longer clinically indicated (8%), AEs (4%), and withdrawal of
consent (4%); the corresponding frequencies in the vancomycin
group were 8%, 8%, 7%, 4%, and 3%, respectively.
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Telavancin
N=242

Cure
201 (83.1)
Failure
41 (16.9)
Failure at EOT
36 (14.9)
  Persistence or progression
24 (9.9)
of pneumonia
Lack of efficacy/initiation of
5 (2.1)
antistaphylococcal antibiotics
  Death on or after study
11 (4.5)
day 3 attributable to HAP
 Relapsed pneumonia between
3 (1.2)
EOT and TOC
 Death attributable to HAPa
2 (0.8)
between EOT and TOC
Microbiologically evaluable population, n/N (%)
Cure rate by baseline Gram-positive pathogen
Staphylococcus aureus
126/160 (78.8)
   MRSA
77/103 (74.8)
   MSSA
51/60 (85.0)

Vancomycin
N=277
233 (84.1)
44 (15.9)
42 (15.2)
27 (9.7)
9 (3.2)
8 (2.9)
2 (0.7)
0

131/164 (79.9)
96/121 (79.3)
36/45 (80.0)

Note: aIncludes one patient whose clinical response at TOC was set to failure due
to death on or after study day 3 and the cause of death was HAP, and one patient
who died after EOT attributed to HAP.
Abbreviations: EOT, end of therapy; HAP, hospital-acquired pneumonia; MRSA,
methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus
aureus; NV-HAP, non-ventilator-associated pneumonia; TOC, test of cure; N, total
number in study; n, subtotal in study group.
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groups (Table 4). There was little difference between the
treatment groups in the incidence of common (at least 5%
in either treatment group) gastrointestinal AEs (constipation,
diarrhea, and nausea). The incidence of any renal events was
higher in the vancomycin group (11.8%) than the telavancin group (8.4%), but the incidences of acute renal failure,
renal insufficiency, hematuria, and oliguria were similar for
patients treated with telavancin and vancomycin (Table 4).
Figure 2 shows the Kaplan–Meier 28-day survival curves
by ventilator status in the NV-HAP AT population. The 28-day
survival estimates for NV-HAP patients who did not receive
mechanical ventilation were 80.1% (95% CI: 76.3%–84.0%)
and 80.7% (95% CI: 76.8%–84.6%) for patients treated with
telavancin and vancomycin, respectively (95% CI for the
difference: −6.0% to 4.9%). The 28-day survival estimates
for NV-HAP patients who developed pneumonia after at
least 48 hours of hospitalization and then went on to require
mechanical ventilator support were lower, at 73.3% (95% CI:
65.4%–81.2%) and 68.6% (95% CI: 60.7%–76.5%) for
patients treated with telavancin and vancomycin, respectively
(95% CI for the difference: −6.5% to 15.9%).

Discussion
This post hoc subgroup analysis of the ATTAIN studies sought to evaluate telavancin versus vancomycin in
Table 4 Overview of treatment-emergent adverse events in
patients with NV-HAP (safety population)
n (%)

At least one AE
Any gastrointestinal AE
  Most common gastrointestinal
events ($5% in either treatment
group)
    Diarrhea
    Constipation
    Nausea
Any renal AE
  Most common renal events
($5 patients in either treatment
group)
    Acute renal failure
Renal insufficiency
    Hematuria
    Oliguria
SAEa
AE resulted in study medication
discontinuation

Telavancin
N=535

Vancomycin
N=541

422 (78.9)
176 (32.9)

424 (78.4)
173 (32.0)

58 (10.8)
42 (7.9)
27 (5.0)
45 (8.4)

53 (9.8)
51 (9.4)
19 (3.5)
64 (11.8)

18 (3.4)
7 (1.3)
4 (0.7)
5 (0.9)
154 (28.8)
38 (7.1)

20 (3.7)
8 (1.5)
5 (0.9)
4 (0.7)
134 (24.8)
27 (5.0)

Note: aIncluding death.
Abbreviations: AE, adverse event; NV-HAP, non-ventilator-associated pneumonia;
SAE, serious adverse event; N, total number in study; n, subtotal in study group.
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the subgroup of patients with NV-HAP, including those
patients who were ventilated, but did not meet the definition for VAP.
Whether a hospitalized patient acquires pneumonia
before or during ventilation may have a significant effect on
the characteristics of the illness and its outcomes, although
the vast majority of studies to date have focused on patients
with VAP.
Clinical cure rates were similar for patients with NVHAP treated with telavancin or vancomycin. These cure
rates were consistent with those observed in the overall
ATTAIN population (82.4% for telavancin and 80.7% for
vancomycin).17
The incidence of AEs, SAEs, and deaths was similar in
patients with NV-HAP, regardless of the treatment received,
although renal AEs were more frequently observed in
patients with NV-VAP who were treated with vancomycin
compared with telavancin. Compared with the overall
ATTAIN population, the incidence of AEs, SAEs, and
deaths in the NV-HAP subgroup was similar to the overall
ATTAIN population.17
Kaplan–Meier analysis demonstrated that survival rates
were consistently higher for NV-HAP patients who were
not mechanically ventilated compared with those who
were deemed to have developed pneumonia prior to being
mechanically ventilated in both treatment groups.
These results indicate that telavancin is a useful treatment option for patients with NV-HAP (consistent with the
available prescribing information in the United States and
Europe). Use of telavancin may be particularly suitable for
treatment of infections caused by strains of S. aureus with
reduced susceptibility to vancomycin (eg, vancomycinintermediate or heterogeneously vancomycin-intermediate),
linezolid, or daptomycin, against which telavancin has
demonstrated in vitro activity owing to its dual mechanism
of action.12–14,19
The major limitation of this study is that it is a post
hoc analysis, and as such, the ATTAIN studies were not
designed to study the differences between telavancin and
vancomycin in the subgroup of patients with NV-HAP.
However, one of the randomization stratification factors
was ventilatory status at baseline. A further limitation is
that adjustment of vancomycin dosing using serum levels
was not mandatory or part of the hospital policies for all
participating sites. That said, the majority of patients for
whom vancomycin levels were determined had mean trough
levels that were considered adequate (5–15 µg/mL) at the
time of the studies.17
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0.9

2: NV-HAP (non-ventilated) – vancomycin
1: NV-HAP (non-ventilated) – telavancin

0.8

3: NV-HAP (ventilated) – telavancin

0.7

4: NV-HAP (ventilated) – vancomycin

+censored
logrank P=0.0173

0.6
412
407
121
136
0

381
382
112
127

354
360
98
118

337
328
89
100

312
307
85
92

7

14

21

28

Days since start of study medication
Figure 2 Kaplan–Meier 28-day survival in patients with NV-HAP by ventilator status and treatment group (all-treated population).
Note: Population counts per time point represent the number of subjects at risk in each stratum.
Abbreviation: NV-HAP, non-ventilator-associated pneumonia.

Conclusion
The results of this post hoc subgroup analysis of the Phase 3
ATTAIN studies demonstrate that NV-HAP clinical cure and
mortality rates for telavancin and vancomycin were similar.
Patients with NV-HAP who were deemed to have developed
pneumonia prior to be being mechanically ventilated had
lower survival rates than those who were not mechanically
ventilated.
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