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Community-acquired pneumonia (CAP) is the leading 
cause of death from infectious disease in North America, 
accounting for over 60,000 deaths in the United States 
in 2005 (1). CAP encompasses a wide range of clinical 
presentations resulting in variable clinical outcomes. While 
mild forms lead to mortality in less than 5% and may be 
safely treated in outpatient settings, more severe forms 
necessitate intensive care unit (ICU) admission and are 
associated with mortality rates exceeding 30% (2).

In their recent review published in The Journal of 
American Medical Association, Lee et al. (3), surveyed two 
decades [1995–2015] of CAP literature investigating 
optimal antibiotic choice, time to antibiotic initiation, and 
criteria guiding the transition from intravenous to oral 
antibiotics. The authors concluded that for patients with 
radiographically confirmed pneumonia, who do not require 
ICU admission, a lower adjusted short-term mortality rate 
results when CAP treatment, with either a β-lactam plus 
macrolide combination regimen or a fluoroquinolone alone, 
is started within 4–8 hours of hospital arrival.

This conclusion is consistent with the treatment goals 
in the 2007 IDSA/ATS CAP consensus guidelines (4), in 
which the authors recommended starting antibiotic therapy 
in the emergency department, as soon as the diagnosis of 
pneumonia is confirmed, but not within a specific time frame.

The time to initiation of antibiotic therapy is an important 
variable, and Lee et al. identified eight observational studies 
looking at the relationship between mortality and the time 
to start therapy, concluding that initiation of therapy within 
4–8 hours of arrival was associated with a reduction in either 
in-hospital or 30-day mortality. The data supporting this 
conclusion are controversial, since evidence in favor of earlier 

use tends to be stronger in retrospective studies (in which the 
diagnosis of CAP is known), than in prospective studies. In 
the latter case, many patients without confirmed CAP may 
be inappropriately treated with antibiotics, exposing some to 
adverse events without providing significant benefits. With 
today’s focus on processes of care, it is important not to 
conflate the goal of delivering timely therapy in an organized 
and efficient manner with direct improvement in patient 
outcomes. One recent prospective study of 13,725 patients 
with CAP in the United Kingdom (5) found that the majority 
of the study population (63%) received antibiotics within  
4 hours, and that this group had a reduced 30-day inpatient 
mortality, compared to those treated later. However, the 
authors could not determine if initiation of therapy was 
a quality measure itself or a marker of other beneficial 
processes of care. Conversely, it is plausible that delayed 
therapy in cases of CAP may be the result of CAP’s indistinct 
clinical presentation, which hinders prompt recognition. The 
resulting diagnostic delay, rather than a delay in therapy itself, 
could be the factor associated with poor CAP outcomes.

While the 4–8 hours initiation time period is reasonable 
for patients with CAP treated outside of the ICU, we 
advocate for expedited antibiotic delivery, particularly 
for those who are critically ill, after the history, physical 
examination, and appropriate imaging studies are 
obtained, with or without supporting microbiological data. 
However, a focus on timing should not prevent a careful 
consideration of alternative diagnoses such as non-bacterial 
forms of lung infection, tracheobronchitis, pulmonary 
embolism, congestive heart failure, and autoimmune or 
drug-related pneumonitis. In the past, complications of 
antibiotic therapy, including drug-induced colitis, have been 
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documented when there has been an excessive focus on 
timing, and not on carefully evaluating for the presence of 
pneumonia (6).

In their evaluation of antibiotic selection, Lee et al. 
concluded that a β-lactam plus macrolide combination or 
fluoroquinolone monotherapy are preferable to β-lactam 
monotherapy. However, they identified only two “high-quality”  
randomized controlled trials (7,8) among the 11 trials 
reviewed in their analysis. These two studies deserve 
special scrutiny, especially because they highlight recent 
debate regarding the role of macrolides in the treatment 
of CAP. The CAP-START study by Postma et al. (7) 
used a cluster-randomized trial to investigate outcomes, 
including mortality, associated with different antibiotic 
strategies, assigning patients during distinct 4 month-time 
intervals to β-lactam monotherapy (n=656), β-lactam plus 
macrolide combination therapy (n=739), or fluoroquinolone 
monotherapy (n=888). A non-statistically significant 
trend towards lower 90-day mortality was associated 
with fluoroquinolone and β-lactam monotherapy (8.8% 
and 9.0%, respectively) compared with the β-lactam plus 
macrolide combination therapy (11.1%). The authors 
concluded that β-lactam monotherapy was non-inferior to 
β-lactam plus macrolide combination therapy. A number 
of aspects of this trial make this conclusion uncertain, 
including: (I) atypical pathogens accounted for an unusually 
small number of infections (2.1%) in the study population, 
whereas these organisms were responsible for 6.1% of 
infections encountered in hospitalized patients treated 
outside of the ICU in one large observational trial (9); 
(II) 38.7% of the patients treated in the β-lactam group 
ultimately received antibiotics directed against atypical 
organisms during the trial; (III) CAP was not confirmed 
radiographically in 25% of the study population; (IV) 
the study excluded patients managed in ICU settings, 
skewing the cohort towards those with low severity of 
illness; (V) adherence to the β-lactam plus macrolide 
combination therapy regimen was lower than adherence 
to the monotherapy regimen; (VI) Although the number 
of patients with severe illness was small, in this group, 
mortality was not higher in the combination therapy group. 
These limitations, in our estimation, make it difficult 
to conclude that the combination of a β-lactam plus a 
macrolide is not better than monotherapy with a β-lactam 
for hospitalized patients with CAP. Looking at a wealth 
of data from other studies, there may be some question of 
the value of adding a macrolide in patients without severe 
illness, but in those who are admitted to the hospital or 

ICU, combination therapy seems superior to monotherapy, 
with mortality and clinical response as the endpoints.

In contrast to the CAP-START trial, the study by 
Garin et al. did not find β-lactam monotherapy to be non-
inferior to β-lactam plus macrolide combination therapy 
for the endpoint of time to clinical stability after 7 days 
of treatment, in hospitalized patients with moderately 
severe CAP (8). Specifically, the authors found that 41.2% 
of the patients in the monotherapy group did not reach 
clinical stability compared with 33.6% of patients in the 
combination group, with an absolute difference of 7.6%. 
Therefore the authors could not conclude non-inferiority 
of monotherapy compared with combination therapy. Of 
note, patients infected with atypical pathogens (HR, 0.33; 
95% CI: 0.13–0.85) or with Pneumonia Severity Index (PSI) 
category IV pneumonia (HR, 0.81; 95% CI: 0.59–1.10) 
were not only less likely to reach clinical stability with 
monotherapy, but also had more 30-day readmissions with 
monotherapy, compared to combination therapy (7.9% vs. 
3.1%, P=0.01). 

While the review by Lee et al. is comprehensive, many 
other studies show the unique benefits of macrolide therapy 
in treating various forms of CAP. Indeed, macrolides as a 
class possess anti-inflammatory properties, and a number 
of related non-antibiotic macrolides, such as tacrolimus 
and sirolimus, are used as immunosuppressive therapy in 
transplant patients (10). Macrolides exert their antibacterial 
effects by inhibiting RNA synthesis and thus bacterial 
protein and biofilm production, while also attenuating 
bacterial virulence factors. Macrolide antibiotics also inhibit 
host cell cytokine production and release, and promote 
macrophage phagocytosis of apoptotic cells, reduce T-cell 
mediated inflammation, and limit neutrophil chemotaxis, 
survival, and oxidative burst (11). Therefore, the beneficial 
effects of macrolide antibiotics in CAP are thought to be 
pleiotropic, which is supported by the findings from a 
number of clinical trials.

A meta-analysis of 28 observational studies by Sligl  
et al. (12), including 9,850 patients with severe CAP, found 
that mortality risk was significantly lower when patients 
received macrolide therapy (risk ratio, 0.82; 95% CI: 
0.70–0.97, P=0.02), compared to those not receiving such 
therapy. However, it is important to remember that all ICU 
patients should receive combination therapy, and never 
monotherapy, even with a fluoroquinolone. Interestingly, 
a trend towards lower mortality was observed in the 
β-lactam plus macrolide combination group compared 
with the β-lactam plus fluoroquinolone group in those with 
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severe CAP (risk ratio, 0.83; 95% CI: 0.67–1.03, P=0.09), 
suggesting that some of the benefit of macrolide therapy is 
not due to its antimicrobial properties, but to other effects. 
Another prospective, observational, multicenter trial of 
218 critically ill patients with CAP requiring mechanical 
ventilation (nearly 76% meeting criteria for severe sepsis 
and septic shock) concluded that combination regimens 
containing a macrolide improved survival over regimens 
containing a quinolone (13). Interestingly, a study by Brown 
et al. (14) found improved 30-day survival when macrolides 
were added to quinolones, compared with quinolone 
monotherapy (2.91% vs. 4.94%, P<0.05), underlining the 
possibility that macrolide therapy added benefits beyond 
simply acting against atypical pathogens. Lastly, even 
in situations when the infecting organism is resistant to 
macrolide therapy (15), the addition of a macrolide to the 
treatment regimen decreased mortality. These findings 
should spur efforts to develop new macrolide compounds 
with primarily anti-inflammatory properties, for use in the 
future in patients with CAP.

Critics of macrolide therapy often refer to data linking 
them to increased cardiovascular adverse events (16). 
However, a recent retrospective study of 73,690 patients 
admitted to acute care Veterans Affairs hospitals found 
significantly lower 90-day mortality in patients treated with 
azithromycin compared to matched controls (17.4% vs. 
22.3%) (17). Although a slight increased risk of myocardial 
infarction was discovered (5.1% vs. 4.4%), there were no 
differences in the rates of arrhythmia and congestive heart 
failure. These new data suggest that the cardiac effects of 
azithromycin are mitigated by the overall favorable impact 
on pneumonia outcome.

Finally, in their review, Lee et al. advocate for the use of 
objective criteria to guide conversion from intravenous to 
oral treatment in CAP. They identified one well-designed 
randomized controlled trial (18), which showed that when 
objective criteria were met, intravenous antibiotics could 
be safely transitioned to oral antibiotics approximately  
3.5 days earlier, without significant differences in the 
composite endpoint of death, continued hospitalization at 
day 28, or clinical deterioration. Criteria for switching to 
oral therapy include: (I) respiratory rate <25 breaths/minute;  
(II) oxygen saturation >90% or arterial oxygen partial 
pressure >55 mmHg; (III) hemodynamic stability; (IV) 
greater than 1 °C decrease in temperature in patients with 
fever; (V) absence of mental confusion and (VI) ability to 
tolerate oral medications. By using such objective criteria, 
investigators were able to reduce hospital length of stay 
by almost 2 days, confirming other studies showing the 
benefit of using objective criteria to guide both the switch 
from intravenous to oral antibiotics (19,20), as well as 
the discharge decision (21,22). However, to optimize this 
transition from intravenous to oral therapy, a guideline itself 
is not sufficient and results are best when an implementation 
strategy for switch therapy is present (23).

We believe that the systematic review by Lee et al. points 
to a number of ways to improve CAP outcome, that are 
supported by data from a large number of studies (Table 1). 
The recommendations from their analysis apply not only 
to severely ill patients but also to other hospitalized CAP 
patients. The available data support the importance of 
macrolide therapy as part of a CAP regimen, compared to 
monotherapy with a β-lactam. The data also demonstrate 
the importance of early antibiotic initiation after prompt 

Table 1 Lessons learned from 2 decades of data about CAP therapy 

A β-lactam plus macrolide combination regimen, or fluoroquinolone monotherapy, are recommended for patients with CAP treated outside 
of the ICU

Macrolides play an important role in treating more severe forms of the disease, particularly for patients in the ICU

The benefits of macrolides may come from their non-antibiotic effects

Early initiation of antibiotic therapy, after clinical and radiographic evaluation is performed, and alternative diagnoses are excluded, 
ensures optimal CAP outcome

Timely therapy is especially valuable for severely ill patients, but a focus on timing should not lead to indiscriminate antibiotic use

Objective measures of clinical stability can promote rapid transition from intravenous to oral antibiotic therapy, without compromising 
morbidity, mortality, and readmissions, while decreasing hospital length of stay

The transition is optimized if there is an implementation plan in place, and not simply a guideline
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recognition of CAP. These findings continue to build 
upon current evidence to safely transition CAP patients’ 
antibiotics to oral therapy after an appropriately sustained 
clinical response, a beneficial intervention that does not add 
to morbidity, mortality, or readmission. 

Acknowledgements

None.

Footnote

Conflicts of Interest: Dr. MS Niederman has consulted for 
Pfizer and Cempra related to macrolide therapy. Dr. MT 
Bender has no conflicts of interest to declare.

References

1. File TM Jr, Marrie TJ. Burden of community-acquired 
pneumonia in North American adults. Postgrad Med 
2010;122:130-41.

2. Gray BM, Musher DM. The history of pneumococcal 
disease. In: Siber G, Klugman KP, Makela P, eds. 
Pneumococcal vaccines: the impact of conjugate vaccine. 
Washington, DC: ASM Press, 2008:3-17.

3. Lee JS, Giesler DL, Gellad WF, et al. Antibiotic Therapy 
for Adults Hospitalized With Community-Acquired 
Pneumonia: A Systematic Review. JAMA 2016;315:593-602.

4. Mandell LA, Wunderink RG, Anzueto A, et al. Infectious 
Diseases Society of America/American Thoracic Society 
consensus guidelines on the management of community-
acquired pneumonia in adults. Clin Infect Dis 2007;44 
Suppl 2:S27-72.

5. Daniel P, Rodrigo C, Mckeever TM, et al. Time to 
first antibiotic and mortality in adults hospitalised with 
community-acquired pneumonia: a matched-propensity 
analysis. Thorax 2015. [Epub ahead of print].

6. Ball P, Baquero F, Cars O, et al. Antibiotic therapy of 
community respiratory tract infections: strategies for 
optimal outcomes and minimized resistance emergence. J 
Antimicrob Chemother 2002;49:31-40.

7. Postma DF, van Werkhoven CH, van Elden LJ, et al. 
Antibiotic treatment strategies for community-acquired 
pneumonia in adults. N Engl J Med 2015;372:1312-23.

8. Garin N, Genné D, Carballo S, et al. β-Lactam 
monotherapy vs β-lactam-macrolide combination 
treatment in moderately severe community-acquired 
pneumonia: a randomized noninferiority trial. JAMA 

Intern Med 2014;174:1894-901.
9. Cillóniz C, Ewig S, Polverino E, et al. Microbial aetiology 

of community-acquired pneumonia and its relation to 
severity. Thorax 2011;66:340-6.

10. Zarogoulidis P, Papanas N, Kioumis I, et al. Macrolides: 
from in vitro anti-inflammatory and immunomodulatory 
properties to clinical practice in respiratory diseases. Eur J 
Clin Pharmacol 2012;68:479-503.

11. Altenburg J, de Graaff CS, van der Werf TS, et al. 
Immunomodulatory effects of macrolide antibiotics - part 
1: biological mechanisms. Respiration 2011;81:67-74.

12. Sligl WI, Asadi L, Eurich DT, et al. Macrolides and 
mortality in critically ill patients with community-acquired 
pneumonia: a systematic review and meta-analysis. Crit 
Care Med 2014;42:420-32.

13. Martin-Loeches I, Lisboa T, Rodriguez A, et al. 
Combination antibiotic therapy with macrolides improves 
survival in intubated patients with community-acquired 
pneumonia. Intensive Care Med 2010;36:612-20.

14. Brown RB, Iannini P, Gross P, et al. Impact of initial 
antibiotic choice on clinical outcomes in community-
acquired pneumonia: analysis of a hospital claims-made 
database. Chest 2003;123:1503-11.

15. Restrepo MI, Mortensen EM, Waterer GW, et al. Impact 
of macrolide therapy on mortality for patients with severe 
sepsis due to pneumonia. Eur Respir J 2009;33:153-9.

16. Ray WA, Murray KT, Hall K, et al. Azithromycin 
and the risk of cardiovascular death. N Engl J Med 
2012;366:1881-90.

17. Mortensen EM, Halm EA, Pugh MJ, et al. Association 
of azithromycin with mortality and cardiovascular events 
among older patients hospitalized with pneumonia. JAMA 
2014;311:2199-208.

18. Oosterheert JJ, Bonten MJ, Schneider MM, et al. 
Effectiveness of early switch from intravenous to oral 
antibiotics in severe community acquired pneumonia: 
multicentre randomised trial. BMJ 2006;333:1193.

19. Ramirez JA, Srinath L, Ahkee S, et al. Early switch from 
intravenous to oral cephalosporins in the treatment 
of hospitalized patients with community-acquired 
pneumonia. Arch Intern Med 1995;155:1273-6.

20. Ramirez JA, Vargas S, Ritter GW, et al. Early switch from 
intravenous to oral antibiotics and early hospital discharge: 
a prospective observational study of 200 consecutive 
patients with community-acquired pneumonia. Arch 
Intern Med 1999;159:2449-54.

21. Lodise TP, Anzueto AR, Weber DJ, et al. Assessment of 
time to clinical response, a proxy for discharge readiness, 



5Journal of Thoracic Disease, 2016

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2016jtd.amegroups.com

among hospitalized patients with community-acquired 
pneumonia who received either ceftaroline fosamil or 
ceftriaxone in two phase III FOCUS trials. Antimicrob 
Agents Chemother 2015;59:1119-26.

22. Carratalà J, Garcia-Vidal C, Ortega L, et al. Effect of a 
3-step critical pathway to reduce duration of intravenous 
antibiotic therapy and length of stay in community-

acquired pneumonia: a randomized controlled trial. Arch 
Intern Med 2012;172:922-8.

23. Fishbane S, Niederman MS, Daly C, et al. The impact 
of standardized order sets and intensive clinical case 
management on outcomes in community-acquired 
pneumonia. Arch Intern Med 2007;167:1664-9.

Cite this article as: Bender MT, Niederman MS. Lessons 
learned from 2 decades of CAP therapy data: ways to improve 
patient management. J Thorac Dis 2016. doi: 10.21037/
jtd.2016.04.36


