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Recent Food and Drug Administration (FDA) guidance endorses the use of an early clinical response endpoint as the primary
outcome for community-acquired bacterial pneumonia (CABP) trials. While antibiotics will now be approved for CABP, in
practice they will primarily be used to treat patients with community-acquired pneumonia (CAP). More importantly, it is un-
clear how achievement of the new FDA CABP early response endpoint translates into clinically applicable real-world outcomes
for patients with CAP. To address this, a retrospective cohort study was conducted among adult patients who received ceftriax-
one and azithromycin for CAP of Pneumonia Outcomes Research Team (PORT) risk class III and IV at an academic medical cen-
ter. The clinical response was defined as clinical stability for 24 h with improvement in at least one pneumonia symptom and
with no symptom worsening. A classification and regression tree (CART) was used to determine the delay in response time, mea-
sured in days, associated with the greatest risk of a prolonged hospital length of stay (LOS) and adverse outcomes (in-hospital
mortality or 30-day CAP-related readmission). A total of 250 patients were included. On average, patients were discharged 2 days
following the achievement of a clinical response. In the CART analysis, adverse clinical outcomes were higher among day 5 non-
responders than those who responded by day 5 (22.4% versus 6.9%, P � 0.001). The findings from this study indicate that time
to clinical response, as defined by the recent FDA guidance, is a reasonable prognostic indictor of real-world effectiveness out-
comes among hospitalized PORT risk class III and IV patients with CAP who received ceftriaxone and azithromycin.

There have been considerable debates in defining the most ap-
propriate efficacy endpoint for antimicrobials evaluated in

phase III trials for community-acquired pneumonia (CAP) (1, 2).
The Food and Drug Administration (FDA) has historically rec-
ommended clinical response assessments at a test-of-cure (TOC)
visit as the primary efficacy outcome measure in phase III CAP
trials. However, the ability of TOC assessments to determine effi-
cacy in phase III CAP trials has been called into question due to the
lack of data that demonstrate that this endpoint is clinically mean-
ingful and adequate for capturing the treatment effect (1, 2). The
criteria for assessing the clinical response at a TOC visit were also
criticized for being loosely defined and somewhat subjective in
nature. A more recent FDA briefing endorsed the use of an early
clinical response endpoint between study days 3 and 5 on the basis
of clinical symptom improvement and stabilization of vital signs
rather than TOC assessments (1). The recent recommendation to
assess the response in the first 3 to 5 days of therapy is predicated
on the basis of data from the early antibiotic era which suggested
that the response to antibiotic therapy is evident early in treatment
(3, 4). The recent FDA guidance also emphasizes that early clinical
response assessments should, ideally, be limited to patients with
culture-confirmed community-acquired bacterial pneumonia
(CABP) (1, 2). The FDA made this strong recommendation to
better identify patients who are most likely to have pneumonia of
bacterial etiology and who, therefore, would benefit from antimi-
crobial therapy (1, 2). In the past, efficacy assessments involved
patients with CAP. This is a critical distinction, since the etiology
of CAP is often unknown in both clinical trials and clinical prac-

tice (5–11). In clinical trials, a bacterial pathogen is identified in
only 25% of cases (7–11). A 2009 report from the Centers for
Medicare and Medicaid Services (CMS) of a study that included
over 17,000 hospitalized patients with CAP indicated that a mi-
crobiological diagnosis was identified for only 7.6% of cases (12).

Despite the recent change in the FDA guidance for CABP, sev-
eral critical questions regarding the clinical applicability of the
new FDA early clinical response endpoint remain. As previously
mentioned, the FDA guidance now focuses on the treatment of
patients with CABP and not the broader population with CAP (1,
2). While antibiotics will now be approved for CABP, in practice
they will primarily be used to treat patients with CAP (6, 12).
Thus, it is of the upmost importance to determine if achievement
of the new FDA CABP early response endpoint is meaningful to
patients with CAP. In particular, it is unclear how this new FDA
CABP surrogate response endpoint translates into clinically appli-
cable real-world treatment metrics like hospital length of stay
(LOS), mortality, and readmission for patients with CAP. Given
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the considerable clinical and economic sequelae associated with
CAP (6, 13–16), the utility of the early clinical response endpoint
to discern risk for these outcomes merits close investigation.

The intent of our analysis was to explore how time to clinical
response, as defined in the 2011 FDA briefing documents (1) and
post hoc examination of data from the phase III trials of ceftaroline
fosamil versus ceftriaxone (10), translates into real-world mea-
sures of treatment success in hospitalized adults with CAP of
Pneumonia Outcomes Research Team (PORT) risk class III and
IV (17). Specifically, we evaluated the relationship between time
to clinical response and hospital LOS, in-hospital mortality, and
30-day readmission. Since the recent FDA briefing documents
specified an assessment of the response only between days 3 and 5
(1), we sought to quantify the delay in clinical response, measured
in days, associated with an increased incidence of adverse out-
comes among patients with CAP. Given the potentially subjective
nature of the symptoms assessment component of the FDA’s early
clinical response definition (1, 2), we performed a secondary anal-
ysis examining the relationship between time to clinical stability,
as defined in the American Thoracic Society/Infectious Diseases
Society of America (ATS/IDSA) CAP treatment guidelines (6).

In light of the recent phase III CAP FOCUS trials (7–10), ceftri-
axone was the subject of our analysis. One of the criticisms of the
FOCUS trials was the restricted use of concomitant macrolide
therapy, which was permitted only in the FOCUS 1 trial and was
limited to 24 h (7–9). This is inconsistent with the empirical reg-
imens currently recommended by the Joint Commission on Ac-
creditation of Healthcare Organizations (JCAHO), CMS, and
ATS/IDSA (6, 18). Furthermore, the day 4 analysis in the FOCUS
trials was restricted to patients with a documented bacterial etiol-
ogy consistent with CABP (10). Thus, in addition to quantifying
the relationship between time to clinical response and real-
world effectiveness metrics for CAP, we also sought to address
the external generalizability concerns of the day 4 CABP anal-
yses in the FOCUS trials (7–10) by capturing the outcomes
associated with ceftriaxone and azithromycin among hospital-
ized PORT risk class III and IV patients with CAP.

MATERIALS AND METHODS
Study design and population. A retrospective cohort study was con-
ducted among patients aged �18 years who received ceftriaxone and azi-
thromycin for CAP between January 2008 and February 2012 at the Al-
bany Medical Center Hospital (AMCH; Albany, NY). Empirical therapy
with ceftriaxone and azithromycin is the standard of care for CAP at
AMCH. This study was approved by the AMCH Institutional Review
Board committee (protocol 3216), and a waiver of informed consent was
obtained. The study criteria were modeled after those of the ceftaroline
fosamil versus ceftriaxone CAP phase III (FOCUS) trials (7–10). Patients
were included if they had the presence of a new or increasing pulmonary
infiltrate(s) on chest radiograph or other imaging technique along with at
least 3 of the following clinical features: new or increased cough, purulent
sputum or change in sputum character, auscultatory findings consistent
with pneumonia (e.g., rales, egophony, consolidation), dyspnea, tachy-
pnea or hypoxemia, an oral temperature of �38°C (�38.5°C rectally or
tympanically) or hypothermia (�35°C), a white blood cell count of
�10,000 cells/mm3 or �4,500 cells/mm3, and �15% immature neutro-
phils (bands) (6). Additional inclusion criteria were (i) hospitalization,
(ii) receipt of at least 24 h of therapy with ceftriaxone and azithromycin
beginning within 24 h of hospitalization, and (iii) CAP of PORT risk class
III or IV (17).

Patients were excluded from the study if they had (i) CAP of PORT risk
class I, II, or V; (ii) confirmed respiratory tract infection due to a pathogen

known to be resistant to ceftriaxone; (iii) a noninfectious cause of pulmo-
nary infiltrates or pleural empyema; (iv) previous antimicrobial therapy
for CAP for �24 h within 96 h prior to hospital admission (except where
unequivocal evidence for treatment failure existed); (v) receipt of chronic
concomitant systemic corticosteroids of �40 mg of prednisone equiva-
lent; (vi) hematologic disease (current or anticipated neutropenia defined
as �500 neutrophils/mm3 or thrombocytopenia with a platelet count of
�60,000 cells/mm3); or (vii) immunologic disease (known HIV infection
and either a CD4 count of �200 cells/mm3 at the most recent measure-
ment or a current diagnosis of an AIDS-defining illness) or (viii) if they
were pregnant or nursing (for females).

Patient data. Data were extracted from the patients’ medical records
by trained reviewers using a structured data collection instrument. Data
elements included age, sex, weight, height, physical exam and laboratory
findings, medical history and comorbid diseases, episodes of pneumonia
in the past 180 days, severity of illness upon admission (calculated by
means of the PORT scoring system [17] and the CURB-65 [confusion,
uremia, elevated respiratory rate, low blood pressure, age greater than 65]
score [19]), antibiotic treatment data, microbiological data, and hospital
disposition.

The PORT and CURB-65 scores were calculated from the worst phys-
iological scores within 24 h of admission (17, 19). Treatment data in-
cluded all antibiotics administered to the patient throughout the hospi-
talization. Microbiological data included the organisms recovered from
positive cultures of respiratory and blood specimens within the first 48 h
of admission, susceptibility testing was done by the Kirby-Bauer method,
and susceptibility testing results were interpreted according to Clinical
and Laboratory Standards Institute (CLSI) guidelines (20, 21).

Patients’ vital signs and symptoms were collected on the day of admis-
sion and each subsequent day for up to 10 days of hospitalization. The
most extreme measurement of temperature, heart rate, systolic blood
pressure, respiratory rate, oxygen saturation, and arterial partial pressure
of oxygen in arterial blood (PaO2) on each day was recorded (22). The
presence of cough, shortness of breath, chest pain, and sputum produc-
tion was also documented. Following the day of admission, these symp-
toms, as well as the overall clinical response, were assessed as improved,
the same, or worsened relative to those on both admission and the previ-
ous day. The patient’s mental status and ability to take oral medications
were also recorded. When data were missing, the measurement from the
day prior was carried forward.

Outcome assessment. Time to clinical response was determined using
a standardized definition consistent with the recent FDA briefing docu-
ments (1, 2), ATS/IDSA guidelines (6), FOCUS trials (10), and the study
of Halm et al. (22). Clinical response was defined as clinical stability (tem-
perature, �37.8°C; heart rate, �100 beats per min; systolic blood pres-
sure, �90 mm Hg; respiratory rate, �24 breaths per min; oxygen satura-
tion, �90%; arterial PaO2, �60 mm Hg; normal mental status; no receipt
of supplemental oxygen by face mask or mechanical ventilation; and able
to take oral medications) with improvement in at least one symptom of
pneumonia (cough, shortness of breath, chest pain, or sputum produc-
tion) and with no symptom worsening that was sustained for at least 24 h.
Information on hospital LOS, in-hospital mortality, readmission up to 30
days after discharge (all causes), readmission up to 30 days after discharge
that was CAP related, and overall adverse clinical outcomes (composite of
in-hospital mortality and 30-day CAP-related readmission) was also col-
lected.

Statistical analysis. The primary analyses focused on examining the
relationship between time to overall clinical response and outcomes. The
secondary analyses examined the relationship between time to clinical
stability (6) and outcomes. In the univariate analyses, the cumulative clin-
ical response and clinical stability over time were calculated using the
product-limit formula, which censored patients following the date of
death or discharge. In the bivariate analyses, time to clinical response and
time to clinical stability were modeled as both categorical and continuous
variables. When modeled as categorical variables, the relationships be-
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tween time to overall clinical response and time to clinical stability and
hospital LOS were evaluated using the Kruskal-Wallis test and analysis of
variance (ANOVA). Linear regression was employed when time to re-
sponse was modeled as a continuous variable. Hospital LOS was log trans-
formed to more closely approximate a normal distribution for ANOVA
and linear regression. The Mantel-Haenszel test for trends was used to
assess the relationships between times to response (overall clinical re-
sponse and clinical stability) and dichotomous outcomes variables.
Breakpoints in the distribution of time to response variables where ad-
verse clinical outcomes were distinctly different between groups were also
sought by classification and regression tree (CART) analysis (23). When
evaluating the relationships between times to response (overall clinical
response and clinical stability) and outcomes, patients who were dis-
charged or expired prior to achieving a response were considered re-
sponders after day 5. To evaluate the impact that this assumption had on
the observed results, sensitivity analyses were performed where (i) pa-
tients discharged without a response were classified as responders on the
day of discharge and (ii) patients who died prior to the analysis time point
were excluded.

A series of multivariate analyses (Poisson regression with robust vari-
ance estimates [24, 25] and linear regression) were performed to quantify
the relationships between time to response, adverse clinical outcomes,
and hospital length of stay after adjustment for potential confounding
baseline variables. Both continuous and CART-derived dichotomous ex-
pressions of the time to clinical response variables were considered and
evaluated in separate multivariate models. Baseline covariates associated
with the outcome of interest at a P value of �0.2 were considered potential
confounders in the multivariate analyses at model entry, and a stepwise
process was used to identify variables independently associated with the
outcome of interest. All calculations were performed with SAS, version 9.3
(SAS, Cary, NC), SPSS, version 12.0.1 (SPSS, Chicago, IL), and CART,
version 6.0 ProEX (Salford Systems, San Diego, CA).

RESULTS

A total of 1,111 patients received ceftriaxone and azithromycin at
AMCH between January 2008 and February 2012; of these, 250
patients were included. Common reasons for exclusion were
PORT class of I/II (21.0%) or V (12.4%), failure to meet ATS/
IDSA criteria for CABP (15.5%), and an age of �18 years (14.0%).
Patient demographics, clinical characteristics, and outcomes are
summarized in Table 1. The median durations of therapy with
ceftriaxone and azithromycin were 3 days (interquartile range
[IQR], 2 to 5 days) and 4 days (IQR, 2 to 5 days), respectively. The
median hospital LOS was 6 days (IQR, 4 to 10 days), and 29 pa-
tients (11.6%) experienced an adverse clinical outcome. Fourteen
patients (5.6%) died during their hospitalization. Among the 14
patients who died during their hospitalization, 1 died on day 2, 2
died on day 3, and 11 died after day 7 of hospitalization. Twenty-
nine patients (11.6%) were readmitted within 30 days of dis-
charge. Of the 29 readmissions, 15 were CAP related.

Relationship between time to overall clinical response and
outcomes: primary analyses. The results of the time to clinical
response analysis are displayed in Fig. 1. Of the 250 included pa-
tients, 48.0%, 61.3%, and 72.3% responded by days 3, 4, and 5,
respectively. The relationship between time to clinical response
and hospital LOS is displayed in Fig. 2A. Overall, a significant
relationship was noted in both the ANOVA and the Kruskal-Wal-
lis test. In the post hoc pairwise comparisons, the mean log LOS
was significantly different between days of response (data not
shown). Time to clinical response was found to be associated with
the hospital log LOS in the linear regression (� � 0.19, 95% con-
fidence interval � 0.14 to 0.25, P � 0.001). Time to response was
nearly identically associated with hospital log LOS (� � 0.19, 95%

TABLE 1 Patient demographics, clinical characteristics, and outcomesa

Characteristic Value

Demographics
Mean (SD) age (yr) 65.9 (14.5)
No. (%) �65 yr of age 138 (55.0)
No. (%) male 148 (59)
No. (%) of the following race:

White 192 (76.5)
Black 37 (14.7)
Asian 4 (1.6)
Other 18 (7.2)

Clinical characteristics
No. (%) with the following comorbid conditions:

Diabetes 84 (33.5)
COPD 90 (35.9)
Asthma 15 (6.0)
CAP in past 180 days 19 (7.6)
HIV infection 14 (5.6)
Neoplastic disease 45 (17.9)
Liver disease 16 (6.4)
CHF 71 (28.3)
Cerebrovascular disease 20 (12.0)
Renal disease 64 (25.5)
Alcoholism 12 (4.8)
Smoking 153 (61.2)

No. (%) with positive respiratory specimen culture for the
following in first 48 h of admission:

14 (5.6)

Staphylococcus aureus 5 (2.0)
Streptococcus pneumoniae 4 (1.6)
Klebsiella pneumoniae 2 (0.8)
Haemophilus influenzae 2 (0.8)
Enterobacter aerogenes 1 (0.4)

No. (%) with bacteremia caused by the following in first
48 h of admission:

9 (3.6)

Staphylococcus aureus 2 (0.8)
Streptococcus pneumoniae 4 (1.6)
Klebsiella pneumoniae 1 (0.4)
Escherichia coli 1 (0.4)
Enterococcus faecalis 1 (0.4)

Median (IQR) duration of therapy (days) with:
Ceftriaxone 3 (2, 4.25)
Azithromycin 4 (2, 5)

No. (%) with the following physical exam findings:
Altered mental status 19 (7.6)
Respiratory rate � 30/min 51 (20.3)
Systolic blood pressure � 90 mm Hg 25 (10.0)
Temp of �35°C or �40°C 8 (3.2)

Heart rate � 125/min 34 (13.5)
No. (%) with the following laboratory/radiologic findings:

pH � 7.35 23 (9.2)
Blood urea nitrogen concn � 10.7 mmol/liter 47 (18.7)
Sodium concn � 135 meq/liter 15 (6.0)
Glucose concn � 13.9 mmol/liter 27 (10.8)
Hematocrit � 30% 32 (12.7)
PaO2 � 60 mm Hg 26 (10.4)
Pleural effusion 68 (27.1)

No. (%) with the following PORT risk classb:
III 103 (41)
IV 148 (59)

No. (%) with the following CURB-65 scoreb:
0 37 (14.7)
1 109 (43.4)
2 82 (32.7)
3 21 (8.4)
4 2 (0.8)

No. (%) with ICU admission 42 (16.8)

Outcomes
Median (IQR) hospital LOS (days) 6 (4,10)
No. (%) with:

Adverse clinical outcome 29 (11.6)
In-hospital mortality 14 (4.6)
30-day readmission 29 (11.6)
30-day CAP-related readmission 15 (6.0)

a Data are for 250 patients. COPD, chronic obstructive pulmonary disease; CAP,
community-acquired pneumonia; CHF, congestive heart failure; PORT, Pneumonia
Outcomes Research Team; ICU, intensive care unit.
b Calculated on the basis of the worst physiological scores derived from physical exam
and laboratory findings collected within 24 h of admission.
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confidence interval � 0.14 to 0.24, P � 0.001) in the multivariate
linear regression analysis that adjusted for baseline variables asso-
ciated with log LOS at a P value of �0.2 (age, PORT score, con-
gestive heart failure, a pH of �7.35, and partial O2 pressure [PO2]
of �60). In the sensitivity analysis, the relationship between time
to clinical response and hospital log LOS persisted (P � 0.001).

The results of the relationship between time to clinical re-
sponse and adverse outcomes are displayed in Fig. 3. The test-for-
trend analysis demonstrated a significant relationship between
time to response and adverse clinical outcomes (in-hospital mor-
tality or 30-day CAP-related readmission). The relationship be-
tween time to clinical response and in-hospital mortality was sig-
nificant. All-cause and CAP-related 30-day readmissions did not
vary by day of response. Time to clinical response was indepen-
dently associated with the adverse clinical outcome endpoint in
the Poisson regression analysis (relative risk [RR] for each 1-day
change in time to clinical response � 1.33, 95% confidence inter-
val � 1.04 to 1.72, P � 0.02) that adjusted for the baseline cova-
riates associated with adverse clinical outcomes (age, respiratory
rate of �30, CURB-65 score, blood urea nitrogen [BUN] concen-
tration of �10.7 mmol/liter, presence of pleural effusion, chronic
obstructive pulmonary disease [COPD], and smoking).

Using CART, a delay in clinical response of �5 days was iden-
tified to be the optimal breakpoint for adverse clinical outcomes
(Table 2). A failure to respond by day 5 was associated with a
greater than 3-fold increase in the incidence of adverse clinical
outcomes. In-hospital mortality was nearly 14-fold higher among
patients who failed to respond by day 5 than those who responded
by day 5. The median hospital LOS was significantly longer among
patients who failed to achieve a clinical response by day 5. Similar
to the test-for-trend analyses, no significant relationships between
achievement of a clinical response by day 5 and all-cause and
CAP-related 30-day readmissions were observed. In the Poisson
regression analysis that adjusted for baseline covariates associated
with adverse clinical outcomes (age, respiratory rate of �30
breaths per min, CURB-65 score, BUN concentration of �10.7
mmol/liter, presence of pleural effusion, COPD, and smoking), a
failure to respond by day 5 was independently associated with the
adverse clinical outcome composite endpoint (RR � 4.36, 95%

confidence interval � 2.27 to 8.39, P � 0.001). Similarly, a failure
to respond by day 5 was independently associated with hospital
log LOS (� � 0.63, 95% confidence interval � 0.42 to 0.84, P �
0.001) after adjustment for baseline variables associated with log
LOS at a P value of �0.2 in the multivariate linear regression
analysis (age, PORT score, congestive heart failure, a pH of �7.35,
and PO2 of �60). The results of the sensitivity analyses were nearly
identical to those of the primary analysis (Table 2).

Relationship between time to clinical stability and outcomes:
secondary analyses. The relationships between time to clinical
stability and outcomes were largely consistent with those found in
the primary analyses. Of the 250 included patients, 62.8%, 72.1%,
and 77.9% responded by days 3, 4, and 5, respectively. Although
the relationships were not as monotonic as those in the overall
clinical response-LOS analyses, significant relationships between
both the mean and median times to clinical stability and outcomes
were observed (Fig. 2B). Time to clinical stability was also found to
be associated with hospital log LOS in the linear regression (� �
0.14, 95% confidence interval � 0.09 to 0.19, P � 0.001). A sig-
nificant relationship between time to clinical stability and adverse
clinical outcomes was noted in the test-for-trend analysis. Similar
to the primary analyses, the relationship between time to clinical
stability and in-hospital mortality was significant, and all-cause
and CAP-related 30-day readmissions did not vary by day of
achievement of clinical stability among survivors. Using CART, a
delay in clinical stability of �4 days was identified to be the opti-
mal breakpoint for adverse clinical outcomes. Compared to those
who responded by day 4, those who did not respond by day 4 had
a �2.5-fold increase in adverse clinical outcomes (20.3% versus
8.0%, P � 0.006), a 6-fold increase in in-hospital mortality (12.2%
versus 2.8%, P � 0.003), and similar incidences of all-cause and
CAP-related readmissions.

Predictors of all-cause and CAP-related readmissions
among survivors. Given the lack of association between time to
overall clinical response and readmission and time to clinical sta-
bility and readmission, a series of post hoc analyses was performed
to identify baseline covariates associated with all-cause and CAP-
related readmissions among survivors (Table 3). The most pro-
nounced bivariate predictors of both types of readmission were a

FIG 1 Cumulative clinical response over time.
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history of smoking and COPD. To assess the relationship between
the cumulative effect of baseline covariates and incidences of re-
admissions (all cause and CAP related), all bivariate predictors
(P � 0.25) associated with each readmission classification were
consolidated into an ordinal variable with the following four rank-
ordered categories: 0, 1, 2, and �3 (Fig. 4). As the cumulative
number of predictors increased, the incidences of both all-cause
and CAP-related readmissions increased in a monotonic fashion,
with a 25% readmission rate being found among patients with at
least 3 predictors.

DISCUSSION

There has been considerable discussion regarding the appropriate
efficacy endpoint in CABP registration trials (1, 2). In the past,
efficacy in CAP registration trials was based on clinical response
assessments at the TOC visit. However, there is much debate if
clinical response assessments at TOC visits can adequately captureFIG 3 Relationship between time to clinical response and outcomes.

FIG 2 (A) Relationship between time to clinical response and hospital LOS; (B) relationship between time to clinical stability and hospital LOS.
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the treatment effect due to the lack of historical control data dem-
onstrating the significance of this endpoint (1, 2). More recently, a
report from the Institute of Medicine (IOM) of the National
Academies Committee on Qualification of Biomarkers and Sur-
rogate Endpoints explicitly states that clinical endpoints in regis-
trational trials should capture how a patient feels, functions, and
survives (26). In light of this and the uncertainty regarding the
clinical meaningfulness of TOC assessments in defining treatment
effect, the FDA changed its guidance and now advocates the use of
an early clinical response endpoint based on symptomatic im-
provement and stabilization of vital signs (1). The FDA now also
recommends that early efficacy assessments be limited to patients
who had a confirmed bacterial pathogen consistent with CABP at
the baseline since this is the group that would benefit from anti-
microbial therapy (1). While this guidance change aligns with the
recommendations from IOM and focuses the efficacy analyses on
patients who would most likely benefit from antimicrobial ther-
apy, it is unclear how the early CABP endpoint relates to later
outcomes, such as hospital LOS, mortality, and readmission, in
patients with CAP in the clinical arena. This is an important con-
sideration, given that most antimicrobials will now be approved
for CABP, although in clinical practice they will be used primarily
for CAP, given the low number of patients with CAP who ulti-
mately have a confirmed bacteriological diagnosis (12). Given the
critical need for these data, this study sought to evaluate the rela-
tionship between time to clinical response, as defined by the FDA,
and later clinical outcomes in CAP that are of great interest to
providers and payers.

Overall, the results of the primary analyses indicated that time
to achievement of clinical response was predictive of both hospital
LOS and the incidence of adverse clinical outcomes (in-hospital
mortality or 30-day CAP-related readmission). There was a
monotonic relationship between time to achievement of clinical
response and hospital LOS. On average, patients were discharged
2 days following the achievement of clinical response. We also
observed a strong relationship between time to clinical response

and the incidence of adverse clinical outcomes in both the primary
and sensitivity analyses. Most notably, patients who failed to re-
spond by day 5 were at the greatest risk for deleterious outcomes.
Patients who failed to respond by day 5 were more than three
times as likely to experience an adverse clinical outcome as those
who responded by day 5. Moreover, hospital LOS was significantly
longer among nonresponders by day 5. Collectively, our findings
suggest that time to clinical response, as defined by the new FDA
guidance, was useful in discerning patients with CAP at the great-
est risk for prolonged hospital stays and adverse clinical outcomes.

While a relationship between time to clinical response and ad-
verse clinical outcomes was demonstrated, this was largely due to
an increased incidence of in-hospital mortality among patients
with delays in clinical response. No clear relationships between
time to clinical response and all-cause and CAP-related readmis-
sions were observed. Surprisingly, the cumulative incidences of
readmissions were comparable between patients who achieved an
early response and those who did not. In an effort to delineate
patient types at the greatest risk for readmission, we performed a
series of post hoc analyses and found a number of baseline covari-
ates to be associated with all-cause and CAP-related readmissions
(Table 3). Smoking and COPD were two of the strongest predic-
tors of both all-cause and CAP-related readmission classifications,
and the risk of both readmission types escalated in a monotonic
fashion as the number of predictors increased (Fig. 4). Patients
with 3 or more predictive characteristics had overall and CAP-
related readmission rates in excess of 25%. These findings high-
light the need to develop strategies to better identify patients at
risk for readmission. For risk stratification studies, it is of par-
amount importance to determine if the readmission rates
among patients deemed at the greatest risk are modifiable
through medical treatments or other interventions. This is es-
pecially relevant in light of the Patient Protection and Afford-
able Care Act (27), which triggers withholding of reimburse-
ment as a penalty for higher-than-expected readmission rates
among Medicaid patients with pneumonia.

TABLE 2 Relationship between clinical response by day 5 and outcomes

Analysis and outcome
No response by
day 5

Response by
day 5 RR (95% CIc) P value

Primary analysisa

Median (IQR) hospital LOS (days) 10 (6, 17) 5 (4, 8) �0.001
No. (%) with:

Adverse clinical outcome 17 (22.4) 12 (6.9) 3.3 (1.64–6.49) 0.001
In-hospital mortality 12 (15.8) 2 (1.1) 13.8 (3.17–60.2) �0.001
30-day readmission 7 (9.2) 22 (12.6) 0.7 (0.33–1.64) 0.52
30-day CAP related readmission 5 (6.6) 10 (5.7) 1.2 (0.41–3.26) 0.78

Sensitivity analysisb

Median (IQR) hospital LOS (days) 12 (8, 18) 5 (4, 7.5) �0.001
No. (%) with:

Adverse clinical outcome 14 (23.7) 12 (6.3) 3.74 (1.83–7.63) �0.001
In-hospital mortality 9 (15.3) 2 (1.1) 14.42 (3.20–64.9) �0.001
30-day readmission 7 (11.9) 22 (11.6) 1.02 (0.46–2.27) 1
30-day CAP-related readmission 5 (8.5) 10 (5.3) 1.60 (0.57–4.50) 0.36

a Death prior to day 5 or discharge without a response prior to day 5 is considered no response by day 5. Data are for 76 patients for no response by day 5 and 174 patients for a
response by day 5.
b Deaths prior to day 5 were excluded; discharge without a response prior to day 5 was considered to have achieved a response upon discharge. Data are for 59 patients for no
response by day 5 and 188 patients for a response by day 5.
c CI, confidence interval.
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Another notable finding was the reported cumulative overall
clinical response rates. One of the major concerns regarding the
FOCUS trials was the external validity of the findings due to the
limited use of concomitant macrolide therapy and a small number
of sites in the United States (7–10). The lack of macrolide therapy
is consistent with FDA guidance, which discourages the concom-

itant use of antibiotics that can potentially confound interpreta-
tion of the investigational drug’s treatment effect in noninferiority
trials (28). However, dual beta-lactam–macrolide therapy is the
standard of care for CAP in the United States, as recommended by
JCAHO, CMS, and ATS/IDSA (6, 18), and it is unclear whether
the observed day 4 response rate of ceftriaxone in the FOCUS trials

TABLE 3 Bivariate comparison of baseline demographics and clinical characteristics between readmissions and nonreadmissions

Variable

Overall 30-day readmission 30-day CAP-related readmission

Readmission
(n � 29)

No readmission
(n � 207) RR (95% CI)a

Readmission
(n � 15)

No readmission
(n � 221) RR (95% CI)

Demographics and clinical characteristics
Age � 65 yr 12 (41.4) 117 (56.5) 0.59 (0.29–1.17) 8 (53.3) 121 (54.8) 0.95 (0.36–2.53)
Male 14 (48.3) 122 (58.9) 0.69 (0.35–1.36) 7 (46.7) 129 (58.4) 0.64 (0.24–1.72)
White 20 (69.0) 160 (77.3) 0.69 (0.33–1.43) 13 (86.7) 178 (75.6) 2.02 (0.47–8.69)
Black 5 (17.2) 31 (15.0) 1.16 (0.47–2.84) 2 (13.3) 34 (15.4) 0.86 (0.20–3.63)
Asian 0 4 (1.9) 0 4 (1.8)
Otherb 4 (13.8) 12 (5.8) 2.20 (0.87–5.55) 0 16 (7.2)
Diabetes 10 (34.5) 71 (34.3) 1.01 (0.49–2.06) 5 (33.3) 76 (34.4) 0.96 (0.34–2.71)
COPDb,c 15 (51.7) 71 (34.3) 1.87 (0.95–3.68) 11 (73.3) 75 (33.9) 4.80 (1.58–14.6)
Asthma 0 14 (6.8) 0 14 (6.3)
CAP in past 180 days 1 (3.4) 17 (8.2) 0.43 (0.06–3.00) 0 18 (8.1)
HIV infection 1 (3.4) 13 (6.3) 0.57 (0.08–3.86) 0 14 (6.3)
Neoplastic disease 4 (13.8) 37 (17.9) 0.76 (0.28–2.1) 3 (20.0) 38 (17.2) 1.19 (0.35–4.03)
Liver diseaseb 4 (13.8) 12 (5.8) 2.20 (0.87–5.55) 2 (13.3) 14 (6.3) 2.12 (0.52–8.57)
CHFb 12 (41.4) 55 (26.6) 1.78 (0.90–3.52) 6 (40.0) 61 (27.6) 1.68 (0.62–4.54)
Cerebrovascular disease 1 (3.4) 25 (12.1) 0.29 (0.04–2.03) 0 26 (11.8)
Renal disease 8 (27.6) 55 (26.6) 1.05 (0.49–2.24) 3 (20.0) 60 (27.1) 0.68 (0.20–2.35)
Alcoholismb,c 4 (13.8) 5 (2.4) 4.04 (1.78–9.15) 2 (13.3) 7 (3.2) 3.88 (1.03–14.7)
Smokingb,c 24 (82.8) 121 (58.5) 3.01 (1.19–7.61) 14 (93.3) 131 (59.3) 8.79 (1.18–65.7)
Altered mental status 1 (3.4) 18 (8.7) 0.41 (0.06–2.84) 1 (6.7) 18 (8.1) 0.82 (0.11–5.87)
Respiratory rate � 30/min 3 (10.3) 46 (22.2) 0.44 (0.14–1.40) 1 (6.7) 48 (21.7) 0.27 (0.04–2.02)
Systolic blood pressure � 90 mm Hg 2 (6.9) 21 (10.1) 0.69 (0.17–2.70) 1 (6.7) 22 (10.0) 0.66 (0.09–4.80)
Temp of �35°C or �40°C 1 (3.4) 7 (3.4) 1.02 (0.16–6.58) 0 8 (3.6)
Heart rate � 125/min 2 (6.9) 28 (13.5) 0.51 (0.13–2.03) 2 (13.3) 28 (12.7) 1.06 (0.25–4.45)
pH � 7.35 2 (6.9) 18 (8.7) 0.80 (0.21–3.12) 1 (6.7) 19 (8.6) 0.77 (0.11–5.57)
Blood urea nitrogen concn � 10.7

mmol/literb

9 (31.0) 33 (15.9) 2.08 (1.02–4.24) 4 (26.7) 38 (17.2) 1.68 (0.56–5.02)

Sodium concn � 130 meq/liter 1 (3.4) 12 (5.8) 0.61 (0.09–4.16) 1 (6.7) 12 (5.4) 1.23 (0.17–8.61)
Glucose concn � 13.9 mmol/liter 0 26 (12.6) 0 26 (11.8)
Hematocrit � 30%b,c 6 (20.7) 25 (12.1) 1.73 (0.76–3.90) 4 (26.7) 27 (12.2) 2.41 (0.82–7.08)
PaO2 � 60 mm Hg 1 (3.4) 21 (10.1) 0.35 (0.05–2.43) 0 22 (10.0)
Pleural effusion 10 (34.7) 51 (24.6) 1.51 (0.74–3.07) 5 (33.3) 56 (25.3) 1.43 (0.51–4.03)
ICUd admission 4 (13.8) 33 (15.9) 0.86 (0.32–2.33) 3 (20.0) 34 (15.4) 1.35 (0.40–4.53)
Positive culture of respiratory

specimen in first 48 h
0 12 (5.8) 0 12 (5.4)

Bacteremia in first 48 hb 2 (6.9) 5 (2.4) 2.42 (0.71–8.24) 1 (6.7) 6 (2.7) 2.34 (0.36–15.4)

PORT risk class
PORT III 15 (51.7) 86 (41.5) 1.43 (0.73–2.83) 8 (53.3) 93 (42.1) 1.53 (0.57–4.07)
PORT IV 14 (48.3) 121 (58.5) 0.70 (0.35–1.38) 7 (46.7) 128 (57.9) 0.66 (0.25–1.75)

CURB-65 score
0 7 (24.1) 27 (13.0) 1.89 (0.88–4.08) 3 (20.0) 31 (14.0) 1.49 (0.44–4.99)
1 11 (37.9) 95 (45.9) 0.75 (0.37–1.52) 6 (40.0) 100 (45.2) 0.82 (0.30–2.22)
2 11 (37.9) 65 (31.4) 1.29 (0.64–2.59) 6 (40.0) 70 (31.7) 1.40 (0.52–3.80)
3 0 18 (8.7) 0 18 (8.1)
4 0 2 (1.0) 0 2 (0.8)

a The relative risk (95% confidence interval [CI]) reflects the ratio of the incidence of readmission in the exposed (variable present) versus the incidence of readmission in the
nonexposed (variable absent).
b Predictive of overall 30-day readmission with a P value of �0.25.
c Predictive of 30-day CAP-related readmission with a P value of �0.25.
d ICU, intensive care unit.
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(10) would be improved with the addition of a macrolide. Several
studies have shown that the macrolides possess many immuno-
modulatory properties and can reduce the proinflammatory re-
sponse to infectious stimuli, potentially contributing to the clini-
cal response (29, 30). Interestingly, the day 4 response rate of our
cohort (61.3%) was nearly identical to that of the ceftriaxone arm
of the FOCUS trials (59.4%) (10). Further investigation is neces-
sary to draw definitive conclusions regarding the effectiveness of
combination ceftriaxone-macrolide therapy. However, the con-
cordance between the ceftriaxone day 4 response rates in this real-
world effectiveness study and the phase III efficacy trials does not
refute the external generalizability of the day 4 findings for the
ceftriaxone group in the FOCUS trials to patients with CAP (10).

As part of this investigation, we also examined the relationship
between time to clinical stability (1, 6) and outcomes. Although
the definition of the clinical response at the TOC visit has often
been criticized for being somewhat subjective in nature, the symp-
toms assessment component of the FDA’s early clinical response
definition can be viewed similarly (1, 2). The criteria employed for
the definition of clinical stability in this study are identical to the
criteria set forth by ATS/IDSA (6) to define patients eligible for
hospital discharge. Not surprisingly, as clinical stability is a com-
ponent of the overall clinical response, a greater proportion of
patients more readily achieved clinical stability before meeting the
overall clinical response criteria. Interestingly, a similar propor-
tion of patients did not meet the clinical stability (22.1%) or full
clinical response (28%) criteria by day 5. Overall, the relationships
between time to clinical stability and outcomes were largely con-
sistent with the relationships between time to overall response and
outcomes. In particular, time to clinical stability was associated
with both hospital LOS and in-hospital mortality. Since symptom
assessments, the other component of the overall clinical response
criteria (1), are often difficult to quantify consistently in patients
over the course of their hospital stay, these data suggest that it may
be reasonable to track the clinical stability criteria set forth by
ATS/IDSA (6) as a tangible, objective, and consistent way to mon-
itor patients and gauge their likelihood of a poor outcome or read-
iness for discharge.

There are several considerations to note when interpreting
these results. This analysis evaluated time to clinical response
among a strictly defined cohort of patients at a single United States
academic medical center. We purposefully restricted the study to
hospitalized PORT risk class III and IV patients with CAP. Al-
though the ATS/IDSA CAP treatment guidelines (6) recommend

hospitalization in a medical ward for PORT risk class III and IV
patients, there is considerable variability in hospital admission
rates for CAP among institutions and individual physicians (31).
Cognizant of this, we restricted the analysis to include only pa-
tients designated to be treated on a hospital ward by the use of
ATS/IDSA guidelines in an effort to maximize the internal valid-
ity. By doing so, we also made it clear to whom these findings can
be applied or generalized. However, it is uncertain if results from
the analyses can be applied to other populations with CAP.

We only examined patients who received ceftriaxone and azi-
thromycin. It is unclear if the study findings can be generalized to
other antibiotic regimens for CAP. Furthermore, this study lacked
a control group. The addition of a control group would have pro-
vided us the opportunity to address additional study aims. For
example, the inclusion of an inadequately treated control group
would enable one to determine if time to response varied by ap-
propriateness of treatment. It would also enable one to determine
if time to response leads to similar downstream outcomes, inde-
pendently of the initial treatment.

The low number of bacteriologically confirmed cases of CABP
in this study limited our ability to draw inferences regarding the
clinical response by pathogen. As mentioned above, this limita-
tion also prevented us from considering an alternate control
group. Our inability to identify a larger number of documented
cases of bacterial infection is consistent with the findings in the
literature (12) and represents a more realistic look at the clinical
scenarios in which antimicrobials are deployed in clinical practice.
Thus, we believe that our study offers a unique perspective on the
predictive performance of the FDA endpoint in the real world
among patients with CAP. However, this finding does highlight
the need to evaluate the relationship between time to response and
subsequent outcomes among patients with culture-confirmed
CABP, as the response may vary by organism.

Since this was a retrospective observational cohort study, our
findings are subject to the caveats associated with this design. One
of the major concerns in studies of this nature is information bias
due to missing data. While AMCH is a major academic medical
center, a small portion of the patients included were transferred
from an outside hospital, and they may have been readmitted to
their local hospital within 30 days of discharge. Despite this, any
missed readmissions were just as likely to occur in responders as
nonresponders and thus would not significantly alter our findings.
As stated above, symptomology is often inconsistently coded
across patients. However, it is unlikely that symptom coding
would alter the reported findings. The high degree of concordance
between the time to overall response and time to clinical stability
outcomes analyses provides credence to the time to overall re-
sponse analyses since the variables in the clinical stability criteria
were readily available for �95% of patients. More importantly,
the similar findings between the time to overall response and time
to clinical stability outcomes analyses suggest that it may be more
straightforward to track clinical stability as a method to discern a
patient’s risk for a negative outcome.

We did not collect 30-day mortality. Because these data were
not readily available from the medical records and the national
death index was incomplete for the period studied at the time of
analysis, we chose to use a more accurate endpoint of in-hospital
mortality. Lastly, a limited number of patients in this study were
discharged prior to achieving a clinical response. While it was
unclear how to characterize these patients, the sensitivity analysis

FIG 4 Relationship between the cumulative number of readmission predic-
tors and all-cause and CAP-related 30-day readmissions.
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in which these patients were classified as responders on the day of
discharge did not significantly alter the findings.

In conclusion, time to clinical response, as defined in the recent
FDA guidance for CABP, was found to be associated with adverse
clinical outcomes and increased hospital LOS among patients
with CAP of PORT risk class III and IV receiving ceftriaxone and
azithromycin. Delays in the achievement of a clinical response
were associated with prolonged hospital stays and the incidence
of adverse clinical outcomes. A failure to respond by day 5 was the
most strongly associated with poor outcomes and provided
the most robust delineation of those at higher risk. Interestingly,
the relationships between time to clinical stability and outcomes
were largely consistent with the relationships between time to
overall response and outcomes. Symptoms constitute the other
component of the overall clinical response criteria (1) and are
often subjective, making them difficult to quantify consistently in
patients over the course of their hospital stay. Therefore, these
data suggest that it may be reasonable to use the clinical stability
criteria set forth by ATS/IDSA (6) as a tangible, objective, and
consistent way to monitor patients and gauge their likelihood of a
poor outcome and discharge readiness. As with all retrospective,
single-site studies, our findings should be interpreted cautiously
and verified with a multicenter, prospective study.
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