
ARTICLE

Factors related to survival and treatment success in invasive
candidiasis or candidemia: a pooled analysis of two large,
prospective, micafungin trials

D. L. Horn & L. Ostrosky-Zeichner & M. I. Morris &

A. J. Ullmann & C. Wu & D. N. Buell & L. L. Kovanda &

O. A. Cornely

Received: 3 June 2009 /Accepted: 14 November 2009 /Published online: 15 December 2009
# Springer-Verlag 2009

Abstract Crude and attributable mortality rates in patients
with candidemia and invasive candidiasis remain unacceptably
high. It is important to reach a more complete understanding of
the risk factors underlying poor outcomes in patients with
invasive Candida infections. Micafungin therapy has been
assessed in two phase 3 trials compared to either liposomal
amphotericin B or caspofungin. The availability of this large
dataset allows the analyses of non-drug factors associated
with survival and treatment success. A multivariate regression
analysis was performed on data from the two trials separately
and as a pooled analysis (N=1,070). Analysis outcomes were
survival at 42 days post-initiation of therapy and treatment

success. For the pooled analysis, treatment success was
significantly more likely for candidemia than invasive
candidiasis. Both survival and treatment success were
significantly less likely for the non-removal of catheter versus
removal, Asian-Indians versus Caucasians, APACHE II score
>20 to ≤30 and >30 versus ≤20, age ≥70 years versus
<50 years, baseline corticosteroids, and persistent neutrope-
nia. Survival was also significantly less likely for treatment in
other regions versus North America and for patients with
renal failure at baseline. These findings help to define non-
antifungal drug factors that may impact survival and
treatment success in invasive candidiasis or candidemia.
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Introduction

In North America, Candida species accounted for most
(~86%) nosocomial fungal infections during the period
1980 to 1990, and were the fourth most common organism
isolated from blood cultures in the 1990s and 2000s [1–3].
More recent data collected between 2004 and 2006 from 22
medical centers in North America by the PATH Alliance
revealed that candidemia and invasive candidiasis (IC)
remain as very important presentations of invasive fungal
infections [4]. Notably, the crude mortality rate among
patients with invasive Candida infections ranges from 31 to
61% [4–16].

Underlying physical conditions that predispose individ-
uals to nosocomial candidemia include hematological
malignancies and solid tumors, HIV infection, burns,
gastrointestinal disease, complicated abdominal surgery,
solid organ transplant, premature birth, and age >70 years
[7, 14, 17–23]. Multivariate analyses have revealed addi-
tional, independent risk factors for candidemia: length of
hospitalization, admission to and length of stay in an
intensive care unit, the use of broad-spectrum antimicrobial
agents, the presence of a vascular catheter, previous
episodes of candidemia or bacteremia, Candida isolated
from at least two sites, mucosal colonization with Candida,
neutropenia, receipt of total parenteral nutrition, and renal
failure [7, 17–20, 24–27].

In a prospective observational study of 1,447 non-
neutropenic adults (age ≥13 years) with candidemia at
tertiary care centers in the United States, multivariate
logistic regression analysis identified an APACHE II score
>18, cancer, the presence of a urinary or arterial catheter,
male sex, candidemia due to species other than Candida
parapsilosis, and the receipt of corticosteroids as being
associated with mortality over 3 months of follow up. In
particular, there was a linear relationship between graded
APACHE II scores and 3-month mortality [7].

Other multivariate analyses have indicated that a high
APACHE II score, advanced age, and stay in an intensive
care unit were significant risk factors for death [8, 11, 28],
while leukemia, bone marrow transplantation, and intensive
care unit stay at the onset of infection emerged as independent
predictors of failure of initial antifungal therapy [18].
Inappropriate antifungal therapy also emerged as a signifi-
cant independent predictor of mortality [18, 28, 29].

Recently, two large phase 3 trials evaluating micafungin
for the treatment of candidemia and IC were completed,
which revealed that micafungin was non-inferior to both
liposomal amphotericin B and caspofungin for efficacy,
and was better tolerated than liposomal amphotericin B
[30, 31]. In order to evaluate baseline prognostic factors in
Candida infections, multivariate logistic regression analyses
were performed on the data from each of these trials to

identify factors associated with survival and treatment
success. The data were then pooled and re-analyzed.

Methods

The two studies were double-blind, randomized phase 3
trials powered to assess the non-inferiority of micafungin
100 mg/day versus liposomal amphotericin B 3 mg/kg/day
(two-arm trial) [30], or micafungin 100 mg/day and
micafungin 150 mg/day versus caspofungin 50 mg/day,
after a 70-mg loading dose (three-arm trial) [31] in adults
with a diagnosis of candidemia or another form of IC.

Analysis population

The analysis population consisted of all patients from the
two trials who received ≥1 dose of the study drug and had a
confirmed Candida infection at baseline. The three-arm
trial included patients ≥18 years of age and the two-arm
trial included patients ≥16 years of age; however, only
patients ≥18 years of age were included.

Analysis endpoints

The analysis endpoints were mortality at 42 days post-
initiation of therapy and overall treatment success at the
end of intravenous therapy, defined as success in both
clinical response (either partial or complete response) and
mycological response (eradication or presumed eradica-
tion of the baseline pathogen). A patient death during
therapy (between the dates of the first dose to 1 day after
the last dose) was categorized as treatment failure.
Missing evaluations were considered to be a failure and
no imputation, such as last observation carried forward,
was applied.

Statistical modeling

Logistic regression was used to assess the effect of potential
explanatory variables (Table 1) on survival and overall
treatment success. The logistic regression model used was:

log itðpÞ ¼ log
p

1� p

� �
¼ a þ b0X

where p is the probability of treatment success or 42-day
survival, α is the interception, Χ is the vector of explanatory
variables, and β is the parameter vector to be estimated. A
backward stepwise regression with a staying probability of
0.20 was used to determine the final model. Point estimates
and 95% confidence intervals (CIs) for the comparative
odds ratio (OR) for each variable were calculated.
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Table 1 Explanatory variables used in the multivariate analyses and patient characteristics

Explanatory variable Study value Two-arm trial Three-arm trial Pooled analysis
(n=492) (n=578) (N=1,070)

Treatment group Micafungin 100 247 (50.2%) 191 (33.0%) 438 (40.9%)

Micafungin 150 0 (0.0%) 199 (34.4%) 199 (18.6%)

Caspofungin 70/50 0 (0.0%) 188 (32.5%) 188 (17.6%)

Liposomal amphotericin B 245 (49.8%) 0 (0.0%) 245 (22.9%)

Age (years) <50 194 (39.4%) 193 (33.4%) 387 (36.2%)

50 to <70 192 (39.0%) 257 (44.5%) 449 (42.0%)

≥70 106 (21.5%) 128 (22.1%) 234 (21.9%)

Sex Female 191 (38.8%) 242 (41.9%) 433 (40.5%)

Male 301 (61.2%) 336 (58.1%) 637 (59.5%)

Region North America 36 (7.3%) 331 (57.3%) 367 (34.3%)

Other 456 (92.7%) 247 (42.7%) 703 (65.7%)

Ethnicity Caucasian 301 (61.2%) 392 (67.8%) 693 (64.8%)

Asian-Indian 115 (23.4%) 62 (10.7%) 177 (16.5%)

Black 23 (4.7%) 83 (14.4%) 106 (9.9%)

Other 53 (10.8%) 41 (7.1%) 94 (8.8%)

Infection type Disseminated 472 (95.9%) 551 (95.3%) 1023 (95.6%)

Other 20 (4.1%) 27 (4.7%) 47 (4.4%)

Infection site Candidemia 414 (84.1%) 492 (85.1%) 906 (84.7%)

Invasive candidiasis 78 (15.9%) 84 (14.5%) 162 (15.1%)

Missing data 0 (0.0%) 2 (0.3%) 2 (0.2%)

Candida species C. albicans 212 (43.1%) 277 (47.9%) 489 (45.7%)

C. non-albicans 280 (56.9%) 299 (51.7%) 579 (54.1%)

C. tropicalis 113 (23.0%) 85 (14.7%) 198 (18.5%)

C. glabrata 35 (7.1%) 86 (14.9%) 121 (11.3%)

C. parapsilosis 74 (15.0%) 86 (14.9%) 160 (15.0%)

C. other 58 (11.8%) 42 (7.3%) 100 (9.3%)

Missing data 0 (0.0%) 2 (0.3%) 2 (0.2%)

Neutropeniaa at baseline Y/N 57 (11.6%) 50 (8.7%) 107 (10.0%)

Persistent neutropenia Y/N 17 (3.5%) 26 (4.5%) 43 (4.0%)

Liver failure Y/N 0 (0.0%) 16 (2.8%) 16 (1.5%)

Renal failure Y/N 5 (1.0%) 174 (30.1%) 179 (16.7%)

Diabetes Y/N 36 (7.3%) 180 (31.1%) 216 (20.2%)

Bacteremia Y/N 0 (0.0%) 165 (28.5%) 165 (15.4%)

Solid organ transplant Y/N 22 (4.5%) 22 (3.8%) 44 (4.1%)

Corticosteroid therapy Y/N 72 (14.6%) 153 (26.5%) 225 (21.0%)

Surgery Y/N 0 (0.0%) 185 (32.0%) 185 (17.3%)

Baseline catheter status Removed 206 (41.9%) 384 (66.4%) 590 (55.1%)

Not removed 203 (41.3%) 144 (24.9%) 347 (32.4%)

No catheter 83 (16.9%) 50 (8.7%) 133 (12.4%)

APACHE II score ≤20 328 (66.7%) 467 (80.8%) 795 (74.3%)

>20 to ≤30 93 (18.9%) 91 (15.7%) 184 (17.2%)

>30 22 (4.5%) 20 (3.5%) 42 (3.9%)

Missing data 49 (10.0%) 0 (0.0%) 49 (4.6%)

APACHE II = Acute Physiology and Chronic Health Evaluation II
a Absolute neutrophil count <500 cells/μl
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Results

In the two-arm and three-arm trials, respectively, 492
and 578 adult patients received at least a single dose of
active study medication and were included in this analysis
[30, 31]. The data were aggregated for a total pooled
analysis population of 1,070 patients. The median duration
of therapy in the two-arm and three-arm trial was 15 and
14 days, respectively. Table 1 shows the baseline demo-

graphics and clinical characteristics of the two studies and
their pooled analysis.

Overall treatment success

In the two-arm trial, the baseline neutropenia status (p=0.008)
and APACHE II scores (p<0.0001) had significant effects on
the treatment outcome. In the three-arm trial, the persistence
of neutropenia (p=0.01), catheter removal (p=0.004), ethnic-

Variable Two-arm trial Three-arm trial
Survival

Region: other vs. North America 0.247 (0.077, 0.795) 0.506 (0.317, 0.807)

Ethnicity: Asian-Indian vs. Caucasian 0.454 (0.263, 0.783) 0.372 (0.187, 0.741)

Age 50 to <70 vs. <50 years 0.883 (0.527, 1.481) 0.576 (0.343, 0.965)

Age ≥70 vs. <50 years 0.431 (0.233, 0.796) 0.433 (0.236, 0.794)

APACHE II score >20 to ≤30 vs. ≤20 0.321 (0.190, 0.543) 0.304 (0.177, 0.525)

APACHE II score >30 vs. ≤20 0.056 (0.015, 0.208) 0.258 (0.087, 0.768)

Invasive candidiasis vs. candidemia 2.775 (1.178, 6.537) NA

Corticosteroid therapy at baseline NA 0.456 (0.290, 0.718)

Persistent neutropenia during therapy NA 0.361 (0.148, 0.878)

Renal failure at baseline NA 0.566 (0.352, 0.911)

Catheter not removed vs. catheter removal NA 0.440 (0.276, 0.701)

Surgery at baseline* NA 1.621 (0.995, 2.640)

Overall treatment success

Ethnicity: Asian-Indian vs. Caucasian NA 0.439 (0.290, 0.663)

APACHE II score >20 to ≤30 vs. ≤20 0.435 (0.268, 0.705) 0.479 (0.335, 0.684)

APACHE II score >30 vs. ≤20 0.079 (0.026, 0.244) 0.178 (0.088, 0.359)

Invasive candidiasis vs. candidemia NA 0.439 (0.290, 0.663)

Corticosteroid therapy at baseline NA 0.531 (0.376, 0.751)

Baseline neutropenia 0.439 (0.238, 0.810) NA

Persistent neutropenia during therapy NA 0.372 (0.189, 0.732)

Catheter not removed vs. removed NA 0.604 (0.439, 0.832)

Table 2 Odds ratios (95%
confidence intervals) for non-
drug-related factors significantly
associated with 42-day survival
rate and overall treatment
success in two randomized,
double-blind phase 3 clinical
trials [30, 31]

NA=no significant association;
APACHE II=Acute Physiology
and Chronic Health
Evaluation II

*p=0.525

Variable Survival Treatment success

Region: other vs. North America 0.473 (0.322, 0.693) NA

Ethnicity: Asian-Indian vs. Caucasian 0.462 (0.304, 0.701) 0.439 (0.290, 0.663)

Age ≥70 vs. <50 years 0.445 (0.292, 0.678) 0.591 (0.390, 0.895)

APACHE II score >20 to ≤30 vs. ≤20 0.327 (0.227, 0.471) 0.479 (0.335, 0.684)

APACHE II score >30 vs. ≤20 0.133 (0.061, 0.290) 0.178 (0.088, 0.359)

Invasive candidiasis vs. candidemia NA 0.601 (0.404, 0.894)

Corticosteroid therapy at baseline 0.644 (0.449, 0.923) 0.531 (0.376, 0.751)

Persistent neutropenia during therapy 0.307 (0.153, 0.614) 0.372 (0.189, 0.732)

Renal failure at baseline 0.598 (0.396, 0.904) NA

Catheter not removed vs. removed 0.572 (0.414, 0.792) 0.604 (0.439, 0.832)

Surgery at baseline 1.644 (1.046, 2.585) NA

Table 3 Odds ratios (95%
confidence intervals) for risk
factors significantly associated
with 42-day survival rate and
overall treatment success after
the analysis of pooled data from
two randomized, double-blind
phase 3 clinical trials [30, 31]

NA=no significant association;
APACHE II=Acute Physiology
and Chronic Health
Evaluation II
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ity (p=0.0002), infection type (p=0.02), baseline APACHE II
score (p=0.007), and baseline corticosteroid therapy (p=
0.0006) had significant effects on the treatment outcome.

Only the APACHE II score comparisons emerged as
common factors associated with overall treatment response
in both the two-arm and three-arm studies (Table 2). OR
analysis demonstrated that patients with an APACHE II
score >30 were less likely to achieve overall treatment
success than those with an APACHE II score ≤20. Patients

with IC had a greater likelihood of survival than those with
candidemia in the two-arm but not in the three-arm trial.

Multivariate analysis of the aggregated dataset revealed
that ethnicity (p=0.0005), age (p=0.04), baseline APACHE
II score (p<0.0001), corticosteroid therapy at baseline (p=
0.0003), persistence of neutropenia during therapy (p=
0.004), catheter removal (p=0.007), and baseline infection
site (p=0.01) were associated with overall therapeutic
response (Table 3 and Fig. 1). OR analysis demonstrated

Fig. 1 Odds ratio analyses of
factors associated with overall
treatment success at the end of
antifungal chemotherapy in
adult patients with confirmed
candidemia and invasive candi-
diasis. Pooled dataset

Fig. 2 Odds ratio analyses of
factors associated with survival
at 42 days post-initiation of
antifungal chemotherapy in
adult patients with confirmed
candidemia and invasive candi-
diasis. Pooled dataset
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that surgical patients had a higher likelihood of survival
than non-surgical patients; however, baseline surgical status
was not associated with overall treatment success. The most
powerful explanatory variables negatively associated with
overall treatment success were high APACHE II scores,
persistent neutropenia, Asian-Indian ethnicity, and baseline
corticosteroid use. Patients with an APACHE II score >30
were less likely to achieve overall treatment success than
patients with an APACHE II score ≤20.

Mortality at day 42

Geographical region (p=0.02), ethnicity (p=0.02), age
group (p=0.02), baseline APACHE II score (p<0.0001),
and baseline infection site (p=0.02) were significantly
associated with survival, as determined by logistic regres-
sion analysis. Eight variables demonstrating a significant
association with survival in the three-arm trial were
geographical region (p=0.004), ethnicity (p=0.01), age
(p=0.02), baseline APACHE II score (p<0.0001), persis-
tence of neutropenia during therapy (p=0.02), baseline
renal failure (p=0.02), catheter removal (p=0.002), and
baseline corticosteroid therapy (p=0.0007). Baseline surgi-
cal status fell outside the limit of significance (p=0.053)
(Table 2).

In the pooled analysis, logistic regression revealed the
following variables associated with survival outcome:
geographical region (p=0.0001), ethnicity (p=0.0004),
age (p=0.0008), baseline APACHE II score (p<0.0001),
catheter removal (p=0.003), corticosteroid therapy (p=0.02),
renal failure at baseline (p=0.01), persistence of neutropenia
during therapy (p=0.0008), and surgery at baseline (p=0.03)
(Table 3 and Fig. 2) The pooled analysis showed that
patients who had surgery at baseline had a higher likelihood
of survival than those without surgery (OR=1.644; 95% CI:
1.046, 2.585). In the three-arm trial, surgery at baseline fell
outside the threshold for statistical significance (p=0.053). In
the two-arm trial, none of the patients were characterized as
surgery patients.

The relative impact of each variable on survival ranged
considerably, with the variables most strongly associated
with a lower likelihood of survival being APACHE II
scores >20, persistent neutropenia, age ≥70 years, and
Asian-Indian ethnicity. In particular, patients with an
APACHE II score >30 had a much lower likelihood of
survival at day 42 than patients with an APACHE II score
≤20 (OR=0.133; 95% CI: 0.061, 0.290).

Conclusions

Multivariate logistic regression analyses were performed on
two large randomized clinical trials [30, 31]. The main

findings were that both 42-day survival and overall
treatment success were significantly less likely in patients
who: (1) did not have a catheter removed (vs. removed); (2)
had an APACHE II score >20 (vs. ≤20); (3) were aged
≥70 years (vs. <50 years); (4) were receiving cortico-
steroids at baseline; (5) had persistent neutropenia during
therapy; and (6) were of Asian-Indian ethnicity. Addition-
ally, species of Candida isolated at baseline had no
influence on 42-day survival or the rate of overall treatment
success in patients treated with micafungin, caspofungin, or
liposomal amphotericin B.

In the pooled analysis, there was good concordance
between the type of variables that had emerged as risk
factors for survival and overall treatment success; however,
survival, but not overall treatment success, was significantly
less likely for medical patients than surgical patients, patients
from regions other than North America, and patients with
baseline renal failure. Treatment success, but not survival, was
less likely in patients with IC relative to candidemia.

Previous attempts to elucidate factors associated with
outcomes were based on observational studies, and the
results of the generated model complement these earlier
findings [7, 8, 11, 18, 28]. In agreement with previous
observational studies [7, 8, 28], high APACHE II scores
had the most profound effect on survival. Advanced age,
non-removal of a catheter, and receipt of corticosteroids
were associated with poorer survival [7, 8, 11], as was
persistent neutropenia. In addition, we found that Asian-
Indian patients had a lower likelihood of survival, although
it is likely that this observation was due to factors such as
differences between trial centers, differences in the preva-
lence of comorbidities, or differences in risk factors not
included in our analyses. The results of the current analyses
represent an important additional contribution to the
understanding of factors associated with survival and
treatment success rates for patients with candidemia and
invasive candidiasis.
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