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Background: New targeted agents may cause acute cardiac events. The purpose of our study was to investigate the
incidence and the prognostic significance of left ventricular ejection fraction (LVEF) in phase I trials.
Patients and methods: Between October 2008 and September 2011, the records of 1166 consecutive patients with
advanced cancer treated in the Phase I Clinic who underwent echocardiography were retrospectively reviewed.
Results:Most of the patients were White (78%), and the most common tumor types were colorectal cancer and melanoma.
Of 1166 patients, 177 (15.2%) patients had an LVEF of <50%. No difference in overall survival (OS) between patients with
LVEF≥ 50% and patients with LVEF < 50% was seen (median OS 7.4 versus 7.0 months, P = 0.84). Patients with
LVEF≤ 35% had shorter survival compared with those with LVEF between 35% and 50% (median 4.2 versus 8.0 months;
P = 0.005). In multivariate analysis of patients with LVEF < 50%, independent factors predicting longer survival were
LVEF > 35%, ≤2 prior systemic therapies, ≤2 metastatic sites, and normal lactate dehydrogenase and albumin levels.
Conclusion: Echocardiography would improve patient selection for enrollment in phase I clinical trials. These data suggest
that it is safe to treat patients with LVEF between 35% and 50%.
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introduction
Targeted cancer therapies are showing promise in the treatment
of patients with cancer in the setting of phase I clinical trials,
but concerns have been raised about their potential cardiotoxi-
city [1]. Phase I clinical trials are designed to determine the
dose-limiting toxicity (DLT) and the maximum tolerated dose
(MTD) of new agents or the phase II recommended dose. Some
targeted agents may cause acute cardiac events, including left
ventricular dysfunction [2]. The use of trastuzumab, a monoclo-
nal antibody against human epidermal growth factor receptor
2 (HER2), is associated with improved clinical outcomes in
breast cancer [3] and gastro-esophageal junction adenocarcin-
oma [4], but in selected patients it is associated with a decrease
in left ventricle (LV) systolic function [3]. In addition, the use
of anti-vascular endothelial growth factor (VEGF) agents may
be associated with cardiotoxicity. Selected Food and Drug
Administration-approved anti-VEGF agents, bevacizumab, suni-
tinib, and sorafenib are associated with grade 3–4 LV systolic
dysfunction in 0.3%, 1.4%, and 0.05% of patients, respectively [2].
The use of vascular-disrupting agents has also been associated
with cardiovascular events [5, 6].
The occurrence and the outcomes of LV dysfunction caused by

standard chemotherapy were reported previously [7–9]. However,
the clinical outcomes of patients with advanced cancer and low
left ventricular ejection fraction (LVEF) treated in phase I clinical
trials have not been systematically analyzed. Therefore, we ana-
lyzed consecutive patients with advanced cancer who were treated
in our phase I clinic and had undergone echocardiography. The
study objectives were to determine the incidence of LV systolic
dysfunction, as defined by LVEF < 50%, to describe the clinical
characteristics of patients with LVEF < 50%, and to compare their
outcomes to those of patients with LVEF≥ 50%.

methods

patients
We retrospectively reviewed the medical records of 1166 consecutive patients
who (a) were referred to the Department of Cardiology for echocardiography
and (b) were treated in the Phase I Clinical Trials Program from October
2008 through September 2011. Echocardiography was carried out as a
screening procedure for patient participation in a clinical trial or as part of
the standard of care. Patient characteristics and laboratory tests were
recorded at the time of first echocardiogram (Supplementary data, available
at Annals of Oncology online).

results

patient characteristics
The demographic characteristics and tumor histology subtypes
of patients included in the study are summarized in
Supplementary Table S1, available at Annals of Oncology online.
The median age of 1166 patients was 60 years (range 16–82).
Overall, 51.2% of patients were older than 60 years and 50.6%
were women. The majority (77.8%) of patients were White. The
most common tumor subtypes were colorectal cancer and mel-
anoma, which reflects the pattern of referral to the Phase I
Clinic. All patients with colorectal cancer received a bevacizu-
mab-containing regimen before referral to the Phase I Clinic.

Of the 1166 patients who had an echocardiogram, 177
(15.2%) patients had an LVEF of <50%. The median ages of
patients with LVEF < 50% and LVEF≥ 50% were 63.4 and 57.0
years, respectively (P = 0.0079). Eighteen percent of men, com-
pared with 13% of women, had an LVEF of <50% (P = 0.033).
There was no statistical difference in LVEF levels by race
(P = 0.39). Patients with sarcoma, renal cell carcinoma, pancre-
atic cancer, and thyroid cancer had the highest proportions of
LVEF < 50% (23%, 22%, 20%, and 20%, respectively).

patients with LVEF < 50%
The median overall survival (OS) increases dramatically
between LVEF of 30% and LVEF of 40% (Figure 1A), therefore;
an LVEF of 35% provides a convenient cut point within the
group of patients with LVEF < 50%. Characteristics of patients
with LVEF≤ 35% versus those of patients with LVEF between
35% and 50% are listed in Supplementary Table S2, available at
Annals of Oncology online. Of the 177 patients with
LVEF < 50%, 32 (18.1%) had an LVEF of ≤35% and 145 (81.9%)
had an LVEF between 35% and 50%.
A higher proportion of patients older than 60 years had an

LVEF of ≤35% compared with those 60 years or younger (22.9%
versus 10.3%, respectively; P = 0.034). The rates of other cardiac
risk factors—hypertension, diabetes, dyslipidemia, coronary
artery disease, smoking history, and body mass index (BMI)
> 30—were not significantly different between the two LVEF
groups. There was also no statistical difference between the two
groups (LVEF < 35% versus LVEF 35%–50%) in the prior use of
potentially cardiotoxic therapy (anthracyclines, trastuzumab,
sunitinib, interferon, or radiation therapy).
A higher proportion of patients with low serum albumin levels

(26.9%) had an LVEF of <35% compared with those with an
LVEF of 35%–50% (P = 0.049). Other factors previously reported
to predict clinical outcomes in phase I clinical trials, including
Royal Marsden Hospital score, MD Anderson Cancer Center
score, Lactate dehydrogenase (LDH) level, number of metastatic
sites, number of prior therapy, Eastern Cooperative Oncology
Group (ECOG) performance status, gastrointestinal tumor sub-
types, and platelet count, were not important.
Appropriate therapy for low LVEF (including digoxin,

β-blockers, angiotensin receptor blockers or angiotensin
converting enzyme inhibitors, and others) was documented in
62% (n = 109) of patients with LVEF < 50%. Of 177 patients,
23 (13%) were on statin therapy and 154 (87%) were not.
Among patients with LVEF < 35%, 84% (n = 27) were reported
to receive appropriate therapy for their low LVEF.
Of 177 patients, 52 (29%) had the LDL measurement, 46

(26%) had the high-density lipoprotein (HDL) measurement, 65
(37%) had the troponin measurement, and 36 (20%) had the
brain natriuretic peptide (BNP) measurement. Of 32 patients
with LVEF < 35%, nine (28%) had BNP tested; of these nine
patients, six (67%) had an elevated BNP level. Of 177 patients
with LVEF < 50%, 146 (82%) had New York Heart Association
(NYHA) class I, 22 (12%) had NYHA class II, and 9 (6%) had
NYHA class III disease.
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Figure 1. (A) The median OS curve by LVEF. (B) The Kaplan Meier OS curve by LVEF. (C) The Kaplan–Meier curve of OS by the number of prior treatments.
(D) The Kaplan–Meier curve of OS by the albumin level. (E) The Kaplan–Meier curve of OS by the LDH level. (F) The Kaplan–Meier curve of OS by the
number of metastatic sites. (G) The Kaplan–Meier curve of OS by the different risk scores.
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Table 1. Survival by cardiac risk factors in 177 patients with LVEF < 50%

Risk factor Number of patients
(%)

Median survival
(months)

95% CI for median
survival

Hazard ratio
(HRa)

95% CI P-value

LVEF 0.5 0.3–0.8 0.005
>35% 145 (82) 8 6.7–10.0
≤35% 32 (18) 4.2 1.6–9.6

Cardiac risk factors

Hypertension 1 0.6–1.5 0.95
Yes 95 (54) 8.8 7–13.2
No 82 (46) 5.2 3.7–8.4
Diabetes 0.7 0.4–1.2 0.2
Yes 30 (17) 8.1 4.7–NR
No 143 (83) 6.9 5.2–8.6
Dyslipidemia 1 0.6–1.8 0.96
Yes 16 (9) 9.1 4.7–25.7
No 161 (91) 6.9 5.2–8.6
Coronary artery disease 1.1 0.5–2.2 0.86
Yes 26 (15) 8.1 4.2–NR
No 151 (83) 7.0 5.2–8.8
History of smoking 0.8 0.5–1.3 0.31
Yes 46 (26) 8.1 6.3–18.8
No 131 (74) 6.7 4.6–8.6
Body mass index 0.6 0.4–0.99 0.033
>30 35 (20) 15.5 9.1–20.0
≤30 142 (80) 5.5 4.4–8.0

Potentially cardiotoxic prior therapy
Anthracyclines use 1.2 0.7–1.8 0.69
Yes 43 (24) 5.1 4.2–13.2
No 134 (76) 7.6 5.7–9.7
Interferon use 0.6 0.3–1.3 0.17
Yes 16 (9) 8.6 5.2–NR
No 161 (91) 6.9 5.1–8.6
Sunitinib use 0.9 04–2.2 0.76
Yes 8 (4) 7.4 4.2–NR
No 169 (96) 7.2 5.4–8.6
Trastuzumab use 0.82 0.5–2.7 0.82
Yes 9 (5) 7.6 1.4–NR
No 168 (95) 7.0 5.3–8.8
Radiation therapy to the
chest

1.2 0.6–2.2 0.64

Yes 21 (12) 4.2 2.8–14.5
No 156 (88) 7.6 5.7–9.6

Risk factors in phase I studies
Albumin 0.4 0.3–0.6 <0.0001
≥3.5 125 (71) 8.6 7.6–13.3
<3.5 52 (29) 2.6 1.4–5.2
LDH 2.3 1.6–3.3 <0.0001
<618 101 (57) 9.1 7.6–14.5
≥618 76 (43) 3.3 2.6–5.3
Number of metastatic sites 2.6 1.8–3.7 <0.0001
≤2 94 (53) 13.2 8.4–17.5
>2 83 (47) 4.3 3.3–6.8
Number of prior therapies 1.8 1.2–2.6 0.002
≤2 86 (49) 8.8 7.3–16.3
>2 90 (51) 5.1 3.7–7.6
ECOG 1.8 1.0–2.9 0.025
<1 28 (16) 12.4 6.2–NR
≥1 149 (84) 6.7 5.1–8.4

Continued
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therapy in phase I clinical trials of patients with
LVEF < 50%
Of the 177 patients with an LVEF of <50%, 118 (66.7%) under-
went echocardiography while receiving treatment on a phase I
clinical trial (first-in-human or combination therapy of Food
and Drug Administration (FDA)-approved drugs) as part of the
clinical trial requirement or as a standard-of-care evaluation,
and the remaining 59 (33.3%) patients underwent echocardiog-
raphy before receiving any treatment, as part of the screening
for participation in a clinical trial or a standard-of-care evalu-
ation.
Of the 118 patients who underwent echocardiography while

receiving treatment, 97 (82%) were treated on a clinical trial that
consisted of targeted therapy as a single agent or in combin-
ation. Of the remaining 21 patients (18%), 4 were treated with
cytotoxic therapy and 17 with a combination of targeted therapy
and cytotoxic agents. Sixty-nine (58.5%) patients were treated
on first-in-human clinical trials and 49 (41.5%) patients were
enrolled on phase I clinical trials of FDA-approved drugs.

overall survival
The median follow-up of patients with LVEF < 50% (n = 177)
and patients with LVEF≥ 50% (n = 989) was 5.0 and 5.2
months, respectively. There was no statistical difference in OS
between patients with LVEF≥ 50% and patients with
LVEF < 50% (median 7.4 versus 7.0 months, respectively,
P = 0.84). Subset analysis showed that patients with LVEF
between 35% and 50% had longer OS than patients with
LVEF≤ 35% (8.0 versus 4.2 months, P = 0.005; Figure 1B).
On univariate analysis, hypertension, diabetes, dyslipidemia,

coronary artery disease, smoking history, and prior use of
anthracyclines, interferon, sunitinib, trastuzumab, or chest radi-
ation were not important risk factors for OS (Table 1). Patients
with BMI > 30 were found to have longer survival than patients
with BMI ≤ 30 (median OS 15.5 versus 5.5 months, respectively;

P = 0.033). There was no significant difference in OS between
patients reported receiving appropriate treatment of low LVEF
and patients who were not receiving any therapy for low LVEF
(median 7.6 versus 5.6 months, respectively; P = 0.70).
In addition, patients who received ≤2 prior therapies had

longer OS compared with those who received >2 prior therapies
(8.8 versus 5.1 months, respectively; P = 0.002) (Figure 1C). Other
factors associated with longer survival in univariate analysis were
normal serum albumin levels (versus lower than normal;
P < 0.0001; Figure 1D), normal LDH levels (versus higher than
normal; P < 0.0001; Figure 1E), 0–2 metastatic sites (versus with
>2 metastatic sites; P < 0.0001) (Figure 1F), ECOG performance
status 0 (versus ≥1); P = 0.025, (<1 versus ≥1), and gastrointestinal
tumor subtypes (versus others, P = 0.0002).
We also examined whether in the patients with LVEF < 50%

there was an association between OS and the type of therapy
(first-in-human therapy versus FDA-approved drugs in new com-
binations/non-FDA approved indications). We found no statistic-
ally significant difference in OS between the two groups [median
survival 7 months, 95% confidence interval (CI) 4–14, versus 8
months, 95% CI 5–16, respectively; Hazard Ratio (HR), 0.8; 95%
CI 0.5–1.3; P = 0.41]. Similarly, there was no difference in survival
between patients treated with targeted therapy and those treated
with chemotherapy combined with targeted agents (data not
shown). The median OS durations of patients with NYHA class I
versus class II plus III were 7.0 versus 8.1 months, respectively
(HR = 1.1, 95% CI 0.7–1.8; P = 0.72). The median OS of patients
who were receiving statins was 6.7 versus 7.2 months for patients
who were not receiving statins (HR = 0.9, 95% CI 0.57–1.5;
P = 0.67).

independent prognostic factors and the prognostic
survival score
Among the patients with LVEF < 50%, multivariate analysis
demonstrated that the following variables were independent

Table 1. Continued

Risk factor Number of patients
(%)

Median survival
(months)

95% CI for median
survival

Hazard ratio
(HRa)

95% CI P-value

Gastrointestinal tumors 2.4 1.5–3.6 0.0002
Yes 33 (19) 4.0 1.4–7.0
No 144 (81) 8.4 5.6–12.6
RMH Score 2.8 1.9–4.0 <0.0001
<2 111 (63) 9.7 7.8–15.3

≥2 66 (37) 3.2 2.1–4.4
MD Anderson Score
0–1 56 (32) 18.7 16.3–NR 1.0 — —

2–3 98 (55) 5.4 4.4–7.6 3.5 2.2–5.7 <0.0001
4–5 23 (13) 0.8 0.7–1.4 22 12–44 <0.0001
Platelet count 0.8 03–2.6 0.73
≤400 000 172 (97) 6.9 5.2–8.6
>400 000 5 (3) 16.0 7–NR

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; LVEF, left ventricular ejection fraction; NR, not reached; RMH, Royal
Marsden Hospital.
aHR < 1 is associated with longer survival. Significant P values of <0.05 are shown in bold.
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factors predicting longer survival: LVEF > 35% (P = 0.0016),
normal albumin level (P = 0.0001), 0–2 metastatic sites
(P = 0.0004), 0–2 prior therapies (P = 0.001), normal LDH level
(P < 0.0001), and dyslipidemia (P = 0.042; Supplementary
Table S3, available at Annals of Oncology online).
On the basis of the results of the multivariate analysis, we

included the individual variables with P < 0.01 to develop a sur-
vival predictive score. Therefore, LVEF, albumin, and LDH
levels, number of metastatic sites, and number of prior therapies
were used to develop the scoring system. The poor prognostic
character of each of these factors was given 1 point, with the
total score ranging from 0 to 5. Kaplan–Meier survival curves
calculated using this scoring system are shown in Figure 1G.
The survival outcomes of patients with LVEF < 50% were found
to be negatively correlated with their scores (P < 0.0001). Of the
177 patients, 30 (17%) patients were found to have a score of 0,
which corresponded to the highest median OS of 27.7 months
(95% CI 16.3–NR). The median OS durations of patients with
risk scores of 1 (n = 35), 2 (n = 60), and 3 (n = 31) were
9.7 months (95% CI 6.7–NR), 7.6 months (95% CI 5.6–11.1),
and 3.7 months (95% CI 3.0–5.3), respectively. Patients
with risk score >3 (n = 20) had a median OS of 0.8 months
(95% CI 0.7–1.4).

discussion
The use of selected anticancer drugs has been associated with
cardiac dysfunction [17]. The most common FDA-approved
targeted agents associated with potential cardiotoxity are suni-
tinib and trastuzumab. The use of sunitinib has been asso-
ciated with congestive heart failure in 4.1% of patients [18] and
with both symptomatic and asymptomatic decrease in LVEF in
1.9% of patients [19]. In patients treated with trastuzumab, the
reported incidence of LV dysfunction is 9.8% [20]. The
optimal LVEF for participation in clinical trials has not been
determined. LVEF of ≥50% has traditionally been used as an
optimal cut-off point, with the exception of one study (trastu-
zumab after adjuvant chemotherapy in HER2-positive breast
cancer) in which only patients with a LVEF of ≥55% by echo-
cardiography or multiple gated acquisition scanning were eli-
gible [3].
In this analysis, 15% of patients had an LVEF of <50%, which

is relatively high and contributed to the unfavorable characteris-
tics of our patient population. Our patients had advanced solid
tumors, unsuccessful standard treatment (median number
of prior therapies, 4; range 0–8), and multiple comorbidities.
The highest percentage of patients with LVEF < 50% were those
with sarcoma (23%), which may be partially attributed to
prior anthracycline treatment (80%; 12 of 15 patients with
LVEF < 50%), although the number of patients was too small to
draw a meaningful conclusion.
In our patient population, LVEF of 35% was the optimal

cut-off point. Patients with very low LVEF (≤35%) had
shorter survival than patients with LVEF > 35% (Figure 1B).
In contrast, compared with patients with LVEF ≥ 50%,
patients with LVEF between 35% and 50% had similar sur-
vival for the first 10 months and then slightly longer survival
after that. It is possible that heart failure was the primary
cause of death in patients with very low LVEF (≤35%),

whereas cancer was the major cause of death in patients with
LVEF > 35%.
Our data show that a higher percentage of patients with

LVEF < 50% were male and elderly (>60 years old) compared
with patients with LVEF ≥ 50%. In addition, patients with
LVEF < 35% were significantly older (>60 years old) than
patients with LVEF between 35% and 50%, but no difference
was noted in patient sex. These findings demonstrate that
male sex and older age are risk factors for CHF in patients
with advanced cancer, just as they are in the general popula-
tion [21].
In the era of personalized medicine, the role of biomarkers is

becoming critical for predicting the response to treatment and
the overall prognosis of patients with cancer. Our data confirm
that previous reported variables predicting overall outcome in
the phase I setting [13–15] are still valid in patients with
LVEF < 50%. In the multivariate analyses, LVEF < 35%,
albumin < 3.5 mg/dl, LDH greater than the upper limit of
normal, more than two metastatic sites, and more than two
prior therapy regimens were the top five independent adverse
factors predicting survival. Based on these findings, we devel-
oped a prognostic score that can predict the life expectancy of
patients referred to a phase I clinical trial. This score may be
used as a good tool for a more refined selection of patients with
advanced cancer referred for phase I clinical trials.
Finally, as determination of DLT and MTD are the end points

of phase I trials, cardiac assessment should be an important
element of the screening process. Traditionally, electrocardiog-
raphy has been used to assess cardiac safety in phase I clinical
trials because it is a simple and cheap test. However, its use has
not been shown to prevent major cardiac events in phase I clin-
ical trials [22]. BNP, troponin I and T have shown some benefits
in predicting cardiotoxicity in patients treated with anthracy-
clines [23]. In addition, some experts do emphasize the role of
BNP and troponin in stratifying patients undergoing cancer
therapy [24]. Of 177 patients with LVEF < 50%, the number of
patients who received statins was too small to make clinically
meaningful conclusions about the use of statins in this patient
group. The patient numbers with HDL, LDL, BNP, and tropo-
nin measurements were also too small to assess the effects of
these cardiac risk markers on patient outcome. Our study
demonstrates that LVEF < 35% is a poor prognostic factor in the
phase I setting and confirms that the addition of echocardiog-
raphy could improve the screening of patients enrolled in phase
I clinical trials.
In conclusion, LVEF should be assessed in patients with

cancer enrolled in clinical trials. Patients with LVEF between
35% and 50% had outcomes similar to those of patients with
normal LVEF, which suggests that if other cardiac biomarkers
are normal, it is safe to treat these patients in phase I clinical
trials. Our results demonstrated that albumin and LDH levels,
number of metastatic sites, number of prior systemic therapies,
and LVEF assessment are independent factors predicting sur-
vival in phase I studies, and therefore, their use may improve
patient selection for phase I clinical trials. In addition to LVEF
assessment, serum levels of BNP and troponin I should be
included in the monitoring of patients treated with potentially
cardiotoxic anticancer agents. Prospective studies are needed to
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assess cardiotoxicity of patients with cancer who participate in
clinical trials.
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