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Abstract 
Background:  Anthracycline use in metastatic breast cancer (MBC) is hindered by cumulative exposure limits and risk of cardiotoxicity. 
Pixantrone, a novel aza-anthracenedione with structural similarities to mitoxantrone and anthracyclines, is theorized to exhibit less cardiotoxicity, 
mainly due to lack of iron binding. We conducted a randomized phase II study to evaluate the efficacy and safety of 2 dosing schedules of 
pixantrone in patients with refractory HER2-negative MBC.
Methods:  Intravenous pixantrone was administered at 180 mg/m2 every 3 weeks (group A) versus 85 mg/m2 on days 1, 8, and 15 of a 28-day 
cycle (group B). Primary endpoint was objective response rate (ORR) and secondary endpoints included progression-free survival (PFS), median 
6-month PFS, overall survival (OS), safety, quality of life, and serial assessment of circulating tumor cells. A 20% ORR was targeted as sufficient 
for further testing of pixantrone in this patient population.
Results:  Forty-five patients were evaluable, with 2 confirmed partial responses in group A and 1 in group B. The trial was terminated due to in-
sufficient activity. Overall median PFS and OS were 2.8 (95% confidence interval [CI]: 2.0-4.1) and 16.8 (95% CI: 8.9-21.6) months, respectively. 
Notable overall grade 3-4 adverse events were the following: neutrophil count decrease (62%), fatigue (16%), and decrease in ejection fraction 
(EF) (4%).
Conclusion:  Pixantrone has insufficient activity in the second- and third-line MBC setting. It appears, however, to have limited cardiotoxicity. 
(ClinicalTrials.gov ID: NCT01086605). 
Key words: pixantrone; breast cancer; anthracycline; randomized phase II; cardiotoxicity.

Lessons Learned
	•	 Pixantrone has limited single agent antitumor activity in the second- and third-line settings in patients with metastatic breast cancer.
	•	 Pixantrone appears safe with little cardiotoxicity in anthracycline pretreated patients.

Discussion
Anthracyclines are active in MBC but limited by cumu-
lative cardiotoxicity. Epirubicin, liposomal-doxorubicin 
and mitoxantrone were developed, in part, to improve 
on cardiac safety. However, all compounds continue to 
be toxic.1,2 Pixantrone, a novel aza-anthracenedione, does 
not bind iron and forms no secondary alcohol metabol-
ites, thus an improved cardiotoxicity profile is postulated.3 

Mouse models4 and clinical trials have demonstrated the 
cardiac safety of pixantrone, with congestive heart failure 
(CHF) observed in 2%-3% of patients previously exposed 
to doxorubicin.5 Pixantrone is approved in Europe as a 
salvage treatment for relapsed/refractory non-Hodgkin’s 
lymphoma.6 

The NCCTG N1031 randomized phase-II study assessed 
the efficacy and safety of 2 dosing schedules of pixantrone 
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as second- to fourth-line chemotherapy in HER2-negative 
MBC, after progression on taxanes. Primary endpoint was 
ORR. Forty-seven patients enrolled between July 2010 and 
July 2011. One patient was ineligible and one never started 
treatment leaving 45 evaluable patients (24 in group A 
and 21 in group B). Baseline characteristics were balanced. 
Twenty-two percent had triple-negative breast cancer. 
Most patients (80%) received prior doxorubicin and 71% 
received between 2 and 3 prior lines of chemotherapy. 
A median of 3 cycles was given (range 1-12). All 45 pa-
tients discontinued treatment, primarily due to progression 
(62.2%) or adverse events (17.8%). One patient completed 
the maximum 12 cycles. 

Overall 3 patients (7%; 95%CI: 1%-18%) achieved a con-
firmed PR; 2 in group A (8%; 95%CI: 1%-27%), and 1 in 
group B (5%; 95%CI: 0%-24%). Only 1 patient among the 
first 16 patients, enrolled in each group, achieved a PR. The 
early stopping rule required at least 2 confirmed responses 
among the first 16 evaluable patients for each dose level to 
continue accrual. Thus, the study was terminated due to insuf-
ficient activity. 

All patients were followed until death with median OS for 
groups A and B 18.5 months (95%CI: 11.6-28.9) and 9.6 months 
(95%CI: 5.6-26.9), respectively (Fig. 1A), and median PFS 2.8 
months (95%CI: 2.3-9.3) and 2.5 months (95%CI: 1.8-7.6), re-
spectively (Fig. 1B). Overall median PFS and OS were 2.8 (95% 
CI: 2.0-4.1) and 16.8 (95% CI: 8.9-21.6) months, respectively. 
No significant QOL differences in change over time were ob-
served (data not presented). Patients with <5 CTCs at baseline 
(n = 17) had a trend toward improved OS compared to patients 
with ≥5 CTCs (n = 21), with median OS 23.6 months (95%CI: 
18.7-31.8) versus 9.0 months (95%CI: 5.0-21.8), respectively  
(P = .0671). 

Safety signals were similar to previously reported toxicities. 
All-grade adverse events included neutropenia (91%), fatigue 
(89%), anemia (78%), alopecia (76%), and nausea (71%). 
Six patients experienced an EF drop (4 grade 2, 2 grade 3) 
with a 2% mean drop. 

Pixantrone has insufficient single agent activity in 
anthracycline and/or taxane pretreated patients with 
MBC. Adverse effects are in keeping with prior experience. 
Cardiotoxicity was minimal.

Figure 1. Kaplan-Meier plots for progression-free and overall survival by dosing schedule. Group A received pixantrone at 180 mg/m2 every 3 weeks and 
group B received pixantrone 85 mg/m2 on days 1, 8, and 15 of 4-week cycles.

Author disclosures and references available online.
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Trial Information

Disease Breast cancer 

Stage of disease/treatment Metastatic/Advanced

Prior therapy 2 prior regimens

Type of study Phase II, Randomized

Primary endpoint Overall response rate

Secondary endpoints Progression-free survival, Overall survival, Safety, Correlative endpoint

Investigator’s analysis Inactive because results did not meet primary endpoint

Additional Details of Endpoints or Study 
Design
Patient Eligibility
Eligible patients included adult men or women with (1) 
histologically or cytologically confirmed metastatic breast 
adenocarcinoma, (2) measurable disease by Response 
Evaluation Criteria in Solid Tumors (RECIST v1.0), (3) use of 
taxanes in the metastatic setting (patients had up to 2-3 prior 
lines of chemotherapy in the metastatic setting if no prior 
(neo)-adjuvant chemotherapy was given, while only up to 1 
or 2 prior treatments were allowed if prior (neo)-adjuvant 
chemotherapy was received, (4) unlimited prior hormonal 
therapies were allowed, (5) left ventricular ejection fraction 
(LVEF) ≥50% and EKG within institutional normal limits 
prior to registration. Key exclusion criteria included (1) Prior 
cumulative anthracycline dose exceeding 400  mg/m2 doxo-
rubicin equivalent dose, (2) HER2-positive breast cancer, (3) 
leptomeningeal disease or active brain metastases, (4) uncon-
trolled hypertension or clinically significant heart disease. 
Each participant signed an IRB-approved, protocol-specific 
informed consent document in accordance with federal and 
institutional guidelines.

Study Design and Treatment
NCCTG N1031 was a 2-stage randomized (1:1) phase II 
study design testing 2 dose schedules of pixantrone (weekly 
vs 3-weekly). Group A patients received 180 mg/m2 IV every 
3 weeks, and group B patients 85  mg/m2 IV on days 1, 8, 
15 every 4 weeks. Patients were treated until disease progres-
sion, unacceptable toxicity, or voluntary withdrawal from the 
study. Up to 2 dose modifications were allowed per patient 
for toxicity. Due to lack of long-term cardiac safety data no 
more than 12 cycles were allowed. The study complies with 
the published CONSORT guidelines (http://www.consort-
statement.org/). NCCTG is now part of the Alliance for 
Clinical Trials in Oncology.

Data collection and statistical analyses were conducted by 
the Alliance Statistics and Data Center. Data quality was en-
sured by review of data by the Alliance Statistics and Data 
Center and by the study chairperson following Alliance pol-
icies. All analyses were based on the study database frozen on 
January 23, 2020.

Evaluation of Response and Toxicity
Evaluation of response was performed every 2 cycles of treat-
ment. Criteria for response and progression were based on 
RECIST v1.0. A confirmed tumor response was defined to 
be either a complete response (CR) or partial response (PR) 
noted as the objective status on 2 consecutive evaluations at 
least 6-8 weeks apart. Evaluation for toxicity was based on 
the National Cancer Institute Common Terminology Criteria 

for Adverse Events (NCI-CTCAE v4.0). Toxicities were evalu-
ated with every visit. Cardiac monitoring was performed by 
either echocardiogram (ECHO) or MUGA scan (based on in-
stitutional preference) after cycles 4, 8, 10, and 12, and 6-8 
months after end of treatment if possible.

QOL
QOL was measured as a secondary outcome using the Linear 
Analogue Self-Assessment (LASA-6).7,8,9

Circulating tumor cells
Optional circulating tumor cell (CTC) collections were con-
ducted at baseline, prior to cycle 3 and at the end of treat-
ment. A total of 10 mL of whole blood was collected using 
CellSearch Kits (provided by Cell Therapeutics, currently 
named CTI BioPharma) per the manufacturer’s instructions 
(Menarini Silicon Biosystems, San Diego, CA). A cutoff of ≥ 5 
CTCs/7.5 mL blood was used for a positive result.

Statistical Design and Analysis
This trial was designed to assess the efficacy of 2 doses of 
pixantrone in patients with metastatic breast cancer using 
a 2-stage phase II study design. With 25 evaluable patients 
in each dose cohort and assuming a 10% significance level, 
there was a greater than 90% chance of detecting a tumor re-
sponse rate of at least 30% in this patient population; where 
a response rate of 10% or less would lead to the conclusion 
that this regimen lacks sufficient anti-tumor activity to rec-
ommend it for further testing in this patient population, while 
a response rate of 20% (5 out of 25 patients) would indi-
cate that further testing would be recommended. The primary 
endpoint for the study was overall response rate, defined as 
the proportion of confirmed tumor responses at each dose 
level of pixantrone.

If at most 1 of the first 16 evaluable patients, enrolled at a 
given dose level, achieved a confirmed tumor response then 
enrollment would be terminated and the given dose level 
would be considered inactive in this patient population. If 
at least 5 of the first 25 evaluable patients enrolled into a 
given dose level achieved a confirmed tumor response, consid-
eration would be given to recommending this dose level for 
further testing in this patient population. Accrual continued 
while the first 16 evaluable patients were being evaluated for 
the early stopping rule.

Survival time is defined as the time from registration to 
death due to any cause. The distribution of survival time was 
estimated using the method of Kaplan-Meier at each dose 
level. Time to disease progression is defined as the time from 
registration to the earliest date of documentation of disease 
progression. If a patient dies without a documentation of 
disease progression the patient will be considered to have had 
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disease progression at the time of their death. The distribution 
of time to progression will be estimated using the method of 
Kaplan-Meier at each dose level.

Overall QOL, QOL subdomains items were assessed at 
each time point by each dose level using the mean and median, 

each with an appropriate confidence interval. Exploratory 
comparisons of overall QOL and QOL subdomains were 
made between the 2 different dose levels using Wilcoxon rank 
sum tests at single data time points.

Drug Information: Group A, Pixantrone

Generic/Working name Pixantrone 

Trade name Pixurvi

Company name Servier

Drug type Chemotherapy

Drug class Anthracenedione

Dose 180 milligrams (mg) per squared meter (m²)

Route IV

Schedule of administration Every 3 weeks

Drug Information: Group B, Pixantrone

Generic/Working name: Pixantrone 

Trade name: Pixurvi

Company name: Servier

Drug type: Chemotherapy

Drug class: Anthracenedione

Dose: 85 milligrams (mg) per squared meter (m²)

Route: IV

Schedule of administration: days 1, 8, 15, of 4 week cycle

Dose Escalation Table

Dose Level Dose of Drug: Pixantrone Number Enrolled Number Evaluable for Toxicity 

Group A 180 mg/m2 q3w 24 24

Group B 85 mg/m2 days 1, 8, and 15 of a 28-day cycle 21 21

Patient Characteristics: Group A
Number of patients, male 1 

Number of patients, female 23

Stage IV

Age Median (range): 57 (42-79) years

Number of prior systemic therapies Median (range): 2(1-3)

Performance Status: ECOG 0 — 11
1 — 12
2 — 1
3 — 0
Unknown — 0

Patient Characteristic: Group B
Number of patients, male 0 

Number of patients, female 21

Stage IV

Age Median (range): 55 (38-75) years

Number of prior systemic therapies Median (range): 2(1-3)

Performance Status: ECOG 0 — 6
1 — 12
2 — 3
3 — 0
Unknown — 0
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Primary Assessment Method: Group A
Title Overall Response Rate 

Number of patients screened 24

Number of patients enrolled 24

Number of patients evaluable for toxicity 24

Number of patients evaluated for efficacy 24

Evaluation Method RECIST 1.0

Response assessment CR n = 0 (0%)

Response assessment PR n = 2 (8%)

Response assessment SD n = 14 (58%)

Response assessment PD n = 7 (29%)

Response assessment OTHER n = 1 (5%)

(Median) duration assessments PFS 2.8 Days, CI: 2.3-9.3

(Median) duration assessments OS 18.5 Days, CI: 11.6-28.9

Outcome Notes
Hazard ratio for PFS was 0.84 (95% CI: 0.46-1.52) Hazard ratio for OS was 0.91 (95% CI: 0.50-1.67)

Primary Assessment Method: Group B
Title Overall Response Rate 

Number of patients screened 23

Number of patients enrolled 21

Number of patients evaluable for toxicity 21

Number of patients evaluated for efficacy 21

Evaluation Method RECIST 1.0

Response assessment CR n = 0 (0%)

Response assessment PR n = 1 (5%)

Response assessment SD n = 10 (48%)

Response assessment PD n = 10 (48%)

Response assessment OTHER n = 0 (0%)

(Median) duration assessments PFS 2.5 months, CI: 1.8-7.6

(Median) duration assessments OS 9.6 months, CI: 5.6-26.9

Adverse Events: Group A (all cycles, regardless of attribution)
Name *NC/NA 1 2 3 4 5 All Grades 

Neutrophil count decreased 17% 13% 13% 46% 13% 0% 83%

White blood cell decreased 67% 4% 13% 17% 0% 0% 33%

Lymphocyte count decreased 92% 0% 4% 4% 0% 0% 8%

Fatigue 13% 54% 17% 17% 0% 0% 88%

Anemia 25% 54% 17% 4% 0% 0% 75%

Left ventricular systolic dysfunction 83% 0% 13% 4% 0% 0% 17%

Pneumonitis 100% 0% 0% 0% 0% 0% 0%

Pleural effusion 100% 0% 0% 0% 0% 0% 0%

Dyspnea 92% 0% 8% 0% 0% 0% 8%

ALT, SGPT (serum glutamic pyruvic 
transaminase)

83% 8% 0% 4% 4% 0% 17%

AST, SGOT(serum glutamic oxaloacetic 
transaminase)

79% 13% 0% 4% 4% 0% 21%

Blood bilirubin increased 92% 4% 0% 4% 0% 0% 8%

Hyponatremia 88% 4% 0% 8% 0% 0% 13%

Potassium, serum-low (hypokalemia) 100% 0% 0% 0% 0% 0% 0%

Hypercalcemia 100% 0% 0% 0% 0% 0% 0%

Hypoalbuminemia 100% 0% 0% 0% 0% 0% 0%

Hepatobiliary disorders - Other, specify 96% 0% 0% 4% 0% 0% 4%
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Name *NC/NA 1 2 3 4 5 All Grades 

Hypertension 96% 0% 0% 4% 0% 0% 4%

Blood and lymphatic system  
disorders - Other, specify

100% 0% 0% 0% 0% 0% 0%

Nausea 33% 38% 25% 4% 0% 0% 67%

Vomiting 63% 29% 4% 4% 0% 0% 38%

Peripheral sensory neuropathy 100% 0% 0% 0% 0% 0% 0%

Alopecia 25% 42% 33% 0% 0% 0% 75%

Skin and subcutaneous tissue  
disorders - Other, specify

50% 50% 0% 0% 0% 0% 50%

Diarrhea 58% 42% 0% 0% 0% 0% 42%

Platelet count decreased 79% 17% 4% 0% 0% 0% 21%

Mucositis oral 67% 21% 13% 0% 0% 0% 33%

Activated partial thromboplastin time 
prolonged

96% 0% 0% 4% 0% 0% 4%

Lung infection 96% 0% 0% 4% 0% 0% 4%

Syncope 96% 0% 0% 4% 0% 0% 4%

Pain in extremity 100% 0% 0% 0% 0% 0% 0%

Chest wall pain 96% 0% 4% 0% 0% 0% 4%

Back pain 96% 0% 4% 0% 0% 0% 4%

Buttock pain 100% 0% 0% 0% 0% 0% 0%

Neck pain 100% 0% 0% 0% 0% 0% 0%

Voice changes/dysarthria (e.g., hoarseness, 
loss or alteration invoice,laryngitis)

100% 0% 0% 0% 0% 0% 0%

Adverse Events: Group B (all cycles, regardless of attribution)
Name *NC/NA 1 2 3 4 5 All Grades 

Neutrophil count decreased 0% 10% 24% 62% 5% 0% 100%

White blood cell decreased 57% 5% 10% 19% 10% 0% 43%

Lymphocyte count decreased 76% 0% 14% 5% 5% 0% 24%

Fatigue 10% 38% 38% 14% 0% 0% 90%

Anemia 19% 48% 29% 5% 0% 0% 81%

Left ventricular systolic dysfunction 90% 0% 5% 5% 0% 0% 10%

Pneumonitis 95% 0% 0% 5% 0% 0% 5%

Pleural effusion 90% 0% 5% 5% 0% 0% 10%

Dyspnea 90% 0% 5% 5% 0% 0% 10%

ALT, SGPT (serum glutamic pyruvic 
transaminase)

71% 24% 0% 5% 0% 0% 29%

AST, SGOT(serum glutamic oxaloacetic 
transaminase)

57% 19% 10% 14% 0% 0% 43%

Blood bilirubin increased 76% 10% 5% 5% 5% 0% 24%

Hyponatremia 95% 0% 0% 5% 0% 0% 5%

Hypokalemia 90% 5% 0% 5% 0% 0% 10%

Hypercalcemia 95% 0% 0% 5% 0% 0% 5%

Hypoalbuminemia 81% 10% 5% 5% 0% 0% 19%

Hepatobiliary disorders - Other, specify 100% 0% 0% 0% 0% 0% 0%

Hypertension 95% 0% 5% 0% 0% 0% 5%

Blood and lymphatic system  
disorders - Other, specify

95% 0% 0% 5% 0% 0% 5%

Nausea 24% 62% 14% 0% 0% 0% 76%

Vomiting 57% 38% 5% 0% 0% 0% 43%

Peripheral sensory neuropathy 71% 19% 5% 5% 0% 0% 29%

Alopecia 24% 24% 52% 0% 0% 0% 76%

Skin and subcutaneous tissue  
disorders - Other, specify

62% 33% 5% 0% 0% 0% 38%

Diarrhea 71% 19% 10% 0% 0% 0% 29%

Platelet count decreased 67% 19% 14% 0% 0% 0% 33%
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Name *NC/NA 1 2 3 4 5 All Grades 

Mucositis oral 95% 5% 0% 0% 0% 0% 5%

Lung infection 100% 0% 0% 0% 0% 0% 0%

Activated partial thromboplastin time 
prolonged

100% 0% 0% 0% 0% 0% 0%

Syncope 100% 0% 0% 0% 0% 0% 0%

Pain in extremity 90% 0% 0% 10% 0% 0% 10%

Chest wall pain 90% 5% 0% 5% 0% 0% 10%

Back pain 90% 0% 5% 5% 0% 0% 10%

Buttock pain 95% 0% 0% 5% 0% 0% 5%

Neck pain 95% 0% 0% 5% 0% 0% 5%

Voice changes/dysarthria (eg, hoarseness, 
loss or alteration invoice, laryngitis)

95% 0% 0% 5% 0% 0% 5%

Assessment, Analysis, and Discussion

Completion Study completed 

Investigator’s Assessment Inactive Because Results Did Not Meet Primary Endpoint

Pixantrone has insufficient single-agent activity in the MBC 
setting after multiple lines of therapy. The primary endpoint 
of the study was the proportion of confirmed tumor responses 
at each dose level of pixantrone. Standard chemotherapeutic 
options in the second and third line setting have historically 
shown a response rate between 10% and 35%.10-15 Pixantrone 
was to move forward with further testing in the Her-2 nega-
tive, metastatic breast cancer setting if the null hypothesis of 
a 10% response rate was rejected in either group. Since at in-
terim analysis, only 1 patient per group had a confirmed tumor 
response rate (6%) the study was halted to further enrollment.

Pixantrone exhibited minimal cardiotoxicity in the studied 
patients, many of whom had prior anthracycline use. Six 
patients experienced an EF drop (4 grade 2 and 2 grade 3). 
Follow-up echocardiogram was available for 27 patients 
(those with at least 4 cycles of treatment) and mean EF drop 
was 2.0% (Fig. 2). Pixantrone was specifically designed to 
reduce anthracycline-induced cardiotoxicity.16 By not binding 
iron, pixantrone generates less reactive oxygen species.3,17 
At the same time pixantrone has no secondary alcohol me-
tabolites, the accumulation of which is thought to result in 
chronic cardiac toxicity.3 Animal studies have supported both 
the relative safety of pixantrone in this setting4 and the com-
parable or superior effectiveness of pixantrone compared 
to mitoxantrone or doxorubicin.18 Prior early-phase studies 
showed that, as a single agent, pixantrone was associated 
with a 2% chance of reduced LVEF. In our study, 1 patient 
per group (4%-5%) had a grade 3 reduction in LVEF, both in 
patients with prior doxorubicin use (Fig. 2). This is in keeping 
with the 3% LVEF reduction seen in patients in a study of 
refractory, aggressive non-Hodgkin’s lymphoma with prior 
exposure to anthracyclines.5

The adverse event profile of pixantrone was in keeping 
with prior experience. Neutropenia is known to be the most 
frequent grade 3 toxicity of pixantrone. In our study we 
observed 62% grade 3-4 neutropenia in the every 3 week 
schedule (group A) and 58% grade 3-4 neutropenia in the 
weekly schedule (group B). In the setting of refractory non-
Hodgkin lymphoma a rate of 41% grade 3-4 neutropenia has 
been shown.5 It is not clear why a higher rate of neutropenia 

was seen in our study, given that the patients in the refractory 
Non-Hodgkin lymphoma study were also heavily pretreated. 
On the other hand, grade 3-4 thrombocytopenia was lower in 
our study (0%) in comparison to the non-Hodgkin lymphoma 
study 12%).

Correlative studies included assessment of circulating tu-
mors cells (CTCs), which have been confirmed to have po-
tential relevance and importance in assessing prognosis and 
clinical response to systemic therapy.19,20 The presence and 
persistence of ≥5 CTCs/7.5 mL blood in MBC patients, before 
and after treatment, is prognostic for poor clinical outcome 
and treatment failure.21,22 CTCs were collected at baseline (n 
= 38), before cycle 3 (n = 25), and end of treatment (n = 30). 
When using ≥5 CTCs/7.5 mL for cutoff value of a positive 
test, patients with <5 CTCs at baseline had a trend toward 
improved overall survival and progression-free survival (PFS) 
(Fig. 3). The failure to conclusively demonstrate this, in our 
study, likely relates to the small size of our cohort. In add-
ition, it is of interest that <5 CTCs/7.5 mL, both at cycle 3 
and at end of treatment, are associated with improved overall 
survival and PFS in our study. However, given the optional 
nature of the CTC study collection, as well as the significant 
missing data at these time points, bias cannot be excluded and 
we thus do not present the data.

In conclusion, pixantrone exhibited insufficient activity in 
a cohort of chemotherapy pretreated patients with metastatic 
breast cancer to warrant further investigation as a single 
agent in this setting. Cardiotoxicity, however, was minimal 
despite prior use of anthracyclines in the majority of patients.
Click here to access other published clinical trials.
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Figure 3. (A) Kaplan-Meier plots for progression-free survival (PFS) and overall survival by CTC cut-off (negative <5 CTCs, positive ≥5 CTCs). (B) Kaplan-
Meier plots for overall survival (OS) and overall survival by CTC cut-off (negative <5 CTCs, positive ≥5 CTCs).

Figure 2. Change in ejection fraction at the end of treatment as compared to baseline.


