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Abstract

Background: Eribulin plus gemcitabine improves progression-free survival in chemotherapy-naive
metastatic breast cancer patients, but its efficacy in second-line or later treatment remains unclear.
Methods: This single-arm, phase Il study was conducted at 13 Chinese medical centers. Eligible patients
had histologically confirmed human epidermal growth factor receptor 2 negative metastatic breast cancer
and had received at least one prior taxane-containing chemotherapy regimen and anthracycline-
containing regimens in the adjuvant setting. Patients received intravenous infusions of eribulin (1.4 mg/m?)
and gemcitabine (1.0 g/m?) on days 1 and 8 of a 21-day cycle. Progression-free survival, objective
response rate and disease control rate were assessed. Adverse events were also recorded.

Results: Here we show 70 patients took part in this study (71.4% hormone receptor positive/HER2
negative). Patients had received a median of three prior lines of systemic treatment. Overall, 48.6% have
significant tumor shrinkage, 92.9% have tumor control, and median time without disease progression is
7.2 months (95% confidence interval, 5.5-10.9). Median time without disease progression is 8.4 months
(hormone receptor positive) vs. 6.3 months (triple-negative, p=0.1849). Grade 3-4 side effects mostly
affect blood cells and are manageable.

Conclusions: Eribulin plus gemcitabine is effective and well-tolerated in patients with HER2-negative

metastatic breast cancer needing second-line or later treatment, providing a valuable treatment option.



Plain Language Summary

People with advanced breast cancer that is HER2-negative often run out of treatment options after their
first therapy. A drug combination called eribulin and gemcitabine works well as an initial treatment, but
we didn’t know if it could help later on. To find out, we ran a study in 13 hospitals in China with 70 patients.
They received both drugs every three weeks, and we tracked how their cancer responded and what side
effects they had. Almost half of the patients saw their tumours shrink, and most had their cancer under
control for an average of about seven months. Side effects, mainly related to blood counts, were
manageable. These results suggest this drug combination could give people with advanced breast cancer

another effective option.

INTRODUCTION

Breast cancer (BC) has become the most common malignant tumor in the world (1), and its morbidity
and mortality in China rank fifth and seventh among the malignant tumors, respectively (2). Some patients
already have metastatic breast cancer (MBC) when diagnosed, while others with early-stage BC develop
tumor metastasis even after comprehensive treatment (3)(4). MBC treatment is still a challenge in clinical
practice (5). Drug therapy is the main choice for MBC treatment. In particular, for BC with negative human
epidermal growth factor receptor 2 (HER2), chemotherapy is the first-choice (5)(6)(7). In the
chemotherapy of MBC, anthracyclines and paclitaxel are the basic drugs, but patients who fail to respond
to these two drugs are often seen in clinical practice(8).

Eribulin is a microtubule dynamic inhibitor that causes irreversible mitotic blockage and cell death through
high-affinity binding to the ends of microtubules(9)(10). It has a different mechanism of action from
taxanes; thus, it may still be effective for patients resistant to taxanes (11)(12). Eribulin also has non-

cytotoxic effects, including increasing the content of other drugs in the tumor microenvironment through



vascular remodeling; it can also reverse the epithelial-mesenchymal transition of tumor cells and inhibit
tumor invasion and metastasis (13)(14). Previous research results have indicated that eribulin can
effectively treat HER2- MBC (15)(16)(17). Kaufman et al. conducted a phase Ill randomized trial comparing
eribulin mesylate with capecitabine in patients with MBC who had previously received anthracycline- and
taxane-based therapy, finding that eribulin was not superior to capecitabine in terms of OS or PFS(18).
Cortes et al. reported a phase Il open-label randomized study where eribulin monotherapy significantly
improved OS (median 13.1 vs. 10.6 months) compared with treatment of physician’s choice (TPC) in
heavily pretreated patients with MBC, with a manageable safety profile(19).

Gemcitabine is a nucleoside antimetabolite drug that can be catalyzed into active dideoxycytidine
triphosphate by nucleotide kinase in cells (20). The dideoxycytidine triphosphate inhibits and destroys
DNA synthesis inside tumor cells and promotes tumor cell apoptosis without producing cross-resistance
when combined with paclitaxel. Gemcitabine also has some therapeutic effect in the treatment of MBC(21).
Studies have observed the combination of eribulin and gemcitabine (EG) as a first-line treatment regimen
for MBC, revealing that EG gives a similar PFS and has less neurotoxicity compared with a regimen
involving a combination of paclitaxel and gemcitabine (PG) (22). Further analysis of patient quality of life
suggested that the EG regimen inhibited neuropathy as compared with the PG regimen. Therefore,
eribulin is considered to be a reasonable substitute for paclitaxel as first-line chemotherapy for MBC (23).
However, it is unclear whether EG can be used as a second-line or beyond treatment for MBC. This study
aims to explore the efficacy and safety of EG as a second-line or beyond treatment for HER2-negative
MBC.

Herein, this study demonstrates that EG is effective and safe as second-line or later treatment for heavily
pretreated HER2-negative MBC patients. Among 70 participants, 71.4% had HR+/HER2— disease and a
median of three prior systemic therapies. EG achieved an objective response rate of 48.6% and disease
control in 92.9% of patients. Median progression-free survival was 7.2 months overall, with similar
outcomes in HR+ and triple-negative subgroups. Notably, HR+

patients previously treated with CDK4/6 inhibitors maintained a median progression-free survival of 7.2

months. Adverse events were primarily hematologic and manageable, supporting EG as a viable later-



line treatment strategy.

METHODS

Study Design and Participants

This open-label, single-arm, phase Il study (NCT05263882) was conducted at 13 institutions in China. All
13 institutions were tertiary-level hospitals in China with certified oncology departments and experience
in conducting phase II/lll oncology trials. All study drugs were administered by licensed oncologists or
oncology nurses trained in the study protocol. The trial was registered on ClinicalTrials.gov under the
name "Gemcitabine Combined With Eribulin Regimen in the Treatment of Second-line Above Recurrent
HER2-negative Breast Cancer" (registration number: NCT05263882) on March 2, 2022. The study protocol
can be accessed in the supplemental material. This study was approved by the Ethics Committee of The
Fifth Affiliated Hospital of Sun Yat-Sen University (Approval Number: K93-1) and the ethics committees
of all 12 participating institutions (the Ethics Committee of The First Affiliated Hospital of Guangxi Medical
university (No. 2022-081); the Ethics Committee of Zhuhai Hospital of Integrated Traditional Chinese and
Western Medicine (No. 2022-002); the Ethics Committee of Zhuhai Maternity and Child Health
Hospital(No. 2022-24-02); the Ethics Committee of The First People's Hospital of Zhaoging (No.
2022Y042-011);the Ethics Committee of Cancer Hospital Chinese Academy of Medical Sciences (No.
2022-33-2);the Ethics Committee of Jiangmen Central Hospita (No. JMZX2023089-G)l;ithe Ethics
Committee of Panyu central Hospital (No.PYZX-2022-056-09);the Ethics Committee of Dongguan
Tungwah Hospital (No.DG-DH-2022073); the Ethics Committee of Dongguan People’s Hospital
(N0.2023YL035-8H);the Ethics Committee of Zhongshan Hospital of Traditional Chinese Medicine
Affiliated to Guangzhou University of Traditional Chinese Medicine (N0.2022-327);the Ethics Committee
of Sun Yat-sen University Cancer Center (No.A2022-023-X04);the Ethics Committee of Zhongshan City
People's Hospital (N0.2022-084)) . All procedures were conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from all patients. Patients or public representatives were

not involved in the design of this phase Il trial, or drafting of the manuscript. No important changes to



the trial protocol were made after trial commencement. All analyses were prespecified in the original
protocol. Objective response assessments were independently verified by a central radiology committee
to minimize assessment bias.

Our study exclusively examined female because the disease is mostly relevant in females. Eligible patients
were between 18 and 75 years old with histologically confirmed HER2- MBC and had received at least
one prior taxane-containing chemotherapy regimen for the advanced disease and anthracycline-
containing regimens in the adjuvant setting. The patients included had adequate bone marrow, renal,
and liver function. Patients who were pregnant or had severe heart failure or severe uncontrolled infection

were excluded.

Procedures

Patients received intravenous infusions of eribulin (1.4 mg/m?) and gemcitabine (1.0 g/m?) on days 1 and
8 of a 21-day cycle until disease progression, unacceptable toxic effects, or death.

Treatment interruptions and dose reductions to manage adverse events (AEs) were allowed.

Dose reductions of eribulin stepwise from 1.4 mg/m’ to 1.1 mg/m’ to 0.7 mg/m’ were permitted if
necessary, as well as stepwise dose reductions of gemcitabine by 20%.

AEs were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events
(NCI-CTCAE) version 5.0. Efficacy outcomes, including progression-free survival (PFS), objective response
rate (ORR), and disease control rate (DCR), were assessed using Response Evaluation Criteria In Solid

Tumors (RECIST) version 1.1. Follow-up was conducted every two cycles.

Outcomes

The safety was assessed according to the occurrence of dose-limiting toxic effects. All adverse events
(AEs) were evaluated for the entire duration of study treatment, plus a 30-day follow-up period after the
last dose (consistent with ICH-GCP guidelines). The primary end point of the study was ORR. Secondary
end points included PFS, DCR, and AEs.

PFS was defined as the time from the first eribulin treatment to disease progression or death due to



various causes (which occurs first), in accordance with RECIST version 1.1. ORR was defined as the
percentage of evaluable patients who had either a complete response (CR) or partial response (PR) as the
best objective tumor response. DCR was defined as the percentage of evaluable patients at baseline who
had CR, PR, or stable disease (SD) as the best objective tumor response. AEs were graded using NCI-

CTCAE version 5.0.

Statistics

The primary end point of the study was ORR. Based on historical data(25)(26), HR+/HER2- locally
recurrent inoperable or metastatic breast cancer showed an ORR rate of approximately 20%. The
hypothesis was that eribulin plus gemcitabine would achieve at least a 40% ORR rate in patients with HER2
negative MBC. Simon’s two-stage design was used with error probabilities a and B of 0.05 and 0.2,
respectively. We fixed the final figure at 50 patients that included a 20% increase because of potential
dropouts. The first stage would consist of 13 patients. If three or less ORRs were observed, the trial had
to be terminated; otherwise, recruitment could continue. Thirteen or more ORRs in 43 evaluable patients
had to be observed to meet the primary end point of the study. Patients lost to follow-up had data
censored via last observation carried forward (LOCF) at the last confirmed disease assessment. Patients
with missing imaging had data classified as "non-responders” per RECIST v1.1 to avoid overestimation.
Activity and safety were analyzed in patients who received at least one study treatment. Continuous data
were presented as median (range), whereas categorical data were presented as frequency (percentage).
Clinicopathologic characteristics were analyzed using descriptive statistics. Kaplan—Meier plots were used
to calculate median PFS, and the Brookmeyer—Crowley method was used to calculate the corresponding
95% confidence intervals (Cls). Median follow-up time was computed using inverse Kaplan-Meier
methods. Intergroup comparisons were analyzed using the chi-square test or continuous-corrected chi-
square test and the log-rank test. SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC) was

used for statistical analysis. P < 0.05 was considered statistically significant.



Missing data were stratified by outcome type and handled per regulatory guidelines (NCI-CTCAE v5.0,
RECIST v1.1) and study protocol: 3 patients lost to follow-up had data censored via last observation
carried forward (LOCF) at the last confirmed disease assessment. 2 patients with missing imaging had
data classified as "non-responders” per RECIST v1.1 to avoid overestimation. No missing data were
observed for severe AEs.

RESULTS

Patient Characteristics

Seventy patients were enrolled from March 2022 to October 2023 and received the study treatment. All
patients were female, and the median age was 50 years (range: 31-68). Fifty (71.4%) had HR+/HER2-
(hormone receptor+/human epidermal growth factor receptor-2) MBC and 20 (28.6%) had triple-negative
MBC. Forty-nine patients were positive (=15%) for the Ki-67 index. The metastatic sites of patients were
the bone (68.6%), liver (52.9%), lymph nodes (48.6%), lung (44.3%), and brain (10.0%). Patients had received
a median of three prior lines of systemic treatment, a median of two lines of chemotherapy, and a median
of one line of endocrine treatment. Among the HR+/HER2- patients, 29 had received prior cyclin D-
cyclin-dependent kinases 4 and 6 (CDK4/6) inhibitor treatment. The baseline characteristics of the

participants are summarized in Table 1 and Table 2.

Efficacy

Among the patients, ORR was 48.6% (95% Cl: 36.4-60.8) and DCR was 92.9% (95% CI: 84.1-97.6). Two
patients (2.9%) , who were both HR positive, had CR. Thirty-two (45.7%) patients had PR. Thirty-one (44.3%)
patients had SD and 5 (7.1%) patients had PD (Table 3, Figure 1).

The 6-month PFS rate was 65.1% (95% CI: 51.5-78.7), and the median PFS of all patients was 7.2 months
(95% Cl: 5.5-10.9; Figure 2). For the HR-positive subgroup, the median PFS was 8.4 months (95% CI: 5.5 to
not reached), whereas for the triple-negative subgroup, it was 6.3 months (95% CI: 3.6-8.6; p = 0.1849;
Table 4, Figure 3).

Among the HR+/HER2- patients who had received prior CDK4/6 inhibitor treatment, the median PFS was

7.2 months (95% CI: 5.0-15.8). For the subgroup of HR+/HER2- patients who had not received CDK4/6



inhibitor treatment, the median PFS was not reached (Table 5, Figure 4). For the HER2-low subgroup, the
median PFS was 6.5 months (95% Cl: 5.4-15.8). For the HR+/HER2-low subgroup, the median PFS was 8.4

months (95% CI: 5.4-15.8; Table 5, Figures 5 and 6).

Safety

The most common AEs among all patients were hematological, including leukopenia (77.1%), neutropenia
(71.4%), anemia (61.4%), and thrombocytopenia (54.3%). The most common perceptible AEs among all
patients were decreased appetite (61.4%), nausea (60.0%), fatigue (52.9%), and peripheral neuropathy
(40.0%). The most common grade 3 and 4 AEs were hematological, including neutropenia (38.6%),
leukopenia (31.4%), anemia (24.3%), and thrombocytopenia (15.7%). Relatively few perceptible AEs were
perceived to be grade = 3; these AEs were observed in three patients with severe fatigue and two patients
with severe insomnia. No treatment-related deaths occurred. Treatment-related AEs (TRAEs) are
summarized in Table 6. All patients received standard concomitant care per institutional guidelines: all
patients received prophylactic antiemetics. Patients with grade 3-4 neutropenia received granulocyte
colony-stimulating factor treatment. Patients with grade 3-4 thrombocytopenia received recombinant
human thrombopoietin administration. No serious adverse events were attributed to concomitant

medications.

DISCUSSION

In this open-label, single-arm, phase Il study, we demonstrated that EG was effective as a second -
line or beyond treatment in heavily pretreated patients with HER2- MBC while maintaining a predictable
and manageable safety profile. We found that for the MBC patients who had received a median of three
prior lines of systemic treatment, EG still led to satisfactory ORR, DCR, and median PFS; more than half
the patients achieved 6-month PFS; and no statistical difference was observed in this benefit between
HR+/HER2- patients and triple-negative patients. In addition, CDK4/6 inhibitor treatment had no
significant impact on the benefit of EG treatment.

In this study, all patients had received more than one line of systemic drug therapy, including taxane-



containing chemotherapy regimens and anthracycline-containing regimens. For MBC patients with a long
history of progression after standard treatment, it is difficult to obtain further effective treatment,
although various attempts have been made to develop treatments in many previous studies. In an earlier
study, capecitabine with bevacizumab failed to improve PFS, the primary end point, in a phase Il trial
involving heavily pretreated patients after failure of anthracyclines or taxanes (24). In a phase Il study,
after the chemotherapy combination of gemcitabine and vinorelbine in taxane-pretreated MBC patients,
the median PFS was 4.0 months and the median OS was 11.7 months (25). In a global, randomized, phase
[l study, sacituzumab govitecan (SG) was compared with physician's choice of chemotherapy (eribulin,
vinorelbine, capecitabine, or gemcitabine) in endocrine-resistant, chemotherapy-treated HR+/HER2-
locally recurrent inoperable or metastatic breast cancer. The results were a median PFS of 5.5 months (95%
Cl: 4.2—-7.0) with SG and a median PFS of 4.0 months (95% CI: 3.1-4.4) with chemotherapy, the PFS rate at
6 and 12 months was 46% with SG (95% Cl: 39-53) vs. 30% with chemotherapy (95% Cl: 24-37) and 21%
with SG (95% Cl: 15-28) vs. 7% with chemotherapy (95% Cl: 3-14), respectively (26). In another phase I
study, Zhu et al. investigated the efficacy and safety of the oral vinorelbine—apatinib combination in
patients with pretreated MBC. They found that the median PFS was 5.2 months (95% Cl. 3.4-7.0), the
median OS was 17.4 months (95% Cl: 8.0-27.0), ORR was 17.1% (6/35), and CBR was 45.7% (16/35) (27).
The relatively short PFS in these studies may be related to the severe condition of the patients included
and the limited therapeutic effect of drugs on MBC. These results showed limited efficacy in different
strategies for the survival of MBC.

Other studies have reported similar results to ours regarding PFS. A phase Il study evaluated the
efficacy and tolerability of combined treatment with irinotecan and capecitabine in anthracycline- and
taxane-pretreated patients with MBC and found the median PFS was 7.6 months (95% CI: 5.0-10.2) and
the median OS was 20.0 months (95% ClI: 11.6-28.4) (28). Herrscher et al. observed the efficacy of a
fulvestrant—palbociclib combination in 77 heavily pretreated patients with HR+/HER2- MBC. They found
that within a median follow-up of 14 months, the median PFS was 7.6 months. The median PFS
significantly (P < 0.0001) decreased as the number of previous treatment lines in the metastatic setting

increased (29). In a multicenter, open-label, superiority, phase lll, randomized controlled trial (RCT), Zhang



et al. found that the median PFS in the utidelone plus capecitabine group was 8.44 months (95% Cl: 7.95—
9.92), compared with 4.27 months (95% Cl: 3.22-5.68) in the capecitabine-alone group (hazard ratio: 0.46;
95% CI: 0.36-0.59; P < 0.0001) (28). Modi et al. conducted a phase 3 trial involving patients with HER2-
low metastatic breast cancer who had received one or two previous lines of chemotherapy. In the
hormone receptor—positive cohort, the median PFS was 10.1 months in the trastuzumab deruxtecan
group and 5.4 months in the physician’s choice group (hazard ratio: 0.51; P<0.001)(30). In a phase 1b/2
study, women with advanced/MBC and =3 prior chemotherapies received eribulin plus capecitabine.
ORR was 43% and median PFS 7.2 months (31). In our study, the overall PFS after EG treatment was 7.2
months in the intention-to-treat population, with a median PFS of 8.4 months for HR+/HER2- patients
and a median PFS of 6.3 months for TNBC patients. The PFS in the present study was slightly lower than
that in the above study (28)(29)(32). Firstly, our study only included HER2- MBC patients, while the
previous study included various MBC patients. Secondly, the median number of lines of treatment for
patients in this study was 3, while it was 2 (range: 1-5) in the previous study.

Eribulin has been demonstrated to be effective in the treatment of advanced BC in multiple previous
RCTs (33). In a phase lll, open-label, randomized study, Cortes et al. compared the overall survival of
heavily pretreated MBC patients receiving eribulin with that for currently available treatments. They found
that OS was significantly improved in patients assigned to eribulin (median: 13.1 months, 95% Cl: 11.8—
14.3) compared with treatment of physician's choice (TPC; median: 10.6 months; 95% CI: 9.3-12.5; hazard
ratio: 0.81; 95% Cl: 0.66-0.99; P = 0.041), but the median PFS was only 3.7 months (95% CI: 3.3-3.9) with
eribulin and 2.2 months (95% Cl: 2.1-3.4) with TPC (hazard ratio: 0.87; 95% ClI: 0.71-1.05; P = 0.137) in the
intention-to-treat population in an independent review (34). In a phase Il RCT, eribulin was compared
with capecitabine for patients with locally advanced or metastatic BC. The results revealed that the median
PES for eribulin and capecitabine was 4.1 and 4.2 months, respectively (hazard ratio: 1.08; 95% CI: 0.93-
1.25; P = 0.30) (35). Gemcitabine, a common anticancer drug, had also demonstrated its efficacy in
treating patients with MBC, but the improvement of PFS was relatively limited, ranged from 3.5-5.1
months for second and third line cytotoxic treatment in pretreated MBC patients (36)(37).

Regarding EG combined treatment, a previous randomized, phase Il, open-label, two-arm,



multicenter study compared EG with paclitaxel plus gemcitabine (PG) chemotherapy as a first-line
treatment for patients with HER 2- MBC. In that study, the 6-month PFS rate was 72% for EG and 73% for
PG (P = 0.457). No significant difference was observed in OS between the two groups. Clinical benefit
rates were 44% for EG and 49% for PG. Major toxicities were neutropenia and neurotoxicity. Neurotoxicity
of grade 2 or above was more common with PG than with EG (45.8% vs. 13.6%; P < 0.0001). These results
demonstrate the efficacy and safety of EG as a first-line treatment for patients with MBC (20). In another
phase Il study, Pellegrino et al. assessed the activity and safety of EG in patients with locally advanced or
metastatic TNBC. Within a median follow-up of 28.8 months, the median PFS was 5.1 months and the
median OS was 14.5 months (38). Our present study further demonstrated that EG also has promising
efficacy as a second-line or beyond treatment for HER2- patients with MBC while maintaining a
manageable safety profile and a low perceived toxicity response.

Previous studies have confirmed that CDK4/6 inhibitors can increase PFS and OS of patients with
metastatic HR+/HER2 BC and improve ORR and quality of life (39)(40). However, the selection of patient
regimens remains difficult after the failure of CDK4/6 inhibitor treatment. Some studies have also shown
that the benefit of PFS was only less than 6 months (41)(42). In our study, we found that even among
HR+ patients who had received prior CDK4/6 inhibitor treatment, the median PFS was 7.2 months. This
result suggests that eribulin in combination with gemcitabine might be an effective rescue choice for
patients with previously unsuccessful CDK4/6 inhibitor treatment. Notably, in HR+/HER2— patients naive
to CDK4/6i (n=29), the median PFS was not reached (95% ClI: 5.3-NR; Table 5, Figure 4). This finding
underscores the regimen's potential for deeper efficacy in populations with limited prior targeted
therapy—a scenario common in regions where CDK4/6i access remains constrained. By demonstrating
activity across both CDK4/6i-naive and -refractory HR+ disease, our data position eribulin-gemcitabine
as a flexible therapeutic option, regardless of prior CDK4/6i exposure.

In the present study, we also found some treatment-related AEs (TRAEs). The most common TRAEs
were leukopenia (77.1%), neutropenia (71.4%), and anemia (61.4%), most incidences of which were grades
1 and 2. The most common grade 3 and 4 AEs were hematological, including neutropenia (38.6%),

leukopenia (31.4%), anemia (24.3%), and thrombocytopenia (15.7%). Relatively few AEs were perceived to



be grade=3. These results were consistent with some previous studies (38)(43). In a phase I, single-arm,
open-label, multicenter study, Cortes et al. found that in patients with locally advanced and metastatic
disease pretreated with anthracycline, taxane, and capecitabine, the most dominant eribulin-induced
grade 3 and 4 TRAEs were neutropenia (54%), with grade 3 asthenia/fatigue recorded in 10% of patients
and grade 3 (no grade 4) neuropathy occurring in 6.9% of patients (43). In the study by Pellegrino et al.,
the most common grade 3 and 4 TRAE was also neutropenia (23.8%) (38). In our study, we found no
neuropathy in the examined population, although elevation of liver enzyme occurred in 41.4% of patients,
which was mostly grade 1. Only one case with grade 4 elevation of glutamic-pyruvic transaminase was
recorded. In fact, we found no life-threatening or fatal TRAEs in the present study.

In MBC, sequential monotherapy is generally preferred in clinical practice—primarily due to lower
cumulative toxicity and the ability to preserve treatment options for later lines. However, patients with
rapidly progressive disease (e.g., symptomatic liver/lung metastases) require rapid tumor control to
alleviate symptoms and prevent organ failure. Our combination of eribulin + gemcitabine achieved an
objective response rate (ORR) of 48.6%. In contrast, sequential monotherapy often leads to slower
response. As noted in real-world practice, many patients (especially those with =2 prior lines) develop
cumulative toxicities that make sequential monotherapies unfeasible. Our combination were well-tolerant
while delivering faster symptom relief. Notably, we do not advocate for combination chemotherapy as a
universal alternative to sequential therapy. Instead, we propose it as a patient-tailored option: sequential
monotherapy remains first-choice for fit patients with low tumor burden or preserved organ function,
while combination therapy is reserved for those with high burden, symptomatic disease, or limited
tolerance to later-line monotherapies.

There are some limitations in the present study. First, the sample size was relatively small and there
were some heterogeneities between patients, including age, BMI, duration of BC, sites of metastasis, and
number of therapy lines. Second, this study only included HER2- patients with MBC. The efficacy and
safety of eribulin in combination with gemcitabine for HER2+ patients remain unknown. Third, the
duration of follow-up was relatively short, which might narrow the time window used to calculate PFS.

Fourth, our upper age limit of 75 years, while justified by limited safety data in older patients at study



initiation, may restrict generalizability to frail or comorbid patients over 75 years. Further RCTs are
warranted to evaluate the efficacy and safety of EG for metastatic MBC in a larger sample and with a

longer follow-up.

Data availability

Source data underlying Figures 1 - 6 can be accessed from Supplementary Data 1.

CONCLUSION

Our study demonstrated that EG is efficacious for HER2- MBC while maintaining a manageable safety
profile as a second-line or beyond treatment.
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Figure 1. Patients characteristics and outcome timeline. (CR:Complete Response; PR: Partial Response;
SD: Stable Disease; PD: Progression Disease.)

Data were derived from 70 HER2-negative metastatic breast cancer (MBC) patients enrolled in this multicenter
study across 13 hospitals in China. The EG regimen was administered as follows: eribulin 1.4 mg/m? on days 1
and 8, gemcitabine 1000 mg/m2 on days 1 and 8, repeated every 3 weeks. The horizontal axis represents
treatment duration (months), and each vertical line corresponds to an individual patient. Tumor response was
evaluated every 2 cycles according to RECIST 1.1 criteria, with statuses categorized as CR (complete response),
PR (partial response), SD (stable disease), PD (progressive disease), or DEATH (death during treatment).
Patients were stratified by three factors: molecular subtype (HR+, hormone receptor-positive; HER2 Low,
defined as immunohistochemistry [IHC] 1+ or IHC 2+/fluorescence in situ hybridization [FISH]-negative) and
prior CDK4/6 inhibitor exposure (Y=exposed, N=naive).
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Figure 2. Kaplan-Meier curve of patients received eribulin combined with gemcitabine therapy

Kaplan-Meier curve illustrating PFS of all 70 HER2-negative MBC patients. PFS was defined as the time from
the first EG regimen administration to disease progression, recurrence, or death from any cause. The total
population had a median PFS of 7.2 months (95% confidence interval [CI]: 5.5-10.9 months). The vertical axis
denotes the probability of progression-free survival, and the horizontal axis denotes time (months). Numbers

below the horizontal axis indicate the number of patients at risk at each time point. Survival analysis was
performed using the Kaplan-Meier method.
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Figure 3. Comparison of Kaplan-Meier curve between Hermione Receptor positive (HR+) patients and
Triple Negative (Triple neg) breast cancer patients.

Kaplan-Meier curves comparing PFS between the HR+/HER2— subgroup (n=50) and TNBC subgroup (n=20)
among HER2-negative MBC patients. PFS was defined as the time from the first EG regimen administration to
disease progression, recurrence, or death from any cause. 19 progression events were recorded in the HR+/HER2
— subgroup (median PFS: 8.4 months, 95% CI: 5.5-not available [NA]); 11 progression events were recorded
in the TNBC subgroup (median PFS: 6.3 months, 95% CI: 3.6-8.6 months). The Log-Rank test showed no
statistically significant difference between the two subgroups (p=0.1849). The vertical axis denotes the
probability of progression-free survival, and the horizontal axis denotes time (months). Numbers below the
horizontal axis indicate the number of patients at risk in each subgroup at each time point.
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Figure 4. Comparison of Kaplan-Meier curve between Cyclin-dependent kinase 4/6 inhibitor (CDK4/6i)
patients and CDK4/6i naive patients.

Kaplan-Meier curves comparing PFS between patients with prior CDK4/6 inhibitor exposure (CDK4/6i group,
n=29) and those without (CDK4/61 naive group, n=21) among HR+/HER2— MBC patients. PFS was defined as
the time from the first EG regimen administration to disease progression, recurrence, or death from any cause.
15 progression events were recorded in the CDK4/6i group (median PFS: 7.2 months, 95% CI: 5.0—15.8 months);
4 progression events were recorded in the CDK4/6i naive group (median PFS: NA, 95% CI: 5.3-NA). The Log-
Rank test showed no statistically significant difference between the two groups (p=0.2179). The vertical axis
denotes the probability of progression-free survival, and the horizontal axis denotes time (months). Numbers
below the horizontal axis indicate the number of patients at risk in each group at each time point.
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Figure 5. Kaplan-Meier curve of patients with human epidermal growth factor receptor 2 (HER2) low
expressions.

Kaplan-Meier curve illustrating PFS of the HER2 Low subgroup (n=45; defined as IHC 1+ or IHC 2+/FISH-
negative) among HER2-negative MBC patients. PFS was defined as the time from the first EG regimen
administration to disease progression, recurrence, or death from any cause. 18 progression events were recorded,
with a median PFS of 6.5 months (95% CI: 5.4-15.8 months). The vertical axis denotes the probability of
progression-free survival, and the horizontal axis denotes time (months). Numbers below the horizontal axis

indicate the number of patients at risk at each time point. Survival analysis was performed using the Kaplan-
Meier method.
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Figure 6. Kaplan-Meier curve of patients with human epidermal growth factor receptor 2 (HER2) low
expression and Hermione Receptor positive (HR+).

Kaplan-Meier curve illustrating PFS of the combined subgroup with HER2 Low expression (IHC 1+ or IHC
2+/FISH-negative) and HR positivity (HER2 Low & HR+, n=36) among HER2-negative MBC patients. PFS
was defined as the time from the first EG regimen administration to disease progression, recurrence, or death
from any cause. 15 progression events were recorded, with a median PFS of 8.4 months (95% CI: 5.4—-15.8
months). The vertical axis denotes the probability of progression-free survival, and the horizontal axis denotes
time (months). Numbers below the horizontal axis indicate the number of patients at risk at each time point.
Survival analysis was performed using the Kaplan-Meier method.



Table 1. Demographic and Baseline Characteristics

Total (n=70) HR+/HER2- TNBC (n=20)
(n=50)
Age (years, mean+SD) 51.3+8.29 51.0+8.55 52.1+£7.76
Weight (kg, mean+SD) 54.98+7.084 54.50+6.507 56.18+8.422
BMI (kg/m?, mean+SD) 22.10+£2.588 22.00£2.501 22.32+2.850
PS status [n (%)]
0-1 43 (61.4) 30 (60.0) 13 (65.0)
2 27 (38.6) 20 (40.0) 7 (35.0)
Menopause [n (%)] 45 (64.3) 33 (66.0) 12 (60.0)
BC duration (month)?
n 69 50 19
Mean£SD 47.1+42.3 48.6+45.4 43.3£33.6
Molecular type [n (%)]
HR+/HER2- 50(71.4) 50 (100)
Triple Neg 20 (28.6) 20 (100)
ER Positive [n (%)] 48 (68.6) 48 (96.0) 0
PR Positive [n (%)] 32 (45.7) 32 (64.0) 0
HER?2 [n (%)]
0 25(35.7) 14 (28.0) 11 (55.0)
1 24 (34.3) 19 (38.0) 5(25.0)
2 21 (30.0) 17 (34.0) 4(20.0)
Ki67 high expression [n
(%)l
Yes 49 (70.0) 35 (70.0) 14 (70.0)
No 19 (27.1) 13 (26.0) 6 (30.0)
Missing 2(2.9) 2 (4.0) 0
Metastasis
Liver [n (%)] 37 (52.9) 29 (58.0) 8 (40.0)
Lung [n (%)] 31(44.3) 25 (50.0) 6 (30.0)
Bone [n (%)] 48 (68.6) 39 (78.0) 9 (45.0)
Brain [n (%)] 7(10.0) 5(10.0) 2 (10.0)
Lymph node [n (%)] 34 (48.6) 20 (40.0) 14 (70.0)
CDK4/6i therapy [n (%)] 29 (58.0)
Stage at initial diagosis [n
(%)l
I 1(1.4) 1(2.0) 0
II 43 (61.4) 33 (66.0) 10 (50.0)
I 14 (20.0) 9 (18.0) 5(25.0)
v 9(12.9) 5(10.0) 4(20.0)
NA 2(2.9) 1(2.0) 1(5.0)
Missing 1(1.4) 1(2.0) 0

BC, breast cancer; BMI body mass index; CDK4/6i, cyclin-dependent kinases 4 and 6
inhibitor; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR,
hormone receptor; PR, progesterone receptor; SD, standard deviation; TNBC, triple-negative
breast cancer
2: One patient could not provide duration of BC.
Notes: 1. BMI = weight (kg)/height (m)*2;

2. Duration of disease (months) = (date of first study medication - date of diagnosis +
1)/30.4375;

3. Percentage (%) was calculated based on the total number of drug users as the
denominator.




Table 2. Prior Treatment Characteristics

Total (n=70) HR+/HER2- TNBC (n=20)
(n=50)
Lines of chemotherapy
before [n (%)]
1 22 (31.4) 18 (36.0) 4 (20.0)
2 25(35.7) 20 (40.0) 5(25.0)
3 9(12.9) 3(6.0) 6 (30.0)
>4 14.(20.0) 9 (18.0) 5(25.0)
Lines of endocrinotherapy before [n (%)]
0 18 (25.7) 4 (8.0) 14 (70.0)
1 18 (25.7) 15 (30.0) 3(15.0)
2 31 (44.3) 28 (56.0) 3 (15.0)
3 34.3) 3(6.0) 0

Total prior lines of systemic therapy
(chemotherapy + endocrine therapy) [n (%)]*

0 0 0 0

1 6 (8.6) 3(6.0) 3(15.0)

2 10 (14.3) 6 (12.0) 4(20.0)

23 54 (77.1) 41 (82.0) 13 (65.0)
Eribulin cycles (meantSD)  6.2+3.7 6.5+£3.8 5.6£3.2

*:This variable represents the total number of distinct systemic therapy regimens received
before study enrollment, including both chemotherapy and endocrine therapy regimens
(concurrent chemotherapy + endocrine therapy was not administered to any patient).

Notes: Percentage (%) was calculated based on the total number of drug users as the
denominator.




Table 3. Best Overall Response

Total (n=70) HR+/HER2- (n=50) TNBC (n=20) p value
CR [n(%)] 2(2.9) 2 (4.0) 0
2-3 lines 1
24 lines 1
PR [n(%)] 32 (45.7) 23 (46.0) 9(45.0)
2-3 lines 9
24 lines 23
SD [n(%)] 31 (44.3) 23 (46.0) 8 (40.0)
2-3 lines 5
24 lines 26
PD [n(%)] 5(7.1) 2 (4.0) 3 (15.0)
2-3 lines 1
24 lines 4
34 (48.6), (364, 9 (45.0), (23.1,
ORR [n (%), 95%CI] 60.8) 25 (50.0), (35.5,64.5) 68.5) 0.7053
10 (62.5), (35.5,
2-3 lines 84.8)
24 (44.4), (30.8,
24 lines 58.7)
65 (92.9), (84.1, 17 (85.0), (62.1,
DCR [n (%), 95%CI] 97.6) 48 (96.0), (86.3,99.5) 96.8) 0.2710
15 (93.8), (69.8,
2-3 lines 99.8)
50 (92.6), (82.1,
24 lines 98.0)

CR, complete response; DCR, disease control rate; HER2, human epidermal growth factor receptor 2;
HR, hormone receptor; ORR, objective response rate; PD, progressive disease; PR, partial response;
SD, stable disease; TNBC, triple-negative breast cancer; 95%CI, 95% confidence interval

Note: Utilize the chi-square test or continuous-corrected chi-square test for inter-group comparisons.
Utilize the Clopper-Pearson method to calculate a 95% confidence interval. All statistical tests were
two-sided.




Table 4. Progression-Free Survival

Total (n=70) HR+/HER2- (n=50) TNBC (n=20) p value
PFS [n (%)] 0.1849
Event 30 (42.9) 19 (38.0) 11 (55.0)
Censor 40 (57.1) 31 (62.0) 9 (45.0)
P25 (months), 95%CI? 5.3(3.3,6.3) 543.3,6.9) 3.6 (1.6, 6.3)
median (months),
95%CI? 7.2 (5.5,10.9) 8.4(5.5,-) 6.3 (3.6, 8.6)
P75 (months), 95%CI? 15.8 (8.6, -) 15.8 (8.4, -) 8.6 (6.3, -)

3 months rate
95%CIP

6 months rate
95%CIP
9 months
95%CIP

(%),
(%),
rate (%),

Median PFS Follow-up
(months), 95%CI°¢

92.7 (86.5, 98.9)
65.1 (51.5,78.7)

37.4 (21.3,53.5)

7.1 (4.6, 8.7)

95.9 (90.4, 100.0)
68.5 (52.4, 84.6)

44.6 (24.3, 65.0)

6.0 (3.8, 8.0)

84.2 (67.8, 100.0)
56.7 (31.6, 81.7)

24.3 (0.9, 47.7)

9.1(3.2,-)

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; PFS, progression-free

survival; TNBC, triple-negative breast cancer; 95%CI, 95% confidence interval

Note: Use the Log-Rank test for inter-group comparisons.
a. Utilize the Brookmeyer and Crowley method to calculate a 95% confidence interval for

survival time.

b. Utilize the Greenwood formula to calculate a 95% confidence interval for survival rate.
¢. Utilize the Reverse KM method to calculate a 95% confidence interval for median PFS follow-

up time.




Table 5. Progression-Free Survival among the HR+/HER2- patients received prior CDK4/6 inhibitor

treatment and among the HER2 Low patients

CDK46i - received (n=29)

CDK46i - naive (n=21)

p value

PFS [n (%))

Event

Censor
P25 (months), 95%CI?
median (months),
95%CI?

P75 (months), 95%CI?
3 months rate (%),
95%CIP
6 months rate (%),
95%CIP
9 months rate (%),
95%CI1P

Median PFS Follow-
up (months), 95%CI*¢

15 (51.7)
14 (48.3)
4.2 (3.0,6.9)

7.2 (5.0, 15.8)
15.8 (7.2, -)

96.6 (89.9, 100.0)
63.4 (427, 84.1)
37.8 (14.5,61.2)

7.3 (3.5, )

4 (19.0)
17 (81.0)
5.5(1.6,-)

-(5.3,-)
-(6.5,-)

95.2 (86.1, 100.0)
74.1 (47.3, 100.0)
59.3 (25.6, 92.9)

4.8(3.5,7.8)

0.2179

HR+/HER2 low (n=36)

HER?2 low (n=45)

PFS [n (%)]

Event

Censor
P25 (months), 95%CI?*
median (months),
95%CI?

P75 (months), 95%CI*
3 months rate (%),
95%CIP
6 months rate (%),
95%CIP
9 months rate (%),
95%CIP

Median PFS Follow-
up (months), 95%CI*

15 (41.7)
21 (58.3)
53(3.3,6.5)

8.4 (5.4, 15.8)
15.8 (8.4, -)

97.2 (91.9, 100.0)
62.8 (42.4,83.1)

42.8 (18.9, 66.6)

6.3 (3.8, 14.2)

18 (40.0)
27 (60.0)
5.3(3.3,5.5)

6.5 (5.4, 15.8)
15.8 (8.4, -)

95.5 (89.3, 100.0)
58.3(39.1, 77.5)

41.6 (20.3, 63.0)

4.9 (3.7,8.0)

rate.

CDK46i, cyclin D-cyclin-dependent kinases 4 and 6 inhibitor; HER2, human epidermal
growth factor receptor 2; HR, hormone receptor; PFS, progression-free survival; TNBC,
triple-negative breast cancer, 95%CI, 95% confidence interval
Note: Use the Log-Rank test for inter-group comparisons.

a. Utilize the Brookmeyer and Crowley method to calculate a 95% confidence interval

for survival time.

b. Utilize the Greenwood formula to calculate a 95% confidence interval for survival

c. Utilize the Reverse KM method to calculate a 95% confidence interval for median




PFS follow-up time.

Table 6. Adverse Events by Grade

All grade Grade 1-2 Grade 3-4
Non-symptomatic Adverse Events
Leukopenia [n (%)] 54 (77.1) 32 (45.7) 22 (31.4)
Neutropenia [n (%)] 50 (71.4) 23 (32.9) 27 (38.6)
Anemia [n (%)] 43 (61.4) 26 (37.1) 17 (24.3)
Thrombocytopenia [n
(%)] 38 (54.3) 27 (38.6) 11 (15.7)
Hypoalbuminemia [n (%)] 35 (50.0) 34 (48.6) 1(1.4)
Elevated transaminases [n
(%)] 29 (41.4) 28 (40.0) 1(1.4)
Renal impairment [n (%)] 1(1.4) 1(1.4) 0
Symptomatic Adverse
Events
Decreased appetite [n (%)] 43 (61.4) 43 (61.4) 0
Nausea [n (%)] 42 (60.0) 42 (60.0) 0
Fatigue [n (%)] 37 (52.9) 34 (48.6) 34.3)
Peripheral neuropath [n
(%)] 28 (40.0) 28 (40.0) 0
Constipation [n (%)] 28 (40.0) 28 (40.0) 0
Diarrhea [n (%)] 22 (31.4) 22 (31.4) 0
Vomiting [n (%)] 15(21.4) 15(21.4) 0
Insomnia [n (%)] 9(12.9) 7 (10.0) 2(2.9)
Bone pain [n (%)] 3(4.3) 3(4.3) 0
Altered taste [n (%)] 2(2.9) 2(2.9) 0
Hand-foot syndrome [n
(%)] 2(2.9) 2(2.9) 0

Notes: Percentage (%) was calculated based on the total number of drug users as the denominator.
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ED Summary:

Xiaolu et al. evaluate the efficacy and safety of eribulin plus gemcitabine treatment for HER2-negative
metastatic breast cancer patients. The combination treatment is effective in patients with HER2-negative
metastatic breast cancer needing second-line or later treatment and has a predictable, manageable side
effect profile.
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