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HER2-negative, metastatic
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There is uncertainty regarding the usefulness of CDK4/6-inhibitor-based
therapy for hormone receptor positive (HR+), human epidermal grow factor
receptor 2 negative (HER2-), metastatic breast cancer (MBC), when CDK4/6
inhibitor treatment had previously failed. Furthermore, a biomarker for
abemaciclib resistance has not been identified. Herein, we reported
outcomes for an HR+/HER2— MBC patient diagnosed with multiple myeloma
and treated with abemaciclib and exemestane, who had cancer progression
after treatment with palbociclib and fulvestrant. Thalidomide was used in
conjunction with all treatments. The patient had a good response to
abemaciclib and exemestane, with progression-free survival much longer
than previously reported. PIK3CA and TP53 mutations were identified after
cancer progression following abemaciclib treatment. It is unclear whether
thalidomide increased the effectiveness of abemaciclib. Whether benefit can
be derived by the use of PI3K inhibitors, after cancer progression, requires
further investigation, and this may be best accomplished by the use of next-
generation sequencing.
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Introduction

For hormone receptor-positive (HR+), human epidermal
grow factor receptor 2-negative (HER2-), metastatic breast
cancer (MBC) patients, endocrine therapy is the first line of
treatment, except for patients in visceral crisis (1). Based on
multiple trials of cyclin-dependent kinase 4 (CDK4) and CDK6
inhibitors, the combination of a CDK4/6 inhibitor with
endocrine therapy has improved the survival and the quality
of life for HR+/HER2— MBC patients, with outcomes far better
than those with chemotherapy alone (2-8). Therefore, guidelines
and consensus recommend a CDK4/6 inhibitor combined with
endocrine therapy as the treatment of choice for HR+/HER2-
MBC patients. There are three CDK4/6 inhibitors (palbociclib,
abemaciclib, and ribociclib) that have been approved by the
Food and Drug Administration (FDA) for MBC (2-8), with
abemaciclib also approved for adjuvant therapy of HR+/HER2—
high risk early breast cancer (9). This is good news for breast
cancer patients, but a challenge for oncologists. For example, if
an HR+/HER2- MBC patient chose a combination of a CDK4/6
inhibitor with endocrine therapy as a first-line treatment, what
would be the best choice as a second line, chemotherapy or
another CDK4/6 inhibitor? Which CDK4/6 inhibitor is the best
choice? Limited data are available to address these questions.
Professor Angela DeMichele provided three endocrine choices at
the 2018 ASCO Annual Meeting: change treatment to another
CDK4/6 inhibitor, use a different endocrine drug, or add another
target drug (e.g., the mTOR inhibitor, everolimus). A
retrospective multicenter study found abemaciclib to be well
tolerated after prior treatment with palbociclib, with median
progression-free survival (PFS) of 5.3 months. These results were
similar to the results of the MONARCH-1 study (10). In that
study, median PFS was similar for patients who received
abemaciclib monotherapy or abemaciclib combined with
endocrine therapy. The median PFS was longer (8.4 months,
95% CI, 4.1-NR) for patients who received sequential CDK4/6
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inhibitor therapies than for patients who received non-
sequential abemaciclib therapy (3.9 months, 95% CI, 2.9-5.7,
p=0.0013) (10). As such, some patients may benefit from
treatment with another CDK4/6 inhibitor. However, the
question is which treatment regimen is the best choice for
patients who progressed after prior CDK4/6 inhibitor
treatment (i.e., chemotherapy, another CDK4/6 inhibitor, or
alternative endocrine therapy)?

Herein, we reported outcomes for one HR+/HER2— MBC
patient who was also diagnosed with multiple myeloma. The
patient had a good response to non-sequential abemaciclib and
exemestane after failure with palbociclib and fulvestrant. Next-
generation sequencing (NGS) of circulating tumor DNA
(ctDNA), after progression with abemaciclib, identified
PIK3CA and TP53 mutations, which suggested that this
patient may be sensitive to PI3K inhibitors. This case report
provided new insight into a treatment strategy for HR+/HER2—
MBC patients after prior failure of combined CDK4/6 inhibitor
and endocrine therapy.

Case presentation

A 65-year-old woman underwent modified radical
mastectomy on 17 November 2015. Her treatment is
summarized in Figure 1. She was diagnosed with invasive ductal
carcinoma (histological grade II, tumor size 1.4 x 1 x 1 cm), with 9
out of 18 axillary lymph nodes involved. Pathological stage was
pT1cN2MO, stage IITA. Immunohistochemical (IHC) results
showed the following: ER (+++), 80%; PR (+++), 35%; CerbB-2
(0); Ki67 positive rate, 20%; and D2-40, vascular tumor thrombus
(+). The patient received six cycles of TC regimen (docetaxel and
cyclophosphamide), radiation therapy of the chest wall and
regional nodes (50Gy in 25 fractions), and exemestane as
adjuvant therapy. Although non-steroidal aromatase inhibitors
are, in general, the first choice of adjuvant therapy, only
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Treatment history of this HR+/HER2—- breast cancer patient receiving abemaciclib combined with exemestane after prior progression on

palbociclib and fulvestrant.
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exemestane was reimbursed in our hospital. On 23 November
2017, PET-CT showed multiple small nodules in both lungs, with
lung metastases suspected. There were no metastatic signs in other
organs. CT-guided lung biopsy showed breast cancer lung
metastasis. No further IHC examination was done due to a lack
of biopsy tissue. Because disease-free survival (DFS) with
endocrine therapy was only 16 months (<24 months) and
because she had no visceral crisis, endocrine therapy was
considered suitable for her treatment. Fulvestrant was an option.
Based on the results of the PALOMA-3 trial, fulvestrant and
palbociclib were given as her first line of treatment, and her
disease remained stable until May 2019. PES was 17 months.
Grade 2 neutropenia occurred after 2 weeks of palbociclib, with
adverse effects reversed after 7 days of palbociclib withdrawal.
With re-occurrence of grade 2 neutropenia, she received a one
dose reduction in palbociclib, with no more side effects observed.
Seventeen months later, she developed chest tightness symptoms
with increased serum carbohydrate antigen 153 (CA153) levels.
Chest CT showed progression in both lungs, with left pleural
effusion. Because she refused intravenous chemotherapy, she
received capecitabine for 3 months. Unfortunately, left thoracic
cavity effusion increased. Pleural drainage and intra-pleural
injection of cisplatin improved symptoms. With the failure of
capecitabine and refusal of chemotherapy, endocrine therapy was
an option for treatment. With knowledge of the MONARCH-1
study, we administered abemaciclib and exemestane as her third
line of treatment. After 1 month, CA153 levels decreased to
normal (Figure 2), and lung lesions were stable. Although she
was 71 years of age, second-line CDK4/6 inhibitor treatment
toxicities were tolerable, and only grade 2 diarrhea occurred after 7
days of abemaciclib, which gradually improved after oral
administration of Imogen and was normal after 40 days. Sixteen
months (on 12-02-2021) later, she was short of breath, and chest
CT scan showed progression of pulmonary lesions with liver
metastatic lesions (Figure 3). Nab-paclitaxel (100 mg) was
administered on days 1 and 8 with zoledronic acid for bone
preservation. As of May 2022, she was in a stable condition.

She was also diagnosed with multiple myeloma in January
2014, when a thoracic vertebral fracture occurred. VAD
(vindesine 1 mg, days 1-4; epirubicin 10 mg, days 1-4;
dexamethasone 15 mg bid, days 1-14) chemotherapy regimen
was given for a total of six cycles, and then, thalidomide, 100 mg,
was given orally every night for 3 months followed by removal
for 1 month. Thalidomide was tolerated with no side effects, and
the myeloma was stable.

In order to find therapeutic targets for this patient, who
progressed on abemaciclib after prior progression on palbociclib,
we performed NGS of ctDNA (Geneseeq assay) derived from her
blood. A PIK3CA p.E545K exon 9 missense mutation and a
TP53 p.H214Lfs*33 frame shift mutation in exon 6 were found
(Figure 1). The plasma tumor mutation burden (TMB) was 4.1
mutations/megabase [mut/Mb].
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FIGURE 2

The changes in serum CA153 (U/ml) during the treatment of
abemaciclib and exemestane.

Discussion

Recent studies have shown that the combination of a CDK4/
6 inhibitor with hormone therapy was the first choice for
treatment of HR+/HER2- MBC because this strategy
improved survival (2-8). Palbociclib, abemaciclib, and
ribociclib are all CDK4/6 inhibitors that provide similar
survival data for MBC patients. Abemaciclib is the only
effective monotherapy for HR+/HER2— MBC patients (11).
Because of the FDA approval sequence, palbociclib was the
first CDK4/6 inhibitor for MBC patients. The MONARCH E
study showed abemaciclib to also be effective for high-risk early
breast cancer patients (9). With the approval of these drugs,
oncologists were challenged to determine the best treatment for
HR+/HER2—- MBC patients who had failed previous therapy
with a CDK4/6 inhibitor.

In this study, we reported outcomes for a HR+/HER2- old
MBC patient with a good response to non-sequential
abemaciclib and exemestane after fulvestrant and palbociclib
treatment failure. The PFS with abemaciclib and exemestane
was 16 months for this patient, which was longer than
previously reported (10). For MONARCH I and the
retrospective multicenter experience, the median PFS for
abemaciclib was <8.4 months (10, 11) and only 3.9 months
(95% CI, 2.9-5.7, p=.0013) for those who received non-
sequential CDK4/6 inhibitor therapy (10). There maybe
two reasons. One is that this patient reported herein
also had multiple myeloma and was given thalidomide.
There are many studies that have shown thalidomide to be
immunomodulatory, to have anti-angiogenic activities that
may suppress tumor growth (12-14), and to play an important
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FIGURE 3

The changes in images during the treatment of abemaciclib and exemestane. (A) The baseline of lung metastasis at the beginning of
abemaciclib and exemestane. (B) The lung lesions were stable after 6 months treatment. (C) The lung lesions progressed after 16 months of

treatment. (D) Liver metastasis was found after 16 months of treatment.

role in cancer control. One recent study found that adding
thalidomide to pyrotinib increased clinical benefit for
advanced non-small-cell lung cancer (NSCLC) patients with
HER2 exon 20 insertions, with reductions in the incidence of
pyrotinib-related diarrhea (15). In a breast cancer murine
model, Yang Jin et al. found that thalidomide inhibited
breast tumor growth through inhibition of angiogenesis by
reducing tumor-associated macrophage accumulation and
infiltration and decreasing angiogenesis-related cytokine
production (14). They also found that thalidomide increased
tumor perfusion and decreased vascular leakiness, which may
enhance the delivery and efficacy of chemotherapy (12). Meta-
analysis showed that thalidomide reduced nausea and
vomiting in delayed and overall phases (16), increasing
treatment tolerance for older patients. Whether thalidomide
can enhance the anti-tumor effect of CDK4/6 inhibitors
requires further investigation. The other explanation that
this patient had longer PFS may due to the combination of
exemestane. Although her BMI was normal (BMI=21) and
none of the three aromatase inhibitors (non-steroidal
aromatase inhibitors: anastrozole, letrozole, and steroidal
aromatase inhibitor exemestane) were superior to the others
in terms of efficacy and safety, some studies still indicated that
exemestane can significantly decrease serum levels of leptin
while letrozole cannot (17). This hypothesis also needs to be
further verified.
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The patient reported herein was older, refused chemotherapy,
and was satisfied with her two lines of endocrine therapy, which
were well tolerated and provided lasting tumor control.

Previous studies found that the PIK3CA mutation, ERS1
mutation, cyclin E1 (CCNE1) amplification, and the CCND1
amplification contributed to endocrine resistance (18-23). The
exploratory analysis of the PALOMA-3 study showed that high
CCNE1 mRNA expression was associated with the poor anti-
tumor activity of palbociclib (18). Lee et al. found that high
TMB, the TP53 mutation, the PTEN loss of function mutation,
and RB1 pathway alteration related to palbociclib resistance
(19). Gene expression analysis of baseline tumor mRNA by the
MONALEESA-7 study found survival benefit for patients
treated with ribociclib who had high expression levels of
CCND1, IGFIR, and ERBB3, and for patients with low
expression levels of CCNE1 and MYC (21). A retrospective
analysis found that RBI, ERBB2, and CCNEI alterations
contributed to rapid cancer progression with abemaciclib (10).
There are barriers and limitations to the use of NGS for
metastatic cancer patients. Many trials have used NGS to
identify biomarkers and new drug targets for treatment of
breast cancer patients (18, 21). Anna et al. found that for HR
+/HER2- MBC patients with the BRCA mutation, a
combination of PARP inhibitors, palbociclib, and letrozole was
the most effective cancer treatment (24). Wang et al. found
heavily pre-treated HR+/HER2— MBC patients with high TMB
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to respond well to camrelizumab (25). These studies provide
insight into new strategies by which to treat patients who were
previously treated with many lines of endocrine and/or
chemotherapy. In this case report, we used a new approach for
the treatment of this patient. Because the patient denied biopsy
of her new metastatic lesions, we collected a blood sample and,
by NGS, found a PIK3CA p.E545K exon 9 missense mutation
and a TP53 p.H214Lf{s*33 frame shift mutation in exon 6. The
TMB in plasma was 4.1 mutations/megabase (mut/Mb), which
was quite low. Many studies have demonstrated the PIK3CA
mutation to play an important role in endocrine resistance.
PIK3CA-mutated HR+/HER2—- MBC cells are less sensitive to
chemotherapy (26), which may explain why this patient showed
no response to capecitabine. Although the TP53 mutation is
common in MBC patients, there are no target drugs for breast
cancer patients. However, PIK3CA mutations have predictive
value for treatment with the o.-selective PI3K inhibitor, alpelisib,
and the B-sparing PI3K inhibitor, taselisib (SANDPIPER trial),
in an advanced situation (26, 27). Based on the NGS results, this
patient may be sensitive to PI3K/AKT/mTOR pathway
inhibitors. Considering drug accessibility and tolerance, she
finally received nab-paclitaxel, 100 mg, on days 1 and 8 and
was in a stable condition as of May 2022.

Conclusion

In conclusion, we reported an HR+/HER2— MBC patient,
also diagnosed with multiple myeloma, who showed a good
response to non-sequential abemaciclib and endocrine therapy
after cancer progression following palbociclib therapy. The PES
of abemaciclib for this patient was longer than that reported
previously. Furthermore, ctDNA plasma sequencing of this
patient showed PIK3CA and TP53 mutations, which indicated
that PI3K inhibitors may be one option for her future treatment.
Overall, these findings suggested that some patients may benefit
from continued CDK4/6-directed therapy, even though the
utility of individual CDK4/6 inhibitors is unknown. Thus,
additional, large-sample, prospective trials are necessary to
evaluate the effectiveness of CDK4/6 inhibitors in such
clinical situations.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

Frontiers in Oncology

05

10.3389/fonc.2022.1022913

Ethics statement

The studies involving human participants were reviewed and
approved by the ethics committee of the Affiliated Hospital of
Qingdao University (QYFY WZLL 27231). The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

YM contributed to the conception and writing of the
manuscript. ML and YW were involved in explaining the data
and doing the figures. WC interpreted the radiological images.
WL contributed to the NGS test and reviewed the manuscript.
All authors reviewed and approved the final version of
this manuscript.

Funding

This study was supported by the National Natural Science
Foundation of China (82102867), Natural Science Doctoral
Funding of Shandong Province (ZR2021MHO062, ZR2019BHO013),
and Beijing Medical Award Foundation (YXJL-2020-0941-0742).

Acknowledgments

The authors thank the patient and the patient’s kin for the
agreement to the publication of the report.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2022.1022913
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mao et al.

References

1. Giuliano M, Schettini F, Rognoni C, Milani M, Jerusalem G, Bachelot T, et al.
Endocrine treatment versus chemotherapy in postmenopausal women with
hormone receptor-positive, HER2-negative, metastatic breast cancer: A
systematic review and network meta-analysis. Lancet Oncol (2019) 20(10):1360-
9. doi: 10.1016/S1470-2045(19)30420-6

2. Cardoso F, Paluch-Shimon S, Senkus E, Curigliano G, Aapro MS, Andrei F,
et al. 5th ESO-ESMO international consensus guidelines for advanced breast cancer
(ABC 5). Ann Oncol (2020) 31:1623-49. doi: 10.1016/j.annonc.2020.09.010

3. Finn RS, Martin M, Rugo HS, Jones S, Im SA, Gelmon K, et al. Palbociclib
and letrozole in advanced breast cancer. N Engl ] Med (2016) 375(20):1925-36.
doi: 10.1056/NEJMoal607303

4. Cristofanilli M, Turner NC, Bondarenko I, Ro J, Im SA, Masuda N, et al.
Fulvestrant plus palbociclib versus fulvestrant plus placebo for treatment of
hormone-Receptor-Positive, HER2-negative metastatic breast cancer that
progressed on previous endocrine therapy (PALOMA-3): Final analysis of the
multicentre, double-blind, phase 3 randomised controlled trial. Lancet Oncol
(2016) 17:425-39. doi: 10.1016/S1470-2045(15)00613-0

5. Hortobagyi GN, Stemmer SM, Burris HA, Yap YS, Sonke GS, Paluch-Shimon
S, et al. Updated results from MONALEESA-2, a phase III trial of first-line
ribociclib plus letrozole versus placebo plus letrozole in hormone receptor-
positive, HER2-negative advanced breast cancer. Ann Oncol (2018) 29:1541-7.
doi: 10.1093/annonc/mdy155

6. Tripathy D, Im SA, Colleoni M, Franke F, Bardia A, Harbeck N, et al.
Ribociclib plus endocrine therapy for premenopausal women with hormone-
Receptor-Positive, advanced breast cancer (MONALEESA-7): A randomised
phase 3 trial. Lancet Oncol (2018) 19(7):904-15. doi: 10.1016/S1470-2045(18)
30292-4

7. Sledge GW, Toi M, Neven P, Sohn J, Inoue K, Pivot X, et al. MONARCH 2:
Abemaciclib in combination with fulvestrant in women with HR+/HER2-advanced
breast cancer who had progressed while receiving endocrine therapy. J Clin Oncol
(2017) 35(32):2875-84. doi: 10.1200/JC0.2017.73.7585

8. Goetz MP, Toi M, Campone M, Treidan O, Bourayou N, Sohn J, et al.
MONARCH 3: Abemaciclib as initial therapy for advanced breast cancer. J Clin
Oncol (2017) 35(32):3638-46. doi: 10.1200/JC0O.2017.75.6155

9. Johnston SRD, Harbeck N, Hegg R, Toi M, Martin M, Shao ZM, et al.
Abemaciclib combined with endocrine therapy for the adjuvant treatment of HR+,
HER2-, node-positive, high-risk, early breast cancer (monarchE). J Clin Oncol
(2020) 38(34):3987-98. doi: 10.1200/JC0O.20.02514

10. Wander SA, Han HS, Zangardi ML, Niemierko A, Mariotti V, Kim LSL,
et al. Clinical outcomes with abemaciclib after prior CDK4/6 inhibitor progression
in breast cancer: A multicenter experience. ] Natl Compr Canc Netw Act (2021), 1-
8. doi: 10.6004/jnccn.2020.7662

11. Dickler MN, Tolaney SM, Rugo HS, Cortés J, Diéras V, Patt D, et al.
MONARCH 1, a phase II study of abemaciclib, a CDK4 and CDK6 inhibitor, as a
single agent, in patients with refractory HR1/HER2- metastatic breast cancer. Clin
Cancer Res (2017) 23(17):5218-24. doi: 10.1158/1078-0432.CCR-17-0754

12. Shen Y, Li S, Wang X, Wang M, Tian Qi, Yang J, et al. Tumor vasculature
remolding by thalidomide increases delivery and efficacy of cisplatin. J Exp Clin
Cancer Res (2019) 38(1):427. doi: 10.1186/s13046-019-1366-x

13. Tacopetta D, Carocci A, Sinicropi MS, Catalano A, Lentini G, Ceramella J,
et al. Old drug scaffold, new activity: Thalidomide-correlated compounds exert
different effects on breast cancer cell growth and progression. Chem Med Chem
(2017) 12(5):381-9. doi: 10.1002/cmdc.201600629

14. Wang X, Shen Y, MengLv Li, Zhang X, Yang J, Wang F, et al. Thalidomide
resses breast cancer tumor growth by inhibiting tumorassociated macrophage

Frontiers in Oncology

06

10.3389/fonc.2022.1022913

accumulation in breast tumor-bearing mice. Eur J Pharm Sci (2020) 151:105302.
doi: 10.1016/j.€jps.2020.105302

15. AiX, Song Z, Jian H, Zhou Z, Chen Z, Yu Y, et al. Pyrotinib combined with
thalidomide in advanced non-small-cell lung cancer patients harboring HER2 exon
20 insertions (PRIDE): protocol of an open-label, single-arm phase II trial. BMC
Cancer (2021) 21(1):1033. doi: 10.1186/s12885-021-08759-8

16. Wang N, Xu P, Liu Y, Zhao P, Ruan J, Zheng Y, et al. Efficacy and safety of
thalidomide for chemotherapy-induced nausea and vomiting. J Cancer (2020) 11
(15):4560-70. doi: 10.7150/jca.45678

17. Bahrami N, Jabeen S, Tahiri A, Sauer T, @degérd HP, Geisler SB, et al. Lack
of cross-resistance between non-steroidal and steroidal aromatase inhibitors in
breast cancer patients: The potential role of the adipokine leptin. Breast Cancer Res
Treat (2021) 190(3):435-49. doi: 10.1007/s10549-021-06399-x

18. Nanda R, Liu MC, Yau C, Shatsky R, Pusztai L, Wallace A, et al. Cyclin E1
expression and palbociclib efficacy in previously treated hormone receptor-positive
metastatic breast cancer. | Clin Oncol (2019) 37(14):1169-78. doi: 10.1200/
JCO.18.00925

19. Lee S, Park K, Kim GM, Jung KH, Kang SY, Park IH, et al. Exploratory
analysis of biomarkers associated with clinical outcomes from the study of
palbociclib plus endocrine therapy in premenopausal women with hormone
receptor-positive, HER2-negative metastatic breast cancer. Breast (2022) 62:52—
60. doi: 10.1016/j.breast.2022.01.014

20. Jeselsohn R, Buchwalter G, De Angelis C, Brown M, Schiff R. ESR1
mutations—a mechanism for acquired endocrine resistance in breast cancer. Nat
Rev Clin Oncol (2015) 12(10):573-83. doi: 10.1038/nrclinonc.2015.117

21. Lu YS, Hurvitz SA, Su F, He W, Tripathy D, Gomez SC, et al. In-depth
gene expression analysis of premenopausal patients with HR+/HER2
advanced breast cancer (ABC) treated with ribociclib-containing therapy in the
phase III MONALEESA-7 trial. J Clin Oncol (2019) 37:1018. doi: 10.1200/
JCO.2019.37.15_suppl.1018

22. Costa C, Wang Y, Ly A, Hosono Y, Murchie E, Walmsley CS, et al. PTEN
loss mediates clinical cross-resistance to CDK4/6 and PI3Ko inhibitors in
breast cancer. Cancer Discovery (2020) 10(1):72-85. doi: 10.1158/2159-
8290.CD-18-0830

23. Mosele F, Stefanovska B, Lusque A, Tran Dien A, Garberis I, Droin N,
et al. Outcome and molecular landscape of patients with PIK3CA-mutated
metastatic breast cancer. Ann Oncol (2020) 31(3):377-86. doi: 10.1016/
j.annonc.2019.11.006

24. Militello AM, Zielli T, Boggiani D, Michiara M, Naldi N, Bortesi B, et al.
Mechanism of action and clinical efficacy of CDK4/6 inhibitors in BRCA-mutated,
estrogen receptor-positive breast cancers: Case report and literature review. Front
Oncol (2019) 9:759. doi: 10.3389/fonc.2019.00759

25. Wang R, Yang Y, Ye WW, Xiang ], Chen S, Zou WB, et al. Significant
response to immune checkpoint inhibitor camrelizumab in a heavily pretreated
advanced ER+/HER2- breast cancer patient with high tumor mutational burden.
Front Oncol (2021) 10:588080. doi: 10.3389/fonc.2020.588080

26. Brandao M, Caparica R, Eiger D, de Azambuja E. Biomarkers of response
and resistance to PI3K inhibitors in estrogen receptor-positive breast cancer
patients and combination therapies involving PI3K inhibitors. Ann Oncol (2019)
30(Suppl_10):x27-42. doi: 10.1093/annonc/mdz280

27. Andre F, Ciruelos EM, Juric D, Loibl S, Campone M, Mayer IA, et al.
Alpelisib plus fulvestrant for PIK3CA-mutated, hormone receptor-positive, human
epidermal growth factor receptor-2-negative advanced breast cancer: Final overall
survival results from SOLAR-1. Ann Oncol (2021) 32(2):208-17. doi: 10.1016/
j.annonc.2020.11.011

frontiersin.org


https://doi.org/10.1016/S1470-2045(19)30420-6
https://doi.org/10.1016/j.annonc.2020.09.010
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1016/S1470-2045(15)00613-0
https://doi.org/10.1093/annonc/mdy155
https://doi.org/10.1016/S1470-2045(18)30292-4
https://doi.org/10.1016/S1470-2045(18)30292-4
https://doi.org/10.1200/JCO.2017.73.7585
https://doi.org/10.1200/JCO.2017.75.6155
https://doi.org/10.1200/JCO.20.02514
https://doi.org/10.6004/jnccn.2020.7662
https://doi.org/10.1158/1078-0432.CCR-17-0754
https://doi.org/10.1186/s13046-019-1366-x
https://doi.org/10.1002/cmdc.201600629
https://doi.org/10.1016/j.ejps.2020.105302
https://doi.org/10.1186/s12885-021-08759-8
https://doi.org/10.7150/jca.45678
https://doi.org/10.1007/s10549-021-06399-x
https://doi.org/10.1200/JCO.18.00925
https://doi.org/10.1200/JCO.18.00925
https://doi.org/10.1016/j.breast.2022.01.014
https://doi.org/10.1038/nrclinonc.2015.117
https://doi.org/10.1200/JCO.2019.37.15_suppl.1018
https://doi.org/10.1200/JCO.2019.37.15_suppl.1018
https://doi.org/10.1158/2159-8290.CD-18-0830
https://doi.org/10.1158/2159-8290.CD-18-0830
https://doi.org/10.1016/j.annonc.2019.11.006
https://doi.org/10.1016/j.annonc.2019.11.006
https://doi.org/10.3389/fonc.2019.00759
https://doi.org/10.3389/fonc.2020.588080
https://doi.org/10.1093/annonc/mdz280
https://doi.org/10.1016/j.annonc.2020.11.011
https://doi.org/10.1016/j.annonc.2020.11.011
https://doi.org/10.3389/fonc.2022.1022913
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Hormone receptor-positive, HER2-negative, metastatic breast cancer responded well to abemaciclib and exemestane after palbociclib and fulvestrant failure: A case report and literature review
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


