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Background

Idiosyncratic drug-induced liver injury (DILI) is a rare, unpredictable hepatic adverse event and the most common cause of acute liver failure in Europe and the US. Ribociclib is a potent Cyclin-dependent kinase 4 and 6 (CDK4/6)-inhibitor administered for advanced hormone-receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-negative breast cancer. Previous reports have shown hepatotoxicity without liver necrosis related to ribociclib.





Case presentation

A 41-year-old female patient with primary metastatic HR-positive, HER2-negative breast cancer developed liver enzyme elevation under treatment with ribociclib. Ribociclib was withdrawn 8 weeks after initiation due to liver enzyme elevation. A liver biopsy, performed due to further enzyme increase (peak ALT 2836 U/l), onset of jaundice (peak bilirubin 353 µmol/l) and coagulopathy (INR 1.8) two weeks later, revealed acute hepatitis with 30% parenchymal necrosis. Roussel Uclaf Causality Assessment Method (RUCAM) score was 7 points (probable). Under treatment with prednisone (60mg), initiated 2 weeks after drug withdrawal, and subsequently N-acetylcysteine (Prescott regimen) liver enzymes normalized within 8 weeks along with prednisone tapering.





Conclusion

This case illustrates the development of a severe idiosyncratic hepatocellular pattern DILI grade 3 (International DILI Expert Working Group) induced by ribociclib. Routine liver enzyme testing during therapy, immediate hepatologic work-up and treatment interruption in case of liver enzyme elevation are highly recommended. Corticosteroid treatment should be considered in cases of severe necroinflammation.
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Introduction

Approximately 70% of metastatic breast cancers are hormone receptor-positive (HR+), human epidermal growth factor receptor-2-negative (HER-) tumours. As an incurable condition, goal of treatment is to delay tumour progression preferably using anticancer agents with low toxicity. Early standard treatment of HR+ HER2- breast cancers consist of anti-hormonal agents. However, endocrine resistance develops over time and makes cytotoxic chemotherapy necessary (1). Introduction of a novel drug class, the cyclin-dependent kinase (CDK) 4/6 inhibitors, has resulted in relevant improvement in overall survival. Therefore, CDK 4/6 inhibitors are now approved as first- and second-line treatment in the setting of advanced HR+ HER2-negative breast cancer (2–4). Currently, there are three commercially available oral selective CDK 4/6 inhibitors (ribociclib, palbociclib and abemaciclib).

Idiosyncratic drug-induced liver injury (DILI) describes rare, unpredictable damage that commonly-used drugs cause to the liver occurring with variable latency to drug exposure. In contrast to the intrinsic (or direct) type of liver toxicity, which is dose-related and arises shortly after drug exposure in most individuals, idiosyncratic DILI is determined by the interaction of host and environmental factors with the causative drug, even when taken in the recommended dosage. Reactive drug metabolites can induce oxidative and organelle stress and interfere with bile acid transport resulting in adaptive immune responses in genetically susceptible individuals. Increasing age, female sex, concomitant alcohol consumption, and metabolic syndrome have been identified as risk factors for DILI (5). DILI is the most frequent cause of acute liver failure in Europe and the US (6).

The definition and diagnosis of DILI are based on a detailed clinical history, biochemical and radiological tests with careful exclusion of alternative causes (7). Based on the first set of laboratory tests available in relation to the clinical event, DILI pattern is classified as hepatocellular, cholestatic, or mixed (5). Liver biopsy is not mandatory for the diagnosis of DILI, yet it can confirm the diagnosis and biochemical classification, and exclude alternative diagnoses. Clinical severity of DILI, categorized into 4 grades, is based on the highest measured biochemical parameters during the course of DILI (7). Given specific tests to confirm DILI are lacking, causality assessment tools are warranted and the most commonly used diagnostic tool for DILI is the Council for International Organizations of Medical Sciences (CIOMS) scale, also referred to as the Roussel Uclaf Causality Assessment Method (RUCAM). The scale is composed of seven different criteria and categorizes DILI as “definite”, “highly probable”, “probable”, “possible”, unlikely” or “excluded” (5).

Treatment of DILI consists of immediate withdrawal of the offending drug, supportive measures and timely referral to a liver transplantation centre in case of imminent acute liver failure. Despite limited evidence for benefits, corticosteroids may be empirically administered in cases of histologically verified necroinflammation.

Previous case reports have illustrated grade 4 hepatotoxicity (8) and fulminant hepatitis (9) due to ribociclib. This case report demonstrates the first case of ribociclib-related histologically confirmed DILI with extensive liver necrosis.





Case presentation

A 41-year-old Caucasian woman was diagnosed with HR+ HER2- breast cancer with bone, pulmonary, and pleural metastases. Treatment with gosereline (GnRH analogue) every 12 weeks, letrozole (2.5mg daily) and ribociclib was initiated simultaneously. Ribociclib 600mg was administered in 4-week cycles (21/7-day schedule). Before initiation of ribociclib the patient had normal liver enzymes and there were no signs of liver metastases on radiological examination. There was no history of chronic liver disease, alcohol or drug abuse and the patient did not take any other medications.

After one cycle of ribociclib a significant reduction of the tumour load was confirmed radiologically. After the second cycle of ribociclib, a relevant elevation of transaminases (AST 252 U/l, ALT 639 U/l, ALP and bilirubin within normal range) was observed with consecutive withdrawal of ribociclib and letrozole. Investigations for acute viral hepatitis (Hepatitis A, B, C, E, HSV1/2, CMV, EBV, VZV, HHV6 and HHV7) and autoimmune liver disease (anti-nuclear antibody, anti-smooth muscle antibody, anti-liver-kidney-microsomal type 1 antibody, level of immunoglobulin IgG, anti-neutrophil antibody, anti-proteinase 3 antibody and anti-myeloperoxidase antibody) were negative or within normal range, respectively. Ultrasound of the liver did not show any abnormalities.

Despite discontinuation of ribociclib, liver enzymes continued to rise (Figure 1). Acute DILI with hepatocellular pattern was suspected and RUCAM score was 7 points supporting a probable causal association of liver injury due to ribociclib therapy. Liver biopsy two weeks after discontinuation of ribociclib showed extensive lobular necrosis accentuated in zone III (30% of liver parenchyma) with mild portal und moderate lobular lymphohistiocytic inflammation. The histology did not show evidence for metastasis or viral hepatitis. In accordance to previous case reports, treatment with prednisone 60mg OD was initiated 14 days after treatment discontinuation (8, 9). Due to further increase in liver enzymes (peak ALT 2896 U/l, peak AST 875 U/l), onset of jaundice (peak bilirubin 353 µmol/l), coagulopathy (peak INR 1.8), and decrease in serum albumin levels (nadir 28g/l) despite corticosteroid treatment, a second liver biopsy was performed 25 days after ribociclib withdrawal. Results showed a similar result with 30% lobular necrosis accentuated in zone III with numerous ceroid-containing macrophages and surrounded by apoptotic cells, moderate lymphohistiocytic portal and lobular inflammation and mild cholestasis. Moreover, there were signs of endothelialitis and slight siderosis but no evidence for fibrosis (Figure 2). Again, histology suggested no alternative causes for liver injury. Additional investigation with MRI excluded other parenchymal liver and bile duct pathology (Figure 3). Due to the extent of liver necrosis, treatment with N-acetylcysteine according to Prescott et al. was added (10). Prednisone was tapered after transaminase had peaked. Liver enzymes and bilirubin normalised within 10 weeks after discontinuation of ribociclib. Encephalopathy was not observed at any time during the course of liver injury.




Figure 1 | Course of liver enzyme elevation in relation to ribociclib administration and predisone, N-acetylcysteine treatment. NAC: N-Acetylcysteine.






Figure 2 | Liver biopsy result demonstrating extensive centrilobular necrosis (asterisk) with numerous apoptotic cells, moderate lymphohistiocytic portal and lobular inflammation and mild cholestasis. (Haematoxylin Eosin stain).






Figure 3 | T2-weighted MRT scan of the liver (transverse section) showing normal liver parenchyma and normal biliary ducts.



After liver enzyme normalisation, tumour progression led to reintroduction of letrozole which did not affect liver enzymes. Given previous case series described safety of sequential CDK 4/6 inhibitor re-challenge after liver injury due to ribociclib (8, 11, 12) and as the oncological response to ribociclib was very good, therapy with palbociclib 125mg OD was added 6 weeks after liver enzyme normalization with close laboratory monitoring. Unfortunately, the patient developed mild liver enzyme elevation (ALT peak 64 U/l, ASAT peak 44 U/l) after only 4 subsequent doses of palbociclib. After discontinuation of palbociclib, liver enzymes normalized. Due to tumour progression, treatment with letrozole and GnRH analogue were reinitiated thereafter. No further hepatopathy was observed under this therapy.

The case was reported to the pharamcovigilance unit of the Swiss national authority for therapeutic products (Swissmedic). Written informed consent was obtained from the patient for the publication of this case report.





Discussion

CDK 4/6 inhibitors interfere with retinoblastoma (Rb) protein phosphorylation and thereby inhibit cell cycle progression and uncontrolled tumour growth (13). Dysregulation in the cyclin D-CDK4/6-pRb pathway is known to be a key mediator of endocrine resistance in HR+ breast cancer (14). Ribociclib is metabolised in the liver by CYP3A4 and is eliminated via the biliary system. The most common side effect of ribociclib is neutropenia. In the MONALEESA-2 phase III trial, grade 3 or 4 abnormal liver function tests were found in 8.4 and 1.8% of patients in the ribociclib plus letrozole vs. 2.4 and 0% in the letrozole plus placebo arm, respectively (15). This resulted in the recommendation for monitoring liver function before and during treatment. Additionally, a strategy on how to proceed in case of hepatic adverse events was provided. A meta-analysis showed an increased risk for hepatic toxicity under ribociclib compared to palbociclib and abemaciclib, respectively (absolute risk for grade 3-4 ALT increase for ribociclib 0.097, for palbociclib 0.034, for abemaciclib 0.046, respectively) (16).

Previous case reports on hepatic injury following ribociclib treatment are listed in Table 1 (8, 9, 17). Similarly, all previous cases had hepatocellular pattern of liver injury and further increase in transaminases was observed for several weeks despite immediate discontinuation of ribociclib after abnormality was noticed. None of the events were fatal and mild encephalopathy (grade 1) was observed in only one case (9). Liver biopsy, performed in a single case, demonstrated fulminant hepatitis but no necrosis (9). Steroid treatment was initiated in 3 of 4 cases and seemed to accelerate liver enzyme normalisation compared to the case not treated with steroids. In contrast to the previous case reports, liver enzymes did not immediately decrease after steroid initiation in our case. Rather, further increase in transaminases for another 2 weeks despite an initial dose of 60 mg prednisone (1 mg/kg body weight) daily was observed. In our case, the rationale for starting steroid treatment was supported by the presence of extensive liver necrosis with concurrent inflammation. We assume that the anti-inflammatory effects under steroid treatment caused a deceleration of the inflammatory and immunologic reactions and therefore prevented the development of an overwhelming and possibly fatal acute liver failure. The rationale for adding N-acetylcysteine was due to the lack of improvement in histological liver regeneration and liver enzyme elevation despite limited evidence in non-acetaminophen-induced DILI without diagnostic criteria for acute liver failure (18). In our opinion, there is no interference with the co-medication letrozole as the latter has only been attributed to mild and transient liver injury and is not deemed to cause drug interactions. To our knowledge, this is the first report of a case of acute, extensive liver necrosis due to ribociclib intake.


Table 1 | Comparison of previous case reports on ribociclib-induced liver injury.



Interestingly, previous case reports described successful rechallenge with another CDK4/6-inhibitor (palbociclib of abemaciclib) with no further hepatic injury (8, 9, 15, 19). In our patient however, palbociclib was not tolerated causing again mild liver enzyme elevation. Pre-marketing clinical trials of CDK4/6-inhibitors indicated a drug-related liver toxicity rather than a class effect justifying a rechallenge (20). This assumption was, however, not supported in our case. Despite only minimal liver enzyme elevation under palbociclib, further continuation of palbociclib was not supported given the significant extent of previous liver necrosis and the risk of further hepatic injury. Unfortunately, in this scenario treatment of metastatic breast cancer was limited to endocrine therapy.

The exact mechanism of ribociclib-induced liver injury with extensive liver necrosis remains unclear. We hypothesize a multifactorial pathogenesis with reactive metabolite formation as suggested by Raschi et al. (20) and a significant immunologic reaction as supported by the MONALEESA-2 trial where several cases of DILI with autoimmune-like pattern were observed (15). Moreover, ribociclib is a recognised inhibitor of hepatic transporters, especially bile salt export pump (BSEP). Ribociclib was shown to cause dual inhibition of BSEP and basolateral efflux systems, which are additional susceptibility factors for cholestasis which might explain the significant jaundice observed in our patient (20). Additionally, genetic and perhaps also hormonal factors might play a role in the pathogenesis of ribociclib-induced DILI.

In conclusion, this case supports the need for close drug monitoring under treatment with CDK4/6-inhibitors. Prompt hepatologic work-up is crucial for a timely diagnosis and treatment initiation. Generally, easily accessible reporting systems are necessary to ensure drug safety.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

SS: Conceptualization, Data curation, Visualization, Writing – original draft, Writing – review & editing, Formal Analysis, Investigation. CL: Data curation, Writing – review & editing. MD: Data curation, Supervision, Validation, Writing – review & editing. LT: Formal Analysis, Investigation, Writing – review & editing. MM: Formal Analysis, Investigation, Writing – review & editing. JV: Formal Analysis, Investigation, Writing – review & editing. MH: Investigation, Supervision, Writing – review & editing. CB: Conceptualization, Investigation, Supervision, Validation, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





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.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





References

1. Waks, AG, and Winer, EP. Breast cancer treatment: A review. JAMA (2019) 321(3):288–300. doi: 10.1001/jama.2018.19323

2. Schettini, F, Giudici, F, Giuliano, M, Cristofanilli, M, Arpino, G, Del Mastro, L, et al. Overall survival of CDK4/6-inhibitor-based treatments in clinically relevant subgroups of metastatic breast cancer: systematic review and meta-analysis. J Natl Cancer Inst (2020) 112(11):1089–97. doi: 10.1093/jnci/djaa071

3. Braal, CL, Jongbloed, EM, Wilting, SM, Mathijssen, RHJ, Koolen, SLW, and Jager, A. Inhibiting CDK4/6 in breast cancer with palbociclib, ribociclib, and abemaciclib: similarities and differences. Drugs (2021) 81(3):317–31. doi: 10.1007/s40265-020-01461-2

4. Cardoso, F, Senkus, E, Costa, A, Papadopoulos, E, Aapro, M, André, F, et al. 4th ESO-ESMO international consensus guidelines for advanced breast cancer (ABC 4)†. Ann Oncol Off J Eur Soc Med Oncol (2018) 29(8):1634–57. doi: 10.1093/annonc/mdy192

5. European Association for the Study of the Liver. Electronic address: easloffice@easloffice.eu, Clinical Practice Guideline Panel: Chair: Panel members, and EASL Governing Board representative. EASL Clinical Practice Guidelines: Drug-induced liver injury. J Hepatol (2019) 70(6):1222–61. doi: 10.1016/j.jhep.2019.02.014

6. Association E. EASL Clinical Practical Guidelines on the management of acute (fulminant) liver failure. J Hepatol (2017) 66(5):1047–81. doi: 10.1016/j.jhep.2016.12.003

7. Aithal, GP, Watkins, PB, Andrade, RJ, Larrey, D, Molokhia, M, Takikawa, H, et al. Case definition and phenotype standardization in drug-induced liver injury. Clin Pharmacol Ther (2011) 89(6):806–15. doi: 10.1038/clpt.2011.58

8. Finnsdottir, S, Sverrisdottir, A, and Björnsson, ES. Hepatotoxicity associated with ribociclib among breast cancer patients. Acta Oncol (2021) 60(2):195–8. doi: 10.1080/0284186X.2020.1853228

9. Topcu, A, Yasin, AI, Shbair, AT, Besiroglu, M, Simsek, M, Sucuoglu, Z, et al. A case report of fulminant hepatitis due to ribociclib with confirmed by liver biopsy in breast cancer. J Oncol Pharm Pract (2022) 28(1):242–6. doi: 10.1177/10781552211027931

10. Prescott, LF, Illingworth, RN, Critchley, JA, Stewart, MJ, Adam, RD, and Proudfoot, AT. Intravenous N-acetylcystine: the treatment of choice for paracetamol poisoning. Br Med J (1979) 2(6198):1097–100. doi: 10.1136/bmj.2.6198.1097

11. Fuentes-Antrás, J, de Luna, A, López de Sá, A, Ocaña, A, García-Sáenz, JÁ, and Moreno, F. Safety and efficacy of cyclin-dependent kinase inhibitor rechallenge following ribociclib-induced limiting hypertransaminasemia. Breast (2020) 54:160–3. doi: 10.1016/j.breast.2020.10.007

12. Farhat, F, Tarabaih, M, Kanj, A, Aoun, M, Kattan, J, Assi, T, et al. Palbociclib safety and efficacy beyond Ribociclib-induced liver toxicity in metastatic hormone-receptors positive breast cancer patient. Anticancer Drugs (2020) 31(1):85–9. doi: 10.1097/CAD.0000000000000845

13. Hamilton, E, and Infante, JR. Targeting CDK4/6 in patients with cancer. Cancer Treat Rev (2016) 45:129–38. doi: 10.1016/j.ctrv.2016.03.002

14. Piezzo, M, Cocco, S, Caputo, R, Cianniello, D, Gioia, GD, Lauro, VD, et al. Targeting cell cycle in breast cancer: CDK4/6 inhibitors. Int J Mol Sci (2020) 21(18):6479. doi: 10.3390/ijms21186479

15. 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 Off J Eur Soc Med Oncol (2018) 29(7):1541–7. doi: 10.1093/annonc/mdy155

16. Onesti, CE, and Jerusalem, G. CDK4/6 inhibitors in breast cancer: differences in toxicity profiles and impact on agent choice. A systematic review and meta-analysis. Expert Rev Anticancer Ther (2021) 21(3):283–98. doi: 10.1080/14737140.2021.1852934

17. Meynard, L, and Grellety, T. CDK 4/6 inhibitor successful rechallenge after limiting hepatic toxicity. Breast J (2020) 26(2):255–7. doi: 10.1111/tbj.13532

18. Sanabria-Cabrera, J, Tabbai, S, Niu, H, Alvarez-Alvarez, I, Licata, A, Björnsson, E, et al. N-acetylcysteine for the management of non-acetaminophen drug-induced liver injury in adults: A systematic review. Front Pharmacol (2022) 13:876868. doi: 10.3389/fphar.2022.876868

19. Stanciu, I-M, Pirlog, CF, Anghel, A-W, Parosanu, AI, Olaru, CM, Orlov-Slavu, C, et al. Does the rechallenge with another CDK 4/6 inhibitor in breast cancer work? A case report and literature review. Medicina (Kaunas) (2023) 59(4):696. doi: 10.3390/medicina59040696

20. Raschi, E, and De Ponti, F. Strategies for early prediction and timely recognition of drug-induced liver injury: the case of cyclin-dependent kinase 4/6 inhibitors. Front Pharmacol (2019) 10:1235. doi: 10.3389/fphar.2019.01235




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.

Copyright © 2023 Schaeffer, Lutz, Dobbie, Terracciano, Matter, Vosbeck, Heim and Bernsmeier. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1256783-g003.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Ribociclib-induced liver injury: a case report

      

        		

          Background

        



        		

          Case presentation

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Case presentation

        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2023.1256783_cover.jpg
& frontiers | Frontiers in Oncology

Ribociclib-induced liver injury: a case report





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1256783-g001.jpg
Uil

3000

2000

1000

1stliver biopsy,

Ribociclib
stopped

Start
ribociclib

start prednisone

10

2"%liver biopsy,
start NAC

weeks

— ALT (Un)
— AST (U/)
— GGT (Un)

Start palbociclib

20

/

2nd jiver biopsy,
start NAC

1stliver biopsy,
start prednisone

Ribociclib
stopped
Start
ribociclib

Bilirubin (Hmol/)

Start palbociclib

/

weeks





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1256783-g002.jpg





OEBPS/Images/table1.jpg
Finnsdottir
s.etal.
(2021) (5)

Topeu A.
etal. (2022)
©)

Meynard L.
etal. (2020
)

Sex, age,
ethnicity

Female,
sh,
Cavcasian

Female,
6.
Cavcasian

Female,
42

Female,
592

Tumor characteri

ER+, HER2-
with bone metastases

ER+, HER2- with secondary
bone and lung metastases
>10 years afte inital
diagnosis

HR+, HER? score 2 with
primary lung and bone
metastases

HR+, HER2- with secondary
disseminated bone
metastases (17 yeas ater
inital diagnosis)

Primary tumour treatment

Letrozole (2.5mg daily). $x
Epirubicn and cyclophosphamide

Partial mastectomy, axillary
Iymph node dissection and
adjuvan radiotherapy with
temporary anastrozole

Trastuzumab/Docetaxel and
radiotherapy, maintenance with
anastrozole and trastuzuma

Lumpectomy and radiotherapy

Ribociclib,
startand

dosage

6 months after
inital
diagnosis,
600mg per day

12 years afer
initial
diagnosis,
600mg per day

3 years after
initial
diagnosis,
600mg per day

17 years afer
inital
iagnosis,
600mg per day

latency of
DILI onset
after starting
ribociclib

1 oyde (214)

3 cydes

2 cydes

4 cydes

DILI pattern,
clinical fea-
tures of DILI

Hepatocelular,
proritus and
jaundice

Hepatocellular,
nausea and

fatigue

Hepatocellular,
hepatic
encephalopathy
Grade 1

Hepatocellular,
asymptomatic

Peak liver function
tests (days after
ribociclib discon-
tinuation)

AST ~1300 U/l (~day
31)
ALT ~1160 U (~day
21)

AST ~930 UA (~day
15)
ALT 1112 UN (~day
)

AST ~1300 U/l (~day
36)
ALT ~750 U/l (~day
56)

AST ~ 300 U/l (day
)
ALT ~510 Ul (day
)

Fulminant
toxic
hepatitis

Treatment of
oiLl

Ribociclib
withdrawal,
prednisolone
A0mg/d with
tapering

Ribociclib
withdrawal,
prednisolone
A0mg/d with
tapering

Ribocilb
withdraval,
preduisclone
Img/kg

Ribociclib
withdrawal

Normalization of lver
enzymes (days after
ribociclib withdrawal/start-
ing corticosteroids)

Yes (~2 months/1. month)

Yes (~11 weeks/5 weeks)

Yes (11 weeks/3 weeks)

Yes (4 months/-)

Rechallenge
with CDK4/
6-inhibitor

Palbociclib
125mg per
day, successful

Palbociclib

125mg per
day, successful

No

Palbociclib
75-100 mg per
day, successful





