& frontiers | Frontiers in Oncology

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Esther Natalie Oliva,

Grande Ospedale Metropolitano
Bianchi Melacrino Morelli, Italy

REVIEWED BY

Daniela Damiani,

Hematology and Stem

Cell Transplant, Italy

Benjamin Moskoff,

UC Davis Health, United States

*CORRESPONDENCE
Qingsheng Li
wshsyh604@163.com
Zhenggi Huang
drhuangzql20@163.com

These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Hematologic Malignancies,
a section of the journal
Frontiers in Oncology

RECEIVED 04 April 2022
AcCePTED 07 September 2022
PUBLISHED 28 September 2022

CITATION

Long Z, Ruan M, Wu W, Zeng Q, Li Q
and Huang Z (2022) The successful
combination of grapefruit juice and
venetoclax in an unfit acute myeloid
leukemia patient with adverse risk: A
case report.

Front. Oncol. 12:912696.

doi: 10.3389/fonc.2022.912696

COPYRIGHT

© 2022 Long, Ruan, Wu, Zeng, Li and
Huang. 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.

Frontiers in Oncology

TYPE Case Report
PUBLISHED 28 September 2022
p0110.3389/fonc.2022.912696

The successful combination of
grapefruit juice and venetoclax
in an unfit acute myeloid
leukemia patient with adverse
risk: A case report

Zhangbiao Long', Min Ruan’, Wei Wu, Qingshu Zeng,
Qingsheng Li* and Zhengqi Huang®

Department of Hematology, The First Affiliated Hospital of Anhui Medical University, Hefei, China

Venetoclax combined with hypomethylating agents such as azacitidine and
decitabine is the standard regime for the elderly patient with acute myeloid
leukemia (AML) unfit for intensive induction therapy. However, many patients
struggle with finances and forgo treatments due to the high costs of
venetoclax. In this study, we performed the regime with azacitidine, low-
dose venetoclax, and grapefruit juice on an unfit AML patient with TP53
mutation. The peak venetoclax concentration (C..,) and side effects on the
patient were also monitored. The patient achieved complete remission with the
venetoclax Cay Within the effective concentration range (1,000-3,000 ng/ml)
and maintained durable remission until recently. Febrile neutropenia,
thrombocytopenia, and pneumonia appeared during the first cycle and were
recovered by stimulating agents and antibiotic treatment. This improvement
combination approach by drug-food interaction may enlighten other similarly
patients with AML, especially those in low-middle income countries.
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Introduction

Elderly patients with acute myeloid leukemia (AML) have a dismal outcome and
cannot tolerate conventional intensive induction chemotherapy. Taking the place of
supportive care, venetoclax combination with hypomethylating agents such as azacitidine
and decitabine is currently becoming the preferred regime for these patients (1). Previous
studies investigated the overall response rate was approximately 66-73%, and the median
overall survival was 14.7-17.5 months in de novo unfit patients with AML (2-4). In
recent years, venetoclax has been approved in China and other countries for elderly
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patients with AML unfit for intensive induction therapy.
Actually, the price remains too expensive (5). For instance, the
cost of venetoclax is currently 38,880 RMB yuan per month in
China. Due to the high costs of venetoclax, many patients face
considerable financial struggles. These patients usually forgo
treatments and succumb to death at last.

A strategy to reduce the cost of venetoclax is dose reduction.
Venetoclax is an oral agent, primarily metabolized by
cytochrome P450 enzyme (CYP3A4) (6). Several previous
studies revealed that concurrent use of CYP3A4 inhibitors
such as azole antifungal agents and venetoclax could reduce
the metabolism of venetoclax, thus increasing its exposure (7, 8).
The recommended dose of venetoclax is 100 mg once daily for
patients receiving a strong concomitant CYP3A4 inhibitor (i.e.,
posaconazole or voriconazole) (9). When the venetoclax dose
was reduced to 100 mg once daily from 400 mg once daily, the
cost of venetoclax reduced to 9720 RMB yuan per month.
Although some researchers recommended antifungal treatment
for AML patients with grade 4 neutropenia, only a portion of
patients with AML required azole antifungal treatment or
prophylaxis during the first few cycles (3, 10-12).

Some foods can be considered a practical approach to
enhancing the plasma concentration and effect of CYP3A4
substrates. Grapefruit juice is the most common food that can
strongly inhibit CYP3A4 (13, 14). The simultaneous use of
grapefruit juice and CYP3A4 substrate was an advanced
strategy and also a challenge in clinical management. Here, we
present an unfit newly diagnosed patient with AML who has low
income and could not tolerate the high price of venetoclax. She
has adopted the solution with the combination of grapefruit
juice 200 ml 3 times daily, venetoclax 100 mg once daily, and
azacitidine 75 mg/m® on days 1-7 of each 28-day cycle. We
detected the patient’s peak venetoclax concentration (Cy,,y) to
ensure appropriate drug exposure and reduce drug toxicity. In
addition, we monitored the QTc interval, liver function, and
renal function to avoid severe side effect. Eventually, the patient
achieved complete remission and sustained durable remission
until this present.

Case report

The patient was a 70-year-old woman. In July 2021, she
came to the outpatient department of our hospital because of
progressive dizziness and fatigue for 3 months without any
cause. Initial blood routine test results showed pancytopenia
(Table 1). A bone marrow aspiration was performed at our
hospital. The bone marrow smears showed 42.5% large-sized
blasts with fine chromatin and occasional prominent nucleoli
(Figure 1). Flow cytometry of the bone marrow revealed positive
for CD34, HLA-DR, myeloperoxidase, CD33, CD13, CD117,
and CD7 and negative for Cy790, CD19, CyCD3, and CD5.
Cytogenetic analysis of the bone marrow identified a normal
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karyotype (46, XX) without a (15;17) chromosomal
translocation. Next-generation sequencing of the bone marrow
showed a frameshift mutation in TP53 (NM_000546: exon5:
¢.388dupC: p.Leul30fs) and did not identify a mutation in other
genes. The MICM results of bone marrow were consistent with
the WHO classification of AML, not otherwise specified.

The patient was generally evaluated for the subsequent
treatment. The AML risk stratification by the genetics of this
patient was adverse due to TP53 mutation. The Eastern
Cooperative Oncology Group (ECOG) performance status was
2. The age and current situation suggested that the patient was
ineligible for intensive chemotherapy. The preferred therapy of
the patient was a hypomethylating agent combined with
venetolcax. However, the patient was poor and could not
afford the regular venetoclax dose of 400 mg once daily. After
the patient’s agreement, informed consent was obtained from
the patient and the approval of the Ethics committee of our
hospital. We performed the improved therapy with the
combination of azacitidine (75 mg/m? subcutaneously on days
1-7 of each 28-day cycle), venetoclax (100 mg orally once daily),
and grapefruit juice (200 ml orally 3 times daily) for this patient.
To ensure the effectiveness of the reduced dose of venetoclax, we
monitored the patient’s peak venetoclax concentration (Cyay)
every week in the first cycle. The venetoclax C,.x was 1,440 ng/
ml at 7 days and 1,920 ng/ml at 14 days after the treatment and
was within the effective concentration range (1,000-3000 ng/ml)
(8, 15). In consequence, adherence to this regime was processed
in the treatment. Febrile neutropenia and thrombocytopenia
with grade 4 appeared 2 weeks after the therapy and completely
recovered rapidly after the treatment with stimulating agents.
The patient got pneumonia on day 14 after the initiation of
treatment and recovered after the antibiotic treatment. The
laboratory tests, including blood cell counting, liver function,
renal function, and ECG were performed during the entire
treatment period to monitor the side effect. The liver and renal
functions were normal, and the QTc¢ interval was 450 ms.

The bone marrow aspiration was performed on day 21. The
bone marrow smears and immunology results revealed normal
without leukemia cells. The patient continued this regime for
five cycles to the current presentation and sustained durable
remission. There was always no morphologic or phenotypic
evidence of AML relapsed (Figure 2). A notable side effect was
not detected during the subsequent treatment and follow-
up period.

Discussion

Along with the application of novel target drugs, the
management strategy of AML patients who were unfit for
intensive induction therapy has changed from previous best
supportive care to the regime of which combination of multiple
targeted drugs. As a selective inhibitor of B cell lymphoma 2
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TABLE 1 The baseline laboratory data of the patient.

Variable Baseline value  Reference range
White blood cell count (/ml) 810 3500-9500
Differential count (%)

Neutrophils 23.5 40-75
Lymphocytes 64.2 20-50
Eosinophils 0 0.4-8
Basophils 1.2 0-1
Monocytes 11.1 3-10
Hemoglobin (g/dl) 8.2 11.5-15
Platelet count (/ml) 77000 125000-350000
Alanine aminotransferase (U/L) 16 7-40
Aspartate aminotranferase (U/L) 15 13-35
Alkaline aminotransferase (U/L) 62 35-100
Albumin (g/L) 40.4 40-55
Globulin (g/L) 21.1 20-40
Lactate dehydrogenase (U/L) 212 120-250
Uric acid (umol/L) 257 155-357
Urea (mmol/L) 5.08 2.6-7.5
Creatinine (mol/L) 48 41-73

regulatory protein (Bcl-2), venetoclax has become a backbone
drug in the regime for unfit AML patients. It can be combined
with hypomethylating agents or reduced dose chemotherapy,
such as low-dose cytarabine, resulting in a high-response rate
and prolonged overall survival in unfit AML patients (16).
Venetoclax has been approved by the Chinese national
medical products administration but has not been covered by
Chinese medical insurance. Thus, reducing the costs that enable
venetoclax to be applicable to many low-income patients is a
challenge for clinical practice. In this present case, we added
grapefruit juice to the regime venetolcax plus azacitidine and
carefully monitored the concentration of venetoclax. The clinical
data showed that grapefruit juice could effectively improve the

FIGURE 1
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Cax Of venetoclax and obtain an ideal clinical effect. So it is a
successful treatment for this patient.

Based on previous studies, the venetoclax concentration was
positively correlated with the AUC curve and reflected the
venetoclax exposure (7, 17). In this study, grapefruit juice can
significantly increase the C,,,, of venetoclax and improve its
effectiveness. We avoided the repeated detection of venetoclax
concentration at multiple time points daily to reduce the
iatrogenic anemia and cost. In the subsequent clinical trials, it
can be considered to verify the pharmacokinetics of venetoclax
by detecting the concentration at several time points. For this
patient, we have significantly reduced the treatment cost. For
other patients taking a sufficient dose of venetoclax, the current
monthly cost is 38,880 RMB yuan, whereas that of this patient
was 9,720 RMB yuan.

To monitor the side effects caused by grapefruit juice during
the therapy period, we detected laboratory and imaging
examinations, such as ECG. There was no QTc interval
prolonged, and another abnormal result was found. The
application of antibacterial was adequate for the infection of
the patient. Thus, we did not use other CYP3A4 inhibitors in the
whole treatment process. It is worth noting that if an azole
antifungal agent such as posaconazole was used for prophylaxis
or treatment, the application of grapefruit juice should be
temporarily interrupted to avoid excessive venetoclax
concentration. In addition, the concurrent use of azole
antifungal agents also can decrease the venetoclax dose and
reduce the costs, but not superior to grapefruit juice. There were
several reasons. First, antifungal prophylaxis is not a universal
recommendation but applies to patients with grade 4
neutropenia (neutrophil < 0.5 x 10°/L), whereas some AML
patients without grade 4 neutropenia were not mandatory for
antifungal prophylaxis (3, 10, 11, 18). Second, antifungal
prophylaxis is usually applied during the myelosuppression
period, ceased when recovery from neutropenia, rather than
during the entire venetoclax plus azacitidine treatment period

—

Bone marrow aspiration of the patient at the initial diagnosis. (A) Large-sized myeloid blasts with slight nuclear irregularities and scant granular
cytoplasm (Wright-Giemsa staining, 1000x). (B) Peroxidase staining of the blasts was positive.
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FIGURE 2

(A) The peak venetoclax concentration in the patient’s serum. (B) MRD in the patient’s bone marrow during the treatment and follow-up period.

(10). Furthermore, a real-world observational study revealed
significantly prolonged thrombocytopenia in AML patients with
concomitant venetoclax and azole antifungals (9). Third, some
institutions administer non-azole antifungal prophylaxis for
AML patients rather than azole prophylaxis (19). In a
retrospective study of 119 patients with AML, only 49 (41%)
patients received azole-based antifungal prophylaxis (12).
Fourth, the azole agents are more expensive than grapefruit
juice. Thus, the treatment costs actually increase when combined
with azole antifungals.

The patient herein achieved complete remission and
sustained durable remission after the treatment of this regime,
but another unknown was how long will this regime’s effects
last? Venetoclax has shown a promising remission effect in
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patients with AML, but these patients’ progression-free
survival has not yet been satisfied (20, 21). The patient in this
study was an older woman with adverse prognostic gene
mutation. Therefore, after remission, allogeneic hematopoietic
stem cell transplantation is a curable approach for the patient.
During the treatment and follow-up period, monitoring minimal
residual disease by flow cytometry, digital PCR, or qRT-PCR was
essential to alert the recurrence. Furthermore, the patients had a
frameshift mutation in TP53. As a preclinical study
demonstrated, applying sublethal venetoclax in AML may
enhance the risk of disease progression. In contrast, sufficiently
lethal treatment could maximize the outcomes of AML patients
with TP53 mutation (22). A higher dose venetoclax strategy may
be applied in future treatment but remains a challenge due to the
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deficiency of clinical evidence. A previous study demonstrated
that TP53 deficiency impairs sensitivity to combined venetoclax.
High-dose idarubicin and co-targeting MCL1 could enhance
venetoclax activity in AML (23). Therefore, a regime containing
these agents can be an intelligent choice. Further integration of
the TP53 target agent into the current administration may be an
objective for future studies (24, 25).

There were several limits to this research. First, the patients
achieved complete remission and kept relapse free during the
follow-up period. However, the follow-up is not long enough to
assess the long-term efficacy of this approach. Second, we did not
detect the venetoclax concentration at multiple time points and
thus, did not collect adequate parameters to evaluate the
venetoclax pharmacokinetics. Third, a single case may not
enough to demonstrate the clinical safety and efficacy of
grapefruit juice plus dose-adjusted venetoclax, a large sample,
and long-term clinical trial were needed to confirm the results.

To the best of our knowledge, this is the first case of the
combination of CYP3A4 inhibitor food and venetoclax in an
AML patient. The efficacy and side effects need to be verified in
further studies. The costs and feasibility of the novel drugs
should be considered by physicians, especially those in
developing countries. Furthermore, the food-drug interaction
model presented in this study may provide a reference for
other disorders.

Conclusions

In this study, we reported that a patient with AML who
could not afford expensive costs achieved complete remission
with acceptable side effect by the regime with azacitidine, low-
dose venetoclax, and grapefruit juice. This combination
approach may enlighten other similar patients, especially those

in low-middle income countries.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Pollyea DA, Amaya M, Strati P, Konopleva MY. Venetoclax for AML:
Changing the treatment paradigm. Blood Adv (2019) 3(24):4326-35. doi:
10.1182/bloodadvances.2019000937

2. DiNardo CD, Pratz K, Pullarkat V, Jonas BA, Arellano M, Becker PS, et al.
Venetoclax combined with decitabine or azacitidine in treatment-naive, elderly
patients with acute myeloid leukemia. Blood (2019) 133(1):7-17. doi: 10.1182/
blood-2018-08-868752

Frontiers in Oncology

10.3389/fonc.2022.912696

Ethics statement

This study was reviewed and approved by the ethics
committee of the first affiliated hospital of Anhui medical
university. The patients/participants provided their written
informed consent to participate in this study. 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

QL, ZH and ZL designed the study and wrote the
manuscript. ZL, MR and QZ collected the data and treated the
patient. MR and WW performed examination and helped
analyze examinational data. All authors contributed to the
article and approved the submitted version.

Funding

This study was supported by grants from the National
natural science foundation (81900118).

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.

3. DiNardo CD, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, Wei AH, et al.
Azacitidine and venetoclax in previously untreated acute myeloid leukemia. N Engl ] Med
(2020) 383(7):617-29. doi: 10.1056/NEJM0a2012971

4. DiNardo CD, Pratz KW, Letai A, Jonas BA, Wei AH, Thirman M, et al. Safety and
preliminary efficacy of venetoclax with decitabine or azacitidine in elderly patients with
previously untreated acute myeloid leukaemia: A non-randomised, open-label, phase 1b
study. Lancet Oncol (2018) 19(2):216-28. doi: 10.1016/S1470-2045(18)30010-X

frontiersin.org


https://doi.org/10.1182/bloodadvances.2019000937
https://doi.org/10.1182/blood-2018-08-868752
https://doi.org/10.1182/blood-2018-08-868752
https://doi.org/10.1056/NEJMoa2012971
https://doi.org/10.1016/S1470-2045(18)30010-X
https://doi.org/10.3389/fonc.2022.912696
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Long et al.

5. Patel KK, Zeidan AM, Shallis RM, Prebet T, Podoltsev N, Huntington SF.
Cost-effectiveness of azacitidine and venetoclax in unfit patients with previously
untreated acute myeloid leukemia. Blood Adv (2021) 5(4):994-1002. doi: 10.1182/
bloodadvances.2020003902

6. Megias-Vericat JE, Solana-Altabella A, Ballesta-Lopez O, Martinez-Cuadron
D, Montesinos P. Drug-drug interactions of newly approved small molecule
inhibitors for acute myeloid leukemia. Ann Hematol (2020) 99(9):1989-2007.
doi: 10.1007/s00277-020-04186-0

7. Freise K], Shebley M, Salem AH. Quantitative prediction of the effect of
CYP3A inhibitors and inducers on venetoclax pharmacokinetics using a
physiologically based pharmacokinetic model. J Clin Pharmacol (2017) 57
(6):796-804. doi: 10.1002/jcph.858

8. Agarwal SK, DiNardo CD, Potluri J, Dunbar M, Kantarjian HM,
Humerickhouse RA, et al. Management of venetoclax-posaconazole interaction
in acute myeloid leukemia patients: Evaluation of dose adjustments. Clin Ther
(2017) 39(2):359-67. doi: 10.1016/j.clinthera.2017.01.003

9. Rausch CR, DiNardo CD, Maiti A, Jammal NJ, Kadia TM, Marx KR, et al.
Duration of cytopenias with concomitant venetoclax and azole antifungals in acute
myeloid leukemia. Cancer (2021) 127(14):2489-99. doi: 10.1002/cncr.33508

10. Cornely OA, Maertens ], Winston DJ, Perfect J, Ullmann AJ, Walsh TJ, et al.
Posaconazole vs. fluconazole or itraconazole prophylaxis in patients with
neutropenia. N Engl ] Med (2007) 356(4):348-59. doi: 10.1056/NEJMo0a061094

11. DiNardo CD, Wei AH. How I treat acute myeloid leukemia in the era of new
drugs. Blood (2020) 135(2):85-96. doi: 10.1182/blood.2019001239

12. Aldoss I, Dadwal S, Zhang J, Tegtmeier B, Mei M, Arslan S, et al. Invasive
fungal infections in acute myeloid leukemia treated with venetoclax and
hypomethylating agents. Blood Adv (2019) 3(23):4043-9. doi: 10.1182/
bloodadvances.2019000930

13. Dolton MJ, Roufogalis BD, McLachlan AJ. Fruit juices as perpetrators of
drug interactions: The role of organic anion-transporting polypeptides. Clin
Pharmacol Ther (2012) 92(5):622-30. doi: 10.1038/clpt.2012.159

14. Chen M, Zhou SY, Fabriaga E, Zhang PH, Zhou Q. Food-drug interactions
precipitated by fruit juices other than grapefruit juice: An update review. J Food
Drug Anal (2018) 26(2S):561-71. doi: 10.1016/.jfda.2018.01.009

15. Salem AH, Agarwal SK, Dunbar M, Enschede SL, Humerickhouse RA,
Wong SL. Pharmacokinetics of venetoclax, a novel BCL-2 inhibitor, in patients
with relapsed or refractory chronic lymphocytic leukemia or non-Hodgkin
lymphoma. J Clin Pharmacol (2017) 57(4):484-92. doi: 10.1002/jcph.821

Frontiers in Oncology

06

10.3389/fonc.2022.912696

16. Wei AH, Strickland SAJr., Hou JZ, Fiedler W, Lin TL, Walter RB, et al.
Venetoclax combined with low-dose cytarabine for previously untreated patients
with acute myeloid leukemia: Results from a phase Ib/II study. J Clin Oncol (2019)
37(15):1277-84. doi: 10.1200/JCO.18.01600

17. Freise KJ, Jones AK, Menon RM, Verdugo ME, Humerickhouse RA, Awni
WM, et al. Relationship between venetoclax exposure, rituximab coadministration,
and progression-free survival in patients with relapsed or refractory chronic
lymphocytic leukemia: Demonstration of synergy. Hematol Oncol (2017) 35
(4):679-84. doi: 10.1002/hon.2373

18. Jonas BA, Pollyea DA. How we use venetoclax with hypomethylating agents
for the treatment of newly diagnosed patients with acute myeloid leukemia.
Leukemia (2019) 33(12):2795-804. doi: 10.1038/s41375-019-0612-8

19. Rausch CR, DiPippo AJ, Jiang Y, DiNardo CD, Kadia T, Maiti A, et al.
Comparison of mold active triazoles as primary antifungal prophylaxis in patients
with newly diagnosed acute myeloid leukemia in the era of molecularly targeted
therapies. Clin Infect Dis (2022) 3:1-8. doi: 10.1093/cid/ciac230

20. Graveno ME, Carulli A, Freyer CW, Mangan BL, Nietupski R, Loren AW,
et al. Venetoclax in combination with hypomethylating agents or low dose
cytarabine for relapsed and refractory acute myeloid leukemia. Leukemia
Lymphoma (2022) 63(7):1645-50. doi: 10.1080/10428194.2022.2042688\

21. De Bellis E, Imbergamo S, Candoni A, Lico A, Tanasi I, Mauro E, et al.
Venetoclax in combination with hypomethylating agents in previously untreated
patients with acute myeloid leukemia ineligible for intensive treatment: A real-life
multicenter experience. Leukemia Res (2022) 114:106803. doi: 10.1016/
jleukres.2022.106803

22. Thijssen R, Diepstraten ST, Moujalled D, Chew E, Flensburg C, Shi MX; et al. Intact
TP-53 function is essential for sustaining durable responses to BH3-mimetic drugs in
leukemias. Blood (2021) 137(20):2721-35. doi: 10.1182/blood.2020010167

23. Teh TC, Nguyen NY, Moujalled DM, Segal D, Pomilio G, Rijal S, et al.
Enhancing venetoclax activity in acute myeloid leukemia by co-targeting MCL1.
Leukemia (2018) 32(2):303-12. doi: 10.1038/leu.2017.243

24. Cluzeau T, Sebert M, Rahme R, Cuzzubbo S, Lehmann-Che J, Madelaine I, et al.
Eprenetapopt plus azacitidine in TP53-mutated myelodysplastic syndromes and acute
myeloid leukemia: A phase II study by the groupe francophone des myelodysplasies
(GFM). ] Clin Oncol (2021) 39(14):1575-83. doi: 10.1200/JCO.20.02342

25. Yan W, Zhang Y, Zhang J, Liu S, Cho SJ, Chen X. Mutant p53 protein is
targeted by arsenic for degradation and plays a role in arsenic-mediated growth
suppression. J Biol Chem (2011) 286(20):17478-86. doi: 10.1074/jbc.M111.231639

frontiersin.org


https://doi.org/10.1182/bloodadvances.2020003902
https://doi.org/10.1182/bloodadvances.2020003902
https://doi.org/10.1007/s00277-020-04186-0
https://doi.org/10.1002/jcph.858
https://doi.org/10.1016/j.clinthera.2017.01.003
https://doi.org/10.1002/cncr.33508
https://doi.org/10.1056/NEJMoa061094
https://doi.org/10.1182/blood.2019001239
https://doi.org/10.1182/bloodadvances.2019000930
https://doi.org/10.1182/bloodadvances.2019000930
https://doi.org/10.1038/clpt.2012.159
https://doi.org/10.1016/j.jfda.2018.01.009
https://doi.org/10.1002/jcph.821
https://doi.org/10.1200/JCO.18.01600
https://doi.org/10.1002/hon.2373
https://doi.org/10.1038/s41375-019-0612-8
https://doi.org/10.1093/cid/ciac230
https://doi.org/10.1080/10428194.2022.2042688
https://doi.org/10.1016/j.leukres.2022.106803
https://doi.org/10.1016/j.leukres.2022.106803
https://doi.org/10.1182/blood.2020010167
https://doi.org/10.1038/leu.2017.243
https://doi.org/10.1200/JCO.20.02342
https://doi.org/10.1074/jbc.M111.231639
https://doi.org/10.3389/fonc.2022.912696
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The successful combination of grapefruit juice and venetoclax in an unfit acute myeloid leukemia patient with adverse risk: A case report
	Introduction
	Case report
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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


