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Abstract: Background: Non-compliance and non-persistence with endocrine therapy for breast
cancer is common and usually related to treatment-induced side effects. There are anecdotal reports
that simply changing the time of day when taking endocrine therapy (i.e., changing morning dosing
to evening dosing or vice versa) can reduce side effects. Literature review: We conducted a literature
review to evaluate whether changing the timing of tamoxifen and/or aromatase inhibitor adminis-
tration impacted patient outcomes. No randomized control trials or prospective cohort studies that
looked at time of day of endocrine therapy were identified through our review of literature from
1947 until August 2020. Conclusions: Given the rates of endocrine therapy non-compliance and
non-persistence reported in the literature, ranging from 41-72% and 31-73%, respectively, simply
changing the time of day when medications are taken could be an important strategy. We could
identify no trials evaluating the effect of changes in timing of administration of endocrine therapy on
breast cancer patient outcomes. Randomized control trials are clearly indicated for this simple and

cost-effective intervention.
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1. Introduction

Endocrine therapy is a standard of treatment for hormone receptor-positive breast can-
cer [1,2]. The side effects of endocrine therapy are well-recognized and can lead to treatment
non-compliance (i.e., extent of adherence to the recommended administration schedule)
or non-persistence (i.e., not continuing treatment for the prescribed duration) [3,4]. A sys-
tematic review of adjuvant endocrine treatment found compliance ranged from 41-72%
and persistence from 31-73% [5]. Treatment adherence is especially important in breast
cancer, as non-persistence and reduced compliance to endocrine therapy have been associ-
ated with worse disease outcomes [6]. While many different lifestyle and pharmacologic
interventions have been used to mitigate treatment side effects, there is anecdotal evidence
from health care providers and patients themselves regarding changing the time of day
of their endocrine therapy (from morning to evening administration or vice versa), with
narratives of success [7].

Circadian rhythms, the internal processes that regulate cell metabolism and energy
consumption over a 24 h schedule, are believed to play a direct role in drug effectiveness
and toxicity [8]. Indeed, chronotherapy, or adjusting dosing of medication to a specific
time of the circadian cycle, is not a new concept; however, few dedicated studies exist.
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There is evidence suggesting that the adherence to drugs, such as oral diabetes medications,
might be better in the morning as compared to the evening [9]. Recently, a study showed
that the time of day of antihypertensives could significantly impact their effectiveness [10].
In oncology, there is evidence that re-synchronizing circadian rhythms with bedtime
melatonin can increase sleep duration and sleep quality, as well as improve quality of
life and social/cognitive domains [11,12]. Some studies have been performed evaluating
the use of chronotherapy to determine timing of chemotherapy in colorectal cancer and
breast cancer and of oral tyrosine kinases in renal and gastrointestinal cancers [13-18].
Results were mixed, with some showing improvement in toxicities with chronomodulated
treatments [13-16].

Breast cancer patients often seek insights on online forums to determine the optimal
time of day to take their endocrine therapy. While some patients have made recom-
mendations that night administration improves side effects [7], we are not aware of any
appropriately designed studies evaluating this. It seems that changing the time of day of
endocrine therapy is already something that is done in practice. However, there is a lack
of relevant data on the subject, and no evidence of any real benefit has been established
with regards to side effect profile, quality of life implications, or survival. To this end, we
conducted a literature review to evaluate all currently available data. This information
could be used to both better inform patients and to identify gaps in the literature that
require further study.

2. Literature Review

A protocol was prepared a priori to guide the performance of this work and was regis-
tered with PROSPERO (Registration number CRD42020204822). The research question was
phrased in the Population-Intervention-Comparator-Outcomes-study design framework as
“Does the time of day at which endocrine therapy is taken affect outcomes in patients with
breast cancer?” This review was prepared in consideration of guidance from the PRISMA
statement [19,20].

We searched English language journal publications from Ovid MEDLINE®, Embase
and Embase Classic, and Cochrane Register of Controlled Trials published from 1947 to
August 2020. The search included terms related to breast cancer and timing of endocrine
therapy. The full search strategy is outlined in a supplemental file (Supplemental Infor-
mation 1) and was designed and implemented by an information specialist (RS). We also
conducted a review of the U.S. National Library of Medicine ClinicalTrials.gov, which did
not reveal any past or current clinical trials on this topic.

We looked for randomized control trials and prospective cohort studies that examined
the difference in the time of day (e.g., morning vs. evening) at which women received
their endocrine therapy (tamoxifen or aromatase inhibitors) for estrogen/progesterone
receptor-positive (ER/PR+) invasive breast cancer. After screening 361 unique citations,
we did not find any that had previously looked at this question. We conducted a second
screen adding another broad term, “circadian” (Supplemental Information 2). This process
of study assessment was documented using a flow diagram (Figure 1).
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Figure 1. Flow diagram of study selection process.

3. Discussion

While many strategies exist to reduce side effects and improve compliance and per-
sistence with endocrine therapy for breast cancer, it appears that health care providers
and patients themselves will often simply change the time of day that they take their
medications, with some anecdotal evidence of success [7]. This fits with the underlying
concept of chronotherapy;, i.e., changing the time of day of treatment in order to directly
influence drug effectiveness and toxicity [8]. Unfortunately, despite the prevalence of breast
cancer globally and the frequent use of endocrine therapy, no studies were identified that
have examined this question.

There have been examples of chronobiology trials in medicine. The Hygia Chronother-
apy trial found that bedtime administration of anti-hypertensive therapy led to better
ambulatory blood pressure control and a decrease in primary cardiovascular outcomes [10].
This was felt to be partly linked to improved targeting of underlying circadian rhythm-
organized biological mechanisms in cardiovascular health. The results of chronotherapy
in oncology have been less clear. Between 1994 and 2005, three randomized clinical trials
were conducted by Lévi and his team, looking at fluorouracil and oxaliplatin given as
continuous infusion versus chronomodulated via a pharmacokinetic model. While all
chronomodulated treatments reduced toxicity, survival benefits were mixed: one showed a
benefit in median survival, while the others did not show any survival benefit; however,
subgroup analysis of the most recent study revealed a three-month survival advantage
only in men [13-15]. Improving circadian rhythm with bedtime melatonin has been shown
to improve quality of life and sleep quality and duration in cancer patients, known for cir-
cadian dysrythmicity [12]. In metastatic breast cancer patients, a study looking at optimal
circadian time of vinorelbine and 5-fluorouracil found that the least toxic time alternated
for various toxicities [16]. The only study on timing of oral anti-cancer medication has
been with sutent in metastatic renal cell and gastrointestinal stromal tumours. Both studies
revealed some reduced grade 3 adverse events with morning administration, although this
was not significant [17,18].

Developing new ways to mitigate side effects is important as we are increasingly
prescribing longer durations of treatment [21,22] and because reduced compliance to en-
docrine treatment leads to reduced disease-free survival [6]. We also know that estrogens
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have a specific role in modulating circadian rhythms and that many cytochromes oscillate
in a time-dependent manner [23,24]. A study looking at circadian variation of tamoxifen
pharmacokinetics in humans and mice examined plasma exposure to tamoxifen and its
metabolites with morning, afternoon, and evening administration, with cross over in
12 breast cancer patients. Results showed marginal differences in pharmacokinetic parame-
ters between morning and evening administration, although they did find that systemic
exposure (AUC0-24 h) to endoxifen was 15% higher following morning administration.
While this increased exposure to endoxifen was felt to be compatible with more rapid
absorption of lipophilic drugs in the morning, other hypotheses included a circadian varia-
tion in metabolism (through CYP3A4, CYP2DE, etc.). The study was not powered to detect
potential differences in efficacy or side effects. Interestingly, women reported changes in
incidence and severity of hot flashes with the different dose timing administrations, but
details were not given [25].

It is possible that there were case reports and retrospective series evaluating the effects
of time of drug administration; however, our methodology for this literature review was to
only access prospective trials. We also checked clinicaltrials.gov to see if any studies were
cited, as well as reviewing the reference sections of the previously published chronobiology
studies [12-16]. None of these strategies identified any additional studies.

In conclusion, while anecdotal evidence suggests that a trial-and-error approach for
some patients of changing the time of day of taking their endocrine therapy may reduce
side effects and improve quality of life in some patients, we were unable to identify any
supporting studies. Given that many studies have been conducted investigating the use of
more toxic and expensive interventions for reducing side effects, further studies evaluating
this low cost, practical, and simple intervention are clearly warranted. A prospective
pragmatic, multicentre, randomized clinical trial, REaCT-CHRONO, will soon start to
establish the optimal timing (morning vs. evening) of administering endocrine therapy
based on side effects and benefits in early-stage breast cancer patients (clinicaltrials.gov,
NCT04864405) [26]. While the primary endpoint of this study will be endocrine toxicity
and tolerability, other endpoints will include patient quality of life, non-persistence, or
non-compliance with initially prescribed endocrine therapy, as well as cost-effectiveness.
We believe this study of 235 patients will be the world’s first prospective randomized trial
of optimal time-finding of endocrine therapy in breast cancer patients.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/10
.3390/ curroncol28040229/s1. Figure S1. Search Strategy 1. Figure S2. Search Strategy 2.

Author Contributions: A.-A.B.-B.: conceptualization, methodology, investigation, writing of the
article. L.V.: conceptualization, methodology, investigation, editing of the draft. M.FK.L: concep-
tualization, methodology, investigation, editing of the draft. B.H.: conceptualization, methodology,
editing of the draft. R.S.: investigation, editing of the draft. M.-E.S.: conceptualization, editing of the
draft. M.C.: conceptualization, methodology, investigation, writing of the article, supervision. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Rethinking Clinical trials (REaCT) program.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: We would like to thank Risa Shorr, information specialist for designing and
executing the search strategy for this review.

Conflicts of Interest: The authors declare no conflict of interest.

1. Jones, K.L.; Buzdar, A.U. A review of adjuvant hormonal therapy in breast cancer. Endocr. Relat. Cancer 2004, 11, 391. [CrossRef]

2. Bush, N.J. Advances in Hormonal Therapy for Breast Cancer. Semin. Oncol. Nurs. 2007, 23, 46-54. [CrossRef] [PubMed]

3. Cramer, J.A.; Roy, A,; Burrell, A.; Fairchild, C.J.; Fuldeore, M.J.; Ollendorf, D.A.; Wong, PK. Medication Compliance and
Persistence: Terminology and Definitions. Value Health 2008, 11, 44-47. [CrossRef]


https://www.mdpi.com/article/10.3390/curroncol28040229/s1
https://www.mdpi.com/article/10.3390/curroncol28040229/s1
http://doi.org/10.1677/erc.1.00594
http://doi.org/10.1016/j.soncn.2006.11.008
http://www.ncbi.nlm.nih.gov/pubmed/17303516
http://doi.org/10.1111/j.1524-4733.2007.00213.x

Curr. Oncol. 2021, 28 2527

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Aiello Bowles, E.J.; Boudreau, D.M.; Chubak, J.; Yu, O.; Fujii, M.; Chestnut, J.; Buist, D.S. Patient-reported discontinuation of
endocrine therapy and related adverse effects among women with early-stage breast cancer. J. Oncol. Pract. 2012, 8, e149-e157.
[CrossRef]

Murphy, C.C.; Bartholomew, L.K.; Carpentier, M.Y.; Bluethmann, S.M.; Vernon, S.W. Adherence to adjuvant hormonal therapy
among breast cancer survivors in clinical practice: A systematic review. Breast Cancer Res. Treat. 2012, 134, 459-478. [CrossRef]
[PubMed]

Chirgwin, J.H.; Giobbie-Hurder, A.; Coates, A.S.; Price, K.N.; Ejlertsen, B.; Debled, M.; Gelber, R.D.; Goldhirsch, A.; Smith, I.;
Rabaglio, M.; et al. Treatment Adherence and Its Impact on Disease-Free Survival in the Breast International Group 1-98 Trial of
Tamoxifen and Letrozole, Alone and in Sequence. J. Clin. Oncol. 2016, 34, 2452-2459. [CrossRef]

Best Time of Day to Take Tamoxifen? 2020/08/04 edn., Breast Cancer Now. 2020. Available online: https://forum.
breastcancernow.org/t5/Hormone-therapy /BEST-TIME-OF-DAY-TO-TAKE-TAMOXIFEN /m-p /447138 (accessed on 18
June 2021).

Selfridge, ].M.; Gotoh, T.; Schiffhauer, S.; Liu, J.; Stauffer, PE.; Li, A.; Capelluto, D.G.S,; Finkielstein, C.V. Chronotherapy: Intuitive,
Sound, Founded ... But Not Broadly Applied. Drugs 2016, 76, 1507-1521. [CrossRef]

Phillips, L.A.; Burns, E.; Leventhal, H. Time-of-Day Differences in Treatment-Related Habit Strength and Adherence. Ann. Behav.
Med. 2020, 55, 280-285. [CrossRef]

Hermida, R.C.; Crespo, J.J.; Dominguez-Sardifia, M.; Otero, A.; Moy4, A.; Rios, M.T.; Sineiro, E.; Castifieira, M.C.; Callejas, P.A.;
Pousa, L.; et al. Bedtime hypertension treatment improves cardiovascular risk reduction: The Hygia Chronotherapy Trial. Eur.
Heart J. 2019, 41, 4565-4576. [CrossRef] [PubMed]

Innominato, P.E; Lévi, EA,; Bjarnason, G.A. Chronotherapy and the molecular clock: Clinical implications in oncology. Adv. Drug
Deliv. Rev. 2010, 62, 979-1001. [CrossRef]

Innominato, P.F; Lim, A.S.; Palesh, O.; Clemons, M.; Trudeau, M.; Eisen, A.; Wang, C.; Kiss, A.; Pritchard, K.I.; Bjarnason,
G.A. The effect of melatonin on sleep and quality of life in patients with advanced breast cancer. Support. Care Cancer 2016, 24,
1097-1105. [CrossRef] [PubMed]

Lévi, FA,; Zidani, R.; Vannetzel, ].M.; Perpoint, B.; Focan, C.; Faggiuolo, R.; Chollet, P.; Garufi, C.; Itzhaki, M.; Dogliotti, L.; et al.
Chronomodulated versus fixed-infusion-rate delivery of ambulatory chemotherapy with oxaliplatin, fluorouracil, and folinic
acid (leucovorin) in patients with colorectal cancer metastases: A randomized multi-institutional trial. J. Natl. Cancer Inst. 1994,
86, 1608-1617. [CrossRef]

Lévi, E; Zidani, R.; Misset, ].L. Randomised multicentre trial of chronotherapy with oxaliplatin, fluorouracil, and folinic acid in
metastatic colorectal cancer. Lancet 1997, 350, 681-686. [CrossRef]

Giacchetti, S.; Bjarnason, G.; Garufi, C.; Genet, D.; Iacobelli, S.; Tampellini, M.; Smaaland, R.; Focan, C.; Coudert, B.; Humblet, Y.;
et al. Phase III trial comparing 4-day chronomodulated therapy versus 2-day conventional delivery of fluorouracil, leucovorin,
and oxaliplatin as first-line chemotherapy of metastatic colorectal cancer: The European Organisation for Research and Treatment
of Cancer Chronotherapy Group. J. Clin. Oncol. 2006, 24, 3562-3569. [CrossRef]

Coudert, B.; Focan, C.; Genet, D.; Giacchetti, S.; Cvickovic, F.; Zambelli, A.; Fillet, G.; Chollet, P.; Amoroso, D.; Van Der Auwera, J.;
et al. A randomized multicenter study of optimal circadian time of vinorelbine combined with chronomodulated 5-fluorouracil
in pretreated metastatic breast cancer patients: EORTC trial 05971. Chronobiol. Int. 2008, 25, 680-696. [CrossRef]

Escudier, B.; Roigas, ].; Gillessen, S.; Harmenberg, U.; Srinivas, S.; Mulder, S.F,; Fountzilas, G.; Peschel, C.; Flodgren, P.; Maneval,
E.C,; et al. Phase II study of sunitinib administered in a continuous once-daily dosing regimen in patients with cytokine-refractory
metastatic renal cell carcinoma. J. Clin. Oncol. 2009, 27, 4068—4075. [CrossRef]

George, S.; Blay, ].Y,; Casali, P.G.; Le Cesne, A.; Stephenson, P.; Deprimo, S.E.; Harmon, C.S.; Law, C.N.; Morgan, J.A.; Ray-
Coquard, I; et al. Clinical evaluation of continuous daily dosing of sunitinib malate in patients with advanced gastrointestinal
stromal tumour after imatinib failure. Eur. . Cancer 2009, 45, 959-1968. [CrossRef]

Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; Group, P.-P. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
[PubMed]

Shamseer, L.; Moher, D.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: Elaboration and explanation. BM] Br. Med. |. 2015, 349, g7647.
[CrossRef]

Davies, C.; Pan, H.; Godwin, J.; Gray, R.; Arriagada, R.; Raina, V.; Abraham, M.; Medeiros Alencar, V.H.; Badran, A_; Bonfill, X,;
et al. Long-term effects of continuing adjuvant tamoxifen to 10 years versus stopping at 5 years after diagnosis of oestrogen
receptor-positive breast cancer: ATLAS, a randomised trial. Lancet 2013, 381, 805-816. [CrossRef]

Gray, R. Abstract GS3-03: Effects of prolonging adjuvant aromatase inhibitor therapy beyond five years on recurrence and
cause-specific mortality: An EBCTCG meta-analysis of individual patient data from 12 randomised trials including 24,912 women.
Cancer Res. 2019, 79 (Suppl. 4), GS3-03. [CrossRef]

Hatcher, K.M.; Royston, S.E.; Mahoney, M.M. Modulation of circadian rhythms through estrogen receptor signaling. Eur. |.
Neurosci. 2020, 51, 217-228. [CrossRef] [PubMed]

Wu, B.; Lu, D.; Dong, D. Circadian Pharmacokinetics; Springer: Singapore, 2020.


http://doi.org/10.1200/JOP.2012.000543
http://doi.org/10.1007/s10549-012-2114-5
http://www.ncbi.nlm.nih.gov/pubmed/22689091
http://doi.org/10.1200/JCO.2015.63.8619
https://forum.breastcancernow.org/t5/Hormone-therapy/BEST-TIME-OF-DAY-TO-TAKE-TAMOXIFEN/m-p/447138
https://forum.breastcancernow.org/t5/Hormone-therapy/BEST-TIME-OF-DAY-TO-TAKE-TAMOXIFEN/m-p/447138
http://doi.org/10.1007/s40265-016-0646-4
http://doi.org/10.1093/abm/kaaa042
http://doi.org/10.1093/eurheartj/ehz754
http://www.ncbi.nlm.nih.gov/pubmed/31641769
http://doi.org/10.1016/j.addr.2010.06.002
http://doi.org/10.1007/s00520-015-2883-6
http://www.ncbi.nlm.nih.gov/pubmed/26260726
http://doi.org/10.1093/jnci/86.21.1608
http://doi.org/10.1016/S0140-6736(97)03358-8
http://doi.org/10.1200/jco.2006.06.1440
http://doi.org/10.1080/07420520802384036
http://doi.org/10.1200/JCO.2008.20.5476
http://doi.org/10.1016/j.ejca.2009.02.011
http://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://doi.org/10.1136/bmj.g7647
http://doi.org/10.1016/S0140-6736(12)61963-1
http://doi.org/10.1158/1538-7445.SABCS18-GS3-03
http://doi.org/10.1111/ejn.14184
http://www.ncbi.nlm.nih.gov/pubmed/30270552

Curr. Oncol. 2021, 28 2528

25. Binkhorst, L.; Kloth, ].S.L.; de Wit, A.S.; de Bruijn, P.; Lam, M.H.; Chaves, I.; Burger, H.; van Alphen, R.J.; Hamberg, P.; van Schaik,
R.H.N; et al. Circadian variation in tamoxifen pharmacokinetics in mice and breast cancer patients. Breast Cancer Res. Treat. 2015,
152,119-128. [CrossRef] [PubMed]

26. Evaluating the Dose Timing (Morning vs. Evening) of Endocrine Therapy and Its Effects on Tolerability and Compliance. (NCT
NCT04864405). Available online: https://ClinicalTrials.gov/show /NCT04864405 (accessed on 18 June 2021).


http://doi.org/10.1007/s10549-015-3452-x
http://www.ncbi.nlm.nih.gov/pubmed/26050156
https://ClinicalTrials.gov/show/NCT04864405

	Introduction 
	Literature Review 
	Discussion 
	References

