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Abstract

Purpose: A CDK4/6 inhibitor (CDK4/6i) combined with endocrine therapy is the standard 
of care for patients with hormone receptor-positive (HR+) and HER2-negative (HER2-) 
metastatic breast cancer (MBC). However, the incorporation of these agents into clinical 
practice remains challenging. This study aims to estimate the impact of the lack of access 
to ribociclib on mortality of premenopausal patients with MBC in Brazil.

Methods: Based on published epidemiological studies and national cancer registries, we 
estimated the number of premenopausal patients with potential indication of ribociclib 
as first-line treatment for MBC. Efficacy estimates were based on results from the Mona-
leesa-7 trial. Our analysis is made under the unrealistic assumption that all premeno-
pausal MBC patients would be candidates for the treatment. To estimate the number 
of yearly premature deaths that could be prevented, we considered the largest absolute 
effect on mortality when sequentially applying the observed hazard ratio.

Results: We estimated an annual incidence of 4,294 premenopausal HR+, HER2- MBC 
patients in Brazil. Considering these patients, at 12, 24 and 60 months, the number of 
surviving subjects would be 3,504, 2,859 and 1,553 for endocrine therapy (ET) alone; and 
3,717, 3,217 and 2,086 for ET plus ribociclib. The largest difference between both groups 
was observed at the end of the sixth year when the use of ribociclib would prevent 538 
premature deaths (survival of 1,805 versus 1,267 patients by the 72nd month).

Conclusion: We estimate that lack of access to CDK4/6i for patients with HR+, HER2-, 
MBC will cause the premature death of a significant number of premenopausal women 
with MBC. The unavailability of effective therapies has measurable consequences. Prog-
ress in this area demands a concerted effort to prevent further loss of lives.

Keywords: breast cancer, drug therapy, health care disparities, drug access

Introduction

Breast cancer (BC) is the most frequent malignancy in women worldwide, and it is esti-
mated that 70% of BC deaths occur in women from low-income and middle-income 
countries (LMIC) [1]. Over the last few years, results of randomised clinical trials have 
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reported significant advances in the management of different subtypes of the disease with overall survival benefits that have a definite 
impact in clinical practice. However, the access to these advances and the provision of high-level healthcare remains a significant challenge, 
particularly for LMIC. Within this scenario, it should be acknowledged that health care systems and policies are heterogeneous, and espe-
cially in LMIC, are not adequately prepared to deal with a complex problem, such as cancer [2]. 

Although not exclusive, one of the most important aspects of reducing cancer mortality is the availability and uptake of innovations and life-
saving cancer agents [3]. The access to high-cost medications for advanced BC remains a challenging issue in several, if not most, regions of 
the world. Young patients with advanced BC have very particular medical, emotional and social needs. In Brazil, we have shown that young 
women presenting with BC have unfavourable clinicopathological features, with more aggressive tumour subtypes and advanced stage at the 
presentation when compared with older women [4]. 

In HR-positive advanced or metastatic BC (MBC), the recent introduction of CDK4/6 inhibitors (CDK4/6i) has revolutionised outcome 
results with significant improvements in progression-free survival (PFS) and overall survival (OS). Particularly for premenopausal patients with 
HR-positive MBC, endocrine therapy (ET) with the combination of ovarian function suppression, an aromatase inhibitor and the CDK4/6 
inhibitor ribociclib has changed the standard of care, with the demonstration of a statistically significant and clinically meaningful survival 
benefit when compared to ET alone [8]. Unfortunately, access to this therapeutic strategy remains very low in our country, both in the public 
health system as well as in patients treated in the private setting.

It is important to recognise that this exercise is made under the unrealistic assumption that all premenopausal patients with MBC in Brazil 
would be candidates and have adequate criteria to be treated with the proposed drug. We acknowledge as well that is not fair to consider 
that all patients that start therapy in clinical practice (a completely different scenario from clinical research) will be fully compliant and derive 
the same or similar benefit as demonstrated in a clinical trial. Even taking these limitations into consideration with this analysis, we attempt 
to estimate the potential impact of the lack of access to ribociclib on the mortality of premenopausal patients with HR+ MBC in Brazil.

Methods

To calculate the total number of young women that would be potential candidates to receive Ribociclib according to Monaleesa-7 criteria 
(pre- and peri-menopausal women with HR-positive, HER-2-negative MBC) we used two main sources (i) the Brazilian epidemiologic study 
AMAZONA-I; and (ii) the Oncology Structured Information System (OSIS) databank. The AMAZONA-I is a national epidemiologic study that 
followed a cohort of 634 MBC cases diagnosed in the year of 2012. It gathers data from private and public hospitals in different sites across 
the country [9, 10]. The OSIS database imports and merges data from Hospital Cancer Registries and from DataSUS, Agência Nacional de 
Saúde and Instituto Brasileiro de Geografia e Estatística (all government agencies responsible for collecting national cancer information) 
building a national registry of cancer. It generates not only aggregate numbers but also analyses granular data, allowing users to search for 
specific information such as HR and HER2 expression. This database has already been published and validated as a consistent source of 
cancer data in Brazil [11, 12]. 

In a recent publication, we addressed the prevalence and annual incidence of MBC in Brazil and estimated the proportion of HR-positive, 
HER2-negative cases using OSIS information [12]. To estimate the number of pre- and peri-menopausal cases, we used published data from 
the AMAZONA-I study. Finally, and according to the inclusion criteria of the Monaleesa-7 trial of only first-line patients, we decided to use 
the incidence rather than the prevalence of MBC as our population, given that we would not be able to estimate the treatments’ effect in 
second-line cases and beyond. 

We based the OS benefits on the recently reported Monaleesa-7 results [13]. This is an international, randomised, double-blind, placebo-
controlled, phase 3 trial comparing ribociclib with placebo, in addition to ET, in pre- or peri-menopausal women with HR-positive, HER2-
negative advanced breast cancer. Results show a statistically significant effect (HR 0.71, 95% CI 0.54–0.95, p = 0.009) favouring the ribociclib 
cohort, with an improvement in the median OS in this population. The control group had a median OS of 40.9 months and, at a median 
follow-up of 34.6 months, the OS for the ribociclib group had not been reached.
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We considered the results of two possible first-line treatments for these patients: (i) ET alone (control) and (ii) ribociclib plus ET. The survival 
distributions were measured as S(n) -> exp(-θ.n) for the control; and S(n) -> exp(-r.θ.n) for ribociclib (r is the HR for Ribociclib; θ is the hazard 
monthly rate and n is the month) [14, 15] (see Appendix for more details).

Based on the HR and the median OS of the control group, we calculated that the largest absolute effect on mortality associate with ribociclib 
over the control group was seen at the end of the sixth year [16]. Therefore, the absolute difference in surviving patients in the two cohorts 
(ribociclib minus control) at that time was considered as the total number of premature deaths to be avoided with the use of the CDK4/6 
inhibitor (also see Appendix for the mathematical explanation). 

We conducted a sensitivity analysis on the estimated parameters to evaluate how changes in their values modify the result. The estimation’s 
parameters are (i) the total candidates to receive Ribociclib (constituted by MBC incidence, the proportion of HR+HER2- and the proportion 
of premenopausal patients); (ii) the median overall survival of the control group and (iii) the hazard ratio for survival rates between Ribociclib 
and the control group.

Results

Estimating the population of newly diagnosed premenopausal HR-positive HER2-negative MBC in  
2020 in Brazil

The estimated incidence of MBC in Brazil for the year 2020 is 18,920 [12]. The molecular subtypes proportions of this total are: (i) 58.2% 
are HR-positive and HER2-negative (HR+ HER2-); (ii) 25.3% are HER2-positive and (iii) 16.4% are triple-negative (TN). This yields a total 
of 11,011 new cases of HR+ HER2- MBC for 2020. Stratifying this number by menopausal status, 39% should be considered pre- or peri-
menopausal according to the AMAZONA-I trial. Therefore, as described in Figure 1, there is an estimated annual incidence of 4,294 peri- and 
premenopausal women with HR+, HER2- MBC that could be considered candidates for treatment with ribociclib in addition to standard ET 
as explored in the MONALEESA-7 study [13].

Figure 1. Flowchart for the estimation of the number of pre- and peri-menopausal patients from Brazil diagnosed with ER-positive HER-2-negative 
metastatic breast cancer in 2020.

https://doi.org/10.3332/ecancer.2020.1081


Re
se

ar
ch

ecancer 2020, 14:1081; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1081 4

Survival estimates

Based on the Monaleesa-7 results, we calculated a monthly mortality rate (proportion of patients that dies in each cohort) of 1.69% for the 
control group and 1.2% for the ribociclib group. Applying these proportions, the survival estimates in each group at 12, 24 and 60 months 
are 3,504 versus 3,717; 2,859 versus 3,217 and 1,553 versus 2,086, respectively. When calculating the maximum effect of ribociclib on 
avoiding premature deaths in this Brazilian population of pre and peri-menopausal patients with HR+, HER2- MBC, the biggest effect on 
survival is seen at the end of the sixth year. At this time, we estimated that 1,805 women would be alive if treated with ribociclib plus ET 
versus 1,267 women alive if treated with standard ET—a net increase of 538 lives (see Table 1). Considering the incidence and the benefit 
from both treatment options as fixed, we assume that this is the annual number of women that die prematurely due to the lack of access to 
ribociclib in this setting.

Sensitivity analysis

The sensitivity analysis shows that the three parameters of the estimation have different impacts on the result (Table 2). The number of total 
candidates modifies the result on the same proportion of its own change. For example, a 10% decrease in the MBC incidence, in the propor-
tion of HR+HER2- and in the proportion of premenopausal patients all have the effect of a 10% decrease in the result of premature deaths 
avoided. The estimated median OS for the control group has little effect on the result. The hazard ratio for survival between treatments has 
the highest impact on the result. Therefore, we also applied the original confidence interval of the hazard ratio from the Monaleesa-7 trial 
(0.54–0.95) to evaluate its impact on the result.

Discussion

It is essential to recognise that the consequences of depriving a significant proportion of patients of effective therapy can be estimated. We 
demonstrate that lack of access to ribociclib will be responsible for a significant number of premature deaths of young women with MBC in 
Brazil. 

Figure 2. Estimated annual incidence of MBC in Brazil according to molecular subtype and menopausal status.
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Table 1. Difference in the number of patients alive in each group as a function of the year of follow-up.
Year Ribociclib Control Difference Net effect in the last 12 months

1 3.717 3.504 213 213
2 3.217 2.859 358 145
3 2.785 2.333 452 94
4 2.410 1.904 507 55
5 2.086 1.553 533 26
6 1.805 1.267 538 5

Estimate of the survival curves for the ribociclib and the control groups. We considered a fixed HR and mortality monthly rates for both groups over time 
After the 72nd month, the difference between groups starts to decrease. Therefore, we consider that at this point we can see the maximum effect of Ribo-
ciclib on preventing premature deaths (Column 1 represents the number of surviving patients in the ribociclib plus ET treatment arm; Column 2 represents 
the number of surviving patients in the ET alone arm; Column 3 is the difference of the number of surviving patients between the two groups and Column 
4 represents the number of premature deaths avoided in the last 12 months).

Table 2. Sensitivity analysis.

Sensitivity analysis  Result if  

Variable Estimated 10% increase 10% decrease

Candidates 18.920 592 485

Hazard ratio 0.71 390 702

mOS for control group (months) 40,9 539 538

Variable Estimated Upper bound Lower bound

Hazard Ratio 0,71 81 959

Sensitivity analysis on the estimated parameters to evaluate how changes in their values modify the result. The estimation’s parameters are (i) the total 
candidates to receive Ribociclib (constituted by MBC incidence, the proportion of HR+HER2- and the proportion of premenopausal patients); (ii) the me-
dian overall survival of the control group and (iii) the hazard ratio for survival rates between Ribociclib and the control group.

Continuous and progressive improvement in the understanding of the complexity and heterogeneity of MBC has led to clinical trials explor-
ing treatment strategies directed to specific subgroups of the disease. As a consequence, recently reported trials in all three major subtypes 
of MBC (HER2-positive, TN and HR-positive) have resulted in statistically significant and clinically meaningful benefits in OS [17–19]. Even 
though the disease remains mostly incurable, these advances consistently and reproducibly extend the survival of patients with metastatic 
disease while preserving their quality of life. Accordingly, major international guidelines have changed standard therapy recommendations 
for these patients [20, 21]. 

In patients with HR-positive HER2-negative MBC, guidelines recommended ET instead of cytotoxic chemotherapy, with the exception of 
cases presenting with visceral crisis or clear endocrine resistance [21]. In the last few years, a series of randomised clinical trials established 
the use of CDK4/6i in combination with an endocrine agent as the first-line treatment for RH+ MBC [21] Most of the trials with these agents 
have focused in the postmenopausal population. However, the MONALEESA-7 trial addressing specifically pre- or peri-menopausal patients 
clearly demonstrated a favourable outcome with the use of ribociclib with clinical and statistically significant gains in PFS and OS [8, 13].

Nonetheless, the ultimate goal of clinical research should be to improve outcomes in routine clinical practice affecting a much broader popu-
lation of patients than those participating in research experiments. Recognising that controlled clinical trials necessarily require the inclusion 
of selected patient populations with very specific characteristics, translation of the results to the broader group of unselected patients we see 
in routine clinical practice remains a major objective. Arguably, in this very specific scenario, access to new drugs and technologies remains 
a fundamental barrier to achieve his objective.
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Even though the access issue is of particular concern from a global perspective [22], it is particularly worrisome in LMIC where we encounter 
most of the patients with the disease and where most of the mortality is seen. A starting point, while addressing this challenge, is to assess 
the size of the problem.

We have estimated that Brazil has a total prevalence of 46.642 MBC women including all subtypes [12]. National income per capita is close 
to US$ 10,000, approximately one-sixth of the US and one-fourth of other high-income countries in Europe (Germany, France and the United 
Kingdom) [23]. Even though having universal coverage, the Brazilian health care system faces significant fragmentation, regional heterogene-
ities and resource limitations, with a very low relative expenditure on health (3.9% of GDP). Furthermore, government expenditure represents 
only 42% of the total health expenses. In this context, the introduction of costly new technologies represents a particular challenge. This 
problem can be identified in both the public and private health care scenarios [2].

The MONALEESA-7 7 trial included peri- and premenopausal patients with HR-positive, HER2-negative MBC [8]. We estimate an annual 
incidence of 4.295 patients with these characteristics in Brazil. The particular impact of the disease in this population has been clearly docu-
mented. Being a younger population, they have many more years of potential life lost with this incurable disease [24]. Premature deaths in 
this population affect women at the age of maximum productivity and income generation [25]. Furthermore, in view of their roles as mothers, 
wives and daughters, the direct impact of the disease and death of these young women in their family structure is colossal and cannot be 
easily measured [26]. Therefore, besides specific disease management needs, this population requires psychological and socio-economical 
support to address the full consequences of their illness. 

Lack of access to innovative therapies in cancer care remains one of the most challenging issues in global oncology and has important implica-
tions for both patients and health care systems. In this analysis, we demonstrate that lack of access to ribociclib for peri- and pre-menopausal 
patients with HR-positive, HER2-negative MBC is associated with a significant number of premature deaths every year. That is, in the transla-
tion of trial results to clinical practice, lack of access results in patients dying sooner than they should. Furthermore, the lack of ribociclib for 
this population also results in a shorter PFS and consequently earlier introduction of chemotherapy with clear implications for quality of life. 

Our analysis has limitations we need to address. We estimated the proportion of premenopausal patients and those presenting with de novo 
metastatic disease based on the results of the AMAZONA-I study. Moreover, other large Brazilian and international epidemiological studies 
and SEER data suggest reliability of our estimations [4, 9, 10, 12, 27, 28]. Furthermore, the extrapolation of clinical trial results to the general 
population remains a challenging exercise. Different patient characteristics as well as different management practices may impact the results. 
In the absence of more definitive real-world data on the use of ribociclib in premenopausal patients, we based our analysis on the efficacy 
results from the clinical trial. Additionally, we need to acknowledge that the access to ribociclib for premenopausal patients with advanced 
breast cancer is currently very low but our calculation was based on a scenario where no women with this indication in Brazil would have 
access for this drug. Furthermore, we use the assumption that all premenopausal patients with ER+ HER2- MBC would be good candidates 
for ribociclib therapy, when we know that is not always the case since a proportion of patients would be ineligible for CDK4/6 therapy due 
to a variety of factors, including but not only limited to impaired performance status or major organ dysfunction, whether disease-related or 
not. These limitations could potentially be associated with an overestimation of the number of premature deaths in our analysis. Therefore, 
we conducted a sensitivity analysis to evaluate how changes in factors such as number of candidates would modify the results.

Lack of access to optimal therapeutic strategies does have significant and potentially measurable consequences that can be estimated and 
impact the lives of patients. Here, we focus on one specific scenario and demonstrate the implications in terms of premature deaths. How-
ever, it is important to recognise that this is not only true for ribociclib in pre-menopausal HR-positive MBC patients but also applies to other 
therapeutic strategies and scenarios. In previous work from our group, we showed that delays in regulatory approval or access restrictions do 
have a significant impact on outcomes of HER2-positive MBC that can be easily estimated [27]. For patients with HER2-positive MBC, the 
lack of access to trastuzumab plus pertuzumab is associated with premature deaths of a significant number of these women [27].

Limited access to timely diagnosis, affordable and effective treatment and high-quality care are just some of the factors that result in 
observed disparities in cancer survival between countries and within countries [22]. While the complexity of the situation and the multiple 
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factors involved are recognised, the oncology community needs actively participate in the development of feasible strategies to address 
possible solutions to the problem of access to innovative cancer therapies [2]. A clear and unbiased diagnosis of the situation is a good start-
ing point. Potential strategies to address the access problem have been discussed elsewhere and include approaches to decreasing cancer 
medicine costs, optimising regulation and improving clinical research initiatives [2, 22, 28, 29]. Research participation, with all its caveats, 
is a practical solution that helps speeding drug development, fostering access and lowering the cost of drug development. The continuous 
support of clinical research in LMICs will certainly result in a very positive impact on cancer care [30]. 

Conclusion

Lack of access to innovative cancer therapies, like CDK4/6i, is associated with a significant number of premature deaths of MBC patients. 
Recognising the complexity of the situation and the multiple factors that impact this scenario, the development of achievable solutions to the 
problem of drug access remains an unmet need. As demonstrated here, significant numbers of lives are at stake. In our view, only a combined, 
focused and concerted effort involving all stakeholders will be able to advance the discussion and creatively generate the urgent solutions 
our patients demand.  

Funding declaration

The authors declare that this publication does not have any specific financial disclosure and that there was no funding involved in this 
research.

Conflicts of interest

• Tomás Reinert: 
 ◦ Speaker honoraria: Novartis, AstraZeneca, Pfizer, Libbs, Lilly, Pierre Fabre
 ◦ Consulting or advisory role: AstraZeneca, Lilly, Novartis
 ◦ Research funding: AstraZeneca

• Rodrigo Pellegrino: none
• Carlos Henrique Barrios: 

 ◦ Stock and other ownership interests: Biomarker, MedSIR, Tummi
 ◦ Speaker honoraria: Novartis, Roche/Genentech, Pfizer, GlaxoSmithKline, Sanofi, Boehringer Ingelheim, Eisai 
 ◦ Consulting or advisory role: Boehringer Ingelheim, Roche/Genentech, Novartis, GlaxoSmithKline, Eisai, Pfizer, AstraZeneca, Libbs, 

MSD Oncology, United Medical 
 ◦ Research funding: Pfizer, Novartis, Amgen, AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline, Roche/Genentech, Lilly, Sanofi, 

Taiho Pharmaceutical, Mylan, Merrimack, Merck, AbbVie, Astellas Pharma, Biomarin, Bristol-Myers Squibb, Daiichi Sankyo, 
Abraxis BioScience, AB Science, Asana Biosciences, Medivation, Exelixis, ImClone Systems, LEO Pharma, Millennium, Janssen, 
Atlantis Clinica, INC Research, Halozyme, Covance, Celgene, inVentiv Health 

 ◦ Travel, accommodations, expenses: Roche/Genentech, Novartis, Pfizer, BMS Brazil, AstraZeneca, MSD Oncology

https://doi.org/10.3332/ecancer.2020.1081


Re
se

ar
ch

ecancer 2020, 14:1081; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1081 8

References

 1. Goss PE, Lee BL, and Badovinac-Crnjevic T, et al (2013) Planning cancer control in Latin America and the Caribbean Lancet Oncol 14(5) 
391–436 https://doi.org/10.1016/S1470-2045(13)70048-2 PMID: 23628188

 2. Barrios CH, Reinert T, and Werutsky G (2019) Access to high-cost drugs for advanced breast cancer in Latin America, particularly 
trastuzumab Ecancermedicalscience 13 898 https://doi.org/10.3332/ecancer.2019.898 PMID: 30792815 PMCID: 6372298

 3. Addison CL, Simos D, and Wang Z, et al (2017) Access to oncology drugs in brazil: juggling innovation and sustainability in developing 
countries Breast [Internet] 15(1) 199–216 http://dx.doi.org/10.1158/0008-5472.CAN-15-2357

 4. Franzoi MA, Rosa DD, and Zaffaroni F, et al (2019) Advanced stage at diagnosis and worse clinicopathologic features in young women 
with breast cancer in Brazil: a subanalysis of the AMAZONA III study (GBECAM 0115) J Glob Oncol 5 1–10 PMID: 31730380 PMCID: 
6882517

 5. Reinert T and Barrios CH (2017) Overall survival and progression-free survival with endocrine therapy for hormone receptor-positive, 
HER2-negative advanced breast cancer: review Ther Adv Med Oncol 9(11) 693–709 https://doi.org/10.1177/1758834017728928

 6. Harbeck N, Penault-Llorca F, and Cortes J, et al (2019) Breast cancer Nat Rev Dis Prim 5(1) 66 https://doi.org/10.1038/s41572-019-
0111-2 PMID: 31548545

 7. Cruz M, Reinert T, and Cristofanilli M (2018) Emerging innovative therapeutic approaches leveraging cyclin-dependent kinase inhibi-
tors to treat advanced breast cancer Clin Pharmacol Ther 103(6) 1009–1019 https://doi.org/10.1002/cpt.965

 8. Im S-A, Lu Y-S, and Bardia A, et al (2019) Overall survival with ribociclib plus endocrine therapy in breast cancer N Engl J Med 381(4) 
307–316 https://doi.org/10.1056/NEJMoa1903765 PMID: 31166679

 9. Simon SD, Bines J, and Werutsky G, et al (2019) Characteristics and prognosis of stage I-III breast cancer subtypes in Brazil: the AMA-
ZONA retrospective cohort study Breast 44 113–119 https://doi.org/10.1016/j.breast.2019.01.008 PMID: 30738289

 10. Barrios CGW (2016) Abstract P6-16-04: real world data and patterns of care of metastatic breast cancer (MBC) in Brazil: first results 
of LACOG 0312 retrospective study Cancer Res 77(4)

 11. Werutsky GRRCB (2019) Generating real world data of breast cancer in Brazil: validation of Amazona III results with cancer regestries 
Brazilian J Oncol 15(Suppl 1) 1–93

 12. Reinert T, Pelegrinni R, and Rol R, et al (2020) Estimation of the number of Brazilian women living with metastatic breast cancer JCO 
Glob Oncol 6 PMID: 32109156 PMCID: 7051793

 13. Tripathy D, Im S-A, and Colleoni M, et al (2018) Ribociclib plus endocrine therapy for premenopausal women with hormone-receptor-
positive, advanced breast cancer (MONALEESA-7): a randomised phase 3 trial Lancet Oncol 19(7) 904–915 https://doi.org/10.1016/
S1470-2045(18)30292-4 PMID: 29804902

 14. Clark TG, Bradburn MJ, and Love SB, et al (2003) Survival Analysis Part I: basic concepts and first analyses Br J Cancer 89(2) 232–238 
https://doi.org/10.1038/sj.bjc.6601118 PMID: 12865907 PMCID: 2394262

 15. Snapinn S and Jiang Q (2011) On the clinical meaningfulness of a treatment’s effect on a time-to-event variable Stat Med 30(19) 
2341–2348 https://doi.org/10.1002/sim.4256 PMID: 21520457

 16. Sashegyi A and Ferry D (2017) On the interpretation of the hazard ratio and communication of survival benefit Oncologist 22(4) 484–
486 https://doi.org/10.1634/theoncologist.2016-0198 PMID: 28314839 PMCID: 5388384

 17. Baselga J, Cortes J, and Kim S-B, et al (2012) Pertuzumab plus trastuzumab plus docetaxel for metastatic breast cancer N Engl J Med 
366(2) 109–119 https://doi.org/10.1056/NEJMoa1113216

https://doi.org/10.3332/ecancer.2020.1081
https://doi.org/10.1016/S1470-2045(13)70048-2
http://www.ncbi.nlm.nih.gov/pubmed/23628188
https://doi.org/10.3332/ecancer.2019.898
http://www.ncbi.nlm.nih.gov/pubmed/30792815
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6372298
http://www.ncbi.nlm.nih.gov/pubmed/31730380
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6882517
https://doi.org/10.1177/1758834017728928
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1038/s41572-019-0111-2
http://www.ncbi.nlm.nih.gov/pubmed/31548545
https://doi.org/10.1002/cpt.965
https://doi.org/10.1056/NEJMoa1903765
http://www.ncbi.nlm.nih.gov/pubmed/31166679
https://doi.org/10.1016/j.breast.2019.01.008
http://www.ncbi.nlm.nih.gov/pubmed/30738289
http://www.ncbi.nlm.nih.gov/pubmed/32109156
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7051793
https://doi.org/10.1016/S1470-2045(18)30292-4
https://doi.org/10.1016/S1470-2045(18)30292-4
http://www.ncbi.nlm.nih.gov/pubmed/29804902
https://doi.org/10.1038/sj.bjc.6601118
http://www.ncbi.nlm.nih.gov/pubmed/12865907
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2394262
https://doi.org/10.1002/sim.4256
http://www.ncbi.nlm.nih.gov/pubmed/21520457
https://doi.org/10.1634/theoncologist.2016-0198
http://www.ncbi.nlm.nih.gov/pubmed/28314839
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388384
https://doi.org/10.1056/NEJMoa1113216


Re
se

ar
ch

ecancer 2020, 14:1081; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1081 9

 18. Sledge GWJ, Toi M, and Neven P, et al (2020) The effect of abemaciclib plus fulvestrant on overall survival in hormone receptor-posi-
tive, ERBB2-negative breast cancer that progressed on endocrine therapy-MONARCH 2: a randomized clinical trial JAMA Oncol 6(1) 
116–124 https://doi.org/10.1001/jamaoncol.2019.4782

 19. Schmid P, Rugo HS, and Adams S, et al (2020) Atezolizumab plus nab-paclitaxel as first-line treatment for unresectable, locally advanced 
or metastatic triple-negative breast cancer (IMpassion130): updated efficacy results from a randomised, double-blind, placebo-con-
trolled, phase 3 trial Lancet Oncol 21(1) 44–59 https://doi.org/10.1016/S1470-2045(19)30689-8

 20. Goetz MP, Gradishar WJ, and Anderson BO, et al (2019) NCCN guidelines insights: breast cancer, version 3.2018 J Natl Compr Canc 
Netw 17(2) 118–126 https://doi.org/10.6004/jnccn.2019.0009 PMID: 30787125

 21. Cardoso F, Senkus E, and Costa A, et al (2018) 4th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 
4)dagger Ann Oncol Off J Eur Soc Med Oncol 29(8) 1634–1657 https://doi.org/10.1093/annonc/mdy192

 22. Cortes J, Perez-Garcia JM, and Llombart-Cussac A, et al (2020) Enhancing global access to cancer medicines CA Cancer J Clin 70(2) 
105–124 https://doi.org/10.3322/caac.21597 PMID: 32068901

 23. World Bank (2018) GDP per capita (current US$). World Development Indicators 

 24. Ekwueme DU, Guy GP, and Rim SH, et al (2014) Health and Economic Impact of Breast Cancer Mortality in Young Women, 1970–2008 
Am J Prev Med 46(1) 71–79 https://doi.org/10.1016/j.amepre.2013.08.016

 25. Modigliani F (2014) The life cycle hypothesis of saving , the demand for wealth and the supply of capital Soc Res (New York) 33(2) 
160–217

 26. Oláh LS, Kotowska IE, and Richter R (2018) The new roles of men and women and implications for families and societies A Demographic 
Perspective on Gender, Family and Health in Europe (Cham: Springer International Publishing) pp 41–64

 27. Debiasi M, Reinert T, and Kaliks R, et al (2016) Estimation of premature deaths from lack of access to anti-her2 therapy for advanced 
breast cancer in the Brazilian public health system J Glob Oncol 3(3) 201–207 https://doi.org/10.1200/JGO.2016.005678

 28. Agrawal A, Hannon RA, and Cheung K-LL, et al (2017) Can we continue to afford cancer treatment? J Clin Oncol [Internet] 18(3) 114–
119 http://dx.doi.org/10.1038/onc.2016.382

 29. Lopes G de LJ, de Souza JA, and Barrios C (2013) Access to cancer medications in low- and middle-income countries Nat Rev Clin Oncol 
10(6) 314–322 https://doi.org/10.1038/nrclinonc.2013.55

 30. Barrios CH, Reinert T, and Werutsky G (2018) Global breast cancer research: moving forward Am Soc Clin Oncol Educ book Am Soc Clin 
Oncol Annu Meet (38) 441–450 https://doi.org/10.1200/EDBK_209183

https://doi.org/10.3332/ecancer.2020.1081
https://doi.org/10.1001/jamaoncol.2019.4782
https://doi.org/10.1016/S1470-2045(19)30689-8
https://doi.org/10.6004/jnccn.2019.0009
http://www.ncbi.nlm.nih.gov/pubmed/30787125
https://doi.org/10.1093/annonc/mdy192
https://doi.org/10.3322/caac.21597
http://www.ncbi.nlm.nih.gov/pubmed/32068901
https://doi.org/10.1016/j.amepre.2013.08.016
https://doi.org/10.1200/JGO.2016.005678
https://doi.org/10.1038/nrclinonc.2013.55
https://doi.org/10.1200/EDBK_209183


Re
se

ar
ch

ecancer 2020, 14:1081; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2020.1081 10

Appendix

Distribution

As a function of time, x, the event-free (survival, in this case) rates are

 When,
 r = Hazard Ratio
	    =	Monthly	hazard	rate
 x = Time (in months)

Therefore, the benefit of the experimental treatment, as a function of time, is the difference between these rates, or .

For the estimate of the monthly hazard rate, we used the median overall survival in the control group of the Monaleesa-7 as our base (40.9 
months).

Applying this result to the equation, we get that,

Maximum benefit

To determine the point of maximal separation of the survival curves(16), note that this is given by the solution to the equation of the first 
derivative of the Ribociclib survival minus the control group survival equals zero -> 

Then, 

Annual premature deaths avoided

It can be said that the maximum benefit of one treatment is equal to the annual number of premature deaths avoided. We must, however, 
assume that the incidence, the monthly hazard rate and the hazard ratio are constant during the period of analysis. 

Here we explain:

The maximum benefit of Ribociclib, as showed above, is seen at the end of the sixth year. In this time point, 538 premature deaths are 
avoided in the cohort that receives Ribociclib (1.108 versus 1.267). However, we can say that this is the annual effect of Ribociclib in avoid-
ing premature deaths if we consider that each year there are patients of different years of diagnosis (we may say different cohorts by year of 
diagnosis). 

For example, assume that:

There are 6 cohorts of patients (2020, 2021, 2022, 2023, 2024 and 2025);

Incidence, monthly hazard rate and hazard ratio are fixed;

We are analysing data in 2026.
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Table supplementary material. Survival curves for Ribociclib and Control.

Number of patients alive    

Month Ribociclib Control Difference

Net effect in the last  
12 months

(Difference year(n) –  
Difference year(n-1))

0 (diagnosis 2026) 4.294 4.294 0 0

12 (diagnosis 2025) 3.717 3.504 213 213

24 (diagnosis 2024) 3.217 2.859 358 145

36 (diagnosis 2023) 2.785 2.333 452 94

48 (diagnosis 2022) 2.410 1.904 507 55

60 (diagnosis 2021) 2.086 1.553 533 26

72 (diagnosis 2020) 1.805 1.267 538 5

In 2026, the cohort 2020 would have avoided, during the last 12 months, the premature death of 5 patients, since they are in the 72nd 
months of follow-up.

The cohort 2021, 26.

The cohort 2022, 55.

The cohort 2023, 94.

The cohort 2024, 145.

The cohort 2025, 213.

If we sum (5+26+55+94+145+213), the result is 538. 

It is important to be noted that we used only 6 years because, after the 72nd month of follow-up, the difference in survival in the cohort of 
Ribociclib minus the control starts to decrease. It means that there cannot be seen anymore the effect of premature deaths avoided. 

Example for the year of 2027:

Number of Patients Alive    

Month Ribociclib Control Difference

Net effect in the last  
12 months

(Difference year(n) –  
Difference year(n-1))

0 (diagnosis 2027) 4.294 4.294 0 0

12 (diagnosis 2026) 3.717 3.504 213 213

24 (diagnosis 2025) 3.217 2.859 358 145

36 (diagnosis 2024) 2.785 2.333 452 94

48 (diagnosis 2023) 2.410 1.904 507 55

60 (diagnosis 2022) 2.086 1.553 533 26

72 (diagnosis 2021) 1.805 1.267 538 5

84 (diagnosis 2020) 1.562 1.034 528 -5 

With this example of 2027, we explain that the effect of avoiding premature deaths cannot be seen anymore, since there is a negative net 
effect of cohort 2020. This is the importance of considering the premature deaths, since MBC is not a curable disease.
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