Dear Editor,

Thank you and the respected reviewers for your precious input in reviewing our paper and
providing valuable comments. Your valuable and insightful comments led to possible
improvements in the current version. We have carefully considered the comments and tried
our best to address each of them. We hope the manuscript after careful revisions meet your

high standards. The authors welcome further constructive comments if any.

Below we provide the point-by-point responses in blue. All modifications in the manuscript

have been highlighted in red.

Sincerely,

Prof. Mohamed I1zham Mohamed Ibrahim
Professor of Social and Administrative Pharmacy,
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Response to Reviewer #1 Comments:

Language: The paper is well-written and understandable. | have no major concerns about the
English style.

Thank you so much. We appreciate your thoughts.

There is a disproportion between introduction and discussion. In my opinion, the introduction
should be shortened as some information is repeated in the discussion- mostly in the second
paragraph of the introduction. Its sufficient to leave this data in the discussion, in the
introduction only short information will be efficient.

Thank you so much. We have omitted some of the data mentioned in paragraph 2 related to
the study settings and detailed conclusions of each study and deferred them to the discussion

as suggested. Please let us know if you think we need to provide further modifications.

In the introduction, the actual place of CDK4/6 inhibitors in breast cancer treatment is not
precisely specified. Provide information about visceral crisis / use of chemo vs. CDK4 / 6
inhibitors, etc.

Thank you so much. To address your comment, we have added more information in lines 45

to 50, highlighted in red. We hope this answers your concern.



Please add in the conclusion section some indications for clinicians that are the result of your
study.

Thank you so much. We appreciate your thoughts. We have already included this in the
current version and re-highlighted it for your kind consideration, as you can see in red in lines

419 - 420.

In line 99 please explain what the Gulf countries are as it is not obvious for everybody
Thank you so much for your comment. We have included an explanation for the Gulf

countries in lines 100 and 102, as highlighted in red.

In the tables, please avoid abbreviations or explain all of them below the tables.
Thank you so much. We appreciate your comment. To address it, we have visited each of the
tables and explained each of the abbreviations under the tables, as highlighted in red. We

hope this answers your concern.

Conclusions: In my opinion, the article deserves publication.
Thank you so much for your time and efforts in reviewing our manuscripts. We appreciate
your thoughts and valuable input and hope it meets your expectations now after the

implemented modifications!



Response to Reviewer #2 Comments:

The economic evaluation is interesting and appears competently performed. However, | do
have some concerns, mainly about the presentation.
Thank you so much. We appreciate your thoughts. We will try our best to address your

concerns as below.

The title sets out the comparison of palbociclib to ribociclib. However, the wording in the
text is not as clear in terms of the comparison as in the title. See for example the aim where it

is not obvious to the reader what the intervention and the alternative is.

Thank you so much for your comment. To address it, we have reworded the aim for more

clarity, as you can see in line 105 onwards (highlighted in red in the manuscript).

A negative ICER cannot be interpreted and should not be calculated. | suggest that the
authors either settles for presenting the incremental cost and benefits and concluding that
ribociclib dominates Palbociclib, or uses the “net benefit” approach instead of the ICER.
Thank you so much. We really appreciate your comment. Therefore, we will still present
ICERSs with “dominant” and “dominated” terms. You will find it adjusted all over the text

and highlighted in red.



P2, lines 81-83: The authors state that the results in prior research varies over settings and
perspectives. Then the authors should state the perspectives of the prior.

Thank you so much for your comment. We have already stated the detailed perspectives of
the existing studies while discussing them since it was more relevant to be mentioned there.

We have highlighted them in red for reference on lines: 342, 347, and 352.

I think the model could use a bit more explanation to help readers that are not experts on
breast cancer. For example, why is there no path to cured/healthy, what does “progression
free disease” actually mean, where does the costs occur (in 1, 2 or both 1 and 2), why is the
costs so much lower for PD and why is there no difference between the drugs (this is
mentioned later in the article), what is the effectiveness outcome? Etc.

Thank you so much. We really appreciate your thoughts and, accordingly, have added more
details to our model explanation section to make it informative, as you can see highlighted in
red in lines 123 — 129 regarding the definition of each health state, line 133 regarding why
there is no path for healthy/cured, and lines 112 — 113 representing the effectiveness
outcomes. Regarding the no. of differences PD between drugs, this is because of the fact that
a patient is managed according to progression type once a progression is developed, not
according to the type of CDK4/6 inhibitor she received. This is elaborated more in the text in

lines 191 to 194 (marked in red).

Table 2 includes information both relevant to the method and the results. If anything, it
should be in the result section (currently method section), but be sure to explain in the

method section how you vary the parameters in the sensitivity analyses (both deterministic



and probabilistic) — this is currently not done.

Thank you so much. We really appreciate your comments. Regarding table 2, we have
removed the last column that included the results and replaced it with a column that includes
the source of boundaries in the sensitivity analysis (highlighted in red). We have added table
5 instead to explain the results (highlighted in red starting from line 70). Regarding the
variation of parameters, we have added further elaboration in the sensitivity analysis section,
as highlighted in red (lines 205 — 207 for the deterministic SA, and lines 213 — 216 for PSA).

We hope this answers your concern.

The text on page 6 (between tables 2 and 3) is hard to follow and should be rewritten for
clarity. Also, the last sentence precedes the results.

Thank you so much. We really appreciate your thoughts. To clarify it, we have reworded it.
Please check it again in lines 212 — 219 and let us know if we need further modifications for

better quality.

In the first paragraph in the result section, the authors calculate the average cost-effectiveness
ration (cost/QALY) and compare this to the threshold. However, this is actually a comparison
to a zero cost/zero effect alternative (i.e., immediate death), which is not a relevant
alternative and therefore an inappropriate comparison. This should be excluded.

Thank you so much. Actually, upon reviewing your comment, we have removed this
comparison as it is misleading, and it is the ICER that should be compared to the WTP

threshold. Thank you for drawing our attention to this.



Figure 2: | see no point to this graph, and it can be removed. In addition, it is inappropriately
scaled in a way to exaggerate the difference between the drugs.
Thank you so much. We really appreciate your thoughts, and we have removed it upon

revision.

P8, this is better presented in a table (Table 2) — but with “dominating” instead of negative
ICER (if that indeed is the interpretation).
Thank you so much. Done, and table 5 was added accordingly.

NB: Now page 9 after implementing the edits of reviewers #1 and #2.

I think the tornado diagram using net monetary benefit is a much better choice than ICER
(you should consider excluding figure 3). But | don’t understand who the NMB is calculated.
Given that the highest CIER I can see is 198k and with a threshold value of 576k, | cannot
see how you could have gotten negative NMB. (NMB = (incremental benefit * threshold
value) — incremental cost). Presumably, you have turned it around, but then it is unclear why
at least one scenario give a positive NMB — but | guess it is possible the incremental costs

could be high enough to give this result, but please clarify.

Thank you so much. We really appreciate your comment and understand where the concern
comes from. However, regarding the calculations of NMB, we did not do it as it was not one
of the objectives of this analysis. We just thought it would be good to have it represented in
the Tornado diagram to give more clarification which is an automatic option provided by
TreeAge Pro® using the same model inputs. We assume that one of the scenarios at least

gave a negative outcome depending on the variation cost, as you assumed. But we cannot



elaborate too much on this point because it might be outside the research scope. So we are
still willing to keep the tornado diagram represented in figure 3 previously (figure 2 now).
Alternatively, if you think the presence of NMB in this manuscript may be a source of
confusion, we can omit figure 3 (figure 4 previously) if you think it would be more

appropriate.

As Figure 6 is based on Figure 5 (as | understand it), Figure 5 can be excluded. In Fig 6, |
don’t understand the WTP line. Shouldn’t this be the threshold line, i.e., what society is
willing to pay per QALY. If so, it should go through the coordinates for 576k and 12 months,
but it doesn’t. So what is it and how it is related to conclusion about cost-effectiveness?
Potentially related to this (unclear) is the colour coding in Fig 6. What does it mean? Is it
scenarios where one drug is considered to be preferable to the other? If so, it appears it is
based on the wrong threshold.

Thank you so much. We really appreciate your concern. As for figure 5, we agree with your
recommendation and have excluded it accordingly. Regarding figure 6 (now 4 after excluding
2 figures based on your valuable review), as we elaborated in the caption, green dots
represent ribociclib, and red dots represent palbociclib. The aim of this figure is to illustrate
the scenario distribution in terms of costs (Y-axis) and effectiveness (X-axis). The WTP
threshold line is to give more illustration, but it is not the major thing. As you can see, the
figure is divided into 4 quarters, and the scenarios are explained in terms of these 4 quarters.
This was also explained in the text but re-highlighted again in red for your consideration;

Lines 306 to 310.



Last sentence in the abstract states that “ribociclib is considered more cost-effective
compared to palbociclib”. Since the comparison is explicit, the “more” here would refer to a
comparison to another cost-effectiveness ratio. And since there is no other comparison being
made, it is correct in this article to drop the “more” from the sentence. The same issue
reappears in several places in the article (more/less) and should be changed accordingly.
Thank you so much for your comment. Upon reviewing it, we found it valid and we have re-

visited the manuscript and dropped these words, and reworded it for clarity.

P. 2, lines 58-60: Incomplete sentence.

Thank you so much! Done.

P2, lines 62-63: “existing” not “existed”. Also at the end of the page.

Thank you so much! Done.

Regarding all graphs: there is no need to have decimals on the costs, it should be stated in the
graphs what the effectiveness is (not just “effectiveness”), the variables names should be
readable and meaningful (see 3 and 4).

Thank you so much for your comment. Regarding the decimals, unfortunately, we could not
change them since it is an original graph generated by TreeAge Pro® and this is how they
format it. Regarding the variables, we agree with your point. Still, since it is a graph and only

limited characters are allowed by variable, we have added an explanation downside to the



graphs regarding each of the variables’ abbreviations for clarity — highlighted in red in lines

276 — 285 and lines 290 to 299.

It’s base-case, not case-base.

Thank you so much! Done; changed all over the text.

P12, lines 347-348: “we relied [...] to rely”
Thank you so much for drawing our attention. Rewarded to “we used a predesigned source of
data to rely on for our economic analysis...” as can be seen in the highlighted lines 372 (lines

numbering changed after making the previous changes).
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Abstract: Palbociclib and ribociclib are indicated in the first-line treatment of hormonal-receptor-
positive HER-2 negative (HR+/HER-2 negative) advanced breast cancer. Despite their clinical bene-
fit, they can increase healthcare expenditure. Yet, there are no comparative pharmacoeconomic eval-
uations for them in developing countries, the Middle East, or Gulf countries. This study compared
the cost-effectiveness of palbociclib and ribociclib in Qatar. A 10-year within-cycle corrected Mar-
kov’s model was developed using TreeAge Pro® software. The model consisted of three main
health states: progression-free (PES), progressed-disease (PD), and death. Costs were obtained from
the actual hospital settings, transition probabilities were calculated from individual-patient data,
and utilities were summarized from the published literature. Incremental cost-effectiveness ratio
(ICER) and incremental cost-utility ratio ICUR) were compared to three gross-domestic-products
per capita. Deterministic and probabilistic sensitivity analyses were performed. Ribociclib domi-
nated palbociclib in terms of costs, life-years gained, and quality-adjusted life-years gained. The
conclusions remained robust in the different cases of the deterministic sensitivity analyses. Taking
all combined uncertainties into account, the confidence in the base-case conclusion was approxi-
mately 60%. Therefore, in HR+/HER-2 negative stage IV breast cancer patients, the use of ribociclib
is considered cost-saving compared to palbociclib.

Keywords: Cyclin-dependent-kinase 4/6 inhibitors; advanced breast cancer; cost-effectiveness; cost-
utility; cost-saving

1. Introduction

Breast Cancer is one of the most common non-communicable diseases worldwide
ranking second amongst all cancers with a total estimated number of 627,000 deaths (6.2%
of the total cancer-related deaths and 15% in women'’s cancer-related deaths) in 2018 [1,2].
Stage IV breast cancer, including advanced breast cancer (ABC) and metastatic breast can-
cer (MBC), is challenging due to being incurable with low survival rates [3]. The majority
of stage IV patients are observed to be hormone receptor-positive (HR+)/human epider-
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mal receptor 2-negative (HER2-) [4]. For these patients, there are several first-line treat-
ments depending on the patient’s case. Generally, endocrine therapy was considered the
mainstay first-line treatment for the majority of patients with HR+advanced breast cancer.
Chemotherapy can be also used as a first-line treatment for patients who have a life-threat-
ening disease or requires early relief of symptoms due to significant visceral organ in-
volvement endocrine [5]. Nonetheless, cyclin-dependent kinase 4 and 6 enzymes inhibi-
tors (CDK4/6 inhibitors) are relatively new class of medications, which were approved in
the first-line treatment alongside the endocrine therapy for HR+/HER-2 negative stage IV
breast cancer patients after proving their clinical superiority compared to endocrine mon-
otherapy [5]. To date, there are three CDK4/6 inhibiting agents approved by the Food and
Drug Administration (FDA): palbociclib, ribociclib, and abemaciclib [6]. CDK4/6 inhibi-
tors are expensive, and they need frequent close monitoring due to their side effects,
which include blood-related side effects (such as neutropenia, febrile neutropenia, throm-
bocytopenia, anemia, and leukopenia), heart-related side effects (such as affecting the QT
interval and induced abnormalities in electrocardiography), gastric side effects (such as
diarrhea and constipation), and generalized fatigue and neurological pain [7,8]. Therefore,
although CDK4/6 inhibitors were proven to add clinical benefit as per the available ran-
domized controlled trials and observational studies [9-16], they can increase healthcare
expenditure and healthcare costs. Thus, their use should be guided by reliable pharmaco-
economic evidence.

As for the pharmacoeconomic evidence, on one hand, to date, there are a few existing
comparative cost-effectiveness studies for the cost-effectiveness of palbociclib and ribo-
ciclib in stage IV HR+/HER2-negative breast cancer patients [17-21]. All of them con-
cluded that the treatment with ribociclib plus letrozole was cost-effective compared to
palbociclib plus letrozole, except for one study that concluded that both palbociclib plus
letrozole and ribociclib plus letrozole combinations are not cost-effective compared to let-
rozole monotherapy [19]. Of note, all of these evaluations have included only a single
combination with the treatment of interest, palbociclib plus letrozole versus ribociclib plus
letrozole, without taking any of the other FDA-indicated combinations into consideration
such as fulvestrant or tamoxifen. In addition, these analyses were based on secondary data
obtained from the phase III clinical trials which were mainly the MONALEESA-2 [9],
PALOMA-1 [16], and PALOMA-2 [12]. On the other hand, a recent 3-year cost-minimiza-
tion analysis from Russia using more real-world data has concluded that palbociclib is a
cost-saving option compared to ribociclib assuming equal clinical benefit [22]. Currently,
only one comparative cost-effectiveness analysis compared the three CDK4/6 inhibiting
agents in combination with fulvestrant in the USA [23]. It concluded that abemaciclib
was a cost-effective option than ribociclib, but less cost-effective than palbociclib [23].
Therefore, it can be concluded that the conclusion regarding the cost-effectiveness of
CDK4/6 inhibitors varies depending on the different settings and perspectives from which
the pharmacoeconomic analysis is carried out.

Qatar is an Arab country with a diverse population, where more than 80% of the
population is not Qatari and comes from different ethnicities [24]. In Qatar, breast cancer
remains challenging being the first common type of cancer accounting for 31% of the total
new cases of cancer in 2018 [25]. The healthcare system in Qatar is a nonprofit healthcare
system in which it is the main payer for healthcare services to all citizens and residents
[26]. Cancer care is mainly provided by the National Center for Cancer Care and Research
(NCCCR), which is the premier hospital for managing cancer in the state of Qatar and one
of the main hospitals under Hamad Medical Corporation [27]. For stage IV HR+/HER-2
negative breast cancer patients, CDK4/6 inhibitors are used in the treatment of these pa-
tients; however, it is only palbociclib and ribociclib that are authorized in the formulary
so far. Due to the nature of the healthcare system in Qatar where the government pays
100% of the cancer care on behalf of patients, and due to the fact that CDK4/6 inhibitors
can increase healthcare costs, it is important to have strong cost-effectiveness evidence to
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guide their optimal use. To date, there are no cost-effectiveness analyses comparing pal- 98

bociclib and ribociclib conducted in Qatar, nor in countries with similar healthcare sys- 99

tems and economic situations to Qatar such as the Gulf countries —the regional, intergov- 100
ernmental, political, and economic countries union comprising Bahrain, Kuwait, Oman, 101
Qatar, Saudi Arabia, and the United Arab Emirates, or the Middle East. The existing cost- 102
effectiveness analyses conducted worldwide may be misleading to be adopted to Qatar 103
due to the different perspectives, populations, and economic profiles. Therefore, this 104
study aims to compare the cost-effectiveness of palbociclib and ribociclib with their all 105
approved FDA combinations in stage IV HR+/HER-2 negative breast cancer females in the 106
state of Qatar, which can also serve as a guide for countries with similar healthcare and 107

economic profiles to Qatar. 108
2. Materials and Methods 109
2.1. Overview 110

A 10-year within-cycle-corrected Markov decision analytical model was developed 111
to estimate the overall costs, and effectiveness represented in life years gained, and qual- 112
ity-adjusted life years gained for the targeted population. The model was carried out from 113
the healthcare payer perspective, Hamad Medical Corporation- NCCCR. The incremental 114
cost-effectiveness ratio (ICER) was compared to a willingness-to-pay (WTP) threshold of 115
fewer than three times the national annual gross domestic product (GDP) per capita as 116
per the World Health Organization (WHO) for cost-effective interventions [28]. As are- 117
sult, a treatment regimen of an incremental cost of less than 576,150 QAR per QALY 118
gained is considered to be cost-effective and very cost-effective if it is less than 192,050 119
QAR per QALY, based on the Qatari GDP/ capita of 52,751 USD (1 USD =3.65 QAR, 2020 120
financial year) [29]. All costs and outcomes were discounted by an annual discounting 121
rate of 3.5%. 122

The model was composed of three health states: “progression-free disease’ which is 123
defined in this model as the length of time in months that a patient can live with breast 124
cancer while receiving palbociclib or ribociclib but without dying from tumor progression 125
or following adverse events of the treatment, ‘progressed disease’ which is the length of 126
time a patient can live with breast cancer after developing any increase in tumor size or 127
new development of lymphadenopathy or distant metastasis, and ‘death” which is the 128
absorbing state in this model. All patients were assumed to enter the model in the ‘pro- 129
gression-free disease’ state. The transition between the health states follows a unidirec- 130
tional transition way, where at the end of each cycle, a patient can stay in the same state 131
or move to the next state or move directly to death, with no back transition to the previous 132
state; this is due to the disease nature since stage IV breast cancer is not curable. The Mar- 133
kov cycle length is assumed to be one month since it is the normal evaluation for the event 134
development as per the clinical guidelines. A visualization of Markov’s model for this 135
study is illustrated in Figure 1. The model was developed and analyzed using the TreeAge 136
Pro 2020 ® software. 137
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Figure 1. Visualization of the Markov’s model implemented in the study with the state diagram and 139
their transitions” pathways. 140

2.2. Model Inputs 141

The model inputs included costs, transition probabilities between health states, and 142
effectiveness parameters (life months and utilities). These were estimated based on indi- 143
vidual patients’ data and based on published literature to feed the model as follows: 144

. Costs 145

The total direct medical costs per patient per month for each health state in each treat- 146
ment strategy were calculated based on individual patients” data inputs. The unit costs 147
were obtained from the department of accounting and finance in Hamad Medical Corpo- 148
ration based on the 2019/2020 financial year. All costs were calculated in the local cur- 149
rency, Qatar riyals (1 USD =3.65 QARs). For each of the two comparators, palbociclib, and 150
ribociclib, all cost components were analyzed based on the following components: drug 151
acquisition cost, combination drug acquisition cost, laboratory tests needed throughout 152
the treatment period [complete blood count (CBC), blood chemistry tests (comprehensive 153
metabolic panel, liver function test, magnesium and phosphorus levels), endocrinology 154
tests (25-hydroxyvitamin D, TSH receptor antibody, Follicle stimulating hormone, vita- 155
min B12), tumor markers and catechol amines (thyroglobulin, and carcinoembryonic an- 156
tigen, CEA), coagulation tests, and urine analysis test, clinical radiology costs [X-ray, ul- 157
trasound, mammogram, magnetic resonance imaging (MRI), computed tomography (CT), 158
and positron emission tomography scan (PET scan), and the bone density DEXA scan], 159
required cardiac procedure for the CDK4/6 inhibitors costs [electrocardiogram (ECG), and 160
echocardiogram], costs of the outpatient visits and hospitalization costs. 161

e  Effectiveness-based transition probabilities 162

The monthly transition probabilities were calculated from the real evidence of indi- 163
vidual patient data based on HR+/HER2- stage IV breast cancer patients who take, or were 164
taking, palbociclib or ribociclib from January 2016 to January 2020 at the NCCCR in Qatar. 165
Firstly, cumulative probabilities of each of the events of interest for the two comparators 166
were calculated based on Equation 1, where P is the probability and A is the event of 167
interest. Secondly, the cumulative probabilities were converted into a rate as per the below 168
Equation 2, where p is the cumulative probability, r is the rate, and ¢ is the time in years 169
[30]. Lastly, the rate was converted back to 1-month transition probability as per Equation 170
3 [30]. Therefore, three unique transition probabilities with two complementary ones for 171
each arm were generated as follows: monthly transition probability from PFS to PD, 172
monthly transition probability from PFS to death, their complementary probability of 173
staying in the PFS, monthly transition probability from PD to death, and its complimen- 174
tary monthly probability of staying PFs for both groups. All the transition probabilities, 175
utility values [31-33] and discounting rate [34] are summarized in Table 1. 176

Total number of cohort with event (A)

P (A) = 177
A) Total number of cohort

Equation 1. Cumulative probability of event (A) for a patient cohort 178
In(1-P
L) 179
t

Equation 2. Constant rate from probability 180
Time probability (A)=1—exp (-r t) 181

Equation 3. Fixed time probability 182
e  Utilities 183

Quality of life was used to investigate the impact of the quality of life (QoL) on every 184
additional year gained by the treatment of palbociclib and ribociclib to generate quality- 185
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adjusted life years (QALYs). QoL values were obtained from the published literature [31-
33]. QoL values for the ‘progression-free disease” health state were summarized from pub-
lished literature from findings from the PALOMA-2 trial for the palbociclib group [31],
and from the MONALEESA-3 trial for the ribociclib group [32]. For the “progressed dis-
ease’ health state, it was assumed that there was no difference in terms of the quality of
life between palbociclib and ribociclib. This assumption is based on the fact that when a
patient develops a progression, she is managed according to the same hospital guidelines
depending on the progression type she had and regardless of the CDK4/6 inhibiting drug
that she received before. Therefore, the same utility value of 0.45 was used as per a pub-
lished literature systematic review [33]. All utility values, and other model inputs, are
summarized in Table 1.
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Table 1. Inputs of the Markov’s model.

Model Input Value Minimum Maximum SD Source of Data
Costs/ Months (QAR)
PFS (Palbociclib) 11,628.5 7,477 4 14,316.4 - RWD
PFS (Ribociclib) 10,258.1 8926.4 11,054.2 - RWD
PD 2,942.6 1,893.9 4,118.3 - RWD
Utility Values
PFS (Palbociclib) 0.7507 0.7387 0.7627 - [31]
PFS (Ribociclib) 0.710 - - 0.185 [32]
PD 0.45 - - - [33]
Monthly Transition Probabilities
PFS to PD (Palbociclib) 0.0459708 - - - RWD
PFS to death (Palbociclib) 0.0005916 - - - RWD
PD to death (Palbociclib) 0.0116347 - - - RWD
PES to PD (Ribociclib) 0.0588690 - - - RWD
PFS to death (Ribociclib) 0.0029835 - - - RWD
PD to death (Ribociclib) 0.0063706 - - - RWD
Discounting Rate

3.5% 1.5% 3.5% - [34]

PFS: Progression-free survival
PD: Progressed disease
RWD: Real-World data

2.3. Sensitivity Analysis

To address the impact of any uncertainties regarding the model inputs on the con-
clusion of the cost-effectiveness or cost-utility, a univariate deterministic sensitivity anal-
ysis was implemented with a single scenario with each variable assessment. The variables
assessed through the deterministic sensitivity analysis were: costs, transition probabilities

from ‘progression-free disease’ to ‘progressed disease’, and quality of life for each health

state. In order to ensure the robustness of the output, each of the variables of interest was
varied separately while fixing the other model inputs and ICER and ICUR were calculated
accordingly. Then, a tornado analysis was generated to determine the variables who has
the maximum effect on the cost-effectiveness conclusion. Deterministic sensitivity analy-
sis inputs and source of the inputs’ boundaries are summarized in Table 2.
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Table 2. Univariate sensitivity analysis inputs.

Sensitivity analysis boundaries

Base-case
Input Parameter Lower Source of Data
Value Upper boundary
boundary
Cost of PFS State for Palbo- 11,628.5 9,302.8 13,954.2 + 20% of base-case value
ciclib (QAR)
Cost of PFS State for Ribo- 10,285.1 8,228.1 12,342.1 + 20% of base-case value
ciclib (QAR)
Cost of Progressed Disease 2,942.6 2,354.1 3,531.1 +20% of base-case value
state (QAR)
Monthly Probability for PFS 0.04597 0.04597 0.05036 [12, 13]
to PD in Palbociclib
Monthly Probability for PES 0.05887 0.0261 0.05887 [9]
to PD in Ribociclib
Utility of PFS State for Palbo-  0.7507 0.738 0.7627 [31]
ciclib
Utility of PFS state for Ribo- 0.7 0.5705 0.8295 [32]
ciclib
Utility of PD State 0.45 0.36 0.54 [33]
Additionally, a probabilistic sensitivity analysis (PSA) was implemented using
Monte-Carlo simulation analysis based on unique 10,000 simulations. Therein, the param-
eters are input as distributions rather than just fixed values and the different distributions
of the different parameters are varied together to generate 10,000 different scenarios with
possible outcomes. The detailed inputs of the Monte-Carlo analysis are summarized in
Table 3. In addition, the incremental cost-effectiveness plot (ICE) was generated to illus-
trate the ratio of the simulations favoring ribociclib treatment versus palbociclib treat-
ment, and the overall confidence of the base-case conclusion was generated.
Table 3. Probabilistic sensitivity analysis inputs.
Input Distribution Point Estimate Standard Deviation
Cost of PFS State for Palbociclib (QAR) Gamma 11,628.515 6,838.95
Cost of PFS State for Ribociclib (QAR) Gamma 10,285.092 2,127.73
Cost of PD state (QAR) Gamma 2,942.6 2,224.34
Monthly Probability for PFS to PD in Pal-  Beta 0.04597 0.01364
bociclib
Monthly Probability for PFS to PD in Ri- Beta 0.05887 0.0260
bociclib
Utility of PFS State for Palbociclib Beta 0.75 0.1290
Utility of PFS state for Ribociclib Beta 0.70 0.185
Utility of PD State Beta 0.45 0.20

PFS: Progression-free survival
PD: Progressed disease

QAR: Qatari Riyal
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3. Results

As per Markov’s model, the 10-year cost of the palbociclib treatment strategy was
372,663.3 QAR. In accordance, it has yielded a gain of 5.968 life years (LYs) and overall
gained quality-adjusted life years (QALYs) of 3.058. Whereas, for the ribociclib treatment
arm, the estimated 10-year cost was 333,584.4 QAR. Similarly, it has yielded 6.330 gained
life years and 3.160 QALYs. The costs and effectiveness values were incremented to com-
pare the two treatment options. Ribociclib was dominant over palbociclib at a 3-GDP and
1-GDP thresholds. The detailed values of the base-case overall cost and effectiveness are
shown in Table 4.

Table 4. Base-case results for palbociclib and ribociclib treatment groups.

Palbociclib Ribociclib Palbociclib minus Ribociclib
Cost (QAR)
Total Cost 372,663.3 333,584.4 39,078.9
PFS Cost 229,563.45 154,170.39 75,393.06
PD Cost 143,099.89 179,414.02 -36,314.13
Effectiveness Outcomes
Life Years Gained 5.968 6.330 -0.362
QALYs Gained 3.058 3.160 -0.102
Incremental Ratios
ICER - - Dominated
ICUR - - Dominated

QAR: Qatari Riyal
PFS: Progression-free survival

PD: Progressed disease

ICER: Incremental cost-effectiveness ratio

ICUR: Incremental cost-utility ratio

Regarding the univariate deterministic sensitivity analysis, the base-case conclusion
of having ribociclib as a cost-effective option remained robust against the variation of the
cost of PES for the palbociclib group. However, it was shown that palbociclib was not
dominated as described previously at a cost of PES that equals 9,612.9 QAR (17.33% re-
duction of the input cost); however, it was still not cost-effective compared to ribociclib in
total (ICUR =5572.79 QAR/ QALY gained per patient). Similarly, in absence of any other
uncertainties, the conclusion of the cost-effectiveness and cost-utility of the two medica-
tions remained the same keeping ribociclib dominant over palbociclib with +/- 20% ad-
justment in the total cost of PFS cost of ribociclib; ICUR ranged from -6,723.5 QAR/QALY
to -57,012.6 QAR/QALY. As for the transition probabilities of PFS to PD in the palbociclib
arm, when applying the uncertainty range of (0.0459 — 0.05035), the conclusion of having
ribociclib dominant over palbociclib remained robust against this uncertainty variation in
absence of any other uncertainties. On the other hand, for the monthly probability of PFS
to PD for the ribociclib group, ribociclib remained cost-effective than palbociclib when the
probability was varied according to the MONALEESA-2 trial; nonetheless, it was domi-
nant only when the probability is more than or equals 0.04537 (25% variation from the
base-case probability). The uncertainty regarding the probability of PFS to PD in the ribo-
ciclib treatment arm was associated with an ICUR ranging from 12,894.35 QAR/QALY to
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-31,868.06 QAR/QALY suggesting ribociclib is either a cost-effective option or a dominant
option. Lastly, the utility associated with the PFS of palbociclib was varied according to
the 95% Cl range of the base-case (0.7387 — 0.7627). The conclusion of the cost-effectiveness
of ribociclib over palbociclib remained robust over that range of uncertainty where ribo-
ciclib was dominant over palbociclib over all the uncertainty range; ICUR ( -26,458.52
QAR/QALY to -39,498.59 QAR/QALY). Similarly, the conclusion of the cost-effectiveness
of ribociclib over palbociclib remained robust when the utility of PFS in the ribociclib
group was varied by 18.5% according to the standard deviation associated with the utility
value as obtained from the literature. That is, ribociclib was cost-effective than palbociclib
all over the uncertainty range, however, it did not dominate palbociclib at utility values
less than 0.622; ICUR ranged from 54,664.07 QAR/QALY to 198,120.36 QAR/QALY.
Lastly, the utility of progressed disease varied at +/- 20%, and the conclusion of the dom-
ination of ribociclib over palbociclib remained robust all over the range; ICER ranged from
-338,058.56 QAR/QALY to -16,722.21 QAR/QALY. A tornado diagram was generated to
illustrate the effect of the individual factors” uncertainty on the overall cost-effectiveness
conclusion; Figure 2. In addition, although the net monetary benefit was not of the out-
comes of this research, the tornado diagram was plotted against the net monetary benefit
for more clarification and illustration. The results are consistent with what was drawn by
the tornado diagram on ICER as can be illustrated in below Figure 3. All the sensitivity
analysis inputs and outputs are illustrated in Table 5.

Table 5. Univariate sensitivity analysis inputs and outputs.

Sensitivity analysis boundaries ICER range (QAR/QALY)

Sensitivity Analysis Parameter Upper Lower Upper
Lower boundary

boundary boundary boundary
Cost of PFS State for Palbociclib (QAR) 9,302.8 13,954.2 Dominant 5,572.8
Cost of PFS State for Ribociclib (QAR)  8,228.1 12,342.1 Dominant Dominant
Cost of Progressed Disease state 2,354.1 3,531.1 Dominant Dominant
(QAR)
Monthly Probability for PFS to PD in 0.04597 0.05036 Dominant Dominant
Palbociclib
Monthly Probability for PES to PD in 0.0261 0.05887 Dominant 12,894.4
Ribociclib
Utility of PFS State for Palbociclib 0.738 0.7627 Dominant Dominant
Utility of PFS state for Ribociclib 0.5705 0.8295 Dominant 198,120.3
Utility of PD State 0.36 0.54 Dominant Dominant
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Tornado Diagram - ICER
Palbociclib vs. Ribociclib
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Figure 2. Tornado diagram of the univariate sensitivity analyses and their Impact on ICER. The blue
color represents the parameter, whereas the red color represents the ICER. ICERs are ICURs

(QAR/QALY).
U_PD: the utility value of the ‘progressed disease” health state

C_PFS_Palbo: the cost of the “progression-free survival” health state for “palbociclib” treatment group
C_PFS_Ribo: the cost of the “progression-free survival” health state for ‘ribociclib’ treatment group
P_PFS_toPD_Ribo: the transition probability from the ‘progression-free survival” health state to the “progressed

disease” health state for ‘ribociclib’ treatment group

P_PFS_toPD_Palbo: the transition probability from the ‘progression-free survival” health state to the ‘progressed

disease’ health state for ‘palbociclib” treatment group

U_PFS_Palbo: the utility value of the “progression-free survival” health state for “palbociclib’ treatment group
U_PFS_Ribo: the utility value of the ‘progression-free survival” health state for ‘ribocilib’ treatment group

C_PD: the cost of the “progressed disease’ health state

Tornado Diagram - Incremental Net Monetary Benefit
Palbociclib vs. Ribociclib
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Figure 3. Tornado diagram of the univariate sensitivity analyses and their impact on incremental
net monetary benefit (NMB). The blue color represents the parameter, whereas the red color repre-

sents the NMB. NMB is expressed in Qatari riyals.
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P_PFS_toPD_Ribo: the transition probability from the ‘progression-free survival’ health state to the ‘progressed 290

disease” health state for ‘ribociclib’ treatment group 291
U_PFS_Ribo: the utility value of the “progression-free survival” health state for ‘ribocilib” treatment group U_PD: 292
the utility value of the ‘progressed disease” health state 293
P_PFS_toPD_Palbo: the transition probability from the ‘progression-free survival” health state to the ‘progressed 294
disease” health state for “palbociclib’ treatment group 295
U_PFS_Palbo: the utility value of the “progression-free survival” health state for “palbociclib’ treatment group 296
C_PFS_Palbo: the cost of the ‘progression-free survival” health state for ‘palbociclib” treatment group 297
C_PFS_Ribo: the cost of the ‘progression-free survival” health state for ‘ribociclib’ treatment group 298
C_PD: the cost of the “progressed disease’ health state 299

Lastly, as for the probabilistic sensitivity analysis by Monte-Carlo simulation, the 300
mean (SD) lifetime cost of palbociclib was 386,778.1 (196,998.1) QAR with an average (SD) 301
gained QALYs of 3.135 (0.8725) QALYs. For the ribociclib treatment group, the mean (SD) 302
lifetime cost according to the generated simulations was 354,057.03 (152,369) QAR with 303
an average (SD) gained QALYs of 3.246 (1.0425) QALYs. To graphically test the base-case 304
conclusion of preferring ribociclib over palbociclib, the ICE plot of ribociclib versus pal- 305
bociclib was generated (Figure 4). According to the figure, the major distribution of the 306
generated scenarios showed that ribociclib was effective and less costly in 26.14%, 307
whereas it was costlier but more effective (cost-effective) in 32.87% of the cases. Nonethe- 308
less, it was less costly but less effective than in 24.65% of the cases, and inferior to palbo- 309
ciclib in 15.16% of the cases. 310

311

Incremental Cost-Effectiveness, Ribociclib v. Palbociclib
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Figure 4. ICE plot of ribociclib versus palbociclib. Green dots are ribociclib scenarios and red dots 313
represent the palbociclib.. 314
4. Discussion 315

In this research, we aim at identifying the long-term cost, the long-term effectiveness, 316
and the incremental cost-effectiveness of two treatment strategies that are used in the first- 317
line treatment of HR+/HER-2 negative stage IV breast cancer. Therefore, a 10- year Mar- 318
kov’s model was run to summarize the long-term cost (QARs), effectiveness (LYs), and 319
utility (QALYs) for each of the two treatment strategies. Overall, in our base-case analysis, 320
the treatment with ribociclib was dominant over palbociclib in terms of both ICER and 321
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ICUR. The finding of having ribociclib was cost-effective than palbociclib remained robust 322
against all the one-way sensitivity analyses at the 3 GDP WTP threshold (cost-effective- 323
ness threshold). For the 1 GDP WTP threshold (very cost-effectiveness threshold), only 324
the uncertainty regarding one factor, the utility of PFS status in the ribociclib treatment 325
arm, yielded an ICUR above the 1 GDP (198,120.3 QAR/QALY) suggesting that ribociclib 326
is not a very cost-effective option. However, compared to the recommended 3 GDP WTP 327
threshold as per the WHO, ribociclib is still a cost-saving option compared to palbociclib 328
even with the uncertainty associated with that factor. Of note, our conclusion remained 329
robust against the probabilistic sensitivity analysis that is associated with the combined 330
uncertainties of all factors. Approximately 60% of the yielded hypothetical 10,000 scenar- 331
ios in the Monte Carlo simulation suggested that ribociclib is cost-effective compared to 332
palbociclib. 333

To date, and up to our knowledge, there are four comparative pharmacoeconomic 334
evaluations regarding the cost-effectiveness and the cost-utility of palbociclib and ribo- 335
ciclib. The findings of our study were consistent with three of them. That is, in a study 336
conducted in Spain by Galve-Clavo et. al (2018) to evaluate the ICER and ICUR of ribo- 337
ciclib plus letrozole versus palbociclib plus letrozole, the former was associated with an 338
ICER of Euros 1,007.69 (QAR 4360.56) per every additional life year gained and an ICUR 339
of Euros 1,543.62 (QAR 6,679.69) per each QALY gained, at a threshold of 30,000 Euros/ 340
QALY (129,818.59 QAR) [17]. Therefore, this study revealed that ribociclib was also cost- 341
effective and cost-useful compared to palbociclib from the Spanish National Health Sys- 342
tem perspective [17]. In another study by Mistry R. et al. (2018) conducted in the USA also 343
comparing ribociclib plus letrozole versus palbociclib plus letrozole versus letrozole mon- 344
otherapy, ribociclib was dominant over palbociclib with a cost-saving of 43,037 USD, and 345
also was still cost-effective compared to letrozole monotherapy option [18]. That phar- 346
macoeconomic analysis was conducted from the USA private third-party payer perspec- 347
tive at a WTP threshold of 198,000 USD/QALY (720,918.06 QAR/QALY) [18]. Our findings 348
were also consistent with one more pharmacoeconomic analysis by Suri G. et al (2019) 349
conducted in the UK where also ribociclib plus letrozole was compared to palbociclib plus 350
letrozole [20]. Their study reported that ribociclib plus letrozole was a cost-effective treat- 351
ment strategy from the National Health Services (NHS) and Personal Social Services (PSS) 352
perspective in the UK at a WTP threshold of 30,000 euro/QALY [20]. Only in one cost- 353
effectiveness study conducted in the USA, neither palbociclib nor ribociclib were cost- 354
effective options, and the reason for this is that the ICER was calculated for each of the 355
two comparators versus letrozole monotherapy [19]. There was no incremental cost-effec- 356
tiveness ratio between the two CDK4/6 inhibitors, and therefore, none of them was cost- 357
effective compared to letrozole monotherapy [19]. 358

Although the previous pharmacoeconomic analyses were all of high quality, we 359
could not rely on their findings to generate conclusions applicable to Qatar settings for 360
multiple reasons. First, the generalizability of pharmacoeconomic analyses across the 361
countries is sometimes impaired due to the different sources of price weights among dif- 362
ferent countries [35], and due to different perspectives from which the pharmacoeconomic 363
analyses take place [36]. Second, all used the published phase III clinical trials as the source 364
for their simulated cohort, probabilities, effectiveness, and utility endpoints. Despite the 365
success of the analysis, in the end, the use of these phase III trials itself is associated with 366
some limitations since they were not designed basically to catch both clinical and eco- 367
nomic endpoints. That is, in many of the pharmacoeconomic analyses based on RCTs, they 368
try to summarize the economic outcomes from the pre-collected primary clinical out- 369
comes, so the sources of the economic data are not primary [35]. Both the MONALEESA 370
and the PALOMA trials from which the four pharmacoeconomic analyses took their data 371
were not predesigned to catch economic data. Therefore, we used a predesigned source 372
of data to rely on for our economic analysis, the observational study conducted by our 373
team earlier in 2021. Third, the four pharmacoeconomic analyses all compared the use of 374
palbociclib versus ribociclib with only one of the indicated combinations, letrozole. This 375
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is because they used the same published phase III trial cohorts and interventions for their 376
data. We sought a more thorough pharmacoeconomic analysis considering all the FDA- 377
approved treatment combinations; especially since the COX regression conducted in 378
phase I concluded no statistically significant difference in efficacy between the different 379
treatment combinations. As a result, our analysis filled these gaps providing a powerful 380
pharmacoeconomic analysis that can be doubtlessly used for decision-makers in Qatar 381
and other countries with similar health economic considerations. 382

Our study had several strengths. To begin, it was the first pharmacoeconomic evalu- 383
ation evaluating the cost-effectiveness and the cost-utility of CDK4/6 inhibitors in Qatar, 384
the Gulf region, and the Middle East and North Africa (MENA) region in general. There- 385
fore, the findings of our current pharmacoeconomic analysis can be used locally and re- 386
gionally in countries that have similar economic profiles and healthcare systems with mild 387
modifications to fit their context. Moreover, it is the first pharmacoeconomic analysis re- 388
garding these two treatments that were based on real-world evidence rather than justa 389
simulation from clinical trials, avoiding all the disadvantages of modeling from clinical 390
trials. Besides, it is the first pharmacoeconomic evaluation that compares palbociclib and 391
ribociclib with all their FDA-indicated combinations; other analyses compared only the 392
CDK4/6 inhibitors plus letrozole. In addition, it included pre/post-menopausal females in 393
the cohort, unlike the other analyses that included only post-menopausal females as their 394
cohort. Lastly, we performed an internal critical appraisal for our pharmacoeconomic 395
study using the Quality of Health Economic Study (QHES) evaluation tool to assure the 396
quality of the produced analysis, so we can assume that our results are assured of validity 397
with minimal bias. However, our research had the main limitation that the base-case re- 398
sults were generated using observational real-world evidence, which itself has some lim- 399
itations and potential uncertainties. However, we could address this limitation by incor- 400
porating both deterministic and probabilistic sensitivity analyses that relied on phase III 401
published RCTs. Our pharmacoeconomic conclusions remained robust against the uncer- 402
tainties in both the deterministic and the probabilistic sensitivity analyses. 403

Based on our study findings, we have several recommendations for the current prac- 404
tice and future research. First, since ribociclib had a lower overall cost than palbociclib 405
although it has a higher acquisition cost in general, further evaluation about the consump- 406
tion of the related resources needs to be conducted in the future, but with a larger sample 407
size for both treatment arms. Second, all the published pharmacoeconomic agents in- 408
cluded only palbociclib and ribociclib in their analyses. Abemaciclib is another CDK4/6 409
inhibitor that was under-addressed by pharmacoeconomic evaluations. Thus, more com- 410
parative pharmacoeconomic evaluations need to be conducted about this medication 411
along with the other two medications in the same CDK4/6 inhibiting family. 412

5. Conclusions 413

Since their introduction to the market, the use of CDK4/6 inhibitors is increasing due 414
to their proven clinical efficacy. Nonetheless, they can increase health expenditure due to 415
their high acquisition cost and monitoring cost. Therefore, herein, we underwent a thor- 416
ough cost-effectiveness analysis using a well-designed Markov model. Ribociclib was a 417
cost-effective than palbociclib at a 3 GDP threshold and at a 1 GDP threshold suggesting 418
that ribociclib should be a more favorable option over palbociclib to use in practice when- 419
ever applicable. This conclusion remained robust against the different single uncertainties 420
as well as combined uncertainties. As a result, ribociclib was proven to be generally a cost- 421
effective than palbociclib in the state of Qatar. This finding can be generalizable to coun- 422
tries having similar economic profiles, considerations, and cost drivers to Qatar. More 423
similar pharmacoeconomic analyses that include the three CDK4/6 inhibitors (palbociclib, 424
ribociclib, and abemaciclib) need to be conducted for more robust comparisons. 425
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