
Оригінальні статті / Original Articles

1

КЛІНІЧНА ОНКОЛОГІЯ. 2024, Т. 14, № 4 (56): 1–6 ISSN 2410-2792

M.V. Artemenko, I.M. Bondarenko, V.F. Zavizion, D.I. Avierin

Cost minimization analysis of neoadjuvant treatment 
of luminal B HER2/neu-negative breast cancer: 
chemotherapy versus hormone therapy
Dnipro State Medical University, Ukraine
Received 19.11.2024
Accepted for publication 3.12.2024

DOI: 10.32471/clinicaloncology.2663-466X.56-4.33629

In 2022, there were 2,296,840 registered cases of breast cancer (BC) worldwide and 12,335 in Ukraine. A significant number 
of patients with early and locally advanced BC require neoadjuvant treatment. In the treatment of luminal B HER2/neu-negative 
BC, chemotherapy is more commonly used. However, data from recent randomized clinical trials indicate identical efficacy for such 
cases with neoadjuvant endocrine therapy. Moreover, endocrine therapy has a more favorable toxicity profile, is better tolerated 
by patients, does not require hospitalization, and is significantly cheaper than chemotherapy. This fact is significant in Ukraine 
in recent years, where, under wartime conditions, the country and its population have limited financial resources for treatment. 
The aim of the study was a pharmacoeconomic comparison of the cost of neoadjuvant chemotherapy and neoadjuvant endocrine 
therapy. Object and Methods. The «cost-minimization» method was applied to conduct the study. In calculating the difference in costs 
between the two treatment methods, both direct costs (the cost of providing medical care to one person, the cost of therapeutic 
agents, including agents used for premedication and prevention of the most common manifestations of treatment toxicity, costs 
of laboratory tests) and indirect costs, primarily the costs of laboratory tests and loss of working capacity and associated losses, were 
taken into account. Results of the Study. The cost of treatment with standard dose-intensive adjuvant regimens was considered: 
4 courses of doxorubicin with cyclophosphamide every 2 weeks followed by 4 courses of paclitaxel every 2 weeks or followed 
by 12 weekly infusions of paclitaxel, and 6 courses of the combination of docetaxel with cyclophosphamide. These were compared 
with the cost of treatment with aromatase inhibitors both in monotherapy in menopausal patients and combination with synthetic 
analogs of luteinizing hormone-releasing hormone in premenopausal women. Depending on the choice of drugs, endocrine therapy 
is cheaper compared to the recommended international guidelines for neoadjuvant chemotherapy regimens by about 30,000 UAH 
to approximately 70,000 UAH. Conclusions. With practically identical immediate results of neoadjuvant chemo- and endocrine therapy 
for early luminal B HER2/neu-negative BC, and taking into account the pharmacoeconomic analysis by the «cost-minimization» 
method, endocrine therapy is the treatment of choice. It allows significant savings in treatment costs, which is extremely important 
in financial and economic hardship. However, one cannot rely solely on the results of pharmacoeconomic calculations, as long-
term treatment outcomes have yet to be thoroughly studied. Therefore, when choosing the tactics of neoadjuvant treatment, 
a multidisciplinary team should consider a multifactorial analysis of each patient.

Key words: breast cancer; immunohistochemical phenotype of the tumor; neoadjuvant chemotherapy; neoadjuvant endocrine therapy; 
cost of treatment; complications of cancer treatment; loss of working capacity due to illness.

In 2022, approximately 2,296,840 cases of BC in women were 
registered worldwide. The countries leading in the number of cases 
were China (357,161), the USA (274,375), and India (192,020). 
The  age-standardized incidence rate was highest in France 
(105.4 per 100,000 women), followed by the USA (95.9 per 100,000) 
in second place, and the United Kingdom (94.0 per 100,000) in third 
place [1]. In the same year, Ukraine registered 12,335 cases of BC, 
with the highest numbers reported in the Dnipro (1,339), Lviv (906), 
Odesa (846), Kyiv (701) regions, and the city of Kyiv (1,260) [2]. 
Possibly due to the war in Ukraine, the standardized incidence 
rate (world standard) for BC in 2022 is currently unknown 
or unpublished, but in 2021, it was 43.2 per 100,000 female 
population of the country [3].

Among molecular subtypes, the so-called luminal A (50–60% 
of all BC cases) and luminal B, which is further divided into 
HER2/neu-negative (15–20% of all BC cases) and HER2/neu-
enriched (10–15%), predominate [4].

Today, for a significant cohort of both locally advanced and 
localized BC, the standard method of treatment is the so-called 
neoadjuvant therapy. In most cases, this approach primarily 
allows for downstaging, significantly increasing the possibility 
of using organ-preserving surgical technologies. Simultaneously, 
it demonstrates the tumor’s sensitivity to the applied treatment and 
influences the choice of adjuvant therapy. While endocrine therapy 
is preferred for luminal A, chemotherapy is often used for luminal B. 
Data from many clinical studies demonstrate that chemo- and 

hormone therapy have almost identical clinical efficacy and provide 
equal opportunities for performing organ-preserving surgeries [5].

The National Comprehensive Cancer Network (NCCN) 
recommendations regarding adjuvant or neoadjuvant use 
of chemotherapy for HER2/neu-negative cancer do not differentiate 
the choice of regimens based on triple-negative, luminal A, 
or luminal B HER2/neu-negative subtypes. The proposed regimens 
include dose-dense administration of 4 courses of doxorubicin with 
cyclophosphamide (AC), followed by 4 courses of paclitaxel (T) every 
2 weeks or 12 weekly infusions at the appropriate dosage. Another 
preferred regimen is 4–6 courses of a combination of docetaxel with 
cyclophosphamide. In some instances, the use of pembrolizumab 
with paclitaxel and carboplatin for 4 courses, followed by 4 courses 
of pembrolizumab, doxorubicin, and cyclophosphamide every 
3 weeks, maybe recommended [6]. European Society for Medical 
Oncology (ESMO) also recommends the use of chemotherapy for 
neoadjuvant purposes [7].

American Society of Clinical Oncology (ASCO) allows hormone 
therapy for postmenopausal patients with hormone-sensitive, 
HER2/neu-negative BC to downstage the disease [8]. However, 
while multigene tests such as Oncotype DX, MammaPrint, Breast 
Cancer Index, and EndoPredict [9] exist for selecting methods 
of adjuvant systemic therapy, such tests are not used for choosing 
neoadjuvant treatment. Nonetheless, invaluable experience gained 
from clinical trials like ACOSOG-Z1031, IMPACT, and POETIC 
has indicated the possibility of using a cheap yet sufficiently effective 
laboratory method to monitor the effectiveness of neoadjuvant 
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hormone therapy by studying the proliferation marker Ki-67. 
If the  treatment is effective, Ki-67 decreases after just 2 weeks 
of hormone therapy, whereas clinical and radiological signs 
of positive dynamics may only become noticeable after several 
courses [10–12].

A feature of chemotherapy is that it generally has a significant 
number of adverse effects that complicate its use and require 
appropriate management. The development of toxic complications, 
in turn, may prompt dose reductions or even discontinuation 
of treatment [13]. In contrast, endocrine therapy has a more 
favorable toxicity profile, is better tolerated than chemotherapy, and 
has less impact on patients’ quality of life, at least during neoadjuvant 
treatment [14].

Since 2014, a bloody war has been ongoing in Ukraine, 
which, on February 24, 2022, escalated into a full-scale invasion. 
This has led not only to catastrophic losses of human resources 
but also to an extraordinary decline in economic indicators and, 
accordingly, the country’s financial capabilities, which worsen each 
day the war continues. At the same time, the cost of even standard 
medical procedures, medications, salaries for medical personnel, 
and other treatment-related expenses is constantly increasing. 
The capabilities of the National Health Service of Ukraine to finance 
expensive treatment regimens are limited. The population’s ability 
to independently fund their treatment is also catastrophically 
decreasing. Therefore, the search for cheaper technologies that can 
deliver the same results as generally accepted but more expensive 
ones is highly relevant. Considering that neoadjuvant endocrine 
therapy for luminal B BC, with proper monitoring of tumor 
response, provides the same opportunities for performing organ-
preserving surgeries as chemotherapy, according to clinical studies, 
the implementation of this technology can be considered a justified 
option to reduce treatment costs, which, it seems, does not harm 
long-term outcomes. This «seems» still requires additional research 
by tracking relapse-free and overall survival results, necessitating 
extra time.

The study aims to compare the cost of neoadjuvant chemotherapy 
and neoadjuvant endocrine therapy using the «cost-minimization» 
method.

For the calculations, the following formula was applied:
CMA = (DC1 + IC1) − (DC2 + IC2), 
where CMA is the indicator of the cost difference between 

the  two treatment methods; DC1 is the direct costs when using 
the  first treatment method; IC1 is the indirect costs when using 
the first treatment method; DC2 and IC2 are the direct and indirect 
costs, respectively, when using the second treatment method [15].

Direct treatment costs can be considered the cost of providing 
medical care to one person, as their calculation includes fixed, 
variable, average, and marginal costs [16], which include personnel 
costs, utility expenses, etc. Medications are financed separately; the 
cost of drugs for treating a specific nosological unit is not included 
in the base rate.

The base rate for the readiness to provide medical care 
to one person over a year is 36,807 UAH annually. Considering the 
adjustment coefficient of 0.97 for patients over 18 years old, giving 
care to one person in a hospital is estimated at 35,702.8 UAH per 
year, and outpatient care at 25,764.9 UAH per year [17].

Due to the lack of reliable information in the public domain, 
it was impossible to calculate the cost of drugs obtained by hospitals 
through state procurements, sponsorship supplies, etc. Therefore, 
the calculation was performed considering the minimum prices based 
on data from the websites tabletki.ua [18], medbrowse.com.ua [19], 
and apteka911.ua [20]. The drug information was verified on the 
website likicontrol.com.ua [21].

We’ll adopt the standard approach of calculating doses in mg/m² 
for calculating the cost of chemotherapy drugs. We’ll consider 
an average body surface area of 1.9 m². So, when using the dose-dense 
AC regimen, the patient will receive every 2 weeks 114 mg of doxorubicin 
(60 mg per 1 m²) and 1,140 mg of cyclophosphamide (600 mg per 
1 m²). A total of 4 such infusions will be administered. According 

to medbrowse.com.ua [19], the average price of doxorubicin 
100 mg is 1,115 UAH, 50 mg is 627 UAH, 25 mg is 576 UAH, and 
10 mg is 140 UAH.

It should be noted that the cost of drugs from well-known brands 
may significantly exceed the amounts indicated. If these packaging 
options are available, the optimal is to use 1 vial of 100 mg and 
2 of 10 mg. Thus, the total cost of doxorubicin for 1 course of treatment 
is at least 1,395 UAH. If the 100 mg packaging is unavailable, 2 vials 
of 50 mg are used, which increases the drug cost to 1,530 UAH.

According to apteka911.ua [20], the approximate prices for 
cyclophosphamide 1,000 mg are 1,650 UAH, 500 mg is 925 UAH, 
200 mg is 330 UAH, and 100 mg is 165 UAH. So, when using 1 vial 
of 1,000 mg and 1 vial of 200 mg, the cost of the drug for 1 course 
will be about 1,980 UAH, and when using 2 vials of 500 mg instead 
of 1 of 1,000 mg, the cost of the drug increases to 2,180 UAH.

Thus, the minimum cost of chemotherapy drugs alone for 
1 course of treatment ranges from 3,375 UAH to 3,710 UAH. This 
is under the condition that drugs from well-known European 
manufacturers are not used, which would significantly increase 
expenses. 4 courses are conducted every 2 weeks, so the minimum 
total cost ranges from 13,500 UAH to 14,840 UAH.

Doxorubicin and cyclophosphamide are drugs with moderate 
emetogenicity, requiring the prescription of antiemetic agents 
for at least the first three days [22]. Thus, 8 mg of ondansetron 
and 8 mg of dexamethasone are administered before the start 
of each chemotherapy course. For the next three days, the 
patient should receive 8 mg of ondansetron intravenously 
or orally and 4 mg of dexamethasone intramuscularly. According 
to tabletki.ua website, the minimum cost of dexamethasone 
is 28 UAH for 5 ampoules of 4 mg each, which is precisely what 
is needed for 1 course of treatment. According to the same site, 
ondansetron costs 30 UAH for 5 ampoules of 4 mg and 100 UAH 
for 10 tablets of 8 mg. As we can see, antiemetic therapy will increase 
the  cost of 1 course by approximately 150 UAH and the  cost 
of 4 courses accordingly by 600 UAH. Roughly an additional 
950 UAH per course is needed for filgrastim, as the dose-dense 
regimen has pronounced hematological toxicity, and colony-
stimulating factors are indispensable to ensure the recovery 
of neutrophil counts before the next course. A more effective 
drug is pegylated filgrastim; however, at the time of preparing this 
material, the drug was not available in Ukraine.

Thus, the cost of providing chemotherapy drugs and supportive 
medications for 4 courses of dose-dense therapy in the AC regimen 
will range from 15,050 UAH to 15,940 UAH. The following 
4 courses of paclitaxel are either 175 mg/m² every 2 weeks 
or 80 mg/m² weekly for 12 infusions. When administering the drug 
every 2 weeks, the calculated dose per infusion is 332 mg; with weekly 
administration, it is 152 mg. Paclitaxel is available in vials of 5 ml 
(30 mg), 16.67 ml (100 mg), 25 ml (150 mg), 43.33 ml  (260 mg), 
or 50 ml (300 mg). To administer a dose of 332 mg, one should 
choose either 1 vial of 300 mg or 1 vial of 30 mg (the calculated 
dose can be rounded without losing efficacy). According 
to tabletki.ua [18], 1 course will cost 4,416 UAH (300 mg  — 
3,901 UAH, 30 mg  — 515 UAH), and 4 such courses will 
accordingly cost 17,664 UAH. With weekly infusions at a calculated 
dose of 152 mg, the minimum cost of paclitaxel for 1 infusion 
will be 2,481 UAH (1 vial of 100 mg  — 1,451 UAH and 2 vials 
of 30 mg — 1,030 UAH), and for 12 infusions, 29,772 UAH.

B e f o r e  a d m i n i s t e r i n g  p a c l i t a x e l ,  a c c o r d i n g 
to the off icial  instructions [21],  premedication with 
dexamethasone 20 mg intravenously (the minimum price for 
20 mg is 28 UAH), diphenhydramine 50 mg (minimum price 
according to tabletki.ua is 31 UAH for 10 ampoules of 10 mg; 
for 1 infusion, 5 ampoules are needed, totaling at least 15 UAH), 
and ranitidine 50 mg (not available in pharmacies at the time 
of writing) or cimetidine 300 mg (also not available) is mandatory. 
An alternative to H2-histamine receptor blockers can be proton 
pump inhibitors, such as 40 mg pantoprazole (the minimum price 
per vial, according to tabletki.ua [18], is 85 UAH).
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Paclitaxel is a low-emetogenic cytostatic [22], so premedication 
with 8 mg of dexamethasone (from 11 UAH) and 8 mg of ondansetron 
(12 UAH) is sufficient before each administration, totaling 23 UAH 
per infusion.

Thus, premedication before each administration of paclitaxel 
costs 128 UAH, adding 604 UAH to the cost of treatment for 
4 courses and 1,812 UAH for 12 weekly infusions. As a result, 
depending on the chosen dose-dense neoadjuvant chemotherapy 
regimen with minimal premedication, neoadjuvant treatment costs 
18,268 UAH. With the weekly regimen of 12 infusions, the cost 
increases to 31,584 UAH.

They exclude the provision of syringes, infusion sets (incidentally, 
an infusion system for paclitaxel adds at least 230 UAH to each 
course [18]), and solutions for diluting chemotherapeutic agents, 
chemotherapy drugs and premedication in the dose-dense 
AC regimen followed by 4 courses of paclitaxel every 2 weeks cost 
18,268 UAH. When using AC followed by 12 weekly paclitaxel 
infusions, the price increases to 46,634 UAH. It should be noted 
that the cumulative burden on the body with the weekly regimen 
is less, the therapy is better tolerated, and the complication profile 
is correspondingly more favorable than with administration every 
2 weeks.

Another NCCN-recommended neoadjuvant chemotherapy 
regimen is TC — docetaxel 75 mg/m² and cyclophosphamide 
600 mg/m² intravenously every 3 weeks. The calculated dose 
of docetaxel per course is 142 mg, which can be provided with 
2 vials of 80 mg at a minimum cost of 750 UAH each (1,500 UAH 
per course) (prices from tabletki.ua). Without such packaging, 
the cost per course will significantly increase. For instance, 1 vial 
of 20 mg costs at least 672 UAH, and 4 vials will accordingly 
cost 2,688 UAH. The cost of cyclophosphamide, as mentioned 
above, is at least 1,980 UAH per course. Combining docetaxel 
with cyclophosphamide is moderately emetogenic, adding at least 
150 UAH per course for premedication. This combination also 
frequently leads to clinically significant neutropenia, requiring 
colony-stimulating factors (at least 950 UAH per course) for 
prevention or treatment. Thus, the cost of 1 course of treatment 
under the TC regimen, including minimal supportive therapy, 
is 4,580 UAH; 4 courses will cost 18,320 UAH, and 6 courses will 
cost 27,480 UAH.

Calculating additional costs for managing side effects is extremely 
difficult, as the need for interventions is determined individually. 
With centralized procurement of medicines by state institutions 
and hospitals, drug prices may be significantly lower. Today, for 
neoadjuvant endocrine therapy of hormone-sensitive tumors, either 
aromatase inhibitors or tamoxifen in monotherapy can be used. 
Preference is given to the former, as they have demonstrated better 
results in clinical studies. For hormone therapy in premenopausal 
patients, aromatase inhibitors must be used alongside ovarian 
suppression with goserelin or triptorelin [5].

Aromatase inhibitors available on the Ukrainian pharmaceutical 
market include the non-steroidal letrozole and anastrozole and the 
steroidal drug exemestane. Randomized clinical trials have shown 
that none of these drugs is superior to the others [5]; therefore, 
in actual clinical practice, any non-steroidal drug (letrozole 
or anastrozole) or the steroidal drug exemestane can be used for 
neoadjuvant treatment. According to tabletki.ua, the prices are for 
letrozole 2.5 mg (30 tablets) from 497 UAH, for anastrozole 1 mg 
(28 pills) from 352 UAH, and for exemestane 25 mg from 700 UAH.

Using synthetic analogs of natural luteinizing hormone-
releasing hormone in reproductive-age women for ovarian 
suppression requires additional expenses. For example, the cost 
of a 3.6 mg goserelin implant, which provides an effect for 4 weeks, 
is 2,235 UAH, and the 10.8 mg depot, effective for 12 weeks, 
is 5,593 UAH. Triptorelin suspension 3.75 mg, providing ovarian 
ablation for 4 weeks, costs 2,230 UAH, and 11.25 mg, effective for 
12 weeks, costs 5,985 UAH.

Vitamin D3 is usually recommended to reduce the toxicity 
of endocrine drugs (primarily bone-joint drugs). At a dose 

of 2,000 IU, it can be safely used without laboratory monitoring. 
According to tabletki.ua, it costs 70 UAH for 30 tablets or 100 UAH 
for 60 tablets.

Bone resorption inhibitors are also successfully used to correct 
bone toxicity. The appropriateness and frequency of their use 
(once every 3–6 months to reduce bone resorption manifestations) 
are determined individually based on each patient’s bone-joint 
characteristics. The cost of 4 mg of zoledronic acid, according 
to tabletki.ua, is 756 UAH. Its administration requires the patient 
to be in the hospital, at least in a day hospital setting, although the 
intravenous infusion procedure takes only 15 minutes. An alternative 
is the oral drug ibandronic acid, which costs 1,508 UAH for 3 tablets. 
Considering that the drug is taken once per treatment cycle (once 
every 4 weeks), the cost per tablet is just over 500 UAH, and its use 
does not require a doctor’s visit.

Thus, for menopausal patients, hormone therapy plus supportive 
therapy costs, depending on the drug choice, from 997 UAH for 
letrozole, from 992 UAH for anastrozole, and from 1,270 UAH for 
exemestane. In premenopausal women, adding goserelin increases 
the treatment cost by 2,235 UAH per month and triptorelin 
by 2,230 UAH per month.

Both chemotherapy and endocrine therapy require regular 
laboratory monitoring, at a minimum, a complete blood count, 
and liver and kidney function tests. When using dose-dense 
chemotherapy, laboratory checks are necessary at least one week 
after cytostatic infusion and before the next course. With endocrine 
therapy, there is no urgent need for constant laboratory monitoring. 
Blood tests can be conducted once every 2–3 courses of treatment 
or more frequently if there are individual indications. Commercial 
laboratories provide quality laboratory monitoring of clinical 
(general) and biochemical blood tests starting from a minimum 
of 1,000 UAH per examination. Prices may vary depending 
on technology, reagent costs, etc.

As of April 1, 2024, the minimum hourly wage, according to the 
Ministry of Finance of Ukraine, was 48 UAH per hour [23]. Thus, 
assuming a 6-hour workday, she loses at least 288 UAH each day that 
a patient is undergoing treatment. Suppose we consider the average 
salary published by the Ministry of Finance for June 2024, which 
is 18,806.63 UAH [24]; then, based on a 36-hour workweek [25], 
each working hour in that same June cost approximately 130 UAH 
(from an average calculation of 145 working hours per month with 
a 36-hour workweek). Therefore, for each working day missed due 
to hospitalization, the patient loses about 780 UAH. Even with 
compensation for losses from the Social Insurance Fund, the overall 
losses from inpatient treatment are significant.

Moreover, a patient receiving chemotherapy usually cannot 
return to work immediately after discharge from the hospital, 
so she continues outpatient treatment, remaining on sick leave 
for at least several more days. The number of such days depends 
on the patient’s condition, the severity of chemotherapy side effects, 
and each specific patient’s activity type. According to the  most 
modest estimates, being on sick leave for one week resulted 
in an average loss of about 5,500 UAH.

Unlike chemotherapy, endocrine therapy does not require 
hospitalization; in the absence of pronounced side effects, visiting 
the doctor once every 2–3 months is sufficient. Therefore, the cost 
of one working day every 2–3 months, on average 780 UAH, almost 
does not affect the patient’s losses. Moreover, the patient can often 
arrange to make up work hours on other days or times, thus not 
incurring any financial losses due to reduced wages.

To date, the optimal duration of neoadjuvant endocrine therapy 
remains undetermined. To ensure the possibility of performing 
the organ-preserving treatment, it should be at least 4 months, 
but extending the treatment generally contributes to improved 
outcomes [5].

Considering the above analysis, we can calculate the minimum 
direct and indirect treatment costs. The direct treatment costs 
include the base rate for readiness to provide medical care, the total 
cost of antitumor therapy, supportive therapy, and laboratory tests.
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The base rate for the readiness to provide inpatient medical 
care to one person over a year, taking into account the adjustment 
coefficient, is 35,703 UAH per year, and for outpatient care, 
25,765 UAH per year. For further calculations, these figures will 
be rounded to whole numbers.

The total cost of neoadjuvant chemotherapy in the dose-dense 
regimen of 4 courses of AC followed by 4 courses of paclitaxel 
every 2 weeks, taking into account the necessary premedication 
and provided there are no treatment complications, and excluding 
the cost of solutions for diluting chemotherapeutic agents, syringes, 
infusion sets, and other minor expenses, is at least 33,118 UAH. When 
using 12 weekly paclitaxel infusions, the treatment cost increases 
to 46,634 UAH. The cost of 4 courses of chemotherapy according 
to the TC regimen is 18,320 UAH, and for 6 courses, 27,480 UAH.

The minimum cost of 4 courses of endocrine neoadjuvant 
therapy (1 course = 4 weeks), including supportive therapy, 
in postmenopausal women is 3,988 UAH for letrozole, 3,968 UAH 
for anastrozole, and 5,080 UAH for exemestane. The use 
of goserelin in premenopausal women will increase the treatment 
cost to 12,928 UAH for letrozole, 12,908 UAH for anastrozole, and 
14,020 UAH for exemestane.

Another cost indicator, which can be either planned or situational 
depending on the current necessity and, in our opinion, can 
be considered indirect, is laboratory testing, with prices starting from 
1000 UAH per test. For patients receiving chemotherapy, such tests 
are conducted at least twice per treatment course and over 8 courses; 
this amounts to 16 or more times. The total cost for laboratory tests 
thus exceeds 16,000 UAH. For patients receiving endocrine therapy, 
it’s only 3–4 tests or fewer. The amount needed for laboratory tests 
rarely exceeds 4,000 UAH for 4–6 four-week courses of treatment. 
Indirect costs include a loss of about 5,500 UAH each week on sick 
leave.

Costs associated with decreased quality of life, emotional and 
physical experiences related to anticipating treatment, and negative 
phenomena during treatment, including the need for additional 
minimally invasive interventions, examinations, hair loss, changes 
in appetite, social behavior, etc., cannot be calculated. Special tests, 
questionnaires, and the like are used for this.

Considering the conducted analysis, the cost-minimization 
analysis (CMA) indicator was calculated for patients receiving 
neoadjuvant chemotherapy compared to those receiving endocrine 
therapy (Tables 1–2, Figure). For convenience of calculation, 
considering that chemotherapy can last up to 6 courses, the costs 
for hormone therapy were also calculated for 6 classes.

The maximum direct treatment costs are required when using the 
dose-dense regimen of 4 courses of AC every 2 weeks plus 12 weekly 
infusions of paclitaxel, and based on calculations of minimum 
prices, amounted to 85,187 UAH. The minimum direct cost needed 
for 6 courses of neoadjuvant hormone therapy with anastrozole 
in postmenopausal patients is 27,877 UAH. In premenopausal and 
perimenopausal women, the use of synthetic analogs of GnRH 
significantly increases direct treatment costs. Thus, 6 courses 
of neoadjuvant hormone therapy, taking into account all components 
of direct costs, with anastrozole and goserelin require a minimum 
of 44,723 UAH, and with triptorelin, 44,693 UAH (Table 1).

Indirect costs for dose-dense regimens combining doxorubicin 
with cyclophosphamide followed by paclitaxel courses, both 
every 2 weeks and weekly, amount to about 21,500 UAH, 
and chemotherapy with docetaxel and cyclophosphamide 
is approximately 17,500 UAH (Table 2).

Overall, as calculations show, the costs for a dose-dense 
combination of doxorubicin 60 mg/m² in combination with 
cyclophosphamide 600 mg/m² every 2 weeks for 4 courses, followed 
by paclitaxel 175 mg/m² every 2 weeks for 4 classes, amount to from 
90,371 UAH. Another modification of the dose-dense regimen, 
where AC is conducted as in the previous variant and paclitaxel 
is administered at 80 mg/m² weekly for 12 infusions, requires 
102,684 UAH. 6 courses of the TC regimen (docetaxel 75 mg/m² 
in combination with cyclophosphamide 600 mg) involve costs 
starting from 81,783 UAH.

The cost of hormone therapy is significantly lower; 
however, it closely depends on the patient’s reproductive status. 
Postmenopausal women receive one of the aromatase inhibitors 
without adding ovarian suppressors. 6 courses of letrozole 
2.5 mg daily are required from 37,523 UAH, anastrozole from 
33,217 UAH, and exemestane from 38,711 UAH. Women 
in pre- and perimenopause need the use of synthetic GnRH 
analogs, which increases the cost of treatment. For instance, 
when using a 4-week goserelin depot, the cost of 6 courses 
of letrozole increases to 50,933 UAH, anastrozole to 50,063 UAH, 
and exemestane to 52,151 UAH. Adding a 4-week triptorelin 
depot increases the price of 6 courses of treatment with letrozole 
to 50,904 UAH, anastrozole to 50,033 UAH, and exemestane 
to 52,121 UAH. The cost of dose-dense treatment with 4 courses 
of chemotherapy with doxorubicin and cyclophosphamide followed 
by 4 courses of dose-dense paclitaxel is higher by 52,848 UAH 
compared to letrozole monotherapy, by 57,154 UAH compared 
to anastrozole, and by 51,660 UAH compared to exemestane. 
The costs of 4 courses of dose-dense treatment with doxorubicin and 

Table 1.	 Direct costs of neoadjuvant chemo- and hormone therapy (DC)
Neoadjuvant chemotherapy (DC1) Neoadjuvant hormone therapy (DC2)

4АС+4Т 4АС+
12Т

TC Letrozole Anastrozole Exemestane

Base Rate (UAH) 35,703 35,703 35,703 25,765 25,765 25,765
Minimum cost of anticancer drugs 28,164 43,272 27,480 2,9821

16,3922

16,3633

2,1121

15,5222

15,4923

4,2001

17,6102

17,5803

Minimum cost of premedication / support 5,004 6,212 1,100 3,436 3,436 3,436
Total DS 68,871 85,187 64,283 32,1831

45,5932

45,5643

27,8771

44,7232

44,6933

33,3711

46,8112

46,7813

Notes. An explanation of costs is provided in the text:
1Endocrine monotherapy in postmenopausal patients.
2Endocrine therapy with ovarian suppression using goserelin in premenopausal patients. 
3Endocrine therapy with ovarian suppression using triptorelin in premenopausal patients.

Table 2.	 Indirect costs when applying neoadjuvant chemo- and hormone therapy (IC)
Neoadjuvant chemotherapy (ІС1) Neoadjuvant hormone therapy (ІС2)

4АС+4Т 4АС+12Т 6ТС Letrozole Anastrozole Exemestane
Laboratory monitoring 16,000 16,000 12,000 3,0001 3,0001 3,0001

Incapacity 5,500 5,500 5,500 2,340 2,340 2,340
Total AC 21,500 21,500 12,500 5,340 5,340 5,340
Notes. Explanations of costs are provided in the text:
1Calculation for one laboratory test every 2 courses.
2Average cost of 3 working days over 6 treatment cycles when the patient is absent from work due to doctor visits.
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cyclophosphamide followed by 12 weekly infusions of paclitaxel will 
be significantly higher, amounting to 65,161 UAH more compared 
to letrozole, 69,467 UAH more compared to anastrozole, and 
63,973 UAH more compared to exemestane.

Somewhat lower, but still significant, are the costs when adding 
synthetic GnRH analogs to aromatase inhibitors. For example, the 
difference in the price of treatment with 4 courses of chemotherapy 
with doxorubicin and cyclophosphamide followed by 4 courses 
of dose-dense paclitaxel, when adding goserelin, will be from 
39,434 UAH, and when adding triptorelin, 39,467 UAH. Treatment 
with anastrozole and goserelin will be cheaper by 40,308 UAH 
and with triptorelin by 40,338 UAH. Adding these same drugs 
to exemestane will be more affordable by 38,220 and 38,250 UAH, 
respectively.

Treatment with 4 courses of dose-dense doxorubicin and 
cyclophosphamide followed by 12 weekly infusions of paclitaxel will 
be more expensive by 51,749 UAH than treatment with anastrozole 
and goserelin and by 51,780 UAH when adding triptorelin 
to anastrozole. Similarly, combinations of anastrozole with 
goserelin and triptorelin will cost less by 52,621 and 52,651 UAH, 
respectively, and combinations of exemestane with these exact 
GnRH analogs by 50,553 and 50,563 UAH, respectively. Again, 
the cost difference favors hormone therapy when comparing the 
treatment cost of exemestane with the corresponding GnRH analogs 
to treatment with docetaxel and cyclophosphamide: for anastrozole 
with goserelin, 30,850 UAH; with triptorelin, 30,879 UAH; 
for anastrozole, 31,720 UAH with goserelin and 31,750 UAH 
with triptorelin; and exemestane with goserelin will be cheaper 
by 28,632 UAH, with triptorelin by 29,662 UAH (Figure).

CONCLUSIONS 
Neoadjuvant endocrine therapy for hormone-dependent 

(including luminal B HER2/neu-negative) BC can be considered 
an adequate alternative to neoadjuvant chemotherapy. It not only 
provides a similar opportunity to perform organ-preserving surgical 
interventions but also allows for significant cost savings in treatment, 
which is extremely important in the difficult economic conditions 
caused by the war in Ukraine. Depending on the choice of drugs 
for endocrine therapy, compared to internationally recommended 
neoadjuvant chemotherapy regimens, the savings range from about 
30,000 UAH to about 70,000 UAH. However, one should not rely 
solely on the results of pharmacoeconomic calculations, as long-
term treatment outcomes have not yet been thoroughly studied. 
Therefore, when choosing a neoadjuvant treatment strategy, 
a multidisciplinary team should consider a multifactorial analysis 
of each patient.
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Аналіз мінімізації витрат на неоад’ювантне 
лікування люмінального B HER2/neu-
негативного раку молочної залози: хімієтерапія 
проти гормонотерапії
М.В. Артеменко, І.М. Бондаренко, В.Ф. Завізіон, Д.І. Аверін

Дніпровський державний медичний університет, Україна

У  2022 р. у  світі зареєстровано 2 296 840 випадків раку 
молочної залози, в  Україні  — 12 335. Значна кількість па-
цієнтів з  раннім та місцево-поширеним раком потребує 
неоад’ювантного лікування. При  цьому для  лікування лю-
мінального В  HER2/neu-негативного раку частіше засто-
совується хімієтерапія, хоча дані останніх рандомізованих 
клінічних досліджень вказують на  ідентичну ефективність 
для таких випадків неоад’ювантного ендокринного лікування. 
До того ж ендокринна терапія має більш сприятливий профіль 
токсичності, легше переноситься пацієнтами, абсолютно 
не потребує госпіталізації та є значно дешевшою порівняно 
з  хімієтерапією. Цей факт має надзвичайно велике значен-
ня в Україні останніми роками, коли в умовах війни країна 
та населення мають обмежені фінансові ресурси на лікування. 
Метою дослідження було фармакоекономічне порівняння 
вартості неоад’ювантної хімієтерапії та неоад’ювантної ендо-
кринної терапії. Об’єкт і методи дослідження. Для виконання 
дослідження застосовано метод «мінімізації витрат». При роз-
рахунку показника різниці у витратах між 2 методами лікуван-
ня враховано як прямі витрати (вартість надання медичної 
допомоги одній особі, вартість лікувальних засобів, зокрема 
таких, що застосовуються для премедикації та попередження 
найчастіших проявів токсичності лікування, витрати на  ла-
бораторні дослідження), так і непрямі, насамперед витрати 
на  лабораторні дослідження та непрацездатність і пов’язані 
з  нею втрати. Результати дослідження. Враховано вартість 
лікування стандартними для ад’ювантного режиму дозоінтен-
сивними схемами з 4 курсів доксорубіцину з циклофосфамідом 
кожні 2 тиж з наступними 4 курсами паклітакселу кожні 2 тиж 

або наступними 12 щотижневими інфузіями паклітакселу, 
та 6 курсів комбінації доцетакселу з ендоксаном, а також по-
рівняно з вартістю лікування інгібіторами ароматази як у па-
цієнток у період менопаузи в монорежимі, так і їх комбінації 
із  синтетичними аналогами лютеїнізувального гормону  — 
рилізинг-гормону у  жінок у період пременопаузи. Залежно 
від вибору препаратів ендокринна терапія дешевша порівняно 
з  рекомендованими міжнародними настановами режимами 
неоад’ювантної хімієтерапії від близько 30 тис. грн до близько 
70 тис. грн. Висновки. При практично однакових безпосередніх 
результатах неоад’ювантної хіміє- та ендокринної терапії ран-
нього люмінального В HER2/neu-негативного раку молочної 
залози з урахуванням фармакоекономічного аналізу методом 
«мінімізації витрат» ендокринна терапія є варіантом вибо-
ру, який дозволяє суттєво зекономити кошти на лікування, 
що є надзвичайно важливим у період фінансово-економічної 
скрути. Втім не можна орієнтуватися виключно на результати 
фармакоекономічних розрахунків, оскільки на сьогодні від-
далені результати терапії поки що залишаються не до кінця 
вивченими. Тож при виборі тактики неоад’ювантного ліку-
вання мультидисциплінарною командою має враховуватися 
багатофакторний аналіз кожної окремої пацієнтки.

Ключові слова: рак молочної залози; імуногістохімічний 
фенотип пухлини; неоад’ювантна хімієтерапія; неоад’ювантна 
ендокринна терапія; вартість лікування; ускладнення лікуван-
ня раку; втрата працездатності внаслідок хвороби.
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