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Abstracts

Background. While advancements in drug therapies, surgical techniques, and clinical skills have sig-
nificantly improved breast cancer treatment outcomes, the nutritional care of patients has remained largely
unchanged. This stagnation fails to address the critical role of nutrition in patient recovery and quality of
life. Neoadjuvant chemotherapy is a cornerstone in managing locally advanced breast cancer, but it often
negatively impacts patients’ nutritional status. Improving nutritional interventions is essential to achieving
better patient care and treatment outcomes.

Objectives. This study aimed to evaluate the impact of neoadjuvant chemotherapy on the nutritional
status of breast cancer patients, identify key nutritional challenges during treatment, and emphasize the
need for integrating nutritional support into patient care protocols.

Methods. A retrospective analysis was conducted on 121 breast cancer patients treated with neoadju-
vant chemotherapy at a tertiary hospital between 2008 and 2024. Nutritional indicators, including the prog-
nostic nutritional index, serum albumin levels, and body mass index were assessed at three time points:
before neoadjuvant chemotherapy, before surgery, and after surgery. Statistical analyses, including t-tests
and generalized linear models, were used to determine the significance of changes associated with the neo-
adjuvant chemotherapy in these indicators.

Results. The study revealed that neoadjuvant chemotherapy significantly reduced pre-surgery prog-
nostic nutritional index (mean difference: —2.91, p = 0.0072), indicating a negative impact on nutritional
reserves. However, no significant differences were observed post-surgery (p = 0.8507), suggesting recov-
ery of nutritional status within a week. Serum albumin levels were consistently affected during treatment,
correlating with reduced immune function. Body mass index and chemotherapy complications had a weak-
er association with nutritional outcomes.

Conclusions. Neoadjuvant chemotherapy adversely affects nutritional status during the preopera-
tive period, underscoring the importance of targeted nutritional interventions. Integrating personalized
nutritional support into patient care protocols can mitigate these effects, enhance treatment tolerance, and
improve overall outcomes. Addressing nutritional needs is a critical component of optimizing breast cancer
care and improving patients’ quality of life.

Key words: nutritional support, nutritional status, quality of life, breast cancer, neoadjuvant chemo-
therapy.
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Beryn. Tozi sik mporpec y MeIMKaMEHTO3HIii Teparlii, XipypriYHuX TeXHiKaxX 1 KIIHIYHHX HABHYKaX
3HAYHO MOKPALIMB PE3YNIBTATH JIIKYBAHHS PAKy MOJIOYHO] 3aJ103H, OTIISL 32 Xap1yBaHHSM MALII€HTIB 3aJIi-
IIUBCS B OCHOBHOMY He3MIHHUM. LI cTarHauisi He BpaxoBy€e KPUTHUYHY POJIb XapuyBaHHS Yy BiIHOBJIEHHI
MAIi€eHTIB 1 SKOCTI ®UTTA. Heoan toBaHTHA XiMioTeparisi € HapiKHUM KaMEHEeM y JIIKyBaHHI JIOKaJIbHO
HOIIMPEHOT0 paKy MOJIOYHOT 3aJ103H, aJle BOHA YaCTO HEraTMBHO BIUIMBAE HAa CTAH XapuyBaHHS MAlli€HTIB.
[ToniniueHHs Xap4oBUX BTPYUaHb MA€ BEIMKE 3HAYEHHS I JOCATHEHHSI KPAIoro 01y 32 HallleHTaMU
Ta Pe3y/bTaTiB JTiKyBaHHS.

Mera. [locnimkeHHs Majo Ha MeTi OI[IHUTH BIUIMB HE0a 1 FOBAHTHOI XiMioTepanii Ha cTaH Xap4yBaHHS
MAIIEHTIB 3 pAKOM MOJIOYHO] 3aJ103H, BU3HAYUTH KITFOYOBI MTPOOIEMH 3 XapuyBaHHSAM 1]l 4ac JIKyBaHHS Ta
MiIKpeCIUTH HeOOXiIHICTh 1HTerparlii XapuoBoi MIATPUMKH B TPOTOKOJHU JOTMISAAY 32 MaIlieHTaMH.

MarepiaJj. PerpocniektuBHMii aHami3 Oyio mpoBeneHo Ha 121 marieHTii 3 pakoM MOJIOYHOT 3aJ103H, K1
OTpUMYBAJIH HeoaI[’IOBaHTHy Ximiorepanito B jtikapHi Mix 2008 1 2024 pokamu. HyTpuTHBHI MOKa3HUKH,
BKJIIOYAIOYHM MPOTHOCTUYHMH 1H/IEKC Xap4yBaHHs, PIBEHB CHPOBATKOBOIO anbOyMiHy Ta IHACKC MACH Tifa,
OLIIHIOBAJIM B TPU MOMEHTH 4acy: 10 He0a 1 FOBAaHTHOT X1M10Tepar111 Tepejt ONepawi€ero Ta Micis oneparii.
CraTucTU4YHUM aHai3, BKIIOYalOuH t-TeCTU Ta y3araJILHeH1 JIHIHI MOJEI, BUKOPHCTOBYBABCS LIS BU3HA-
YCHHSI 3HAYYIOCTI 3MIH, 10B’SI3aHAX 3 HEO0/I FOBAHTHOKO XIMIOTEPAIIi€l0, y LUX MOKA3HHUKaX.

Pesynbrarn. I[ocmzmceHHﬂ MO0Ka3aJio, 1110 Heoa]] I0BaHTHA XiMIOTeparlis 3Ha4HO 3HU3MJIA MPOTHOCTHY-
HUI HACKC XapuyBaHHs [epe]l Olepariero (cepesHs plSHI/ILISI —2.91, p = 0.0072), wo Bka3sye Ha Herarus-
HUI BIUIMB HAa HYTPUTHBHI pe3epd. ONHAaK Micis onepauii He CIOCTepiranocs ICTOTHHX BIAMIHHOCTEH
(p=10.8507), 10 CBITYATE PO BiXHOBICHHS HYTPHTHBHOTO CTAHY MPOTATOM THKHS. PIBSHB CHPOBATKOBOTO
anpOyMiHy OyB CTAOUTHHO SHIDKCHUM I1ij{ 4ac JIKYBAHH, IO KOpe/ioBasio 31 3HWKEHHAM IMYHHOI (DyHKII.
[HaeKe MacH Tila Ta yCKIIQAHEHHS XIMIOTepallil Malli CabuInii 38°5130K 13 HYTPUTHBHUMH PE3y/IBTATaMH.

BucHoBku. Heoal’roBaHTHA XIMIOTEpaIlis HErATUBHO BILIMBAE HA HYTPUTHBHUI CTATYC y Nepejole-
paiiiiHui Nepiof, MiAKPECTIOYH BaXIHBICTE LIICCIPIMOBAHUX BTPYYaHb y XapdyBaHHI. IHTerpaum
NEPCOHAII30BAHOI HYTPHTUBHOI MIATPUMKH B NPOTOKOMM JOIVISLY 3a MALIEHTAMU MOXE ITOM’SIKIINTH L
e)eKTH, MiBAIINTH EPEHOCUMICTb TiKyBaHHS Ta MOKPAIIMTH 3arabHi pesyabratd. BupimeHus HyTpu-
TUBHUX NMOTPE0 € KPUTUYHO BaXJIMBUM KOMIIOHEHTOM ONTUMI3allii JIKyBaHHS PaKy MOJIOUHOI 3aJI034 Ta
MOKPAIIEHHS SKOCTI KUTTS MAlli€HTIB.

Kuro4oBi c10Ba: HyTpUTHBHA MIATPUMKA, SIKICTh XKUTTS, paK MOJIOYHOI 321031, HE0a1 FOBAaHTHA XIMio-

Teparisi.

Introduction. Breast cancer remains a
significant public health challenge globally,
being the most prevalent cancer among women
and a leading cause of cancer-related mortality
[1]. The epidemiological data provided by the
“International Agency for Research of Cancer”
indicate that the incidence and mortality of
breast cancer among all age groups are rising,
particularly in developing countries, where the
disease is often diagnosed at more advanced
stages [2]. Neoadjuvant chemotherapy has
emerged as a critical component in breast cancer
management, primarily aimed at reducing tumor
size and facilitating breast-conserving surgeries.
This approach not only facilitates breast-
conserving surgeries but also provides valuable
insights into the tumor’s biological behavior and
response to treatment [11].

Over the last decade, significant advancements
have been made in diagnostic methods, anti-
tumor drug guidelines, and surgical techniques,
all contributing to improved cancer treatment
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outcomes [14; 18]. However, while these clinical
protocols have evolved, nutritional strategies for
patients have largely remained unchanged failing
to ensure sufficient intake of essential nutrients
that could enhance patients’ nutritional health
and improve recovery [10]. This stagnation is
particularly concerning given the widespread use
of neoadjuvant chemotherapy, which, despite
its therapeutic benefits, is accompanied by
numerous adverse effects, such as bone marrow
suppression, reduced immunity, and malnutrition
[12]. These side effects severely impact patients’
quality of life, with symptoms like loss of appetite,
weight loss, and muscle wasting further reducing
physical function and increasing treatment
risks [16]. The existing literature suggests that
certain nutritional indices, such as the prognostic
nutritional index, can serve as valuable markers
for predicting treatment outcomes and survival
in breast cancer patients [18; 19].

Objectives. This study aims to explore the
specific impacts of neoadjuvant chemotherapy
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on key nutritional indicators such as the
Prognostic Nutritional Index during different
treatment phases. By analyzing data connected
to the results presented in Tables 2—4, the study
seeks to quantify the extent of these effects
and identify critical time points for nutritional
intervention. Additionally, it emphasizes the
importance of incorporating targeted nutritional
support into patient care protocols to mitigate
the adverse effects of neoadjuvant chemotherapy
and improve therapeutic outcomes for breast
cancer patients.

Methods. This study focused on 140
patients who received scandalized breast cancer
treatment (anthracycline-based, taxane-based,
or platinum-containing chemotherapy regimens
and surgery) at a tertiary hospital between 2008
and 2024. Patients were randomly selected from
a larger pool of individuals diagnosed with
breast cancer during this period. All patients
included in the study were hospitalized under
the supervision of the authors (board-certified
physicians with 20+ years of experience), and
the research was conducted retrospectively using
existing clinical data. No experimental therapies
or interventions were applied; treatment plans
followed institutional protocols and were
regularly reviewed by the department team, with
cross-disciplinary consultations (e.g., oncology,
pathology, hematology, etc.) obtained as needed.

Research results. This study highlights
the significant influence of neoadjuvant
chemotherapy (NAC) on the nutritional status
of breast cancer patients, measured through the
Prognostic Nutritional Index (PNI). The findings
address the primary research questions and
underline critical considerations for patient care
[8; 18; 19].

Inclusion criteria were patients diagnosed
with breast cancer and treated with neoadjuvant
chemotherapy (NAC), while exclusion criteria
included those without preoperative Prognostic
Nutritional Index (PNI) measurements or
incomplete clinical data. Ultimately, 121 patients
metthestudy criteria. Comprehensive clinical data
were collected for each patient, with particular
attention to the following key variables: age;
NAC status; prognostic nutritional index at three
time points, namely the day before the first NAC
session (PNI1), the day before surgery (PNI2),
and more than seven days after surgery (PNI3);
other clinical nariables including body mass
index (BMI), albumin levels (ALBI-ALB3),
neutrophil-to-lymphocyte ratio (NLR1-NLR3)
at three time points, occurrence of chemotherapy
complications, specific chemotherapy regimens
used, and length of stay for surgery admission.
The corresponding data, stratified by NAC
and non-NAC groups in 2008 and 2024, are
summarized in Table 1.

Table 1

Clinical and nutritional characteristics of patients stratified by NAC status and year

of treatment (2008 vs. 2024)

Indicator 2008 2024
NAC Non-NAC NAC Non-NAC
Amount of patients 18 — 53 50
Age (years) 48.94 + 8.03 — 44.45+9.94 49.60 + 9.03
BMI — — 22.16 +2.64 23.02 £3.57
Total length of stay for surgery admission 1945 B 1D+5 1347
(days)
PNI1 51.42+4.94 — 51.33+£4.12 —
Prognostic Nutritional Index PNI2 49.27+5.82 - 48.51+£7.06 51.61+3.99
PNI3 46.07 £4.33 — 46.77 +5.28 46.76 +4.14
ALBI 43.95+3.49 — 43.11 £3.61 -
Albumin levels (g/L) ALB2 4443 +5.19 — 41.05 + 3.63 43.02+£3.48
ALB3 40.58 £3.97 - 40.74 +4.37 39.32+3.26
Neutrophil-to-lymphocyte NLRI1 2.26+0.84 — 2.30+1.40 —
ratio NLR2 3.27+2.80 - 2.73 +2.64 1.87+0.86
NLR3 2.66 +1.20 — 3.64 +4.04 2.34+1.49
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All statistical analyses were conducted using
SAS® OnDemand for Academics (Release
3.81, Enterprise Edition). Independent samples
t-tests or Mann-Whitney U test were used to
compare continuous variables, and Chi-square
and Fisher’s exact tests were employed for
categorical variables [13; 15].

First, descriptive statistical analysis was
conducted on the key variables, presenting
the distribution of each variable using mean,
standard deviation, minimum, and maximum
values. Next, a General Linear Model (GLM)
was applied to assess the impact of NAC on PNI,
with a significance level set at p < 0.05.

First of all, we checked if there exist any
changes in nutritional indicators due to NAC,
corresponding information is provided in the
Table 2. NAC significantly reduced pre-surgery
PNI (PNI2) levels (mean difference: —2.91,
p = 0.0072), indicating a notable depletion in
nutritional reserves before surgery. In contrast,
there weren’t seen any significant differences
for PNI1 (pre-NAC; p > 0.05) or PNI3 (post-
surgery; p = 0.8507), suggesting that NAC’s
impact on nutritional status is transient and
primarily concentrated during the pre-surgical
phase. Correlation analysis demonstrated a
negative influence of age on PNI2 (r = —0.1817,
p = 0.0461), with older patients exhibiting
poorer nutritional status. BMI and chemotherapy
complications showed no significant correlations
with PNI indicators (p > 0.05). These results
underscore the critical periods during which
nutritional interventions can mitigate the

adverse effects of NAC. Pre-surgical nutritional
optimization is essential to enhance patient
resilience and improve therapeutic outcomes,
highlighting the necessity of integrating robust
nutritional strategies into breast cancer care
protocols.

Effect of Tumor Stage, Age, BMI, and
Chemotherapy Regimens Generalized Linear
Model (GLM) analyses revealed that neither the
treatment year (2008 vs. 2024) nor NAC status
had a statistically significant impact on nutritional
indicators across the three time points (PNII,
PNI2, PNI3; p > 0.05). These findings suggest
that, regardless of the year in which patients
received treatment or whether they underwent
NAC, the overall differences in nutritional status
were not statistically significant (Table 3).

The comparative analysis of patients treated
in 2008 and 2024 is presented in the Table 4.
The analysis revealed no significant differences
in PNI values across the treatment years. This
consistency underscores persistent challenges
in mitigating NAC’s nutritional impact despite
evolving medical practices. Notably, the
negative effect of NAC on PNI2 remained
consistent across both time periods (p = 0.0076),
reinforcing the need for targeted interventions
during the pre-surgical phase.

Discussion. NAChas emergedasacornerstone
in the management of locally advanced breast
cancer, offering a dual advantage of direct
cytotoxic effects on rapidly dividing cancer cells
and modulation of the tumor microenvironment
and systemic immune response [3]. By inducing

Table 2
Comparison and statistical results of indicators between groups under NAC for breast cancer
Sam-ple Mean  Stan- Test Value
Time Point | NAC Status Size (11)\1) dard Devia- (p-value) Significance Related Variables
tion (PNI) | PVAY
NAC Group 71 51.35+4.31 ALBI,
PNII (Pre- Non-NAC =005 None NLR I (significant
NAC) 50 - .
Group predictors)
+6.
PNI2 (Pre- NAC Group 71 48.70 + 6.73 o
Non-NAC 0.0072 Significant NAC, ALB2, NLR2
surgery) 50 51.61 +£3.99
Group
+5.
PNI3 (Post- NAC Group 71 46.60 + 5.03 AL.B3? NLR3
surgery) Non-NAC 50 46.76 + 414 0.8507 None (significant
gery Group ' ) predictors)
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Table 3
The impact of NAC status and other indicators on PNI indicators during 2008 and 2024
Indicator PNI1 PNI2 PNI3
(Pre-NAC) (Pre-surgery) (Post-surgery)
Treatment year F=0, F=0, F=0,
Y Not Statistically Significant | Not Statistically Significant | Not Statistically Significant
F=0, F =0, Not Statistically F=0,
NAC status Not Statistically Significant Significant Not Statistically Significant
ALB F=181.28, p <0.0001 F=149.31, p <0.0001 F =387.86, p <0.0001
NLR F=23.14, p <0.0001 F =8.58, p =0.0045 F=26.19, p <0.0001
_ _ _ _ F=1.00,
BMI F=0.62,p=0.4380 F=0.44,p=0.5092 p=0.3199
Table 4
Effect of NAC on PNI index among patients in 2024
. . NAC Group Non-NAC Mean t-test 5 -
Time Point (n = 53) Group (n=50) | Difference (p-value) Cohen’s d Significance
PNI2 48.51 +7.06 51.61 £3.99 -3.10 0.0076 -0.54 Moderate
PNI3 46.77 £ 5.28 46.76 + 4.14 0.01 0.9916 0.01 None

apoptosis and inhibiting proliferation, NAC
enhances the immunogenicity of tumors, making
them more susceptible to immune-mediated
destruction. This combination of cytotoxicity
and immune modulation has been associated
with increased rates of pathological complete
response (pCR), a key marker linked to improved
long-term survival [4]. The type and timing of
chemotherapy regimens also play a significant
role in optimizing these outcomes, with some
strategies demonstrating superior efficacy in
tumor shrinkage and metastasis control [7].

The impact of NAC on tumor size and
metastasis control is well-documented [5; 7; 9;
17]. Studies consistently show its efficacy in
achieving substantial tumor reduction prior to
surgical resection, correlating with improved
surgical outcomes and better overall survival
rates [5]. Achieving a pCR not only signifies
the absence of residual disease at surgery but
also serves as a strong prognostic indicator for
favorable outcomes [17]. Moreover, NAC’s
ability to address micrometastatic disease is
critical in reducing distant recurrences, further
emphasizing its value in managing high-risk
breast cancer cases [7].

A particularly vital aspect of NAC’s clinical
success is its influence on surgical outcomes. By
facilitating significant tumor shrinkage, NAC

often enables less invasive surgical options,
such as breast-conserving surgery instead of
mastectomy [9]. This downstaging of tumors
improves not only surgical success rates but also
the quality of life and psychological well-being
of patients. Patients achieving a pCR post-NAC
demonstrate lower local recurrence rates and
enhanced survival [4], underscoring the role of
NAC in advancing both therapeutic and holistic
care outcomes.

Despite these benefits, NAC is not without
its challenges, particularly regarding its impact
on patients’ nutritional status. Beyond its tumor-
targeting mechanisms, NAC can significantly
alter key nutritional indicators, including the
PNI, serum albumin levels, BMI and others.
These factors are critical in shaping the overall
prognosis and quality of life for breast cancer
patients undergoing treatment [8; 18; 19].

Our analysis revealed that NAC significantly
reduced pre-surgery PNI (PNI2) levels
(p = 0.0076). Patients undergoing NAC
exhibited a moderate decline in nutritional
reserves (Cohen’s d = —0.54), likely attributable
to the toxic effects of chemotherapy agents and
associated side effects such as reduced appetite
and gastrointestinal discomfort. This decline
highlights the critical need for nutritional
interventions during the NAC phase to mitigate

81



Rehabilitation & Recreation

its adverse effects and support patients through
the demanding preoperative period.

Interestingly, no significant difference was
observed between NAC and non-NAC groups
in post-surgery PNI (PNI3; p = 0.9916). This
suggests a recovery of nutritional status within
a week following surgery, indicating that while
NAC temporarily compromises preoperative
nutritional reserves, these effects do not persist
postoperatively. This finding underscores the
importance of focusing nutritional support on the
NAC period to ensure patients maintain adequate
physical and metabolic reserves prior to surgery.

Our study also found that treatment year
(2008 vs. 2024) and NAC status did not have a
statistically significant impact on PNI indicators
(F =0, p> 0.05). In other words, there were no
statistically significant differences in overall
nutritional status based on the year of treatment
or NAC administration. This result may suggest
that there were no major changes in treatment
protocols or nutritional management strategies
at the hospitals included in this study between
2008 and 2024.

The findings of this study emphasize the
pivotal role of nutritional support as a component
of comprehensive cancer care. During the
NAC period, patients experience significant
nutritional challenges, including declines in key
markers such as PNI and albumin. Addressing
these  challenges  through  personalized
nutritional interventions can enhance treatment
tolerance, reduce complications, and improve
overall therapeutic outcomes. While long-term
nutritional intervention may not be necessary for
all breast cancer patients, timely support during
NAC can prevent the deterioration of nutritional
status and promote recovery.

Moreover, the recovery of nutritional status
postoperatively suggests that short-term, focused
nutritional interventions can yield significant
benefits. By prioritizing the NAC period for
nutritional support, healthcare providers can
better prepare patients for surgery and subsequent
treatments, ultimately enhancing quality of life
and survival outcomes. Future studies should
explore the integration of advanced nutritional
strategies, such as tailored supplementation and
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close monitoring of nutritional markers, into
cancer care protocols.

Conclusion. The findings of this study
highlight the critical role of nutritional support in
optimizing outcomes for breast cancer patients
undergoing neoadjuvant chemotherapy. Key
conclusions are as follows:

1. Despite advancements in breast cancer
treatment between 2008 and 2024, absence of
significant difference in prognostic nutritional
index of patients from 2008 and 2024 shows
that nutritional management strategies remained
unchanged, revealing a gap in integrating
evolving nutritional science into clinical practice.

2. Neoadjuvant chemotherapy significantly
impairs nutritional status before surgery, as
demonstrated by reductions in the prognostic
nutritional index and serum albumin levels. This
decline underscores the necessity of proactive
nutritional interventions during this phase to
maintain patient health and treatment efficacy.

3. Integrating individualized nutritional
support into neoadjuvant chemotherapy protocols
can enhance treatment tolerance, reduce adverse
effects, and improve patients’ quality of life.

4. Unlike other nutritional markers, body mass
index and chemotherapy-related complications
had minimal influence on overall nutritional
outcomes, reinforcing the need to focus on
dynamic biochemical indicators for assessment.

These results emphasize that nutritional care
is not merely supportive but a fundamental
component of breast cancer therapy. Future
research should focusondevelopingstandardized,
evidence-based nutritional guidelines to further
refine patient care protocols.

Bibliography

1. Bray F., Laversanne M., Sung H., Ferlay J.,
Siegel R.L., Soerjomataram I., Jemal A. Global
cancer statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin. 2024 May—
Jun;74(3):229-263. doi: 10.3322/caac.21834.

2. Cancer tomorrow, Estimated numbers from
2022 to 2050, Females, age (0—85+), International
Agency for Research on Cancer. World Health
Organization. Breast. 2024. URL: https://gco.iarc.
fr/tomorrow/en/dataviz/trends?multiple populati
ons=1&sexes=2&cancers=20&age end=17.



Vol. 19 No. 4 (2025)

3.Cleator S., Parton M., Dowsett M. The biology
of neoadjuvant chemotherapy for breast cancer.
Endocr Relat Cancer. 2002 Sep;9(3):183-95. doi:
10.1677/erc.0.0090183.

4. Cortazar P., Zhang L., Untch M.,
MehtaK.,CostantinoJ.P., WolmarkN.,BonnefoiH.,
CameronD., Gianni L., & Valagussa P. Pathological
complete response and long-term clinical benefit
in breast cancer: the CTNeoBC pooled analysis.
The Lancet, 2014, 384(9938), 164-172. doi:
10.1016/S0140-6736(13)62422-8.

5. Derks M.G.M., van de Velde C.J.H.
Neoadjuvant chemotherapy in breast cancer: more
than just downsizing. Lancet Oncol. 2018 Jan,
19(1), 2-3. doi: 10.1016/S1470-2045(17)30914-2.

6. Duan S., Buxton I.L.O. Evolution of
Medical Approaches and Prominent Therapies
in Breast Cancer. Cancers (Basel). 2022 May
16;14(10):2450. doi: 10.3390/cancers14102450.

7. Guarneri V., & Conte P.F. The curability
of breast cancer and the treatment of advanced
disease. European journal of nuclear medicine
and molecular imaging, 2004, 31(Suppl 1),
S149-S161. doi: 10.1007/s00259-004-1538-5.

8.Jang M.K., Park S., Park C., Doorenbos A.Z.,
Go J., & Kim S. Body composition change during
neoadjuvant chemotherapy for breast cancer.
Frontiers in Oncology, 2022, 12, 941496. doi:
10.3389/fonc.2022.941496.

9. Killelea B.K., Yang V.Q., Mougalian S.,
HorowitzN.R.,Pusztail.,ChagparA.B.,&LanninD.R.
Neoadjuvant chemotherapy for breast cancer
increases the rate of breast conservation:
results from the National Cancer Database.
Journal of the American College of Surgeons,
2015, 220(6), 1063-1069. doi: 10.1016/
jjamcollsurg.2015.02.011.

10. Limon-Miro A.T., Lopez-Teros V., &
Astiazaran-Garcia H. Dietary guidelines for
breast cancer patients: a critical review. Advances
in Nutrition, 2017, 8(4), 613-623. doi: 10.3945/
an.116.014423.

11. Masood S. Neoadjuvant chemotherapy
in  breast cancers. Womens  Health
(Lond). 2016 Sep;12(5):480—-491. doi:
10.1177/1745505716677139.

12. Miyata H., Yano M., Yasuda T,
Hamano R., Yamasaki M., Hou E., Motoori M.,
Shiraishi O., Tanaka K., & Mori M. Randomized
study of clinical effect of enteral nutrition
support during neoadjuvant chemotherapy on
chemotherapy-related toxicity in patients with
esophageal cancer. Clinical nutrition, 2012, 31(3),
330-336. doi: 10.1016/j.clnu.2011.11.002.

13. Neely J.G., Hartman J.M., Forsen Jr J.W.,
& Wallace M.S. Tutorials in clinical research: VII.
Understanding comparative statistics (contrast) —
part B: Application of T-test, Mann-Whitney U,
and Chi-Square. The Laryngoscope, 2003, 113(10),
1719-1725. doi: 10.1097/00005537-200310000-0
0011.

14. Noor F., Noor A., Ishaq A.R., Farzeen I.,
Saleem M.H., Ghaffar K., Muhammad Farhan
Aslam MLF., Aslam S. and Jen-Tsung Chen J.T.
Recent Advances in Diagnostic and Therapeutic
Approaches for Breast Cancer: A Comprehensive
Review. Current Pharmaceutical Design, Volume
27, Issue 20, Jun 2021, p. 2344-2365. doi: https://
doi.org/10.2174/1381612827666210303141416.

15. Riina M.D., Stambaugh C., Stambaugh N.,
& Huber K.E. Continuous variable analyses: T-test,
Mann—Whitney, Wilcoxin rank. In Translational
radiation oncology, 2023, pp. 153-163. Elsevier.
doi: 10.1016/B978-0-323-88423-5.00070-4.

16. Souza A.P.S., Silva L.C.D., Fayh A.P.T.
Nutritional Intervention Contributes to the
Improvement of Symptoms Related to Quality
of Life in Breast Cancer Patients Undergoing
Neoadjuvant Chemotherapy: A Randomized
Clinical Trial. Nutrients. 2021, 13(2), 589. doi:
10.3390/nu13020589.

17. Schott A.F., & Hayes D.F. Defining the
Benefits of Neoadjuvant Chemotherapy for Breast
Cancer.Journalof Clinical Oncology,2012,30(15),
1747-1749. doi: 10.1200/jc0.2011.41.3161.

18. Wang M.-D., Duan F.-F., Hua X., Cao L.,
Xia W., & Chen J.-Y. A Novel Albumin-Related
Nutrition Biomarker Predicts Breast Cancer
Prognosis in Neoadjuvant Chemotherapy: A Two-
Center Cohort Study. Nutrients, 2023, 15(19),
4292. doi: 10.3390/nu15194292.

19. Zhang X., Liu Y., & Mu D. Influence of
prognostic nutritional index on the surveillance
after surgery-based systematic therapy for breast
cancer. The American Surgeon™, 2023, 89(12),
6157-6171. doi: 10.1177/00031348231191200.

References

1. Bray, F., Laversanne, M., Sung, H., Ferlay, J.,
Siegel, R.L., Soerjomataram, I., & Jemal, A. (2024).
Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA: a cancer
journal for clinicians, 74(3), 229-263. doi:
10.3322/caac.21834.

2. Cancer tomorrow C. (2024). Estimated
numbers from 2022 to 2050, Females, age [0-85+].
Breast. The International Agency for Research on

83



Rehabilitation & Recreation

Cancer. Retrieved 2024.12.12 from: https://gco.
iarc.fr/tomorrow/en/dataviz/trends?multiple pop
ulations=1&sexes=2&cancers=20&age end=17.

3. Cleator, S., Parton, M., & Dowsett, M.
(2002). The biology of neoadjuvant chemotherapy
for breast cancer. Endocrine-related cancer, 9(3),
183-195. doi: 10.1677/erc.0.0090183

4. Cortazar, P., Zhang, L., Untch, M., Mehta, K.,
Costantino, J. P., Wolmark, N., Bonnefoi, H.,
Cameron, D., Gianni, L., & Valagussa, P. (2014).
Pathological complete response and long-term
clinical benefit in breast cancer: the CTNeoBC
pooled analysis. The Lancet, 384(9938), 164—172.
doi: 10.1016/S0140-6736(13)62422-8.

5. Derks, M.G., & van de Velde, C.J. (2024).
Neoadjuvant chemotherapy in breast cancer: more
than just downsizing. The Lancet Oncology, 19(1),
2-3. doi: 10.1016/S1470-2045(17)30914-2.

6. Duan, S., & Buxton, I.L. (2022). Evolution
of medical approaches and prominent therapies
in breast cancer. Cancers, 14(10), 2450. doi:
10.3390/cancers14102450.

7. Guarneri, V., & Conte, P.F. (2004). The
curability of breast cancer and the treatment of
advanced disease. European journal of nuclear
medicine and molecular imaging, 31(Suppl 1),
S149-S161. doi: 10.1007/s00259-004-1538-5.

8.Jang, M K., Park,S.,Park,C.,Doorenbos,A.Z.,
Go, J., & Kim, S. (2022). Body composition
change during neoadjuvant chemotherapy for
breast cancer. Frontiers in Oncology, 12, 941496.
doi: 10.3389/fonc.2022.941496.

9. Killelea, B.K., Yang, V.Q., Mougalian, S.,
Horowitz, N.R., Pusztai, L., Chagpar, A.B., &
Lannin, D.R. (2015). Neoadjuvant chemotherapy
for breast cancer increases the rate of breast
conservation: results from the National Cancer
Database. Journal of the American College of
Surgeons, 220(6), 1063-1069. doi: 10.1016/j.
jamcollsurg.2015.02.011.

10. Limon-Miro, A.T., Lopez-Teros, V., &
Astiazaran-Garcia, H. (2017). Dietary guidelines
for breast cancer patients: a critical review.

Advances in Nutrition, 8(4), 613-623. doi:
10.3945/an.116.014423.
11. Masood, S. (2016). Neoadjuvant

chemotherapy in breast cancers. Women s Health,
12(5),480-491. doi: 10.1177/1745505716677139.

12.Miyata,H.,Yano,M.,Yasuda, T.,Hamano,R.,
Yamasaki, M., Hou, E., Motoori, M., Shiraishi, O.,
Tanaka, K., & Mori, M. (2012). Randomized study
of clinical effect of enteral nutrition support during

84

neoadjuvant chemotherapy on chemotherapy-
related toxicity in patients with esophageal cancer.
Clinical nutrition, 31(3), 330-336. doi: 10.1016/
j.clnu.2011.11.002.

13. Neely, J.G., Hartman, J.M., Forsen Jr, J.W.,
& Wallace, M.S. (2003). Tutorials in clinical
research:  VII.  Understanding  comparative
statistics (contrast) — part B: Application of
T-test, Mann-Whitney U, and Chi-Square. The
Laryngoscope, 113(10), 1719-1725. doi: 10.1097
/00005537-200310000-00011.

14. Noor, F., Noor, A., Ishaq, A.R., Farzeen, 1.,
Saleem, M.H., Ghaffar, K., Aslam, M.F., Aslam, S.,
& Chen, J.-T.(2021). Recentadvances in diagnostic
and therapeutic approaches for breast cancer: A
comprehensive review. Current Pharmaceutical
Design, 27(20), 2344-2365. doi: 10.2174/138161
2827666210303141416.

15. Riina, M.D,, Stambaugh, C,
Stambaugh, N., & Huber, K.E. (2023). Continuous
variable analyses: T-test, Mann—Whitney,
Wilcoxin rank. In Translational radiation oncology
(pp- 153-163). Elsevier. doi: 10.1016/B978-0-
323-88423-5.00070-4.

16. Souza, A.P.S., Silva, L.C.D., Fayh, A.P.T.
(2021). Nutritional Intervention Contributes to
the Improvement of Symptoms Related to Quality
of Life in Breast Cancer Patients Undergoing
Neoadjuvant Chemotherapy: A Randomized
Clinical Trial. Nutrients, 13(2), 589. doi: 10.3390/
nul13020589.

17.Schott,A.F., & Hayes, D.F. (2012). Defining
the Benefits of Neoadjuvant Chemotherapy
for Breast Cancer. Journal of Clinical
Oncology, 30(15), 1747-1749. doi: 10.1200/
jco.2011.41.3161.

18. Wang, M.-D., Duan, F.-F., Hua, X., Cao, L.,
Xia, W., & Chen, J.-Y. (2023). A Novel Albumin-
Related Nutrition Biomarker Predicts Breast
Cancer Prognosis in Neoadjuvant Chemotherapy:
A Two-Center Cohort Study. Nutrients, 15(19),
4292. doi: 10.3390/nu15194292.

19. Zhang, X., Liu, Y., & Mu, D. (2023).
Influence of prognostic nutritional index on the
surveillance after surgery-based systematic therapy
for breast cancer. The American Surgeon™, 89(12),
6157-6171. doi: 10.1177/00031348231191200.

[Tpwuitasito no my6mikarii: 17.11.2025
Ony6mikoBano: 31.12.2025

Accepted for publication on: 17.11.2025
Published on: 31.12.2025



