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Abstract

Background: Chemotherapy has a substantial role in decreasing the
risk of recurrence and mortality in breast cancer (BC) in a dose-de-
pendent manner where a low relative dose intensity (RDI) is associ-
ated with unfavorable outcomes. Several baseline clinicopathological
factors, including pro-inflammatory biomarkers, were found to be
significant determinants of low RDI. This study aimed to explore the
occurrence of low RDI and its influencing factors in women with BC.

Methods: This cross-sectional study recruited 172 women with stage
[-IV BC who received first-line chemotherapy. We collected patients’
clinical, pathological, and treatment data and analyzed the pre-chem-
otherapy C-reactive protein (CRP) and interleukin (IL)-6 levels us-
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ing a quantitative enzyme-linked immunosorbent assay (ELISA). We
calculated the RDI based on the actual and planned delivered chemo-
therapy dose (mg/m?) and duration (weeks). RDI less than 85% was
defined as “low”. Multivariate analysis with logistic regression was
conducted to determine the association between pre-chemotherapy
parameters and RDI < 85%.

Results: The mean CRP level was 10.82 + 19.17 mg/L (0.00 - 151.73
mg/L) and the mean IL-6 level was 1.12 + 3.41 pg/mL (0.00 - 27.67
pg/mL). The average RDI for all patients was 93+8.19%. An RDI <
85% occurred in 23 patients (13.4%). The presence of diabetes melli-
tus (odds ratio (OR): 4.78, 95% confidence interval (CI): 1.03 - 22.27,
P = 0.046), triple-negative tumors (OR: 6.45, 95% CI: 1.39 - 29.83,
P =0.017), and IL-6 levels > 0.5 pg/mL (OR: 3.45, 95% CI: 1.01 -
11.79, P = 0.049) was associated with an increased low RDI risk.

Conclusion: The proportion of BC patients receiving a low chemo-
therapy RDI in our study was comparable to published literature and
drove close monitoring of patients at risk to provide adequate man-
agement.

Keywords: Breast neoplasms; Chemotherapy; Inflammation; Inter-
leukin-6

Introduction

Chemotherapy has a substantial role in decreasing the risk of
recurrence and mortality in breast cancer (BC) [1]. The greatest
benefits are obtained from chemotherapy regimens with higher
cumulative dose intensity or in a dose-dependent manner [1,
2]. However, in addition to damaging cancer cells, chemother-
apy comes with the risk of hematological and non-hematologi-
cal toxicities, experienced by a large number of patients [3, 4].
The occurrence of severe toxicities such as febrile neutropenia,
severe neutropenia, anemia, and thrombocytopenia can lead to
reduced relative dose intensity (RDI) in particular patients [2].

A low RDI or RDI < 85% is associated with unfavora-
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ble overall survival (OS) in cases with colorectal, pancreatic,
ovarian, lung, and breast cancer (hazard ratio (HR): 1.17 -
1.39) [2]. Particularly in BC, RDI < 85% significantly corre-
lated with worse disease-free survival (DFS) in non-metastatic
patients (HR: 1.45 - 1.97) [5, 6], and shorter OS in metastatic
cases (HR: 1.32) [7]. A study focusing on BC cases with hu-
man epidermal growth factor receptor 2 (HER2)-negative tu-
mors showed that 5-year OS was lower in patients who re-
ceived RDI < 85% compared to RDI > 85% (76.3% vs. 91.2%,
P=0.015) [8].

Apart from hematological and non-hematological toxici-
ties that have been observed in relation to low RDI, several
baseline clinicopathological and treatment factors were found
to be significant determinants of low RDI in BC, including
age [9-12], body mass index (BMI) [13, 14], body surface area
(BSA) [11, 12], comorbidity presence [11], tumor stage [15],
molecular subtype [15], and anthracycline-based regimen [11].
There is also growing evidence demonstrating that pro-inflam-
matory biomarkers, including C-reactive protein (CRP), inter-
leukin (IL)-6, IL-8, and tumor necrosis factor-alpha (TNF-a),
had an association with reduced RDI [9, 16].

Since maintaining RDI is essential to achieve better out-
comes, it is important to identify BC patients who are at risk of
receiving a reduced RDI. The inconsistent observations among
studies investigating the association between pro-inflammato-
ry biomarkers and RDI also need to be addressed. The objec-
tive of this study was to determine whether baseline clinico-
pathological, treatment, and pro-inflammatory parameters are
associated with a reduced RDI in women with BC.

Materials and Methods

Study participants and design

This cross-sectional study recruited women with BC who re-
ceived first-line chemotherapy and were enrolled in a prospec-
tive cohort study investigating BC chemotoxicity. Participants
were BC patients visiting the Hematology and Medical Oncol-
ogy Division, “Tulip”/Integrated Cancer Clinic, Dr. Sardjito
General Hospital, Yogyakarta, Indonesia, between July 2018
and March 2022. Women with histopathologically confirmed
BC, aged 18 years or older, with an Eastern Cooperative On-
cology Group (ECOG) performance status of < 2, no history
of previous chemotherapy, and without a fatal illness or se-
vere congestive heart failure were enrolled in the main study.
Patients were excluded from the present study if: 1) they had
not received at least three cycles of chemotherapy; 2) they re-
ceived a non-3-weekly chemotherapy regimen; or 3) they did
not have stored pre-chemotherapy blood samples. A total of
172 patients were eventually included in the present study. The
study was authorized by the Medical and Health Research and
Ethics Committee, Faculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada (reference number: KE/
FK/0417/EC/2018), and was conducted in compliance with
the ethical standards of the responsible institution on human
subjects as well as with the Helsinki Declarations. All partici-
pants provided written consent prior to study enrolment.
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Clinical, pathological, and treatment characteristics

Patients’ clinical, pathological, and treatment data were re-
trieved from the main study database from August to December
2023. The baseline clinical data consisted of age (< 60 years vs.
> 60 years), BMI (< 23 kg/m? vs. > 23 kg/m? based on WHO
BMI cut-off for Asians), comorbidity presence (yes vs. no, in-
cluding at least one of these following comorbidities: diabetes
mellitus, hypertension, dyslipidemia, hyperuricemia, gastri-
tis, asthma, or allergy), diabetes mellitus comorbidity (yes vs.
no), hypertension comorbidity (yes vs. no), and pre-treatment
laboratory parameters including glucose (mg/dL), albumin (g/
dL), and vitamin D (ng/mL). Baseline tumor and pathological
data included cancer stage (stage I-II vs. stage III-IV based on
the eighth edition AJCC staging system), and estrogen recep-
tors (ER), progesterone receptors (PR), and human epidermal
growth factor receptor 2 (HER2) status (ER* or PR*, HER2" vs.
HER2" vs. ER-, PR, HER2"). Last, the treatment data consisted
of chemotherapy setting (adjuvant and neoadjuvant vs. pallia-
tive) and chemotherapy regimen (anthracycline plus cyclophos-
phamide (AC), taxane (T), anthracycline plus cyclophospha-
mide followed by taxane (AC-T) and capecitabine).

Pro-inflammatory biomarkers

CRP and IL-6 levels were analyzed using a quantitative enzyme-
linked immunosorbent assay (ELISA) on pre-chemotherapy
blood samples stored in Biobank, Faculty of Medicine, Public
Health, and Nursing, Universitas Gadjah Mada. Prior to the initi-
ation of chemotherapy, peripheral blood (21 mL) was collected.
After centrifugation, plasma samples were aliquoted and stored
at -80 °C until analysis. Quantitative pro-inflammatory biomark-
er measurements included high-sensitivity CRP (Calbiotech, El
Cajon, California, Catalog No. CR120C) and human IL-6 (Elab-
science, Houston, TX, Catalog No. E-EL-H6156). Analysis was
done at the Integrated Research Laboratory, Faculty of Medi-
cine, Public Health, and Nursing, Universitas Gadjah Mada by
trained laboratory staff blinded to patients’ characteristics.

RDI

RDI is the ratio of the total delivered dose (mg/m?) divided by
actual time to complete delivered chemotherapy (weeks) to the
total intended dose (mg/m?) divided by standard time to com-
plete intended chemotherapy regimen (weeks), ranging from 0
to 100%. A dose delay or dose reduction can cause decreases in
RDI [17, 18]. For chemotherapy regimen containing multiple
agents, RDI was the mean value of the individual RDIs from
each agent in the chemotherapy regimen. RDI less than 85%
was defined as “low” [19].

Statistical analysis

Patients’ clinical, pathological, and treatment characteristics
were described as mean and standard deviation (SD) or fre-
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Subjects identified from the main study
(N=245)

Excluded
Not receiving chemotherapy (N=36)
Having less than 3 chemotherapy cycles (N=15)
Not a 3-weekly chemotherapy regimen (N=1)
Incomplete data (N=2)
Blood sample not available (N=19)

Subjects included in this study
(N=172)

Figure 1. Flowchart of subjects’ inclusion. From 245 patients in the main study, 73 patients were excluded due to not receiving
chemotherapy, receiving less than 3 chemotherapy cycles, not having 3-weekly chemotherapy regimen, incomplete clinical data,
and unavailability of stored blood sample. A total of 172 patients with stage I-IV BC were included for analysis.

quency and percentage. Pro-inflammatory biomarkers were
presented as mean, SD, minimum and maximum value, clini-
cal cut-off and the area under the receiving operating charac-
teristics (ROC) curve (AUC).

Pre-treatment laboratory parameters and pro-inflammato-
ry biomarkers were grouped based on cut-off value using the
Liu Index method to maximize the AUC. Considering opti-
mal clinical practice application, rounded cut-off values were
chosen. Univariate and multivariate analysis with logistic re-
gression was conducted to determine the association between
pre-chemotherapy parameters and RDI < 85%. All parameters
with a P value under 0.250 were included in the multivariate
analysis. A P value under 0.05 was considered significant. The
statistical analyses were performed with Stata version 17 (Sta-
ta Corp., College Station, TX).

Results

Baseline characteristics

From 245 patients in the main study, 73 patients were excluded
due to not receiving chemotherapy (n = 36), receiving less than
three chemotherapy cycles (n = 15), not having a 3-weekly
chemotherapy regimen (n = 1), incomplete clinical data (n =
2), and not having blood sample stored (n = 19). A total of
172 patients with stage I-IV BC were included in this study
(Fig. 1). The mean age of patients was 52 years (range 32 - 78
years). Among them, 82.0% were equal to or under 60 years
old, 55.8% had normal to underweight BMI, and 57.6% had at
least one comorbidity. Most patients were diagnosed with stage
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HI-IV BC (69.8%), were ER™ or PR* and HER2- (49.4%), and
received AC-T regimen (71.5%) (Table 1).

Pro-inflammatory biomarkers

The mean CRP level was 10.82 + 19.17 mg/L, with a median
value of 5.02 mg/L (range 0.00 - 151.73 mg/L). The mean IL-6
level was 1.12 + 3.41 pg/mL (range 0.00 - 27.67 pg/mL). Based
on Liu Index methods, this study used 5 mg/L (AUC: 0.53) and
0.5 pg/mL (AUC: 0.66) as the clinical cut-off for CRP and IL-6.

Factors associated with a low RDI

The average RDI for all patients was 93+8.19%, and an RDI
< 85% occurred in 23 patients (13.4%). The average RDI was
92+10.37% for patients receiving AC regimen, 914+9.95% for
patients receiving taxane regimen, 93+7.26% for patients re-
ceiving AC-T regimen, and 93+11.4% for patients receiving
capecitabine regimen.

In the univariate analysis, diabetes mellitus comorbidity
(P = 0.005), palliative chemotherapy setting (P = 0.003), and
IL-6 levels > 0.5 pg/mL (P = 0.001) were significantly associ-
ated with RDI < 85% (Table 2). With a P value less than 0.250,
BMI, comorbidity presence, cancer stage, ER, PR, HER?2 status,
chemotherapy regimen, glucose, and albumin levels were also
included in the multivariable analysis. In the multivariable analy-
sis, factors associated with a low RDI risk were the presence of
diabetes mellitus comorbidity (odds ratio (OR): 4.78, 95% con-
fidence interval (CI): 1.03 - 22.27, P = 0.046), ER", PR, HER2"
or triple-negative tumors (OR: 6.45, 95% CI: 1.39 - 29.83, P =
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Table 1. Baseline Characteristics (N = 172)

Variables Frequency (%)
Age (years, mean + SD) 52.07+9.03

<60 years 141 (82.0)

> 60 years 31 (18.0)
Body mass index (kg/m?, mean + SD) 23.94+4.42

>23 kg/m? 96 (55.8)

<23 kg/m? 76 (44.2)
Comorbidity presence

No 73 (42.4)

Yes 99 (57.6)
Diabetes mellitus comorbidity

No 152 (88.4)

Yes 20 (11.6)
Hypertension comorbidity

No 132 (76.7)

Yes 40 (23.3)
Cancer stage

Stage I-11 52(30.2)

Stage I1I-1V 120 (69.8)
ER, PR, HER2 status

ER" or PR*, HER2" 85 (49.4)

HER2* 55(32.0)

ER-, PR, HER2- 32 (18.6)
Chemotherapy setting

Adjuvant/neoadjuvant 133 (77.3)

Palliative 39 (22.7)
Chemotherapy regimen

AC 18 (10.5)

T 25 (14.5)

AC-T 123 (71.5)

Other (capecitabine) 6 (3.5)

Pre-treatment laboratory parameters
Glucose (mg/dL, mean + SD)
Albumin (g/dL, mean + SD)
Vitamin D (ng/mL, mean + SD)

114.04 +£35.94
4.30+0.56
9.19+4.14

SD: standard deviation; ER: estrogen receptor; PR: progesterone re-
ceptor; HER2: human epidermal growth factor receptor 2; AC-T: an-
thracycline/cyclophosphamide followed by taxane; AC: anthracycline/
cyclophosphamide; AC-TH: anthracycline/cyclophosphamide followed
by taxane and trastuzuma; T: taxane.

0.017), and IL-6 levels > 0.5 pg/mL (OR: 3.45, 95% CI: 1.01
- 11.79, P=0.049).

Discussion

This study was one of the few investigating pro-inflammatory
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biomarkers and other determinant factors of low RDI in BC
chemotherapy. In the present study, the average RDI of chemo-
therapy in (neo)adjuvant and palliative settings was 93%. As
much as 13.4% of patients received RDI less than 85%. Pa-
tients with diabetes mellitus, triple-negative tumors, and pre-
treatment IL-6 level > 0.5 pg/mL faced a higher risk of low
RDI of BC chemotherapy when compared with their counter-
parts.

Our study observed a comparable low RDI occurrence
with previous studies on BC chemotherapy dose intensity from
Thailand, Sweden, Australia, and the UK (11.6-17%) [13, 16].
The last two studies also reported a similar RDI average of 92%
and 95% [10, 14]. A study from the Netherlands that enrolled
stage I-III BC patients found fewer patients experiencing a
low RDI (9.6%) given that the average RDI administered was
higher than ours (99% vs. 93%) [20]. Meanwhile, with a lower
RDI average (79.4-88%) than ours, previous studies from the
USA reported a higher low RDI occurrence (30-55.5%) [11,
12, 21, 22]. The proportion of patients receiving substandard
chemotherapy dose intensity in our study drove the provision
of more adequate management, especially for patients at risk.

We found that diabetes mellitus was significantly associat-
ed with a higher risk of low RDI in contrast to a previous study
in colorectal cancer patients that showed no significant cor-
relation between them [23]. We proposed that hyperglycemia,
as a classic feature of diabetes mellitus, was associated with
chemotherapy dose modification and RDI reduction [17, 18].
During chemotherapy, steroids are often administered as pre-
medication to prevent allergic reactions caused by chemother-
apy agents. Through several mechanisms including downregu-
lation of glucose transporter 4 (GLUT4) in muscle, increased
glucose production in the liver, insulin receptor binding inhibi-
tion, and decreased insulin secretion, steroids affect glucose
metabolism and insulin resistance leading to hyperglycemia
[24]. Hyperglycemia is frequently observed during chemother-
apy [25], leading to a dose delay. Dose delay was defined as a
delay of 7 or more days in administering at least one chemo-
therapy agent relative to the standard [12], as we also com-
monly see in our previous report [26]. In our study population,
dose delay was found in 77 (44.8%) patients. Among patients
with diabetes mellitus, 13 (65%) patients experienced dose de-
lay. We found that patients with diabetes mellitus tend to have
a higher risk of experiencing dose delay throughout chemo-
therapy cycles compared to patients without diabetes mellitus
(65% vs. 42.1%, P = 0.053) (Supplementary Material 1, www.
wjon.org) which is responsible for a low RDI occurrence.

Another study observed that BC patients with diabetes
mellitus had an increased risk of chemotherapy toxicities, in-
cluding neutropenia, anemia, thrombocytopenia, and infection
or fever, through several mechanisms [27]. Diabetes mellitus
has impacts on nerves and vascular structures, insulin-like
growth factor 1 (IGF-1) activation, drug pharmacokinet-
ics, including anthracycline and taxane, and expression lev-
els of hepatic CYP450 and Mdrlb that induce drug toxicity
[28]. The odds of experiencing neutropenia were 32% higher
in patients with diabetes mellitus due to impaired neutrophil
function, defects in chemotaxis and hematopoietic progenitor
that increased bone marrow suppression [28, 29]. Even though
diabetes mellitus was well-controlled and asymptomatic, there
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Table 2. Clinicopathological and Pro-Inflammatory Factors Associated With RDI < 85%

RDI<85% RDI>85% Adjusted

Variables (n=23) (n = 149) Crude OR 95% CI P value OR 95% CI P value
Age

<60 years 17 (73.9) 124 (83.2) Ref

> 60 years 6(26.1) 25 (16.8) 1.75 0.63 - 4.88 0.284
Body mass index

>23 kg/m? 10 (43.5) 86 (57.7) Ref Ref

<23 kg/m? 13 (56.5) 63 (42.3) 1.77 0.73-4.30 0.205 1.77 0.59 - 5.36 0.310
Comorbidity presence

No 7 (30.4) 66 (44.3) Ref Ref

Yes 16 (69.6) 83 (55.7) 1.82 0.71 - 4.68 0.215 0.87 0.25-2.96 0.820
Diabetes mellitus

No 16 (69.6) 136 (91.3) Ref Ref

Yes 7 (30.4) 13 (8.7) 4.58 1.59-13.14  0.005 4.78 1.03-22.27  0.046*
Hypertension

No 17 (73.9) 115 (77.2) Ref

Yes 6(26.1) 34 (22.8) 1.19 0.44-3.26 0.730
Cancer stage

Stage I-11 4(17.4) 48 (32.2) Ref Ref

Stage I1I-IV 19 (82.6) 101 (67.8) 2.26 0.73 - 6.99 0.158 1.03 0.24 - 4.45 0.964
ER, PR, HER2 status

ER* or PR*, HER2" 9 (39.1) 76 (51.0) Ref Ref

HER2" 8 (34.8) 47 (31.5) 1.44 0.52-3.98 0.485 1.64 0.46 - 5.87 0.447

ER", PR, HER2" 6(26.1) 36 (17.5) 1.95 0.63 - 6.00 0.245 6.45 1.39-29.83  0.017*
Chemotherapy setting

Adjuvant/neoadjuvant 12 (52.2) 121 (81.2) Ref Ref

Palliative 11 (47.8) 28 (18.8) 3.96 1.58-9.89 0.003 2.49 0.61-10.12  0.203
Chemotherapy regimen

AC-T 14 (60.9) 109 (73.2) Ref Ref

Other 9(39.1) 40 (26.8) 1.75 0.70 - 4.36 0.228 0.99 0.29 - 3.39 0.986
Glucose

<105.5 mg/dL 8 (40.0) 73 (54.5) Ref Ref

>105.5 mg/dL 12 (60.0) 61 (45.5) 1.79 0.69 - 4.67 0.231 0.99 0.29 -3.39 0.986
Albumin

>4.4 g/dL 7 (31.8) 78 (52.4) Ref Ref

<4.4¢g/dL 15 (68.2) 71 (47.6) 2.35 0.91-6.10 0.078 2.19 0.59 - 8.04 0.239
Vitamin D

> 8.6 ng/mL 14 (60.9) 74 (49.7) Ref

<8.6 ng/mL 9(39.1) 75 (50.3) 0.63 0.26 - 1.55 0.320
CRP

<5mg/L 10 (43.5) 75 (50.3) Ref

> 5 mg/L 13 (56.5) 74 (49.7) 1.32 0.54-3.19 0.541
IL-6

<0.5 pg/mL 12 (52.2) 125 (83.9) Ref Ref

> 0.5 pg/mL 11 (47.8) 24 (16.1) 4.77 1.89-12.07 0.001 3.45 1.01-11.79  0.049*

*P < 0.05. RDI: relative dose intensity; OR: odds ratio; 95% CI: 95% confidence interval; ER: estrogen receptor; PR: progesterone receptor; HER2:
human epidermal growth factor receptor 2; AC-T: anthracycline/cyclophosphamide followed by taxane; CRP: C-reactive protein.
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was a microvascular disorder associated with platelet dysfunc-
tion. Platelets adhered to vascular endothelium and aggregated
more than in non-diabetic patients causing thrombocytopenia
[30]. Increased toxicity occurrence during chemotherapy leads
to a lower dose, a less aggressive, or early discontinuation of
chemotherapy, which contributes to a low RDI [27]. Previous
study also demonstrated that grade 3-4 neutropenia signifi-
cantly increased the probability of having RDI < 85% by 74%
[3].

Our observation of a higher risk of low RDI in triple-
negative BC cases is in line with a previous study reporting
a lower RDI < 85% occurrence in hormone receptor-positive
BC [15], although others did not find such differences [9, 16].
The triple-negative tumor has been reported to have a better
response rate to chemotherapy than hormone receptor-positive
BC due to its higher proliferation rate. A study indicated that
hormone receptor-positive BC patients should avoid reducing
RDI lower than 85% to maintain survival benefits, while the
cut-off is lower than 75% in triple-negative BC patients [18].
Thus, it is expected that the chance of having a low RDI is
higher in triple-negative BC.

Notably, we found that IL-6, as a marker of inflamma-
tion, was linked to a higher low RDI risk. The association of
inflammation and RDI in BC patients has been addressed in
two previous studies. Yuan et al [9] showed an association be-
tween low RDI and pre-treatment IL-6, while Schauer et al
[16] found a significant association between low RDI and pre-
treatment IL-8 and TNF-a, but not with IL-6. Given that IL-6
levels increase with age or act as ageing biomarkers, the latter
hypothesized that the absence of correlation between RDI and
IL-6 was because their participants were younger [9, 16]. The
role of IL-6 as an ageing biomarker was also seen in this study,
as we found that patients with IL-6 levels > 0.5 pg/mL were
older (56 vs. 51 years, P = 0.003) (Supplementary Material
2, www.wjon.org). However, despite having younger partici-
pants (52 vs. 59 years old) and lower IL-6 levels (mean 1.12
vs. 3.4 pg/mL) compared to Yuan et al [9], we were still able
to observe that IL-6 > 0.5 pg/mL was significantly associated
with a low RDI risk.

Elevated pre-treatment IL-6 levels have been observed
to correlate with advanced cancer stage and poorer response
to chemotherapy [9]. In addition to objectives of the present
study, we observed that pre-treatment IL-6 > 0.5 pg/mL was as-
sociated with stage 4 disease (OR: 5.85, 95% CI: 2.60 - 13.14,
P < 0.001) and unfavorable post-chemotherapy response (OR:
3.58, 95% CI: 1.65 - 7.76, P = 0.001) (Supplementary Mate-
rial 3 and 4, www.wjon.org). Furthermore, along with other
biomarkers such as CRP and albumin, IL-6 levels were also
found to correlate with an increased risk of chemotoxic-
ity [16], particularly cancer-related fatigue [31]. A high IL-6
level stimulates the increase of hepcidin, which affects the ef-
ficiency of oxygenation and leads to fatigue in BC patients
[32]. Among 23 patients who received low RDI in our cohort,
39.1% of patients experienced severe fatigue at any chemo-
therapy cycle. Other non-hematological and hematological
chemotherapy toxicities were also observed, including severe
nausea-vomiting (17.4%), severe neutropenia (65.2%), severe
anemia (56.5%), and severe thrombocytopenia (13.1%). Fur-
ther analysis did not show any significant association between
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chemotherapy toxicities and a reduced RDI (Supplementary
Material 5, www.wjon.org).

Our present study observed potential utilization of IL-6
measurement before chemotherapy to provide additional in-
formation for oncologists to identify patients who are at risk
of receiving a low RDI. Despite of its availability, inflamma-
tory biomarker measurement, including IL-6, has not been in-
tegrated in routine clinical practice for the local patients with
BC. To actually incorporate routine IL-6 measurement into
the national healthcare insurance setting, further advocation is
warranted.

The strength of this study was the inclusion of various
determinant factors in addition to classic risk factors. These
included baseline inflammation biomarkers, albumin as a nu-
tritional biomarker, and a relatively novel parameter in cancer,
vitamin D. Nevertheless, albumin and vitamin D impacts on
RDI were not observed. We also presented all laboratory vari-
ables as a rounded cut-off with a sensitive Liu method to opti-
mize their applicability in daily clinical practices.

Limitations of this study include a single-center setting
where careful consideration is needed to interpret the results.
A low RDI was caused by dose reduction or dose delay during
chemotherapy administration. While dose reduction is often
caused by chemotherapy toxicity, a dose delay can happen due
to hematological and non-hematological toxicities, or other
socioeconomic factors including public holidays or patient
preference.

Conclusions

This study observed that 13.4% of BC patients received an
RDI less than 85%. Patients with diabetes mellitus, triple-neg-
ative tumors, and IL-6 serum levels > 0.5 pg/mL at baseline are
susceptible to receiving a reduced RDI. This group of patients
needs to be closely monitored to prevent suboptimal RDI ad-
ministration.

Supplementary Material

Suppl 1. Association of diabetes mellitus comorbidity and
dose delay.

Suppl 2. Association of baseline IL-6 level with patient’s age.
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