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ABSTRACT 
 

Background 
 

Chemotherapy efficacy is largely dependent on treatment adherence, defined by the relative dose 

intensity (RDI). Identification of new modifiable risk factors associated with low RDI might improve 

chemotherapy delivery. Here, we evaluated the association between low RDI and pre-chemotherapy 

factors, including patient- and treatment-related characteristics and 

markers of inflammation. 

Methods 
 

This exploratory analysis assessed data from 267 patients with early-stage breast cancer scheduled 

to undergo (neo-)adjuvant chemotherapy included in the Physical training and Cancer (Phys-Can) 

trial. The association between low RDI, defined as <85%, patient-related (age, body mass index, co- 

morbid condition, body surface area) and treatment-related factors (cancer stage, receptor status, 

chemotherapy duration, chemotherapy dose, granulocyte colony stimulating factor) was 

investigated. Analyses further included the association between RDI and pre-chemotherapy levels of 

interleukin (IL)-6, IL-8, IL-10, C-reactive protein (CRP) and Tumor Necrosis Factor-alpha (TNF-α) in 172 

patients with available blood samples. 

Results 
 

An RDI of <85% occurred in 31 patients (12%). Univariable analysis revealed a significant association 

with a chemotherapy duration above 20 weeks (p < 0.001), chemotherapy dose (p = 0.006), pre- 

chemotherapy IL-8 (OR: 1.61; 95% CI (1.01; 2.58); p = 0.040) and TNF-α (OR: 2.2 (1.17; 4.53); p = 

0.019). In multivariable analyses, inflammatory cytokines were significant association with low RDI 

for IL-8 (OR: 1.65 [0.99; 2.69]; p = 0.044) and TNF-α (OR: 2.95 [1.41; 7.19]; p = 0.007). 

Conclusions 
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This exploratory analysis highlights the association of pre-chemotherapy IL-8 and TNF-α with low RDI 

of chemotherapy for breast cancer. IL-8 and TNF-α may therefore potentially help to identify 

patients at risk for experiencing dose reductions. 

 

 
Clinical trial number: NCT02473003 (registration: June 16, 2015) 

 
Keywords: Chemotherapy, relative dose intensity, Breast cancer, Tumor Necrosis Factor-alpha, 

Interleukin-8 

 
 
INTRODUCTION 

 
Chemotherapy improves survival of patients with cancer substantially [1], with reports showing that 

cancer-related mortality is reduced by one-third in patients with early-stage breast cancer [2]. 

Chemotherapy efficacy is determined by the timing of treatment initiation, time intervals between 

treatment cycles and the dose intensity [3]–[5]. A relative dose intensity (RDI), which describes the 

ratio between planned and received dose [6], of ≥85% is associated with improved disease-free and 

overall survival [6]–[8]. Thus, high RDI is critical for optimal chemotherapy administration in the 

curative setting [9], yet up to a quarter of patients with early-stage breast cancer receive <85% RDI 

[10], [11]. Reports demonstrate that age (>65 years), body surface area (>2m2), comorbidities, 

chemotherapy type, and duration may predict low RDI [8], while administration of granulocyte 

colony-stimulation factor (G-CSF) is associated with increased RDI [8]. To date, few modifiable risk 

factors have been identified limiting the potential of clinical action and supportive therapies. 

Inflammation is well known to negatively affect cancer diagnosis e.g., by increased cellular 

proliferation, tumor survival and promotion of metastasis [12]. Further, markers of inflammation in 

patients with breast cancer have been linked to disease stage [13]–[15] and poor survival [15]–[17]. 

The effects of inflammation on RDI in patients with breast cancer have previously only been 

addressed in one study. Yuan and colleagues showed an association between low RDI and pre- 
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chemotherapy IL-6 and D-Dimer but not CRP [18], while other common inflammatory markers, 

including TNF-α, IL-8 and IL-10 have not previously been investigated in patients with breast cancer. 

The primary aim of the present study was to investigate pre-chemotherapy factors 

associated with a reduction in RDI with specific focus on the level of pre-treatment concentrations of 

inflammatory markers (IL-6, IL-8, IL-10, CRP and TNF-α) in patients with early-stage breast cancer 

undergoing (neo-) adjuvant chemotherapy. Other relevant factors possibly related to RDI included 

age, BMI, fitness level, co-morbid conditions, chemotherapy dose, G-CSF treatment, and 

chemotherapy type and duration. As a secondary explorative aim, we investigated the associations 

between inflammatory markers and chemotherapy-related side-effects leading to treatment 

adjustment. 

 
 
PATIENTS AND METHODS 

 
Participants and design 

 
For this study, we included data from participants enrolled in the Physical training and Cancer (Phys- 

Can study), a Swedish multicenter randomized trial [19]. Briefly, participants were randomized to six 

months of high (HI) or low-to-moderate intensity (LMI) exercise, with or without additional 

behavioral support during and after anti-cancer treatment (ClinicalTrials.gov: NCT02473003). For this 

study, only pre-intervention and treatment-related parameters will be utilized. 

Participants were included from Uppsala, Lund and Linköping University hospitals from 

March 2015 to April 2018. Eligible participants were >18 years, literate in Swedish and recently 

diagnosed with curable breast (women only), prostate or colorectal cancer. For this study, only data 

from women with breast cancer receiving (neo-)adjuvant chemotherapy will be presented. Exclusion 

criteria: stage IIIb-IV cancer, inability to perform basic activities of daily living, cognitive disorders, 

severe psychiatric disease or other conditions that contraindicate exercise, ongoing treatment for 

another cancer, BMI <18.5 kg/m2 or pregnancy [19]. Participants gave written informed consent. 
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Data collection and outcomes 

 
Information on chemotherapy (type, dose, start and end date), Body Surface Area (BSA) as well as 

reasons for dose adjustment and treatment-related toxicities was gathered from medical records. 

Most chemotherapy treatments consisted of six cycles totaling <20 weeks with F/EC (5-Fluorouracil, 

Epirubicin, cyclophosphamide) and Docetaxel/Paclitaxel. Selected patients (assessed by treating 

oncologist) with triple negative breast cancer received additional Capecitabine treatment to the 

standard treatment [20]. Chemotherapy dose was grouped into high (Docetaxel100 or F/EC100) and 

low dose (Docetaxel75-80 and F/EC75-80) or capecitabine-added (Docetaxel and F/EC plus Capecitabine) 

chemotherapy. Information on tumor stage and immunohistochemistry (estrogen receptor, 

progesterone receptor, and Her2/neu) was gathered from the Swedish national quality register for 

breast cancer. For patients with bilateral cancer (n = 7), cancer stage was determined by the more 

advanced diagnosis (n = 1) while in other cases variables were identical. Background data (age, co- 

morbid conditions) were self-reported. Chemotherapy completion rates were calculated as mean RDI 

for the planned treatment [21]. Cardiorespiratory fitness was measured as maximal oxygen uptake 

(VO2max [mL/kg/min]) [22]. 

For analysis of inflammatory markers, pre-chemotherapy blood was collected during the 

baseline assessment. Blood was collected in EDTA-tubes and centrifuged at 2400g for seven minutes 

within four hours of collection followed by plasma isolation and storage at -80 °C. Patients were 

asked not to perform any physical activity on the assessment day. Cytokines (IL-1β, LI -6, IL-8, IL-10 

and TNF-α) were measured with the pro-inflammatory panel 1 kit (MesoScaleDiscovery) according to 

manufacturers´ guidelines in duplicate, blinded and centralized. For IL-1β around 40% of measures 

were below the detection limit and IL-1β was therefore not included in the analysis. Additionally, 

inflammatory measures also included CRP, which was performed at the individual inclusion sites  

[23]. As CRP was measured at individual hospitals, detection limits for CRP were as follows: Uppsala 

(0.2 mg/L), Lund (0.6 mg/L), Linköping (5 mg/L). For the presented analysis, this resulted in 39% of 

CRP measurements below the detection limit (<85% RDI: 4/18 (22%); ≥85% RDI: 63/154 (41%)) [23]. 
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Statistical Analyses 
 

The outcome (RDI), was dichotomized to <85% and ≥85%. For univariable analyses (Table 2), the chi- 

square test of independence was used for categorical variables. For continuous variables (i.e. 

VO2max), the Wilcoxon rank sum test was used. For multivariable analyses of odds-ratio (OR), logistic 

regression was used (Figure 1), including age, BMI, chemotherapy dose and duration as categorical 

predictors. 

For analyses of inflammatory markers, both univariable and multivariable logistic regression 

was used. Univariable analyses included the dependent variable (RDI) and the log-transformed (base 

2) predictor (cytokine concentration). Transformation was performed to limit the influence of right 
skewed data. Outliers were defined as >3 residual standard deviation of fitted models (note: analysis 

included one non-extreme outlier in <85% RDI group with TNF-α of 44 pg/mL). The OR reported for 

inflammatory markers describes the change for every doubling of the inflammatory marker 

concentration. Multivariable models included the log-transformed cytokine concentration and the 

categorical variables age (<65 vs. ≥65 years), BMI (<25 vs. ≥25 kg/m2) and chemotherapy dose (high 

vs. low dose vs. Capecitabine added) as predictors. For CRP analyses, the deletion approach was 

chosen i.e., treating below detection limit values as missing [23]. Sensitivity analysis included the 

substitution approach i.e., values were substituted with the detection limit divided by the square 

root of two. 

For the association between inflammatory markers and chemotherapy related side-effects, 

univariable logistic regression included the dichotomized outcome (adjustment-type vs. no 

adjustments) and the log-transformed cytokine concentration. To evaluate if categorical variables 

differed between participants with and without a blood sample, chi-square test for independence 

was used. For continuous variables, the Wilcoxon rank sum test was used. Missing data were handled 

as missing at random. To improve model estimates, missing BMI data (7.5%) was substituted by the 

median. For analyses, R (v. 4.2.0) and RStudio (v. 2022.07.1) were used. Data is presented as OR with 

95% confidence intervals. 



9 
 

RESULTS 
 

Patient characteristics 
 

In total, 276 patients with breast cancer undergoing (neo-) adjuvant chemotherapy were included in 

the Phys-Can trial between March 2015 and April 2018. For this secondary analysis, 267 patients 

were selected. Reasons for not selecting patients: experimental treatment (n = 6), inclusion in 

another study (n = 1), stopped treatment without reason (n = 1), and diagnosis of metastatic breast 

cancer (n = 1). Baseline characteristics and treatment-related outcomes of included patients are 

presented in Table 1. Most prevalent co-morbid conditions included allergies (19%), high blood 

pressure (14%), sleep problems (13%) and anxiety (8%). Chemotherapy duration did not differ 

between patients receiving low or high dose chemotherapy or additional capecitabine treatment (p 

> 0.050). Patients started the baseline assessment period with a median of 10 days before the start 

of chemotherapy with no difference between patients receiving <85% or ≥85% of RDI (p > 0.050). 

In total, 104 patients (39%) experienced dose adjustments (Supplementary Table 1). If 
 

the dose adjustment was caused by more than one reason, multiple side-effects were listed. Most 

patients received a combination of sequential taxane-based (docetaxel/paclitaxel) and 

anthracycline-based (epirubicin, cyclophosphamide) regimens with or without 5-fluorouracil. 13 

patients (5%) received capecitabine in addition to standard regimens. 87 patients (32%) started 

chemotherapy with taxane-based and 167 (63%) patients with anthracycline-based regimens. 

Regardless of cycle order, most chemotherapy adjustments were performed in the taxane-based 

regimen 

(Supplementary Table 1). For patients receiving additional capecitabine, 10 out of 13 (77%) patients 

experienced at least one dose-reduction. 

Measures of inflammatory markers were available for 172 patients (64%). Reasons for not 

obtaining a sample included the loss to follow-up as for analysis of the main effect of exercise on 

inflammation [23], blood samples were only analyzed for participants with baseline and one 

additional measure [23]. Patients without available measures had a lower VO2max (p < 0.010) and 
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differed in inclusion site (p < 0.001) and cancer stage (p = 0.048) while all other characteristics were 

similar (p > 0.050) to the analyzed group (Supplementary table 3). 

 

 
Factors associated with low RDI 

 
In total, 31 patients (12%) received an RDI of <85% (Table 2). A chemotherapy duration ≥20 weeks (p 

 
<0.001) and chemotherapy dose (p = 0.006) were significantly associated with a reduction in RDI in 

univariable analysis. Borderline effects were evident for inclusion site (p = 0.069) (Table 2). 

In a multivariable analysis, a capecitabine addition (OR: 4.19; 95% CI: [0.97; 17.37]; p = 0.048) 
 

and a chemotherapy duration above 20 weeks (OR: 14.17 [3.99; 52.72]; p < 0.001) were associated 

with an RDI <85% (Figure 1). A sensitivity analysis including inclusion site did not change the results. 

Interestingly, infections (9% vs. 17%) and cardiovascular events (3% vs. 8%) occurred more 

frequently, whereas elevated liver values (9% vs. 2%) occurred less frequently in the <85% RDI group 

(Supplementary Table 2). 

In total, 18 patients (11%) with available inflammatory data received an RDI of <85% (Figure 

2a-e). IL-8 (OR: 1.61 [1.01; 2.58]; p = 0.040) and TNF-α (OR: 2.2 [1.17; 4.53]; p = 0.019), but not IL-6, 

CRP or IL-10 were associated with a reduction in RDI in univariable analyses (Figure 2g). For 

multivariable analyses (adjustment for age, BMI and chemotherapy dose), IL-8 (OR: 1.65 [0.99; 2.69]; 

p = 0.044) and TNF-α (OR: 2.95 [1.41; 7.19]; p = 0.007) were significantly associated with low RDI 

(Figure 2h; Supplementary table 4). Sensitivity analyses substituting CRP values below the detection 

limit with the detection limit divided by the square root of two did not yielded similar estimates. 

 

 
Inflammation and chemotherapy-related dose adjustments 

 
Exploratory analyses included the association of pre-chemotherapy inflammation and chemotherapy 

related side-effects leading to adjustments (Supplementary Table 5). Here, similar side-effects were 

combined, i.e. neurological (neuropathy, pain, hand-foot-syndrome) and gastroenterological 
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(nausea, vomiting, diarrhea) symptoms. In brief, a doubling of pre-chemotherapy TNF-α was 

associated with infections (OR: 2.62; [1.24; 6.82]; p = 0.022), cardiovascular (OR: 2.42 [0.98; 6.66]; p = 

0.041) and gastroenterological (OR: 2.27 [1.08; 5.51]; p = 0.036) events. Notably, these associations 

were driven by a single data-point (non-extreme outlier; see methods section). For IL-6, a borderline 

association (OR: 1.51 [0.94; 2.41]; p = 0.071) was observed with infections (Supplementary Table 5). 

 
 
DISCUSSION 

 
In this analysis of 267 patients with breast cancer undergoing (neo-) adjuvant chemotherapy, we 

investigated factors associated with reduced RDI of chemotherapy. Both a chemotherapy duration 

≥20 weeks and the chemotherapy regimen capecitabine were associated with an RDI <85%. 

Furthermore, pre-chemotherapy levels of IL-8 and TNF-α were significantly associated with an RDI 

<85% in univariable and multivariable analyses. 
 

To our knowledge, this is the first report highlighting the association between pre- 

chemotherapy IL-8 and TNF-α and a reduction in RDI in women with early-stage breast cancer. This 

data expands previous knowledge on modifiable risk factors for chemotherapy completion rates in 

this population. 

An RDI of ≥85% is associated with improve disease-free and overall survival [6]–[8] and the 

identification of risk factors for reduced RDI plays an important role in treatment administration. We 

did not find an association of patient characteristics, i.e. age, BMI, BSA, number of co-morbid 

conditions, aerobic fitness, cancer stage, receptor status or G-CSF administration with low RDI. Here, 

statistical power or selection bias of fitter patients due to the nature of the exercise intervention are 

likely. In contrast, a planned chemotherapy duration above 20 weeks was significantly associated 

with low RDI in our study which is in accordance with previous research [8]. Further, the addition of 

capecitabine to the standard treatment of selected patients with triple negative breast cancer [20] 

was associated with lower RDI in our analysis. This was likely caused by the increased overall 

chemotherapy dose of three instead of two chemotherapeutic regimens and the general toxicity of 
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capecitabine treatment [24]. 

Exercise concomitant to chemotherapy has been hypothesized to improve RDI [25, 26], but a 

recent systematic review found insufficient evidence to support this hypothesis due to 

methodological differences [27]. No difference was found for exercise intensity on RDI in the main 

analyses of the Phys-Can trial [28] and sensitivity analyses including exercise intensity data in this 

study did not reveal an association with RDI (data not shown). 
 

As a novel part of the present study, we analyzed the influence of pre-chemotherapy 

inflammation on RDI in patients with available blood sample (n = 172). As the main reason for not 

obtaining an inflammatory measure was the loss to follow-up, the analysis likely includes fitter 

patients with lower cancer stage. To our knowledge, only one prior study has described the 

association between pre-treatment inflammation and RDI in patients with breast cancer. Yuan and 

colleagues reported that biological age, measured by IL-6 and the coagulation factor D-Dimer but not 

CRP was associated with reduced RDI (<85%) in 159 patients with early-stage breast cancer [18]. In 

contrast, IL-6 was not associated with RDI in our study. Participants included in this analysis were 

younger and had lower BMI. As plasma IL-6 increases with both age [29] and BMI [30], a higher IL-6 

range was reported by Yuan and colleagues [18]. In addition, more <85% RDI observations (n = 36 vs. 

n = 18 in our study) occurred. Further, Yuan and colleagues found that increased age and decreased 

physical functioning were associated with a reduced RDI [18] while we found no association with age 

or fitness. Taken together, differences in the study population in combination with more <85% RDI 

observations might explain the observed difference for IL-6 compared to this study. 

Interestingly, we found that high level of pre-chemotherapy IL-8 was associated with <85% 

RDI. In patients with metastatic prostate cancer, IL-8 has been associated with tumor load and post- 

relapse survival [14] and pre-chemotherapy IL-8 has been negatively associated with overall survival 

[31]. Taken together, IL-8 increases with cancer severity and lowers treatment response, 

hypothetically mediated by lower tolerability of chemotherapy. Another hypothesis entails an IL-8 

mediated severity of chemotherapy-related side effects. Recently, IL-8 receptor inhibition has shown 
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to reduce chemotherapy-induced neuropathy in rodent models [32]. However, no connection 

between IL-8 and any type of chemotherapy adjustments was found in our study. 

We further found that high systemic concentration of TNF-α was associated with low RDI. 

TNF-α blockade has been found to improve chemotherapy dose delivery and to decrease 

chemotherapy-related fatigue symptoms in 12 patients with advanced malignancies [33]. Here, we 

found pre-chemotherapy TNF-α to be associated with infections, gastroenterological and 

cardiovascular events but these observations were driven by a single patient exhibiting high TNF-α 

levels. Although the association between pre-chemotherapy inflammation and treatment-related 

side-effects remains speculative, there may be a mechanistic link of relevance to explore in future 

studies. Elevated pre-chemotherapy inflammation might cause ´immune cell exhaustion´ and it has 

been well described that e.g. exhausted T cells exhibit loss of effector functions [34]. Elevated and 

chronic exposure to TNF has been linked to T cell dysfunction [35] while tumor secreted IL-8 was 

found to impair natural killer cell function in vitro [36]. Further, obesity which is often linked to 

chronic low-grade inflammation was shown to drive both T and natural killer cell exhaustion [37], 

[38]. Although exploratory, patients with <85% RDI exhibited more infections leading to dose 

adjustments (17% vs. 9%), potentially driven by immune cell exhaustion. Exploring the relationship 

between inflammation and immune dysfunction, e.g. immune cell exhaustion in patients with cancer 

might help to understand the development and severity of infections during chemotherapy 

treatment. Here, high levels of pre-chemotherapy inflammation might lead to an immune system 

which is less responsive to new challenges such as chemotherapy, thereby leading to more infections 

or an increased infection severity during treatment. 

Taken together, in contrast to IL-8 and TNF-α, common measures of systemic inflammation 

i.e., IL-6 or CRP, did not show an association with low RDI. As both IL-8 and TNF-α are potent 

immunomodulatory factors, an underlying dysfunction of the immune system might play a role in the 

occurrence of low RDI. 

Data generated in this study might help to understand why patients experience 
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chemotherapy dose reductions. Inflammatory markers are easy and fast to measure and would 

provide additional information for oncologists to identify patients at risk. To date, day-to-day 

fluctuations and the lack of reference values for inflammatory markers in patients with cancer limits 

the translation across different populations. Therefore, larger trials including healthy controls need 

to determine cut-off values for single cytokines and combinations of cytokines to limit the influence 

of day-to-day fluctuations. In turn, inflammatory measures can then be used as addition to 

prognostic scores determining the risk of treatment adjustments. 

If pre-treatment inflammation can be linked to specific toxicities occurring during 

chemotherapy, early signs can be recognized and treated without the need of chemotherapy dose 

reductions. Although cytokine receptor blockade has the potential to lower the inflammatory 

burden, some chemotherapeutic agents rely on the immune system [39] which might be impaired 

following a receptor blockade [40]. Alternatively, we have recently shown that high intensity exercise 

potentially decreases the accumulation of inflammatory markers during ongoing treatment [23]. 

In conclusion, the present study shows that elevated pre-chemotherapy levels of IL-8 and 

TNF-α were associated with low RDI. Previous research has linked both IL-8 and TNF-α to 

chemotherapy-related side-effects. Future studies should investigate the intriguing link between 

pre-chemotherapy inflammation and side-effect severity or immune cell exhaustion during 

treatment. Further, IL-8 and TNF-α could potentially provide new and modifiable risk factors 

to identify patients at risk for experiencing dose reductions. 
 
 

 
Limitations: 

 
Due to few observations of patients receiving <85% RDI multivariable adjustments are limited. 

Included patients are likely fitter and with a lower inflammatory burden compared to patients 

observed in clinical practice e.g., we included only few patients with stage III breast cancer. Further, 

no information regarding the time between surgery and initiation of adjuvant treatment was 

available. Treatment dosing was based on BSA and could be improved by inclusion of lean and 
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adipose tissue mass in future trials. Analyses surrounding CRP have to be interpreted cautiously, as 
 
different detection limits across study sites were present. Finally, chemotherapy-related side-effects 

were not graded based on the Common Terminology Criteria for Adverse Events (CTCAE) scale, 

limiting the interpretation of presented results. 
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Table 1: Patient and treatment-related factors of included participants 
 

n 267 

Age [years]; mean (SD) 53 (11) 

BMI [kg/m2]; mean (SD) 25 (5) 

VO2max [mL*kg-1*min-1]; mean (SD) 31 (7) 

BSA [m2]; mean (SD) 1.8 (0.2) 

Chemotherapy duration [weeks]; median (range) 18 (9-27) 

Site [n (%)]  

Uppsala 89 (33) 

Lund 133 (50) 

Linköping 45 (17) 

Number of co-morbid conditions [n (%)]  

0 122 (46) 

1 71 (27) 

2 49 (18) 

3+ 17 (6) 

Missing data 8 (3) 

Cancer stage [n (%)]  

Stage I 111 (42) 

Stage II 120 (45) 

Stage III 16 (6) 

Missing data 20 (7) 

Receptor status [n (%)]  

ER+ and/or PR+, HER2- 142 (53) 

HER2+ 64 (24) 

ER-, PR-, HER2- (triple negative) 36 (13) 
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Missing data 25 (10) 

(Neo-) adjuvant setting [n (%)]  

Adjuvant 227 (85) 

Neoadjuvant 40 (15) 

Chemotherapy regimen [n (%)]  

F/E100C; Docetaxcel100 126 (47) 

F/E75C; Docetaxcel75-80 82 (31) 

F/E100C; Docetaxcel75-80 25 (9) 

F/EC; Doc/Pac; Capecitabine 13 (5) 

F/E100C; Paclitaxel 8 (3) 

F/E75C; Docetaxcel100 5 (2) 

F/E75C; Paclitaxel 5 (2) 

Other 3 (1) 

Abbreviations: BMI (body mass index), BSA (Body surface area), C (Cyclophosphamide), E (Epirubicin), 

ER (estrogen receptor), F (5-fluorouracil), HER2 (human epidermal growth factor receptor 2), PR 

(progesterone receptor), VO2max (maximal oxygen consumption in mL/kg/min) 
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Table 2: Univariable analyses of patient and treatment-related factors associated with relative 

dose intensity 

 
 RDI ≥85% RDI <85% p-value 

n 236 31  

VO2max [mL*kg-1*min-1]; mean (SD) 31 (7) 31 (7) 0.848 

Age in years [n (%)]   0.983 

<65 195 (83) 25 (81)  

≥65 41 (17) 6 (19) 
 

BMI in kg/m2 [n (%)]   1.000 

<25 141 (60) 19 (61)  

≥25 95 (40) 12 (39) 
 

Body surface area in m2 [n (%)]   0.634 

<2 216 (92) 27 (87)  

≥2 20 (8) 4 (13) 
 

Inclusion site [n (%)]   0.069 

Uppsala 75 (32) 14 (45)  

Lund 117 (49) 16 (52) 
 

Linköping 44 (19) 1 (3) 
 

Number of co-morbid conditions [n (%)]   0.474 

0 105 (44) 17 (55)  

1 65 (28) 6 (19) 
 

2 45 (19) 4 (13) 
 

3+ 14 (6) 3 (10) 
 

Missing data 7 (3) 1 (3) 
 

Cancer stage [n (%)]   0.911 
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Stage I 100 (42) 11 (36) 

Stage II 109 (46) 11 (36) 

Stage III 14 (6) 2 (6) 

Missing data 13 (6) 7 (22) 

Receptor status [n (%)]  0.694 

ER+ and/or PR+, HER2- 129 (55) 13 (42) 

HER2+ 57 (24) 7 (23) 

ER-, PR-, HER2- (triple negative) 31 (13) 5 (16) 

Missing data 19 (8) 6 (19) 

G-CSF treatment [n (%)]  0.345 

Yes 211 (89) 26 (84) 

No 15 (6) 4 (13) 

Missing data 10 (5) 1 (3) 

Chemotherapy setting [n (%)]  1.000 

Adjuvant 201 (85) 26 (84) 

Neo-adjuvant 35 (15) 5 (16) 

Chemotherapy duration [n (%)]  <0.001 

<20 weeks 230 (97) 24 (77) 

≥20 weeks 6 (3) 7 (23) 

Chemotherapy dose [n (%)]b  0.006 

Low dose 78 (33) 11 (36) 

High dose 149 (63) 15 (48) 

F/EC + Doc/Pac + Capecitabine 8 (3) 5 (16) 

Missing data 1 (1) 0 

Abbreviations: BMI (body mass index), ER (estrogen receptor), G-CSF (granulocyte colony stimulating factor), 

HER2 (human epidermal growth factor receptor 2), PR (progesterone receptor), RDI (relative dose intensity), 

VO2max (maximal oxygen consumption in mL/kg/min); a Missing data not depicted; b High dose = if one or both 
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regimens contain either F/EC100 or Doc/Pac100. Method: chi-square test of independence for categorical 

variables; Wilcoxon rank sum test for continuous variables. 
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Figure Legends 
 
 

 
Fig. 1 Multivariable logistic regression of patient and treatment-related factors associated with 

RDI (n = 267) Reference: low dose chemotherapy; chemotherapy duration of less than 20 weeks. 

OR of 1.5 should be interpreted as 50% higher odds of having <85% RDI. Abbreviations: BMI 

(body mass index), CI (confidence interval), OR (odds ratio), RDI (Relative dose intensity) 

 
 

Fig. 2 Markers of inflammation and association with RDI (n = 172) Inflammatory markers (a) IL-6, (b) 

IL-8, (c) IL-10, (d) TNF-α, and (e) CRP for ≥85% RDI (dark boxes) and <85% RDI (light boxes). Data- 

points outside the axis are not shown but are included in boxplot statistics. (f) Concentration of 

measured inflammatory cytokines. Results of (g) univariable and (h) multivariable logistic regression. 

OR are based on doubling of the predictor cytokine. Multivariable models are adjusted for age, BMI, 

chemotherapy dose. Of note: data of RDI <85% includes one non-extreme outlier for TNF-α (see 

methods section). *As values for CRP below detection limit were treated as missing, different n apply 

(≥85% RDI: n = 91; <85% RDI: n = 14). Abbreviations: CI (confidence interval), IL (Interleukin), OR (odds 

ratio), RDI (relative dose intensity), SD (standard deviation), TNF (Tumor necrosis factor) 
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