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Abstract
Purpose  To assess the impact of relative dosing intensity (RDI) on the outcomes of breast cancer patients referred for adju-
vant anthracycline–taxane chemotherapy.
Methods  This is a secondary analysis of the outcomes of patients in the comparator arm of the BCIRG005 study who 
received adjuvant adriamycin/cyclophosphamide (AC)–docetaxel regimen. Overall survival was assessed according to RDI 
through Kaplan–Meier analysis. Univariate and multivariate analyses of parameters affecting overall survival were then 
conducted through Cox regression analysis.
Results  Kaplan–Meier analysis of overall survival according to RDI for the AC–docetaxel regimen (< 90 vs. ≥ 90%) was 
conducted and it showed that RDI < 90% is associated with worse overall survival (P = 0.006). In univariate Cox regres-
sion analysis, the following parameters significantly affected overall survival (P < 0.05): age, T stage, lymph node ratio, 
hormone receptor status, and grade of the disease and RDI for AC–docetaxel regimen. When these factors were included in 
multivariate analysis, the following factors were associated with worse overall survival: age less than 40 years (P < 0.0001), 
greater T stage (P < 0.0001), greater lymph node ratio (P < 0.0001), negative hormone receptor status (P = 0.001), high 
grade (P < 0.0001) and RDI ≤ 90% (P = 0.015). Formal interaction testing between RDI and hormone receptor status has a 
non-significant P value (P = 0.794).
Conclusion  Lower RDI for the whole anthracycline–taxane protocol is associated with worse patient survival. Every effort 
should be exercised to avoid unnecessary dose reductions and/or interruptions among early breast cancer patients receiving 
adjuvant anthracycline–taxane chemotherapy.
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Introduction

Following standard surgery for early-stage breast cancer, 
adjuvant chemotherapy was proven to improve the outcomes 
of some patients’ subsets with adverse clinical and patho-
logical parameters [1]. This fact was concluded from numer-
ous clinical trials and meta-analyses which span the past five 
decades [2–4]. Relative dosing intensity (RDI) of adjuvant 

chemotherapy is an established quality indicator which 
accounts for both unplanned dose reduction and interruption.

The concept of RDI was first evaluated in a clinical trial 
program of cyclophosphamide, methotrexate, and fluoroura-
cil (CMF) in 1995 and higher RDI was associated with better 
survival outcomes (this finding was also shown at 20-year 
follow-up of the patients in this program) [5]. Since the ini-
tial publication of these results, numerous strategic advances 
in the planning of adjuvant chemotherapy for breast can-
cer have occurred. These advances include the introduc-
tion of anthracyclines and taxanes in the adjuvant treatment 
of breast cancer as well as the subtyping of breast cancer 
patients according to biomarkers (estrogen receptor, proges-
terone receptor, and HER2) [6]. Subsequent studies tried to 
tackle these new scenarios; however, almost all these studies 
were retrospective in nature. It was thus deemed necessary 
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to validate the relevance of RDI for anthracycline–taxane 
regimens in the context of a controlled prospective trial.

The newly established initiative of project data share 
(PDS) provides an exceptional opportunity to examine raw 
data of a number of landmark clinical trials [7]. One of these 
trials is the BCIRG005 (whose control arm is an anthracy-
cline–taxane sequential regimen).

Assessing the real impact of RDI in the context of cur-
rently considered standard adjuvant chemotherapy regi-
mens for early breast cancer is of paramount importance 
and should inform health policy decisions for those patients.

Objective

To assess the impact of RDI on the outcomes of early-
stage breast cancer patients referred for adjuvant anthracy-
cline–taxane chemotherapy.

Methodology

Data source

The current analysis represents a secondary analysis of the 
control arm of the randomized phase III study BCIRG005 
(NCT00312208). This study was chosen because it contains 
all relevant information necessary to conduct the intended 
analysis. This study randomized node-positive, HER2-nega-
tive operable breast cancer patients to either an intervention 
arm of docetaxel/adriamycin/cyclophosphamide (TAC regi-
men) every 3 weeks for six cycles versus a control arm of 
adriamycin in combination with cyclophosphamide (AC reg-
imen) every 3 weeks for four cycles followed by docetaxel 
every 3 weeks for four cycles. Within the PDS platform, only 
the raw data of the control arm of this study were available 
and were obtained from the PDS platform after appropriate 
approvals. Planned doses of drugs used in the AC–docetaxel 
arm were as follows: adriamycin 60 mg/m2 as an IV bolus; 
cyclophosphamide 600 mg/m2 as an IV infusion, docetaxel 
100 mg/m2 as a 1 h IV infusion. The primary results of the 
BCIRG005 study were published before [8]. The control 
arm (AC–docetaxel) contains 1650 patients, among which 
173 patients were excluded because they did not receive the 
planned full course of chemotherapy (eight cycles) and then 
151 patients with incomplete survival data were excluded. 
Finally, a total of 1326 patients were included in the final 
analysis (Fig. 1).

Data collection

The following data were collected from the compara-
tor arm dataset; age at diagnosis, body mass index, 

performance score (Karnofsky scale), T and N stages 
(pathological), lymph node ratio, status of hormone recep-
tors (estrogen and progesterone receptors), grade, histo-
logical subtype, surgery type, whether or not adjuvant 
radiotherapy was administered, RDI for the whole chemo 
regimen as well as RDI for anthracycline and taxane parts 
of the protocol, relapse status, vital status, overall sur-
vival and relapse-free survival. RDI was calculated as 
per the previously published methodology of Bonadonna 
and coworkers [5]. According to the available protocol 
of BCIRG005 study, all included patients have satisfac-
tory hepatic, bone marrow, cardiac and renal functions. 
Definition of overall survival was as follows: “time from 
randomization till death” (patients were censored if they 
were alive at the time of database lock). Definition of 
relapse-free survival was: “time from randomization till 
local, regional or distant relapse” (patients were censored 
if they did not have relapse at the time of database lock or 
if they died without relapse).

Data of 1650 breast cancer patients were available 
from the control arm of BCIRG005 study

1326 patients were included into final 
analysis

• 151 patients with 
incomplete survival data 
were excluded

1477 patients received full 
course of chemotherapy (8 
cycles)

Fig. 1   Flowchart of patient selection procedure
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Statistical considerations

Overall survival was evaluated according to RDI through 
Kaplan–Meier analysis and log rank testing. For the sake 
of the current analysis, cutoff value for RDI was either 
85 or 90%.

Univariate and multivariate analyses of parameters pre-
dicting overall survival and relapse-free survival were then 
conducted through Cox regression model. The following 
factors were included in the univariate analysis: age, T 
stage, lymph node ratio, hormone receptor status, grade 
and relative dose intensity. Factors with P < 0.05 in the 
univariate analysis were incorporated in the multivariate 
analysis. An additional test of interaction was conducted 
between RDI and hormone receptor status. Overall, a two-
tailed P value < 0.05 equaled statistical significance in the 
current study. Statistical analyses were conducted through 
SPSS Statistics 20.0 (IBM, NY).

Results

Baseline characteristics of the 1326 patients were detailed 
in Table 1. Most of the patients have an age between 40 
and 69 years (85.1%), early T stage (T1–2: 92%), ductal 
carcinoma histology (77.3%) and hormone receptor-pos-
itive disease (77.8%). Because all included patients have 
HER2-negative status, the only breast cancer subtypes 
represented in the current analysis were luminal breast 
cancer and triple negative breast cancer. All patients have 
an N1 disease. 33.5% of patients have a high-grade dis-
ease (grade 3). Postmenopausal patients represent 45.6% 
of the study population. 59.6% of the patients were treated 
with mastectomy, all patients were treated with adjuvant 
AC–docetaxel (all patients received full eight cycles) and 
75.9% of the patients were treated with adjuvant radiation 
therapy.

Mean RDI for AC–docetaxel was: 99% (range 
75–100%), 0.3% (4 patients) have RDI less than 85%; 
while 0.9% (12 patients) have RDI less than 90%. 
Mean RDI for AC part of the protocol was: 99% (range 
75–100%); 0.7% of patients have RDI less than 90%. Mean 
RDI for docetaxel part of the protocol was: 97% (range 
63–100%); 11.4% of patients have RDI less than 90%. 
Because of the very small number of patients with RDI 
less than 85%, further survival analyses were based on the 
90% cutoff value.

Causes of dose reduction included hematological tox-
icities in 23% of cases, non-hematological toxicities in 
63% of cases and other causes in 14% of cases. Median 
follow-up for the study cohort was 126 months (range 
7–155 months).

Table 1   Baseline characteristics of included patients in the cohort 
(1326 patients)

Parameter Value

Age (years)
  < 40 192 (14.5%)
 40–69 1129 (85.1%)
 ≥ 70 5 (0.4%)

Karnofsky performance score
 80 21 (1.6%)
 90 247 (18.6%)
 100 1058 (79.8%)

Body mass index
 Mean (SD) 26.2 (4.6)
 Missing 220

Menopausal status
 Premenopause 683 (51.5%)
 Postmenopause 605 (45.6%)
 Missing 38 (2.9%)
T stage
 T1 553 (41.7%)
 T2 667 (50.3%)
 T3 105 (7.9%)
 T4 1 (< 0.1%)

Lymph node ratio
 Mean (SD) 0.27 (0.24)

Grade
 G1 124 (9.4%)
 G2 628 (47.4%)
 G3 444 (33.5%)
 Missing 130 (9.8%)

Hormone receptor
 ER and/or PR positive 1031 (77.8%)
 Both ER/PR negative 223 (16.8%)
 Missing 72 (5.4%)

Histological subtype
 Invasive ductal carcinoma 1025 (77.3%)
 Invasive lobular carcinoma 198 (14.9%)
 Others 103 (7.8%)

Laterality
 Right 654 (49.3%)
 Left 672 (50.7%)

Surgery
 Mastectomy 790 (59.6%)
 Breast conservative surgery 536 (40.4%)

Adjuvant radiation therapy
 Yes 1007 (75.9%)
 No 319 (24.1%)
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Survival outcomes according to RDI

Kaplan–Meier analysis of overall survival according to 
RDI for the AC–docetaxel regimen (< 90 vs. ≥ 90%) was 
conducted and it showed that RDI < 90% is associated with 
worse overall survival (P = 0.006) (Fig. 2).

On the other hand, overall survival comparison accord-
ing to RDI for the docetaxel portion of the protocol (< 90 
vs. ≥ 90%) was conducted and it showed no impact on over-
all survival (P = 0.628); while overall survival comparison 
according to RDI for the AC portion of the protocol (< 90 
vs. ≥ 90%) was conducted and it showed a marginal adverse 
impact of an RDI < 90% on overall survival (P = 0.051).

In univariate Cox regression analysis, the follow-
ing parameters significantly affected overall survival 
(P < 0.05): age, T stage, lymph node ratio, hormone 
receptor status, grade of the disease and RDI for AC–doc-
etaxel regimen. When these factors were included in 
multivariate analysis, the following factors were associ-
ated with worse overall survival: age less than 40 years 

(P < 0.0001), greater T stage (P < 0.0001), greater lymph 
node ratio (P < 0.0001), negative hormone receptor sta-
tus (P = 0.001), high grade (P < 0.0001) and RDI ≤ 90% 
(P = 0.015) (Table 2). Formal interaction testing between 
RDI and hormone receptor has a non-significant P value 
(P = 0.794) (Table 2).

An additional univariate analysis for RDI for the doc-
etaxel portion of the treatment (< 90 vs. ≥ 90%) did not 
significantly affect overall survival (P = 0.629). Likewise, 
univariate analysis for RDI for the AC portion of the treat-
ment (< 90 vs. ≥ 90%) did not significantly affect overall 
survival (P = 0.060). An additional univariate analysis of 
RDI for docetaxel portion of treatment (as a continuous 
variable) failed to show significant impact on overall sur-
vival (P = 0.778). Similar assessment of RDI of AC por-
tion as a continuous variable was not reliable statistically 
(because the majority of patients received 100% RDI of 
the AC portion). Additionally, univariate analysis for the 
impact of RDI for AC–docetaxel regimen on relapse-free 
survival was not statistically significant (P = 0.967).

Fig. 2   Kaplan–Meier curve for 
overall survival according to 
RDI for the AC–docetaxel regi-
men (< 90 vs. ≥ 90%)
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Discussion

The current study provides an assessment of the impact of 
RDI on the survival of early breast cancer patients treated 
with a sequential anthracycline–taxane protocol (in the con-
text of a prospective clinical trial). It shows that lower RDI 
for the whole anthracycline–taxane protocol is associated 
with worse patient survival.

Some theories were suggested to interpret the negative 
impact of a lower RDI. These include the assumption that 
there might be an increased probability of chemotherapy 
resistance in micrometastases in case of chemotherapy delay 
and/or interruption [9].

High-grade toxicities (whether hematological or non-
hematological) represent a common cause of dose reduction 
and/or delay in the current analysis. Appropriate attention 
to supportive care and prophylactic G-CSF is thus needed 
when administering myelotoxic regimen to minimize the 
risk of unplanned dose reduction or delay [10].

Cancer centers and community hospitals who are charged 
with administering adjuvant treatment for early-stage breast 
cancer patients should conduct regular audits about their 
ability to maintain acceptable RDI for the majority of their 
patients. Regular G-CSF support should be administered 
to patients at high risk of neutropenic complications to 
avoid undue treatment delay and/or dose reduction. Moreo-
ver, attention should be paid to additional administrative 
confounders which might lead to unplanned treatment 

interruptions (e.g., ensuring stable supply and adequate 
stock of chemotherapy agents) [11]. This is particularly rel-
evant in low resource settings where chemotherapy supply 
shortages are unfortunately common and which might com-
promise the survival of early-stage breast cancer patients.

The current analysis has a number of limitations that need 
to be acknowledged. Foremost, the current analysis repre-
sents the outcomes of highly selected clinical trial patients 
with strict eligibility criteria and minimal comorbid condi-
tions. Consequently, the probability of having suboptimal 
RDI is expected to be much higher among patients being 
treated within routine practice settings. This context might 
also explain the relatively low numbers of patients with 
RDI less than 85 or 90% compared to previous retrospec-
tive studies. The low numbers of patients with RDI less than 
85 or 90% has also probably affected the statistical power 
of many of the comparisons of the current study. Likewise, 
the current analysis excluded patients with HER2-positive 
patients as well as patients who received part or all of their 
chemotherapy before surgery; thus, extrapolation of the cur-
rent results to these subsets of patients is not warranted. 
Additionally, the specific nature of the current study as a 
secondary analysis of a previously published clinical trial 
might be another source of concern. Moreover, details of 
hormonal therapy (if applicable) were not available for all 
patients in the PDS datasets; this might have confounded the 
survival analyses. On the other hand, there are a number of 
strengths to be noted in the current analysis. These include 
most importantly the controlled nature of data collection 
(including chemotherapy doses and survival outcomes). This 
means that the reliability of the results of the current analy-
sis would be higher than previously published retrospective 
studies.

The current analysis did not show a significant interaction 
between hormone receptor status and RDI. This indicates 
that the impact of RDI is independent of breast cancer sub-
type. This is in line with previously published data and calls 
for more caution regarding RDI among all patients regard-
less of hormone receptor status [12].

Previous studies evaluating RDI for first-generation regi-
mens for early breast cancer suggested 85% as a cutoff value 
for RDI [13]. The current analysis, however, suggests that 
90% can also work as a discriminatory cutoff value in set-
tings where very few patients received less than 85% (like 
in the controlled clinical trial settings).

It has to be remembered that the majority of the patients 
(92%) have a T1–2 disease. Moreover, all patients have an 
N1 disease and only one-third of patients have high-grade 
disease. This is combined with the observation that only 
16% have hormone receptor-negative disease. With the 
absence of an adjunctive genomic evaluation, a predomi-
nance of low-risk disease (with no absolute indication of 
chemotherapy) cannot be excluded. These factors might 

Table 2   Multivariate Cox regression analysis for factors predicting 
overall survival

Parameters Overall survival

HR (95% CI) P value

Age
 < 40 Reference
 40–69 0.524 (0.394–0.698) < 0.0001
 ≥ 70 1.001 (0.241–4.151) 0.999
T stage
 T1 Reference
 T2 1.730 (1.306–2.291) < 0.0001
 T3 2.183 (1.458–3.267) < 0.0001

Lymph node ratio 5.634 (3.684–8.614) < 0.0001
Hormone receptor
 Negative Reference
 Positive 0.608 (0.453–0.816) 0.001

Grade
 Grade 3 Reference
 < Grade 3 0.596 (0.461–0.772) < 0.0001

Relative dose intensity for the whole regimen
 ≥ 90 Reference
 < 90 2.746 (1.213–6.214) 0.015
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have downplayed the true impact of a lower RDI in the 
studied cohort.

Different forms exist for anthracycline–taxane sequen-
tial regimens [14]. The current study evaluates only one 
form of them. The tendency of these regimens to induce 
high-grade toxicities and thus dose reduction and/or delay 
is variable. This is particularly relevant with regards to the 
variable tendencies of the taxane part of the protocol to 
induce hematological toxicities. Docetaxel, in the dose of 
100 mg/m2 every 3 weeks, is particularly notorious for a 
higher incidence of hematological side effects compared 
to commonly used weekly or three weekly paclitaxel regi-
mens [15]. Thus, extrapolation of the results of the current 
analysis to other anthracycline–taxane sequential regimens 
needs to be done with caution.

It is notable also in the current analysis that the prob-
ability of a compromised RDI in the docetaxel part of the 
protocol was far higher than the probability of a compro-
mised RDI in the AC part of the protocol. Additionally, 
while lower RDI for the docetaxel part of the protocol did 
not affect survival, lower RDI for the anthracycline part 
of the protocol was associated with a marginal impact on 
survival (its full potential was probably concealed by the 
lower number of events in the anthracycline part of the 
protocol). This is consistent with previous retrospective 
studies evaluating FEC/docetaxel adjuvant chemotherapy 
which showed that reductions in RDI of FEC chemother-
apy compared with reductions in RDI of docetaxel are 
correlated with inferior survival [16].

In conclusion, lower RDI for the whole anthracy-
cline–taxane protocol is associated with worse patient 
survival. Every effort should be exercised to avoid 
unnecessary dose reductions and/or interruptions among 
early breast cancer patients receiving adjuvant anthracy-
cline–taxane chemotherapy.
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