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Abstract

Randomized controlled trials (RCTs) have suggested a potential advantage of dose-dense chemotherapy in improving disease-free and overall
survival in patients with certain malignancies. This systematic review summarizes the literature on the efficacy of dose-dense chemotherapy
across various cancers (breast cancer, non-Hodgkin lymphoma [NHL], and non-small cell lung cancer) and chemotherapy regimens. Among
the 17 trials identified, few reported statistically significant differences between dose-dense and standard chemotherapy, and most were small
with limited statistical power. Statistically significant differences in overall survival favoring dose-dense schedules were apparent among
large RCTs in potentially curative settings such as early-stage breast cancer and NHL. Clinical and treatment heterogeneity demonstrated the
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flexibility of the dose-dense paradigm but also precluded quantitative meta-analysis of results. Further study of dose-dense schedules based
on large RCTs is needed to demonstrate the consistency and generalizability of these findings.
© 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Background

In most human cancers, tumor cell growth follows a Gom-
pertzian curve, which is characterized by an initial rapid
growth of cells followed by a decrease in doubling rate
as tumor size increases [1]. The Norton-Simon hypothe-
sis suggests that chemotherapy efficacy can be enhanced
by decreasing the interval between treatment cycles [2,3].
By decreasing the interval between treatment cycles, an
approach known as dose-dense chemotherapy, cytotoxic
agents interrupt this rapid growth phase and limit growth
of tumor cells [2,3]. However, the clinical application of
dose-dense schedules is limited by adverse events associated
with myelosuppression, most notably chemotherapy-induced
neutropenia (CIN) [4]. The advent of granulocyte colony
stimulating factors (G-CSF) has decreased the incidence of
CIN and enabled the delivery of dose-dense schedules [5].

A number of randomized controlled trials (RCTs) have
supported the potential advantage of dose-dense chemother-
apy enabled by G-CSF support in improving disease-free
survival (DFS) and overall survival (OS) in patients
with responsive and potentially curable malignancies, such
as early-stage breast cancer (ESBC) and non-Hodgkin
lymphoma (NHL) [6–8]. CALGB 9741 [6] compared
a dose-dense, every-two-week schedule of doxorubicin
(Adriamycin), cyclophosphamide (Cytoxan), and paclitaxel
(Taxol) to a conventional, every-three-week schedule of the
same drugs in more than 2000 women with lymph node-
positive ESBC. Utilizing a 2 × 2 factorial design, CALGB
9741 examined both concurrent (AC-T) and sequential (A-T-
C) approaches. Patients randomized to the dose-dense sched-
ule received the same total dose of chemotherapy in 33% less
time compared to a conventional, every-three-week schedule.
After three years of follow-up, patients receiving dose-dense
chemotherapy schedules demonstrated improved DFS (risk
ratio [RR] = 0.74, p = 0.010) and OS (RR = 0.69, p = 0.013)
compared to patients randomized to standard treatments.

Favorable results for dose-dense chemotherapy also have
been reported for RCTs in patients with NHL, while other tri-
als including a mix of early-stage and advanced stage patients
have provided mixed results [7,8]. A 2010 systematic review
evaluated RCTs of patients with solid tumors or lymphoma
who were randomized to chemotherapy with or without G-
CSF support and that reported both occurrence of secondary
malignancies and overall mortality [9]. The six eligible tri-
als comparing dose-dense to standard treatment schedules
did not demonstrate an increase in secondary cancers but did
show a 16% (95% CI: 9–22%; p < 0.001) relative risk reduc-
tion for overall mortality at a median of nearly five years of
follow-up in favor of the dose-dense schedule [9].

Nevertheless, it remains unclear as to whether dose-
dense chemotherapy is universally applicable and beneficial
across a variety of cancers and chemotherapy regimens.
In an effort to summarize the existing literature on the
efficacy of dose-dense chemotherapy, we conducted a sys-
tematic review of comparative clinical trials of dose-dense
chemotherapy in breast cancer, NHL, and non-small-cell lung
cancer (NSCLC), as they represent the most common dis-
ease settings for dose-dense regimens [9]. The focus of this
review was on the impact of dose-dense regimens on clinical
outcomes relating to overall survival, progression, and tumor
response.

2. Methods

2.1. Search strategy and publication selection

A systematic review of clinical trials was under-
taken including a search of Ovid-MEDLINE, CancerLit,
EMBASE, and the Cochrane Library to identify English-
language publications on dose-dense cancer chemotherapy
published between January 1, 1995 and October 6, 2010.
Since the nomenclature and terminology for dose-dense
chemotherapy schedules are not standardized, a wide vari-
ety of terms related to dose-dense chemotherapy (e.g., dense,
accelerated, compressed) were included in addition to search
terms related to the specific cancers of interest. References
provided in relevant clinical trials and review publications
also were assessed for additional primary publications not
captured by the search strategy.

In an effort to capture all relevant trials on dose-dense
chemotherapy for the three cancers of interest, no restric-
tion was placed on specific chemotherapeutic agents, drug
classes, or regimens. Trials were included if they compared a
dose-dense regimen to a standard regimen; trials did not have
to have a primary or secondary objective of testing a dose-
dense hypothesis. Dose-dense chemotherapy was defined as
any regimen that decreased the interval between cycles while
maintaining the same drugs and total dose per treatment as
other regimen(s) in the trial. RCTs that reduced or increased
the dose per treatment were excluded, even if the duration
between intervals was shortened. No restrictions were made
with regard to G-CSF use in any treatment arms (e.g., reactive
administration, prophylaxis).

Both randomized and non-randomized trials in patients
with breast cancer, NHL, or NSCLC were included.
Trials were required to report one or more of the follow-
ing outcomes: OS, progression-free survival (PFS), time to
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