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Purpose: Age-based reductionof chemotherapydosewith the first cycle (primarydose reduction,
PDR) is not routinely guideline recommended. Few studies, however, have evaluated how
frequently PDR is utilized in the treatment of older patients with cancer and which factors may
be associated with this decision.
Methods: We conducted a secondary analysis of amulti-institutional prospective cohort study
of patients age ≥65 years treated with chemotherapy. The dose and regimen were at the
discretion of the treating oncologist. The prevalence of PDR and its associationwith treatment
intent (palliative vs. curative), tumor type, patient characteristics (sociodemographics and
geriatric assessment variables), and chemotherapy-associated toxicity were evaluated.
Results: Among 500 patients (mean age 73, range 65–91 years), 179 patients received curative
intent chemotherapy and 321 patients received palliative intent chemotherapy, with PDR
being more common in the latter sub-group (15% vs. 25%, p = 0.005). Increasing age was
independently associated with PDR in both sub-groups. Comorbidity (prior cancer or liver/
kidney disease) was independently associated with PDR in the palliative sub-group alone
while Karnofsky Performance Status (KPS) was not associated with PDR in either subgroup.
There was no significant difference in the rates of grades 3–5 toxicity, dose reductions, or
delays with PDR. Patients in the palliative sub-group treated with PDR had higher rates of
hospitalization compared to those treated with standard doses.
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Conclusion: PDR is more common in the palliative setting, but is also utilized among patients
treated with curative intent. Factors associated with PDR include age and comorbid
conditions, but not KPS.

Published by Elsevier Ltd.

1. Introduction

Several studies have demonstrated that older adults gain as
much benefit from chemotherapy as younger patients.1,2

However, the risk of toxicity associated with chemotherapy
increases with age.3,4 Age-related comorbidity and physiologic
changes such as a decline in renal and hepatic function, loss
of muscle mass as well as decreased hematopoietic reserve all
contribute to a greater incidence of chemotherapy-associated
toxicity in older adults.5–7 Consequently, older adults are less
likely to be offered chemotherapy largely due to concerns
regarding their ability to tolerate the treatment.8,9 Chemo-
therapy dose reductions that ultimately lead to decreased
relative dose intensity are also common in older patients and
may compromise treatment efficacy.10–12 The prevalence of a
planned dose reduction of chemotherapy at first cycle,
designated as primary dose reduction (PDR), and the factors
associated with PDR in clinical practice are not well studied.

Current treatment guidelines as issued by the National
Comprehensive Cancer Network (NCCN) and the American
Society of Clinical Oncology (ASCO) do not recommend chemo-
therapy dose modification with the first cycle based on age.13

Medical oncologists, however,may use their clinical judgment to
reduce the chemotherapy dose preemptively in an effort to avoid
toxicity. The factors that may impact such decision-making are
not well established. These factors may include patient demo-
graphic factors (age, gender, living situation, educational status),
disease factors (stage of disease, intent of therapy [curative or
palliative], type of cancer), the nature of the chemotherapy
regimen, as well as clinical assessment of the patient's perfor-
mance status and comorbid conditions. However, the relative
weight that the oncologist assigns to each of these factors in the
decision-making process is not clear. The potential benefit of
PDR in reducing toxicity is not known nor is its potential for
decline in efficacy. Importantly, the risks and benefits of such a
practice may differ by treatment intent (curative versus pallia-
tive). Thus, the objectives of the present study were: (i) to
evaluate the prevalence of PDR in patients age ≥65 years
receiving chemotherapy for cancer with either curative or
palliative intent; (ii) to study the association of tumor, treatment,
sociodemographic factors, and geriatric assessment variables
with PDR stratified by treatment for curative or palliative intent;
and (iii) to study the association between PDR and chemotherapy
toxicity (grades 3–5 toxicity, chemotherapy dose delay, dose
reduction, discontinuation or hospitalization).

2. Methods

This study is a secondary analysis of data from amulti-center,
longitudinal study evaluating the utility of a comprehensive
geriatric assessment in predicting chemotherapy toxicity
among a cohort of older adults with cancer.14 This study was
approved by the Institutional Review Board at all seven

participating sites. Patients were eligible for the study if they
were age 65 years or older, had a diagnosis of cancer
(excluding non-melanoma skin cancers and hematologic
malignancies), were scheduled to receive a new chemother-
apy regimen recommended by their primary oncologist, were
English-speaking, and were able to provide informed consent.
Patients receiving concurrent radiation were excluded as were
patients receiving biologic agents (e.g. bevacizumab). Patients
with metastatic or recurrent disease were designated as
receiving chemotherapy with palliative intent. Patients with
earlier stage disease (stages I–III), receiving adjuvant, neoad-
juvant or consolidation chemotherapy were designated as
receiving curative intent chemotherapy.

2.1. Procedures

Patients completed a baseline comprehensive geriatric as-
sessment, which included a standardized evaluation of their
comorbidity and social support as well as their functional,
nutritional, cognitive, and psychological status.14 All patients
were treated with a chemotherapy regimen and dose as
considered appropriate by their treating oncologist. The
medical oncologist did not have the results of the geriatric
assessment at the time of decision-making regarding chemo-
therapy regimen and dose. Primary dose reduction (PDR) was
defined as a dose of chemotherapy which was less than the
dose recommended for a given regimen in current treatment
guidelines by the NCCN. Lower than recommended dose of
even one of the agents in a multi-agent chemotherapy
regimen was defined as a dose reduction. Two oncologists
individually reviewed each regimen and the recommended
dosing to determine whether the dose reduction had occurred
at the first cycle and to quantify the percent dose reduction.
For patients receiving multi-agent chemotherapy, dose reduc-
tion was calculated as a mean of the percentage reduction for
each agent (e.g. for a regimen of doxorubicin and cyclophos-
phamide, if doxorubicin was reduced by 25% and the
cyclophosphamide by 15%, then the mean dose reduction
was calculated as 20%). The calculated percent dose reduction
was individually confirmed by two oncologists. All patients
who received recommended doses of chemotherapy as
defined by current treatment guidelines were considered to
have received standard dose chemotherapy.

2.2. Measures

We evaluated the association between PDR and the following
factors:

1) Patient characteristics (age, sex, ethnicity, race, presence of
a living companion, and educational status); 2) Tumor charac-
teristics (tumor type and stage); 3) Treatment characteristics (line
of chemotherapy [first line or greater than first line] and single
agent or polychemotherapy); 4) Geriatric assessment variables
including: (i) Functional status (ability to perform activities of
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