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Abstract

Purpose: We conducted a systematic review and meta-analysis to measure the extent to which 

race is associated with delayed initiation or receipt of inadequate chemotherapy among women 

with early stage breast cancer.

Methods: We performed a systematic search of all articles published from January 1987 until 

June 2017 within four databases: PubMed/Medline, EMBASE, CINAHL, and Cochrane 

CENTRAL. Eligible studies were US-based and examined the influence of race on chemotherapy 

delays, cessation, or dose reductions among women with stage I, II, or III breast cancer. Data were 

pooled using a random effects model.

Results: A total of twelve studies were included in the quantitative analysis. Blacks were 

significantly more likely than whites to have delays to initiation of adjuvant therapy of 90 days or 

more (OR 1.41, 95% CI: 1.06–1.87; X2 = 31.05, p < 0.00001; I2 = 90%). There was no significant 

association between race and chemotherapy dosing. Due to overlap between studies assessing the 

relationship between race and completion of chemotherapy, we conducted two separate analyses. 

Black patients were significantly more likely to discontinue chemotherapy, however, this was no 

longer statistically significant when larger numbers of patients with more advanced (stage III) 

breast cancer were included.

Conclusions: These results suggest that black breast cancer patients experience clinically 

relevant delays in the initiation of adjuvant chemotherapy more often than white patients, which 

may in part explain the increased mortality observed among black patients.

Introduction

Early stage breast cancer is highly curable with multimodality treatment, including surgery 

with or without radiation, and often adjuvant chemotherapy. The chief reason for 

administration of chemotherapy in this setting is the prevention of distant metastases and, 
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ultimately, breast cancer-related death. The quality of chemotherapy administration, and the 

relative benefit derived from this treatment, is affected by delays in the initiation of adjuvant 

therapy, as well as the dose of chemotherapy, schedule delays during treatment, and early 

discontinuation or incomplete therapy.

Prior literature has demonstrated improved survival with earlier initiation of adjuvant 

chemotherapy after definitive surgery for early stage breast cancer.12 In a 2016 study by 

Chavez-MacGregor, among over 40,000 patients with stage I–III breast cancer, those whose 

chemotherapy was initiated at least 91 days after definitive surgery had a 34% increased risk 

of death compared to patients whose treatment was initiated within 90 days.3 These results 

are consistent with two prior meta-analyses. Biagi and colleagues demonstrated a 6% 

increase in the risk of death for every four-week interval of time from surgery to adjuvant 

chemotherapy across four studies of a total of 15,237 patients.2 Another meta-analysis of 

seven studies published in 2013, demonstrated an even more pronounced impact on survival, 

with a decrease in overall survival of 15% for every 4-weeks interval between surgery and 

initiation of adjuvant chemotherapy.1

Another important metric that is associated with chemotherapy benefit is the relative dose 

intensity (RDI). RDI is defined as the ratio of actual to expected dose intensity per standard 

regimen and takes into account dose administered, number of cycles delivered, and the 

interval between cycles4. When applied to adjuvant chemotherapy for breast cancer, an RDI 

of <85% is associated with lower disease-free survival and overall survival.5–9 Inappropriate 

chemotherapy delays, dose-reductions, and discontinuation are, therefore, important yet 

modifiable risk factors for decreased survival in breast cancer patients.

Several studies have investigated the quality of chemotherapy administration in minority 

and/or low-income breast cancer patients. Despite success in the treatment of early stage 

breast cancer, racial and socioeconomic disparities in survival persist. For example, black 

race is associated with inferior survival, independent of tumor biology, disease stage, and 

socioeconomic factors.10 The extent to which differences in delays in initiation of 

chemotherapy and RDI or related metrics account for the observed disparities among black 

patients remains unclear. Treatment differences are a possible explanation for the inferior 

clinical outcomes observed among racial/ethnic minorities.

The existing literature suggests several reasons why minority patients may receive 

inadequate chemotherapy. For example, blacks may receive lower chemotherapy doses than 

whites or experience unnecessary delays due to the lower baseline white blood cell counts 

that have been observed in this group, despite the fact that they are not at increased risk of 

infection.11,12 Furthermore, physician biases or concerns regarding lack of social support, 

barriers to communication between black patients and white providers, and underlying 

distrust of the healthcare system among black patients all may compromise quality of care 

with regard to chemotherapy.13–15

We conducted a systematic review of the literature and meta-analysis to measure the extent 

to which race is associated with delayed initiation of chemotherapy or receipt of inadequate 
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chemotherapy (based on dosing, on-treatment delays, or early cessation of therapy) among 

women with early stage breast cancer.

Methods

Data Sources

We conducted our systematic review following the Methodological Expectations of 

Cochrane Intervention Reviews and reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses criteria. We performed a systematic search of all 

articles published from January 1987 until June 2017 within four databases: PubMed/

Medline, EMBASE, CINAHL, and Cochrane Central Register of Controlled Trials. The final 

search strategy consisted of a combination of terms associated with these five concepts: 1) 

breast cancer; 2) chemotherapy; 3) treatment dosage; 4) compliance and adherence; and 5) 

socioeconomic, racial, health-related factors or disparities. Each component part of the 

search strategy was developed using a combination of Medical Subject Headings and 

keyword terms in Pubmed/Medline (Table 1) and was adapted for use in the other databases. 

Reference lists from eligible articles were also reviewed to identify additional publications.

Study Selection

Citations from all search results were downloaded and merged by using a reference 

management software package (EndNote X8; Thomson Reuters, Philadelphia, PA). One 

author (AKG) screened study titles and abstracts for potential inclusion and two authors 

(AKG, EMA) reviewed full-text articles, including reference lists, to determine their 

eligibility. Studies were eligible for inclusion if they were US-based and examined the 

influence of race, socioeconomic status, or employment status on delays in initiation of 

chemotherapy, dose delays or dose reductions among women with stage I, II, or III breast 

cancer. Published abstracts, conference proceedings, and unpublished studies were excluded.

Data Extraction

A standardized spreadsheet was used to extract data on first author, publication year, study 

setting and design, sample characteristics, and metrics used to characterize chemotherapy 

administration. Studies were included in the meta-analyses if they included comparable 

outcomes and units of measure. All studies examined the role of race. We extracted data 

regarding delays to initiation of chemotherapy, chemotherapy dosing, and completion of 

recommended cycles from each study and, when necessary, contacted study authors to 

obtain data not included in the published manuscripts.

Data Synthesis and Statistical Analysis

We pooled the association between race and time from definitive surgery to initiation of 

adjuvant therapy for greater than 60 days and 90 days, respectively, and presented odds 

ratios and associated 95% confidence intervals (CI). We combined the odds of first-cycle 

dose reductions,16,17 as well as reductions in dose proportion18 and RDI19 among black 

versus white patients to obtain a pooled odds ratio for the association between race and 

chemotherapy dosing. Dose proportion is the ratio of administered chemotherapy dose for 

the entire regimen to the expected chemotherapy dose for the entire regimen. First-cycle 
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dose reductions (those that are implemented prior to the administration of any 

chemotherapy) have been correlated with reduced dose and reduced RDI for the entire 

regimen and are (by definition) independent of treatment toxicity, such as neutropenia.20

In a separate analysis, we calculated the pooled odds ratio and the associated 95% CI for the 

association between race and completion of recommended chemotherapy cycles. Two 

studies utilized the same cancer registry with overlapping timeframes. Therefore, we 

conducted this analysis twice including only one of these studies in each analysis.21,22

We used Review Manager 5.3.5 to test for heterogeneity and conducted pooled analyses 

using a fixed effects model versus a random effects model according to the absence or 

presence of between-study heterogeneity. Heterogeneity among articles was estimated using 

the I2 statistic, which indicates the percentage of total variability explained by heterogeneity. 

Values of 25%, 50%, and 75% are considered as indicative of low, moderate, and high 

heterogeneity, respectively.

Risk of Bias Assessment

We examined the quality of evidence across the 16 included studies based on the Newcastle 

Ottawa Scale. The scale provides an overall methodological rating based on three broad 

perspectives: the selection of the study groups, the comparability of the groups, and the 

ascertainment of either the exposure or outcome of interest for case-control or cohort studies 

(http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp). Quality assessments were 

performed independently by two authors (AKG and EMA) with differences resolved through 

discussion and consensus.

Results

Figure 1 shows the study identification, screening, and selection of studies. A total of 2587 

articles were identified through four database searches, and an additional 11 articles were 

identified from a review of reference lists. After removing duplicate publications, 2120 titles 

and abstracts were screened for eligibility; 1970 articles did not meet eligibility criteria and 

were excluded. After full-text review, 134 additional articles were excluded. Sixteen 

publications were eligible for inclusion in our analysis.

All studies were retrospective analyses, including 2 that utilized the Henry Ford Health 

System based in Detroit, MI; 3 that used SEER-Medicare; and one study that used data from 

the Southwest Oncology Group adjuvant clinical trials. Three studies that evaluated 

treatment delays after diagnosis included patients with stage IV breast cancer, while all other 

studies included in this analysis were limited exclusively to early stage breast cancer. Most 

studies focused on disparities on the basis of race/ethnicity, rather than on other social 

determinants of health, such as income, which were included as covariates but not 

specifically investigated.

Treatment Delays

Ten studies in total evaluated the impact of race on delays in the initiation of treatment 

(Table 2). Five of these studies examined time from definitive surgery to adjuvant 

Green et al. Page 4

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 January 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


chemotherapy (four studies included delays > 60 days and four studies included delays > 90 

days) among patients with stage I–III breast cancer and were included in the meta-analysis. 

Three studies examined time from diagnosis to any therapy, including surgery, 

chemotherapy, radiation, or hormonal therapy among patients with stage I–IV breast cancer. 

Two separate studies evaluated time from diagnosis to adjuvant chemotherapy among 

patients with stage I–III breast cancer.

In our pooled analysis of treatment delays, black patients were significantly more likely than 

whites to have a delay to initiation of adjuvant therapy of 90 days or more (OR 1.41, 95% 

CI: 1.06–1.87) using a random effects model to account for heterogeneity (Tau2 = 0.07; Chi2 

= 31.05, df = 3 (P < 0.00001); I2 = 90%) (Figure 2). However, the odds of experiencing a 

delay in starting adjuvant therapy of 60 days or more was not significantly associated with 

race (OR 1.24, 95% CI: 0.86–1.80) (Figure 3).

Chemotherapy Dosing

Four studies assessed the impact of race on chemotherapy dosing (Online Resource Table 1). 

Three studies included first-cycle dose reduction as an outcome measure, two studies 

included RDI, and one study included dose proportion. Available data by race from each 

study (dose proportion18, first cycle dose reduction16,17 and RDI19) were combined to 

calculate a pooled estimate of the odds of receiving lower chemotherapy dosing. Overall, 

there was no significant difference in dosing of chemotherapy among blacks versus whites 

(OR: OR 1.31, 95% CI: 0.90 to 1.90 with random effects model; X2=5.94, p=0.11, I2=50%).

Completion of Prescribed Chemotherapy

Five studies assessed the association between race and completion of all planned 

chemotherapy cycles (Online Resource Table 2). Two studies (Hershman 2005, Simon 2012) 

used the Henry Ford Health System tumor registry during overlapping timeframes and were 

included separately in the meta-analysis. Simon and colleagues included chemotherapy 

records from 593 patients with stage I–III breast cancer and found no significant difference 

in completion of chemotherapy cycles among blacks versus whites. In contrast, Hershman 

and colleagues found that blacks had 1.56 times the odds (p=0.03) of not completing 

recommended chemotherapy cycles compared to whites among 472 patients with stage I–II 

breast cancer.

In the meta-analysis that included the Simon study, we found no significant association 

between race and the completion of recommended chemotherapy cycles. The combined OR 

was 1.28 (95% CI: 0.89, 1.84). There was significant heterogeneity among studies, thus a 

random effects model was used (X2=7.46, p=0.02, I2=73). However, when we included the 

Hershman study instead of the Simon study we found a significant difference in the odds of 

completing all chemotherapy cycles between races, with blacks having higher odds of 

incomplete therapy than whites (OR 1.51, 95% CI: 1.00–2.29).

Quality of Evidence

Table 3 summarizes the quality of evidence assessments conducted on the 16 studies based 

on the Newcastle Ottawa Scale.
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Discussion

In this systematic review, we evaluated the available research on the association between 

race and the quality of chemotherapy administration, including treatment delays, incomplete 

receipt of prescribed chemotherapy, and reduced RDI. We found that black breast cancer 

patients appear to be at greater risk than whites of experiencing clinically significant delays 

of 90 days or longer in the initiation of adjuvant chemotherapy. Thus, based on our findings, 

racial differences in the time to treatment initiation may play a role in the higher mortality 

observed among black versus white breast cancer patients.

In contrast, we found no difference in the dosing of chemotherapy between black and white 

patients. Pooled results for the completion of chemotherapy differed depending on whether 

we included the Simon or Hershman study. When we included Hershman’s study, blacks had 

modestly higher odds of not completing recommended chemotherapy compared to whites. 

This finding may be driven by the lack of stage III patients in Hershman’s analysis. It is 

possible that in more advanced cases, referrals and initiation of chemotherapy may be 

expedited regardless of race, whereas in earlier stages recommendations may be relaxed to 

disproportionately affect black patients. However, prior research has shown a wide 

variability in prognosis within stage based on tumor biology.23 Therefore, it is important to 

ensure both timely initiation and completion of therapy among all breast cancer patients 

deemed to need adjuvant chemotherapy, regardless of their cancer stage.

Our analyses suggest that racial disparities in chemotherapy initiation may be more salient 

than disparities in its administration (either in dosing or in completion). Additional research 

is necessary to understand the factors driving this disparity. The extent to which these factors 

are provider-related, patient-related, or health system-related remains unknown. On a 

provider level, delays in both the referral process to chemotherapy after surgery as well as 

scheduling delays after the initial consult may unnecessarily prolong the time to 

chemotherapy. In addition, patients may not be adequately educated regarding the 

significance and timing of chemotherapy post-surgery. Social factors such as lack of social 

support or work-related constraints may contribute to the observed delays in care among 

black patients. In the analysis using SWOG trials by Hershman in 2009, missed 

appointments were more common among black patients compared to white patients, 19% 

versus 9%19. On a health systems level, lack of insurance coverage may result in delays in 

initiation of chemotherapy among black patients due to difficulties in accessing medical 

oncology care. Prior research has shown that differences in health insurance status may 

account for nearly 40% of the total excess risk of death in black patients with stage I–III 

breast cancer compared to whites24. Delays in initiating chemotherapy could help explain 

the mechanism behind this dramatic disparity.

Several of the limitations inherent to systematic reviews and meta-analyses are relevant to 

our own study. In particular, we found that outcome measures used for chemotherapy dosing 

were inconsistent in these retrospective analyses and included RDI, first cycle dose 

proportion, and first cycle dose reductions. Only two studies used RDI, the gold standard for 

measuring adherence to recommended chemotherapy. Two other studies used first cycle dose 

reductions as a surrogate for RDI to represent planned or intentional dose reductions. First 
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cycle dose reduction has been demonstrated in prior studies to predict reductions in RDI, but 

its validity as a measure of the complete treatment experience is unknown. To facilitate 

future cross-study comparisons, we recommend that prospective studies should report RDI 

in a standardized way regarding both dosing and interval between cycles. In addition, due to 

the retrospective nature of the studies included in this systematic review, there was statistical 

heterogeneity between the study results when calculating pooled estimates. The degree to 

which other covariates may explain differences in the observed effects between studies 

remains unclear, and lack of available data precluded additional subgroup analyses.

In summary, the results of this review suggest that black breast cancer patients experience 

clinically relevant delays in the initiation of adjuvant chemotherapy more often than white 

patients. This may in part explain the increased mortality observed among black patients. 

Additional research is needed to identify the factors that drive disparities in treatment delays. 

Further efforts are needed to ensure that black patients initiate adjuvant chemotherapy within 

the recommended three-month timeframe after definitive breast cancer surgery. The 

development of interventions to facilitate timely referral to medical oncology and initiation 

of chemotherapy could mitigate the impact of this important disparity in quality of care, 

potentially with important downstream effects of improved clinical outcomes, including 

overall survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Diagram of study identification and selection process (PRISMA).
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Figure 2. 
Meta-analysis of the association between race and delays in initiation of chemotherapy (90 

days)
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Figure 3. 
Meta-analysis of the association between race and delays in initiation of chemotherapy (60 

days)
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