
B R I E F  R E P O R T Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Bhimani et al. Breast Cancer Research          (2024) 26:101 
https://doi.org/10.1186/s13058-024-01822-9

Breast Cancer Research

*Correspondence:
Elizabeth D. Kantor
kantore@mskcc.org
1Department of Epidemiology and Biostatistics, Memorial Sloan Kettering 
Cancer Center, 633 Third Avenue 3rd Floor, 10017 New York, NY, USA
2Division of Research, Kaiser Permanente Northern California, Oakland, 
CA, USA
3Department of Medicine, Division of Hematology/Oncology, 
Department of Health Management and Policy, University of Michigan, 
Ann Arbor, MI, USA

4Department of Oncology, Kaiser Permanente Medical Center, Vallejo, CA, 
USA
5San Francisco Medical Center, Kaiser Permanente Northern California, 
San Francisco, CA, USA
6Kaiser Permanente Washington Health Research Institute, Kaiser 
Permanente Washington, Seattle, WA, USA
7Division of Cancer Control and Population Sciences, National Cancer 
Institute, Rockville, MD, USA
8Cancer Epidemiology and Health Outcomes, Rutgers Cancer Institute of 
New Jersey, New Brunswick, NJ, USA

Abstract
Background Little is known about how use of chemotherapy has evolved in breast cancer patients. We 
therefore describe chemotherapy patterns for women with stage I-IIIA breast cancer in the Optimal Breast Cancer 
Chemotherapy Dosing (OBCD) Study using data from KPNC (Kaiser Permanente Northern California) and KPWA (Kaiser 
Permanente Washington).

Findings Among 33,670 women, aged 18 + y, diagnosed with primary stage I-IIIA breast cancer at KPNC and KPWA 
from 2006 to 2019, we explored patterns of intravenous chemotherapy use, defined here as receipt of intravenous 
cytotoxic drugs and/or anti-HER2 therapies. We evaluated trends in chemotherapy receipt, duration over which 
chemotherapy was received, and number of associated infusion visits. In secondary analyses, we stratified by receipt 
of anti-HER2 therapies (trastuzumab and/or pertuzumab), given their longer duration. 38.9% received chemotherapy 
intravenously, declining from 40.2% in 2006 to 35.6% in 2019 (p-trend < 0.001). Among 13,089 women receiving 
chemotherapy, neoadjuvant treatment increased (4.1–14.7%; p-trend < 0.001), as did receipt of anti-HER2 therapies 
(20.8–30.9%) (p-trend < 0.001). The average treatment duration increased (5.3 to 6.0 months; p-trend < 0.001), as 
did the number of infusion visits (10.8 to 12.5; p-trend < 0.001). For those receiving anti-HER2 therapies, treatment 
duration and average number of visits decreased; among those not receiving anti-HER2 therapies, number of visits 
increased, with no change in duration.

Conclusions While the prevalence of chemotherapy receipt has decreased over time, the use of neoadjuvant 
chemotherapy has increased, as has use of anti-HER2 therapies; duration and number of administration visits have 
also increased. Understanding these trends is useful to inform clinical and administrative planning.
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Introduction
Cytotoxic drugs were first recognized as treatment for 
early breast cancer in the 1970s [1]. Several groups of 
cytotoxic agents were identified as having overall survival 
benefit for early-stage breast cancer, including alkylating 
agents (cyclophosphamide), anti-metabolites (5-fluoro-
uracil, methotrexate), anthracyclines (doxorubicin) and 
others [1]. These agents are recommended for prescrib-
ing by the NCCN (National Comprehensive Cancer Net-
work) Breast Cancer Treatment Guidelines [2], along 
with anti-HER2 therapies for HER2+ (human epidermal 
growth factor 2)-positive disease.

For treatment of stage I-IIIA breast cancer (defined as 
early-stage breast cancer [EBC]), there are many treat-
ment options; treatment can vary by drugs used, cycle 
length/interval and number of doses, manifesting in dif-
fering durations of chemotherapy and/or number of infu-
sion visits. To this end, a given drug combination may 
be administered via different administration schedules 
(e.g., dose dense vs. standard schedules), some of which 
may be completed earlier, resulting in a shorter dura-
tion of treatment. Furthermore, certain drugs indicated 
for EBC have notably longer intended treatment dura-
tion than others, specifically anti-HER2 therapies, which 
are administered for up to a 1-year period [3, 4]. Thus, 
as guidelines change and regimens used in the population 
shift over time, and interest builds in the de-escalation 
of treatment, (5–6) it is unclear how all of this ultimately 
impacts the time in treatment and number of associ-
ated visits at a population-level. While previous studies 
have explored the impact of cytotoxic drugs on health 
service utilization, these studies have been focused on 
emergency department visits and unplanned admissions; 
[7–10] thus, research on infusion visits, which are often 
done in community settings, is lacking. This is important, 
as time in treatment and number of attendances at infu-
sion centers represents a time and resource burden for 
patients and providers alike.

We therefore used data from Optimal Breast Cancer 
Chemotherapy Dosing (OBCD) study to examine trends 
in chemotherapy prescribing in a large cohort of women 
with EBC treated in community settings.

Methods
Study population
This analysis includes 33,670 women, aged 18+y, who 
were diagnosed with primary stage I-IIIA breast can-
cer at Kaiser Permanente Northern California (KPNC, 
2006–2019) or Kaiser Permanente Washington (KPWA, 
2006–2015). For this analysis, we defined ‘chemotherapy’ 
as receipt of cytotoxic chemotherapy and/or anti-HER2 
therapy for the treatment of breast cancer. Participants 
were identified through the Kaiser Permanente Virtual 
Data Warehouse (VDW) [11], which includes data from 

each health system’s cancer registry. KPNC maintains its 
own cancer registry and reports data to the Greater Bay 
Area and Greater California Surveillance Epidemiology 
and End Results (SEER) Programs, while KPWA receives 
data from the Seattle/Puget Sound SEER Program.

Eligibility criteria included the following: diagnosed 
with primary breast cancer with no prior history or same 
day diagnosis of cancer (except non-melanoma skin can-
cer), enrolled at KPWA or KPNC at time of diagnosis, 
had available medical records, and did not opt their med-
ical record out of research studies.

Information on patient demographics, clinical char-
acteristics and chemotherapy was obtained from KPNC 
and KPWA. (11–12)

Exposure and outcome
We examined four aspects of chemotherapy adminis-
tration over time: known receipt of neoadjuvant treat-
ment (yes vs no), receipt of neoadjuvant treatment (yes; 
no), duration over which chemotherapy was received 
(months), and chemotherapy administration visits (num-
ber of visits). We stratified analyses for chemotherapy 
receipt, chemotherapy duration and visits by receipt of 
anti-HER2 therapies, given their markedly longer dura-
tion of use in the guidelines. Linear and logistic regres-
sion models were used to evaluate temporal trends 
for continuous (duration of chemotherapy, number of 
infusion visits) and binary (receipt of chemotherapy, 
neoadjuvant chemotherapy and trastuzumab and/or 
pertuzumab) variables of interest, with linear trends in 
time measured with t-tests in the linear regression mod-
els and Wald tests in the logistic regression models. We 
also graphically show the distribution of neoadjuvant and 
adjuvant chemotherapy by hormone receptor status and 
HER2 status over time.

All analyses were conducted in SAS v9.4. IRB approval 
was obtained from all sites involved in the study (Memo-
rial Sloan Kettering Cancer Center, KPNC, KPWA, and 
Rutgers), with a waiver of consent to collect patient data 
at KPNC and KPWA.

Results
Overall, 13,089 (38.9%) women received chemotherapy 
(Table 1). Of the women receiving chemotherapy, 54.8% 
had stage II disease (with 32.3% and 13.0% of those hav-
ing stage I and IIIA disease, respectively). The majority 
of participants were white (74.6%), with Asians making 
up 16.5% of the cohort and Black and African Ameri-
cans making up 7.3%; 12.9% of the cohort is Hispanic. 
There was a decline in receipt of chemotherapy over time 
(40.2% in 2006 vs. 35.6% in 2019)(p-trend < 0.001)(Figs. 1 
and 2). Of the women who received chemotherapy, 8.5%  
were known to have received neoadjuvant treatment 
overall, increasing from 4.1% in 2006 to 14.7% in 2019 
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(p-trend < 0.001) (Fig. 1), with some variation in the pat-
terns over time by hormone receptor status/HER2 status 
(Fig. 2). Furthermore, of those who received chemother-
apy, 27.1% received trastuzumab/pertuzumab, with 
receipt increasing over time (p-trend < 0.001): in 2006, 
20.8% received trastuzumab and/or pertuzumab, increas-
ing to 30.9% in 2019.

The average duration of chemotherapy was 5.3 
months in 2006, increasing to 6.0 months in 2019 
(p-trend < 0.001) for all patients receiving chemotherapy. 
The average number of chemotherapy infusion visits 

(inclusive of cytotoxic drugs and/or anti-HER2 thera-
pies) increased from 10.8 visits in 2006 to 12.5 in 2019 
(p-trend < 0.001)(Fig. 3). For those receiving trastuzumab 
and/or pertuzumab, there was a very slight decrease 
in the treatment duration (12.3 to 12.0 months(p-
trend = 0.001) and a decrease in average number of infu-
sion visits (24.0 to 20.3 months)(p-trend < 0.001)(Fig. 3). 
Conversely, for those not receiving trastuzumab and/
or pertuzumab, there was an increase average num-
ber of visits from 7.3 to 9.0 (p-trend < 0.001). There was 

Table 1 Population characteristics, by receipt of chemotherapy
Among those receiving chemotherapy

Overall Participants who received 
chemotherapy
(n, %)

Received trastuzumab 
and/or pertuzumab
(n, %)

Did not 
receive trastu-
zumab and/or 
pertuzumab
(n, %)

TOTAL 33,670 13,089 (39%) 3,548 (27%) 9,541 (73%)
Characteristic
Age at diagnosis (years)
18–39 1,509 (4.5%) 1,194 (9.1%) 365 (10.3%) 829 (8.7%)
40–49 5,283 (15.7%) 3,230 (24.7%) 802 (22.6%) 2,428 (25.4%)
50–64 13,656 (40.6%) 6,064 (46.3%) 1,619 (45.6%) 4,445 (46.6%)
65–79 10,568 (31.4%) 2,516 (19.2%) 715 (20.2%) 1,801 (18.9%)
80+ 2,654 (7.9%) 85 (0.6%) 47 (1.3%) 38 (0.4%)
Race
White 25,130 (74.6%) 9,313 (71.2%) 2,406 (67.8%) 6,907 (72.4%)
Black or African American 2,459 (7.3%) 1,106 (8.4%) 261 (7.4%) 845 (8.9%)
Asian 5,544 (16.5%) 2,430 (18.6%) 819 (23.1%) 1,611 (16.9%)
American Indian or Alaskan Native 136 (0.4%) 50 (0.4%) 11 (0.3%) 39 (0.4%)
Native Hawaiian or Other Pacific Islander 240 (0.7%) 120 (0.9%) 31 (0.9%) 89 (0.9%)
More than once race 55 (0.2%) 21 (0.2%) 9 (0.3%) 12 (0.1%)
Unknown/missing 106 (0.3%) 49 (0.4%) 11 (0.3%) 38 (0.4%)
Ethnicity
Not Hispanic 29,341 (87.1%) 11,059 (84.5%) 3,037 (85.6%) 8,022 (84.1%)
Hispanic 4,328 (12.9%) 2,030 (15.5%) 511 (14.4%) 1,519 (15.9%)
Year of diagnosis
2006–2010 11,056 (32.8%) 4,566 (34.9%) 974 (27.5%) 3,592 (37.6%)
2011–2015 12,482 (37.1%) 4,816 (36.8%) 1,329 (37.5%) 3,487 (36.5%)
2016–2019 10,132 (30.1%) 3,707 (28.3%) 1,245 (35.1%) 2,462 (25.8%)
AJCC Stagea

Stage I 20,199 (60.0%) 4,223 (32.3%) 1,445 (40.7%) 2,778 (29.1%)
Stage II 11,456 (34.0%) 7,170 (54.8%) 1,733 (48.8%) 5,437 (57.0%)
Stage IIIA 2,015 (6.0%) 1,696 (13.0%) 370 (10.4%) 1,326 (13.9%)
Tumor subtype
Triple negative 3,523 (10.5%) 2,555 (19.5%) 25 (0.7%) 2,530 (26.5%)
Hormone receptor +/HER2 - 24,994 (74.2%) 6,955 (53.1%) 123 (3.5%) 6,832 (71.6%)
Hormone receptor +/HER2 + 3,166 (9.4%) 2,424 (18.5%) 2,344 (66.1%) 80 (0.8%)
Hormone receptor -/HER2 + 1,388 (4.1%) 1,067 (8.2%) 1,039 (29.3%) 28 (0.3%)
Unknown/not tested 599 (1.8%) 88 (0.7%) 17 (0.5%) 71 (0.7%)
Abbreviations
aAJCC: American Joint Committee on Cancer
bHER2: Human epidermal growth factor receptor 2

Note Hormone receptor + defined as ER + and/or PR+
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no significant trend observed in treatment duration for 
those not receiving trastuzumab and/or pertuzumab.

Discussion
The prevalence of chemotherapy use in this cohort has 
decreased over time, with a marked increase in neo-
adjuvant treatment, consistent with other studies con-
ducted in US populations. (13–14) Previous studies have 
reported that the use of 21-gene recurrence scores that 
inform decisions to forgo chemotherapy in lower risk 
patients may be driving decreases in chemotherapy use 
in breast cancer patients. (15–16) The average time spent 
undergoing chemotherapy and the average number of 
visits has increased. While one may assume this is due to 
the increasing use of anti-HER2 therapies (which have a 
substantially longer treatment duration than other drugs 
used to treat EBC), it should be noted that trastuzumab 
and/or pertuzumab-containing regimens have decreased 
in length and administration visits over time, while 
the number of visits has increased among those receiv-
ing cytotoxic drugs. The decrease in treatment dura-
tion for those receiving anti-HER2 therapies may reflect 
more treatment discontinuation secondary to toxicity 
or patient preference, as well as changing perceptions 
regarding the ideal duration of anti-HER2 therapies.

The overall increases in infusion visits and the aver-
age duration of chemotherapy represent an increasing 
time commitment for patients and providers, as well as 
a greater burden on the healthcare system for treatment 
delivery. These trends may also reflect improvements in 
symptom management that facilitate longer duration of 
chemotherapy, or administrative challenges in chemo-
therapy delivery, resulting in longer gaps between cycles. 
Further research is needed to better understand the driv-
ers behind these trends.

This study provides an overview of broad chemother-
apy trends in a sizeable cohort. It has several strengths, 
most notably a large sample size over a longitudinal 
14-year period in a diverse cohort of breast cancer 
patients. Patients treated in integrated healthcare deliv-
ery settings have been shown to be representative of 
such underlying populations; therefore results are likely 
to be more generalizable and inform broader health ser-
vices research [15]. Given this setting, results are not 
influenced by changes in insurance coverage. There are 
several limitations to consider; although this study con-
siders chemotherapy administration visits, it does not 
incorporate data on laboratory services or other health 
services utilization which could result from toxicities or 
monitoring. We were unable to comment on 21-gene 
recurrence score uptake throughout the study period, 

Fig. 1 Over time, use of chemotherapy has decreased from 2006–2019 while use of neoadjuvant chemotherapy and trastuzumab/pertuzumab has 
increased

 



Page 5 of 7Bhimani et al. Breast Cancer Research          (2024) 26:101 

which may have driven the decline in chemotherapy over 
time. Our results reflect real-world data, which has some 
limitations in use. For example, we identified a very small 
number of individuals in this large cohort classified as 
HER2-,who received trastuzumab and/or pertuzumab. 
HER2 status is largely obtained from cancer registries 
and extracted from diagnostic biopsy specimens. We 
abstracted medical chart data to address/correct any mis-
classified data, and thus any discordance that remains, 
even minimally, may reflect the complexity of obtain-
ing and classifying HER2 status for research (e.g., HER2 
may be reclassified with subsequent surgical assessment, 
or may be classified by the primary tumor in the setting 
of bilateral disease). It may also reflect research around 
HER2 expression in breast cancer stem cells and subse-
quent treatment of HER2- patients with anti-HER2 ther-
apy [17], or the heterogeneity expected when examining 
a large treatment dataset.

In summary, the trends reported provide a systems-
level overview of changing patterns of chemotherapy 
over time, showing a reduction in the prevalence of che-
motherapy and increased chemotherapy visits. These 
data are useful to show that the treatment burden of 
routine chemotherapy care is changing over time, which 
has implications for cost, and resource allocation and 

administrative planning for health systems. This may 
inform future research to understand treatment uptake 
and changing patterns of care including regimen selec-
tion and how regimens are administered/received, and 
highlights the need to understand how these factors 
impact patient outcomes.

Fig. 2 Figure shows among women receiving chemotherapy, how use of adjuvant and neoadjuvant chemotherapy has changed over time, relative to 
hormone receptor status and HER2 status. Note that in this graph, negative hormone receptor status refers to ER (estrogen receptor)- and progesterone 
receptor (PR) - disease, while hormone receptor positive status reflects ER+ and/or PR+ disease. Figure also shows the group who received chemotherapy 
but for whom there's no indication of receipt of surgery or for whom surgery data are missing, and thus are grouped separately
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