
Introduction
Despite advancements in therapy, metastatic breast cancer (mBC) remains 
incurable. Treatment is focused on palliative care, with goals of prolonging 
survival and improving quality of life (QOL).1 Intravenous (IV) taxanes are some 
of the most active chemotherapies for the treatment of mBC.2 However, taxanes 
are largely nonspecific and associated with treatment-related toxicities, the 
development of which can result in treatment alterations (eg, dose reductions 
and regimen changes) or delays.3,4

Chemotherapy-induced peripheral neuropathy (CIPN), which has been 
reported in >60% of patients with mBC treated with IV paclitaxel, is a common 
taxane toxicity.5,6 It is characterized by sensory and/or motor manifestations 
driven by peripheral nerve damage. The condition is believed to be caused by 
the loss of neuronal microtubule function, although solvents used in IV taxanes 
have also been implicated.4 The development of CIPN is dose-dependent and 
schedule-dependent; effects can also be cumulative and limit future treatment 
by requiring dose reductions, delays, or discontinuations.3,4 Furthermore, 
CIPN can become a chronic condition, leaving patients with long-term effects, 
including numbness, disability, and neuropathic pain.4,5,7,8 

In addition to their impact on patient outcomes, treatment-related toxicities, 
like CIPN, can place an increased burden on the health care system. Studies 
have reported increased costs for patients with chemotherapy-related toxicities 
compared to those without.9-11 These costs can be substantial, with increases of 
up to 70% in monthly all-cause expenses when toxicities occur.9,12

Although studies have assessed treatment-related toxicities in mBC, few have 
been focused specifically on CIPN.9,10,12 Similarly, analyses of CIPN have not 
been focused specifically on mBC.5-8,11,13 This retrospective analysis examined 
the clinical and economic burden of CIPN in patients with mBC, initiating IV 
paclitaxel or IV nab-paclitaxel. 

Methods
Data Source
This retrospective cohort study utilized deidentified data from the US IBM 
MarketScan Commercial and Medicare Supplemental databases from November 
1, 2012, to December 31, 2018.  The commercial database contains the inpatient, 
outpatient, and outpatient pharmacy details of employees and their dependents, 
covered under a variety of health plans. The Medicare database contains the full 
health care details (medical and pharmacy) of retirees with Medicare supple-
mental insurance provided by employers, including both Medicare-covered and 
employer-paid portions.

Disability data were obtained from the MarketScan Health and Productivity 
Management Database from November 1, 2012, to December 31, 2017  (end 
of available data). This database contains short-term and long-term disability 
data for a subset of patients in the MarketScan Commercial and Medicare 
Supplemental Databases. All study data were obtained using codes from the 
International Classification of Diseases, Ninth and Tenth Revisions, Clinical 
Modification (ICD-9-CM and ICD-10-CM); Current Procedural Terminology 
Fourth Edition; Healthcare Common Procedure Coding System; and 
National Drug Codes.

Patient Selection and Study Period
Adult women with greater than 1 inpatient claim, or greater than or equal to 
2 nondiagnostic outpatient claims for breast cancer (BC) (ICD-9-CM: 174.
xx; ICD-10-CM: C50.xx) were identified within the MarketScan Commercial 
and Medicare Database from January 1, 2014 to September 30, 2018.  Eligible 
women had greater than or equal to 1 nondiagnostic claim for metastasis 
occurring 60 days prior to the first BC claim, through the end of data (excluded 
codes for metastasis to the breast). The index date was that on which the first 
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Abstract
BACKGROUND: Intravenous (IV) taxanes for metastatic breast 
cancer (mBC) are associated with toxicities, such as chemothera-
py-induced peripheral neuropathy (CIPN), which can detrimentally 
impact outcomes. 

OBJECTIVE: To assess the impact of CIPN on clinical and 
economic outcomes in women with mBC, initiating IV paclitaxel/
nab-paclitaxel.

METHODS: Adult women in the MarketScan Commercial and 
Medicare Supplemental Database with a mBC diagnosis, initiating 
IV paclitaxel or IV nab-paclitaxel (index date = first administration) 
from November 1, 2013, to September 30, 2018, who had no 
prior neuropathy diagnoses, and continuous enrollment 12 months 
prior to and ≥ 3 months following index were selected. Propensity 
score–matched CIPN and non-CIPN cohorts were defined, based 
on postindex CIPN diagnosis. Clinical characteristics and all-cause 
and breast cancer (BC)-related health care utilization and costs per 
patient per month (PPPM) were compared between matched CIPN 
and non-CIPN cohorts during follow-up.

RESULTS: Among the 5870 women with mBC initiating IV 
paclitaxel/nab-paclitaxel, 42.7% developed CIPN. The matched 
cohorts each included 1950 women. Patients with CIPN were 
more likely to have a dose reduction (46.1% vs 38.2%, P < .001) 
or develop depression, diabetes, insomnia, liver dysfunction, or 
arthritis compared with the non-CIPN cohort, P < .05. Patients with 
CIPN were more likely to have an inpatient admission (39.2% vs 
34.9%, P < .01) or emergency department visit (46.7% vs 35.6%, 
P < .001), as well as all-cause and BC–related costs that were 
$1102 and $725 PPPM higher, respectively, than women without 
CIPN (P < .01). 

CONCLUSIONS: CIPN was common in women, following IV 
paclitaxel/nab-paclitaxel treatment and was associated with dose 
reductions, the development of comorbidities, and elevated health 
care costs. Therapies for mBC that offer increased tolerability are 
needed to help improve patient outcomes and control costs.

E T H I C S  A P P R O VA L  A N D  I N F O R M E D  C O N S E N T
All database records are statistically deidentified and certified to be fully compliant with 
US patient confidentiality requirements set forth in the Health Insurance Portability and 
Accountability Act of 1996. Because this study used only deidentified patient records and did not 
involve the collection, use, or transmittal of individually identifiable data, this study was exempted 
from Institutional Review Board approval.
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IV paclitaxel or nab-paclitaxel was administered 
(identified via the Healthcare Common Procedure 
Coding System [HCPCS]; hereafter referred to as IV 
paclitaxel/nab-paclitaxel). Continuous enrollment 
was required for 12 months prior to, and 3 or more 
months following the index date. Women who had 
undergone taxane treatment or had a neuropathy 
diagnosis (Supplemental Figure) in the preperiod 
were excluded, as were patients with greater than 1 
taxane administration on the index date. 

Patients with CIPN had 1 or more nondiagnostic 
claims with a diagnosis of neuropathy, paresthesia, 
myalgia, or arthralgia during follow-up, and were 
continuously enrolled for 3 or more months 
following the first neuropathy claim (to assess 
post-CIPN costs). Patients without CIPN had no 
neuropathy diagnoses during the study period. The 
final CIPN and non-CIPN cohorts were propensity 
score–matched based on preperiod characteristics, 
to control for demographic and clinical differences 
between groups. Covariates included evidence 
of any inpatient admission, length of follow-up, 
National Cancer Institute Charlson Comorbidity 
Index (NCI-CCI), use of neurotoxic agents, 
number of toxicities, number of chemotherapy 
agents administered, and evidence of endocrine 
therapy, radiation therapy, or BC–related surgery. 
A 1:1 match was implemented, with the nearest 
neighbor technique without replacement (see 
Supplemental Table). 

The preperiod was the 12 months preceding 
the index date. Outcomes were assessed over 
the follow-up period, which extended from the 
study index date until the earliest of the following: 
(1) administration of docetaxel; (2) end of contin-
uous enrollment; or (3) end of the study period 
(December 31, 2018). For patients with CIPN, 
follow-up included the duration both prior to, 
and following the diagnosis of CIPN.

Lines of Therapy and Dose Changes
The index line of therapy (LOT) included chemo-
therapies administered in the 37 days following 
index. Non-taxane chemotherapies included 

capecitabine, carbo-
platin, cisplatin, 
cyclophosphamide, 
doxorubicin, epirubicin, 
eribulin, fluorouracil, 
gemcitabine, ixabep-
ilone, methotrexate, 
and vinorelbine. The 
37-day period allowed 
the inclusion of 
concomitant medica-
tions administered on a 
different cycle. The end 
of the Index LOT was 
defined by a change in 
the regimen (switch, 
augmentation, or drop) 
or the end of follow-up. 
Discontinuation of a 
regimen component was 
defined as a treatment 
gap of 45 days or more. 

The IV paclitaxel/
nab-paclitaxel dose changes were assessed during 
the Index LOT. Dose was estimated by dividing the 
paid amount on IV paclitaxel/nab-paclitaxel claims 
by the wholesale acquisition cost. Capitated claims, 
claims with a JW modifier, indicating medication 
waste, or a $0 paid amount were excluded. To assess 
dose changes over time, only patients with 3 or 
more non-$0 claims for IV paclitaxel/nab-paclitaxel 
were included. The magnitude of a dose change 
was defined as greater than or equal to 10% of the 
index dose. Changes were examined in relation to 
the prior dose.

Patient Characteristics and Comorbidities
Demographics were measured on the index date. 
During the preperiod, the NCI-CCI was calcu-
lated.14,15 Prevalent comorbid conditions were 
assessed during the preperiod and follow-up. During 
follow-up, incident comorbidities were examined 
among patients who did not experience the specific 
comorbidity during the preperiod. 

Health Care Resource Utilization and Costs
All-cause and BC–related health care resource 
utilization and costs per patient per month (PPPM), 
including inpatient admissions, outpatient medical 
encounters (emergency department [ED] visits, 
outpatient office visits, and other outpatient 
services), and outpatient prescriptions were 
reported during follow-up. The BC–related health 
care resource utilization and costs were defined 
using inpatient admissions with a primary diagnosis 
of BC; outpatient services with a diagnosis of BC 
in any position; medical or pharmacy claims for 
BC treatments (chemotherapy, endocrine therapy, 
human epidermal growth factor receptor 2 [HER2] 
therapy, or radiation);  and pharmacy claims for 
neuropathy medications (antidepressants, anticon-
vulsants, opioids and narcotics, systemic cortico-
steroids, nonopioid and nonsteroidal pain relief, 
topical local anesthetics, mexiletine, tocainide, and 
pentoxifylline). Costs were calculated using paid 
amounts on adjudicated claims. Costs for capitated 
plans were estimated via payment proxy. Costs were 

inflated to 2019 US$ using the medical care compo-
nent of the Consumer Price Index.16

Work Disability and Indirect Costs
The MarketScan Health and Productivity 
Management (HPM) Database was used to assess 
short-term and long-term disability and estimate 
indirect costs from November 1, 2012, to December 
31, 2017.  Because of the limited sample of patients 
with HPM data, the unmatched CIPN and non-CIPN 
cohorts were used for the work disability analysis. 
All eligible patients with available HPM data were 
included. The duration of the postindex period 
was based on the availability of HPM data that 
overlapped with the postindex period for the larger 
study. All outcomes were reported as PPPM. 

Indirect costs were estimated by applying an 
estimated daily wage to short-term or long-term 
disability days. Wages were calculated using sex 
and region-matched data from the US Bureau of 
Labor Statistics in 2017. Short-term and long-term 
disability was set as 70% and 60% of the wage rate 
per day, respectively.

Statistical Analysis
Continuous variables were reported as mean and 
standard deviation. Categorical variables were 
reported as frequencies and percentages. All data 
analyses were conducted using the WPS version 4.1 
(World Programming, United Kingdom).

Results
Of the 5870 women with mBC, initiating treatment 
with IV paclitaxel/nab-paclitaxel, 2509 (42.7%) 
were diagnosed with CIPN during follow-up. The 
mean time from index to CIPN diagnosis was 
198.9 (± 231.5) days. After matching, the CIPN and 
non-CIPN cohorts each comprised 1950 women, 
and the cohorts were well matched (Figure 1, 
Table 1). The average follow-up was similar at 21.0 
(± 12.1) months in the CIPN cohort, and 20.6 (± 12.9) 
months in the non-CIPN cohort. The time to first 
CIPN diagnosis was 169.4 (± 194.1) days, and 46.7% 
of the participants were diagnosed with CIPN during 
the Index LOT. 

Treatment Patterns
Most patients initiated IV paclitaxel (Table 1). Only 
8.7% of the CIPN cohort and 11.9% of the non-CIPN 
cohort initiated IV nab-paclitaxel. The majority of 
patients with CIPN (82.9%) and those without CIPN 
(84.3%) received IV paclitaxel/nab-paclitaxel mono-
therapy. The duration of the Index LOT was also 
similar between cohorts at 96 (± 64) days in the CIPN 
cohort and 99 (± 63) days in the non-CIPN cohort. 
Patients with CIPN were more likely to end the Index 
LOT by dropping a medication (84.4% vs 81.2%, 
P = .010), whereas patients without CIPN were more 
likely to end the Index LOT because follow-up had 
come to an end (5.7% vs 2.3%, P < .001).

IV Paclitaxel/nab-Paclitaxel Dose Changes
Over 75% of the study participants qualified for 
the dose change analysis (CIPN, 77.4%; non-CIPN, 
82.2%). Patients with CIPN were significantly more 
likely to undergo a dose reduction ≥ 10% during 
the Index LOT (46.1% vs 38.2%, P < .001, Table 2). 

Take-Away Points
Women with metastatic breast cancer (mBC) who develop chemo-
therapy-induced peripheral neuropathy (CIPN) after initiating 
intravenous (IV) paclitaxel or IV nab-paclitaxel, utilize more health 
care services and incur increased costs compared to women who 
do not develop CIPN. Patients with CIPN also experience an 
increased comorbidity burden and more treatment alterations in 
comparison to patients without CIPN. Treatments for mBC with 
reduced rates of CIPN are needed, to help improve long-term 
outcomes and reduce the burden on the health care system.

•	 42.7% of women developed CIPN following initiation of IV 
paclitaxel/nab-paclitaxel

•	 Incremental all-cause and breast cancer-related health care 
costs were higher for patients who developed CIPN by $1102 
and $725 per patient per month (PPPM), respectively 
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ICD, International Classification of Diseases; CM, Clinical Modification; IV, intravenous; mBC, metastatic breast cancer.

FIGURE 1. Sample Attrition of Women With mBC Initiating IV Paclitaxel 
or IV nab-Paclitaxel With or Without Chemotherapy-Induced Peripheral 
Neuropathy (CIPN)

TABLE 1. Demographics, Preperiod Characteristics, and Index Line of 
Therapy for Women With mBC Initiating IV Paclitaxel or IV nab-Paclitaxel 
With and Without Chemotherapy-Induced Peripheral Neuropathy (CIPN)

 

CIPN 

N = 1950

Non-CIPN 

N = 1950  P value
(Non-CIPN  
vs CIPN)N/Mean %/SD N/Mean %/SD

Demographics          

Age, mean (SD), y 53.7 10.5 53.4 10.9 .512

Insurance plan type      

Comprehensive/indemnity 155 7.9% 153 7.8% .233

EPO 20 1.0% 19 1.0%  

HMO 188 9.6% 187 9.6%  

POS 140 7.2% 137 7.0%  

POS with capitation 11 0.6% 20 1.0%  

PPO 1038 53.2% 1,030 52.8%  

CDHP/HDHP 379 19.4% 366 18.8%  

Other/unknown 19 1.0% 38 1.9%  

Clinical characteristics          

NCI Comorbidity Index 0.5 0.9 0.5 0.9 .749

Number of NCI Comorbidity 
Index conditions

     

0 1236 63.4% 1280 65.6% .141

1 521 26.7% 476 24.4% .099

2 149 7.6% 142 7.3% .670

3+ 44 2.3% 52 2.7% .408

Comorbidities          

Depression 285 14.6% 231 11.8% .011

Diabetes (type I or type II) 234 12.0% 233 11.9% .961

Insomnia 106 5.4% 80 4.1% .051

Falls 12 0.6% 5 0.3% .089

Fractures 20 1.0% 31 1.6% .121

Liver dysfunction 236 12.1% 209 10.7% .174

Nonrheumatoid arthritisa 151 7.7% 96 4.9% < .001

Rheumatoid arthritis 20 1.0% 8 0.4% .023

Index line of therapy (LOT)          

Taxane          

Initiated on IV Paclitaxel 1780 91.3% 1717 88.1% .0009

Initiated on IV nab-Paclitaxel 170 8.7% 233 11.9% .0048

Monotherapy vs polytherapy          

Monotherapy 1616 82.9% 1,644 84.3% .226

Polytherapy 334 17.1% 306 15.7% .226

Duration of first LOT, days 96 64 99 63 .147

Reason for end of first LOT      

Regimen change (augmentation 
or switch)

261 13.4% 255 13.1% .777

Drop 1645 84.4% 1,584 81.2% .010

End of follow-up  44 2.3% 111 5.7% < .001

CDHP, consumer-driven health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan, HMO, 
health maintenance organization; IV, intravenous; mBC, metastatic breast cancer; POS, point of service; PPO, preferred 
provider organization. 
a Nonrheumatoid arthritis included osteoarthritis, psoriatic arthritis, and other polyarthropathies.

≥ 1 inpatient or ≥ 2 non-diagnostic outpatient claims with a diagnosis of breast cancer (ICD-9-CM 
diagnosis codes: 174.xx; ICD-10-CM diagnosis codes: C50.xx) from January 1, 2014, through 

September 30, 2018

N = 407,214 

≥ 1 non-diagnostic claim with a diagnosis of metastasis in the 60 days prior to the first breast cancer 
claim through the end of data (excludes codes for metastasis to the breast) 

N = 79,162 

Evidence of treatment initiation with a taxane in an outpatient medical setting following diagnosis 
of metastatic disease. (Index date = first administration) 

N = 26,060 

Female and aged ≥ 18 years at index 

N = 25,845 

No evidence of taxane treatment in the 12-month pre-period and evidence of paclitaxel 
or nab-paclitaxel (single drug) on index 

N = 8890 

≥1 non-diagnostic claim for CIPN following 
the index date 

N = 4591 

No claims for general neuropathy prior to the 
first CIPN claim 

N = 2824 

≥3 months of continuous medical and 
pharmacy eligibility following the CIPN index 

date 

N = 2509 

No claims for general neuropathy prior to the 
index date or CIPN following the index date 

N = 3361 

Continuous medical and pharmacy eligibility in the ≥ 12 months prior to and ≥ 3 months 
following the index date 

N = 15,429 

CIPN Cohort 

N = 1950

Non-CIPN Cohort 

N = 1950 

Unmatched Sample

CIPN: N = 2509 
Non-CIPN: 3361 

TOTAL: 5870 

PROPENSITY SCORE MATCHING 
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Among patients with a dose reduction, no significant 
differences were observed in the total number of, 
time to, or magnitude of dose reductions between 
cohorts (Table 2). However, patients with CIPN were 
more likely to receive a medication for neuropathy 
in +/- 10 days of a dose reduction, compared to 
patients without CIPN (40.8% vs 34.6%, P < .05).

Comorbidities
Preperiod comorbidity burdens were similar between 
cohorts (Table 1). During follow-up, patients with 
CIPN had a significantly higher prevalence of depres-
sion, liver dysfunction, nonrheumatoid arthritis, 
insomnia, rheumatoid arthritis, falls, and fractures, 
compared to patients without CIPN (P < .05, Table 
3). The CIPN cohort also had a significantly higher 
proportion of patients with incident depression, 
diabetes, insomnia, falls, fractures, liver dysfunction, 
and nonrheumatoid arthritis (P < .05, Table 3). 

All-Cause Health Care Utilization and Costs
Patients with CIPN had higher health care service 
utilization and direct all-cause costs PPPM over the 
follow-up. They were also more likely to have 1 or 
more inpatient admissions (39.2% vs 34.9%, P < .01) 
or ED visit (46.7% vs 35.6%, P < .001) compared 
to patients without CIPN (Table 4). Patients with 
CIPN also showed a significantly greater number 
of monthly ED visits, office visits, other outpatient 
services, and outpatient pharmacy refills over 
follow-up (Table 4).

Greater utilization of health care services trans-
lated to increased all-cause health care costs PPPM 

for patients with CIPN 
compared to patients 
without CIPN. During 
follow-up, patients with 
CIPN incurred total 
all-cause health care 
costs that were $1012 
PPPM higher, compared 
to patients without 
CIPN ($11,181 ± $10,240 
vs $10,169 ± 10,029, 
P < .01). The higher 
costs for patients with 
CIPN were derived from 
a significantly higher 
number of office visits, 
outpatient services, and 
outpatient pharmacy 
costs (Table 4). 

BC–Related Health 
Care Utilization 
and Costs
The CIPN cohort had 
significantly higher 
utilization of BC–related 
services and health 
care costs PPPM over 
follow-up. A significantly 
higher proportion of 
the CIPN cohort had 1 
or more BC–related ED 
visits (19.3% vs 13.2%, 
P < .001); office visits 

(98.6% vs  97.3%, P < .01); or outpatient pharmacy 
refills for either a BC (56.0% vs 51.8%, P < .01) or 
neuropathy medication (93.3% vs 86.3%, P < .001) 
compared to the non-CIPN cohort. Patients with 
CIPN also had a significantly higher number of 
monthly office visits and outpatient pharmacy refills 
for BC or neuropathy medications (P < .01) (Table 4).

Higher utilization of BC–related outpatient 
medical and pharmacy services by the CIPN 
cohort led to an incremental cost for BC–related 
services of $725 PPPM, compared to the non-CIPN 
cohort. Increases in office and other outpatient 
services costs were the primary drivers of elevated 
costs (Table 4). 

Work Disability and Indirect Costs
A total of 274 patients with CIPN and 314 patients 
without CIPN qualified for the short-term disability 
analysis. A greater proportion of patients with CIPN 
had a short-term disability claim during follow-up 
(58.0% vs. 42.0%, P < .001). No significant differences 
in lost workdays (CIPN, 5.1 ± 16.2; non-CIPN, 3.9 ± 
11.0, P = .28); or indirect costs (CIPN: $702 ± $2185; 
non-CIPN: $539 ± $1657, P = .31) were observed 
between the cohorts. A total of 255 patients with 
CIPN and 288 patients without CIPN were included 
in the long-term disability analysis. No differences 
were observed between cohorts in the proportion 
of patients with a long-term disability claim (CIPN, 
11.0%; non-CIPN, 12.0%, P = .567); the number of 
lost work days (CIPN, 1.3 ± 12.0; non-CIPN, 1.0 ± 
3.8, P = .69); or indirect costs (CIPN, $169 ± $1586; 
non-CIPN, $122 ± $461, P = .63).

Discussion
This claims-based study examined the burden of 
CIPN in patients with mBC, initiating IV paclitaxel/
nab-paclitaxel. Among the 5870 women with mBC, 
42.7% developed CIPN over an average of 24.7 (± 
13.7) months. The rate of CIPN identified in our 
study is higher than that of other claims-based 
studies, which report rates of peripheral neuropathy 
of less than 20%; there are several reasons for this 
difference.9,10,12 First, our analysis allowed patients to 
have prior, non-taxane chemotherapy, which may be 
associated with an increased risk of CIPN compared 
to studies limiting analyses to the first or second 
LOT.9,10,12 Second, our follow-up extended beyond 
the line of IV paclitaxel/nab-paclitaxel treatment, 
leading to a longer follow-up than studies that 
assessed toxicities during a LOT. Thus, the current 
findings provide new insight on the longer-term 
impact of CIPN in mBC.9,10 

Fewer than half the patients with CIPN in our 
analysis were diagnosed with CIPN during the 
Index LOT. Therefore, the long-term burden of 
CIPN would have been underestimated if follow-up 
was limited to the Index LOT. Furthermore, other 
studies have reported that peripheral neuropathy 
is undercoded when assessed via ICD-9 codes.8 We 
used a broader CIPN definition, which included 
ICD-9/ICD-10 codes for peripheral neuropathy, 
paresthesia, myalgia, and arthralgia. These factors 
all likely resulted in higher overall rates of CIPN than 
previously reported in other claims-based analyses. 
However, the rate of CIPN identified in the current 
study is largely in line with, if not lower than, rates of 
CIPN reported in other retrospective, observational, 
or clinical trial analyses, which utilized electronic 
health records, patient surveys, or clinical scales to 
assess CIPN.6,8,17 

Similar to other studies, the current analysis 
showed that CIPN in mBC is associated with 
increased health care service utilization and 
costs. All-cause costs for patients with CIPN were 
higher than those for patients without CIPN by 
$1102 PPPM, or approximately $13,224 per patient 
annually. The BC–related costs for patients with 
CIPN were higher than those for patients without 
CIPN by $725 PPPM, or approximately $8700 per 
patient annually. Hansen et al.10  used claims to 
examine costs in patients with mBC treated with 
taxanes, based on toxicity development. The 
monthly costs for patients with toxicities were 
$1142 higher during the first LOT, and $1448 during 
the second LOT than similar costs for patients 
without toxicities. 

Hurvitz et al.9 found incremental costs for patients 
with mBC and toxicities that ranged from $845 to 
$5320 per month depending on the treatment and 
LOT. Similarly, Pike et al.11 reported incremental 
annual costs of $16,940, or approximately $1412 per 
month, in patients with BC who developed CIPN, 
compared to those who did not. The slightly lower 
incremental costs observed in our analysis likely 
resulted from two main methodological differences. 
The current study defined cohorts based on the 
presence of CIPN alone. Therefore, our non-CIPN 
group likely had a higher rate of non-CIPN toxicities 
compared to the cohorts without evidence of any 
toxicity in other studies.9,10 This difference would 

TABLE 2. Dose Changes During the Index Line of Therapy Among Women 
With mBC Initiating IV Paclitaxel or IV nab-Paclitaxel With and Without 
Chemotherapy-Induced Peripheral Neuropathy (CIPN)

 

CIPN

N = 1,950

Non-CIPN 

N = 1,950 P value 
(non-CIPN 
vs CIPN) N/Mean %/SD N/Mean %/SD

           

Patients eligible for dose 
change analysis

1510 77.4% 1603 82.2% < .001

Dose change analysis, among 
eligible patients

         

Number of times drug administered 10.1 6.9 10.3 7.1 .449

Patients with a dose change ≥ 10% 815 54.0% 755 47.1% < .001

Number of dose changes 2.0 1.8 2.1 2.0 .169

Time to dose change 38.5 29.3 36.9 34.8 .314

Patients with a dose reduction ≥ 10% 696 46.1% 612 38.2% < .001

Number of dose reductions 1.4 1.0 1.5 1.1 .256

Time to earliest dose reduction, days 44.3 32.0 43.2 38.3 .578

First dose reduction as proportion 
of prior dose 

0.7 0.2 0.7 0.2 .050

> 80% 217 31.2% 181 29.6% .062

50%-80% 351 50.4% 286 46.7%  

<50% 128 18.4% 145 23.7%  

Patients with 2+ dose reductions 196 28.2% 178 29.1% .712

Evidence of agent to treat neuropathy 
within ±10 days of dose reduction

284 40.8% 212 34.6% .022

IV, intravenous; mBC, metastatic breast cancer.
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likely lead to a lower incremental cost. Secondly, 
our analyses followed patients beyond their first 
LOT, resulting in a longer follow-up than most 
other studies. 

The work disability analysis revealed limited 
differences between cohorts. The population 
comprised patients with mBC, who may be 
less likely to return to work owing to advanced 
disease, a point which cannot be overlooked when 
assessing disability. Similarly, Pike et al.11 used 
employer disability data and found a nonsignif-
icant trend for increased disability claims and 
disability days among patients with CIPN. Zanville 
et al.13 surveyed BC survivors regarding their ability 
to work; a greater proportion of patients reported 
being able to work at 1 year vs 1 month, leading 
the authors to conclude that patients developed 
coping mechanisms that facilitated a return to 
work with time. 

An association between CIPN and QOL impair-
ments has also been reported.5,7,8,17 Winters-Stone 
et al.7 used a patient survey and found that CIPN 
symptoms were significantly associated with worse 
functional performance, gait abnormalities, and 
an increased risk of falls. In the current analysis, 
no differences in the prevalence of fractures or 
falls were found between the CIPN and non-CIPN 
cohorts during the preperiod. Conversely, during 
follow-up, the CIPN cohort was significantly more 
likely to experience a fall or fracture compared with 
the non-CIPN cohort.

Bao et al.17 also reported an increased rate of falls 
with more severe CIPN. Two studies reported an 
increased use of pain medication among patients 
with neuropathy following chemotherapy.5,8 
Similarly, the current analysis showed that patients 
with CIPN also had increased use of neuropathy 
medication, many of which were also pain medica-
tions. Furthermore, Bao et al.17 reported increased 
rates of patient-reported anxiety, depression, and 
insomnia with increased CIPN severity. The current 
analysis mirrored this finding with an increased 
prevalence and incidence of depression and 
insomnia in patients with CIPN vs patients without 
CIPN during follow-up.

Limitations
The study included patients with commercial or 
Medicare supplemental insurance. Thus, the results 
may not be generalizable to patients with other 
types of insurance or the uninsured. In addition, 
patients had 3 or more months of postindex enroll-
ment, and patients with CIPN had 3 or more months 
of enrollment following a diagnosis of neuropathy. 
Thus, the results may not be applicable to patients 
who die shortly after the initiation of IV paclitaxel/
nab-paclitaxel or a CIPN diagnosis. 

Misclassification of clinical status, diagnoses, 
or other outcomes is possible, as administrative 
claims are collected for billing, and are subject to 
miscoding and undercoding. This may be partic-
ularly relevant when assessing CIPN as a previous 
study reported the undercoding of neuropathy.8 
Furthermore, the lack of clinical data (eg, cancer 
stage, biomarkers, pain scales, etc.) makes it difficult 
to assess the severity of cancer or CIPN. Relative 
dose changes were estimated using paid amounts 

TABLE 3. Comorbidities Among Women With mBC Initiating IV Paclitaxel or IV nab-Paclitaxel With or 
Without Chemotherapy-Induced Peripheral Neuropathy (CIPN)

 

CIPN 

N = 1950

Non-CIPN 

N = 1950
P value (non-
CIPN vs CIPN) N/Mean %/SD N/Mean %/SD

Prevalent comorbidities          

Depression 409 21.0% 296 15.2% < .001

Diabetes (type 1 or type 2) 293 15.0% 255 13.1% .080

Insomnia 207 10.6% 120 6.2% < .001

Falls 21 1.1% 9 0.5% .028

Fractures 59 3.0% 30 1.5% .002

Liver dysfunction 299 15.3% 229 11.7% .001

Nonrheumatoid arthritisa 273 14.0% 104 5.3% < .001

Rheumatoid arthritis 19 1.0% 7 0.4% .018

Incident comorbidities          

Depression          

Patients without depression in preperiod 1665 85.4% 1719 88.2% .011

Patients with incident depression 222 13.3% 166 9.7% .001

Incidence rate per 100 person-years 8.2   5.9    

Diabetes (type I or type 2)          

Patients without diabetes in preperiod 1716 88.0% 1717 88.1% .961

Patients with incident diabetes 90 5.2% 56 3.3% .004

Incidence rate per 100 person-years 3.1   1.9    

Insomnia          

Patients without insomnia in preperiod 1844 94.6% 1870 95.9% .051

Patients with incident insomnia 157 8.5% 90 4.8% < .001

Incidence rate per 100 person-years 5.1   2.9    

Falls          

Patients without falls in preperiod 1938 99.4% 1945 99.7% .089

Patients with incident falls 21 1.1% 9 0.5% .027

Incidence rate per 100 person-years 0.6   0.3    

Fractures          

Patients without fractures in preperiod 1930 99.0% 1919 98.4% .121

Patients with incident fractures 52 2.7% 20 1.0% < .001

Incidence rate per 100 person-years 1.6   0.6    

Liver dysfunction          

Patients without liver dysfunction in preperiod 1714 87.9% 1741 89.3% .174

Patients with incident liver dysfunction 209 12.2% 152 8.7% .001

Incidence rate per 100 person-years 7.4   5.3    

Nonrheumatoid Arthritisa          

Patients without nonrheumatoid arthritis in preperiod 1799 92.3% 1854 95.1% < .001

Patients with incident nonrheumatoid arthritis 195 10.8% 75 4.0% < .001

Incidence rate per 100 person-years 6.6   2.4    

Rheumatoid Arthritis          

Patients without rheumatoid arthritis in preperiod 1930 99.0% 1942 99.6% .023

Patients with incident rheumatoid arthritis 7 0.4% 2 0.1% .108

Incidence rate per 100 person-years 0.2   0.1    

IV, intravenous; mBC, metastatic breast cancer.
a Nonrheumatoid arthritis included osteoarthritis, psoriatic arthritis, and other polyarthropathies.
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TABLE 4. Health Care Service Utilization and Costs Among Women With mBC Initiating IV Paclitaxel or IV nab-Paclitaxel With or Without Chemotherapy-
Induced Peripheral Neuropathy (CIPN)

  All-cause BC–related

CIPN

N = 1950

Non-CIPN 

N = 1950 P value 
(non-CIPN 
vs CIPN)

CIPN 

N = 1950

Non-CIPN 

N = 1950 P value 
(non-CIPN 
vs CIPN)N/Mean %/SD N/Mean %/SD N/Mean %/SD N/Mean %/SD

Health care utilization, PPPM                    

Inpatient                    

Patients with an admission 765 39.2% 680 34.9% .005 169 8.7% 171 8.8% .910

Number of inpatient admissions 0.05 0.09 0.04 0.09 .371 0.01 0.02 0.01 0.03 .237

Outpatient                    

Emergency department visits                    

Patients with an emergency department visit 910 46.7% 695 35.6% < .001 377 19.3% 257 13.2% < .001

Number of emergency room visits) 0.07 0.28 0.05 0.15 .003 0.03 0.25 0.02 0.11 .086

Outpatient office visits                    

Patients with an office visit 1947 99.8% 1944 99.7% .507 1923 98.6% 1898 97.3% .005

Number of office visits) 2.0 1.0 1.8 1.0 < .001 1.4 0.9 1.3 0.9 < .001

Other outpatient services                    

Patients with another outpatient service 1,950 100.0% 1,950 100.0% 1.000 1937 99.3% 1925 98.7% .050

Number of other outpatient services) 6.1 3.4 5.6 3.3 < .001 4.1 2.9 4.0 2.7 .085

Physician administered BC–related medicationsa                    

Patients with an administration           1950 100.0% 1950 100.0% 1.000

Number of administrations           0.8 0.7 0.9 0.8 < .001

Outpatient pharmacy                    

Patients with a prescription 1,926 98.8% 1,929 98.9% .653          

Number of prescriptions 2.8 2.0 2.4 1.8 < .001          

BC–related medicationsa                    

Patients with a prescription           1092 56.0% 1010 51.8% 0.008

Number of prescriptions           0.22 0.27 0.20 0.26 0.008

Neuropathy medicationsb                    

Patients with a neuropathy prescription           1820 93.3% 1683 86.3% < 0.001

Number of neuropathy prescriptions           0.6 0.7 0.5 0.6 < 0.001

Health care Costs, PPPMc                    

Total costs (total medical + outpatient pharmacy) $11,181 $10,240 $10,169 $10,029 .002 $7889 $8312 $7164 $8224 .006

Total medical costs (inpatient + outpatient) $10,460 $9971 $9549 $9787 .004 $7753 $8233 $7051 $8182 .008

Inpatient costs $1483 $4286 $1381 $3783 .433 $234 $1586 $286 $1809 .343

Outpatient costs $8977 $8449 $8168 $8350 .003 $7519 $8024 $6765 $7802 .003

Emergency room visit costs $105 $603 $96 $861 .691 $45 $528 $39 $750 .795

Outpatient office visit costs $294 $215 $246 $210 < .001 $213 $185 $184 $195 < .001

Other outpatient services costs $8578 $8309 $7826 $8213 .005 $5199 $5320 $4508 $4966 < .001

Physician administered BC–related medicationsa           $2062 $4934 $2034 $4961 .860

Outpatient pharmacy costs $721 $1592 $620 $1486 .041          

BC–related medicationsa           $109 $388 $87 $308 .051

Neuropathy treatment-related medicationsb           $28 $80 $27 $117 .713

IV, intravenous; mBC, metastatic breast cancer; PPPM, per patient per month.
a BC–related medications included cytotoxic chemotherapy, endocrine therapy, and human epidermal growth factor receptor 2 (HER2) therapy.
b Neuropathy medications included antidepressants, anticonvulsants, opioids and narcotics, systemic corticosteroids, nonopioid and nonsteroidal pain agents, topical local anesthetics, mexiletine, tocainide, and pentoxifylline.
c Health care costs were adjusted to 2019 costs using the medical component of the Consumer Price Index.
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on claims. Changes in rebates, variability in generic 
agent prices, or site of administration could all affect 
these estimates. Conclusions in the work disability 
analyses were limited because of the low sample 
sizes. Not all patients could have been matched, as 
22% of the CIPN cohort and 42% of the non-CIPN 
cohort were not matched 1:1. 

Conclusion
CIPN is a common treatment-related toxicity in 
cancer. In this claims-based analysis, the long-
term rate of CIPN in mBC was estimated at 42.7%. 
Development of CIPN following the administration 
of IV paclitaxel/nab-paclitaxel was associated with 
significantly higher utilization of all-cause and BC–
related health care services and costs, an increased 
comorbidity burden, and more treatment alter-
ations. These findings demonstrate the substantial 
long-term impact of chemotherapy and provide an 
estimate of both the patient burden and economic 
impact of CIPN. Considering the increasing survival 
of cancer populations with the availability of new 
treatments, the longer-term impact of toxicities, like 
CIPN, need to be considered throughout treatment. 
The development of alternative therapies with 
lower toxicity could provide substantial long-term 
benefits, not only for patients but also for the 
health care system. ◆
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