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Abstract
Background Patients initiating highly emetic chemotherapy (HEC) are at a 90% risk of chemotherapy-induced nausea and 
vomiting (CINV). Despite guideline-concordant antiemetic prescribing preventing CINV in up to 80% of patients, studies 
suggest that guideline-concordant antiemetic regimen use by patients initiating HEC is sub-optimal. However, these studies have 
been limited to single-site or single-cancer type with limited generalizability. The objective of this study was to describe 
antiemetic fill regimens and to assess predictors of underuse in the USA.
Methods Our study population was adult patients under the age of 65 with cancer initiating intravenous HEC between 2013 and 
2015 with employer-sponsored insurance in the IBM Watson/Truven MarketScan Commercial Claims database (N = 31,923). 
Descriptive statistics were used to explain antiemetic prescribing patterns, including antiemetic underuse. Modified Poisson 
regression was used to identify factors associated with antiemetic underuse.
Results Among individuals initiating HEC, 49% underused guideline-concordant antiemetics. Most classified as under-using 
lacked an NK1 fill. While dexamethasone and 5HT3A uptake was over 80%, olanzapine use was minimal. Having lower 
generosity for prescription and medical benefits (paying more versus less than 20% out-of-pocket) increased the underuse risk 
by 3% and 4% (RR,1.03; 95% CI,1.01–1.05; P = 0.01 and RR,1.04; CI, 1.00–1.09; P = 0.03), respectively. Additionally, com-
pared to receiving chemotherapy in the physician office setting, patients were at a 28% (RR, 1.28; 95% CI, 1.25–1.30; 
P < 0.0001) higher underuse risk in the outpatient hospital setting.
Conclusion Antiemetic underuse is high in patients initiating HEC, potentially leading to avoidable CINVevents. We found that 
insurance generosity has a minimal effect on antiemetic guideline concordance in this population, suggesting discordance may be 
the result of site of care as well as gaps in provider knowledge or accountability.
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Introduction

In the USA, the increased attention on reducing healthcare
spending has led to an emphasis on high-quality, evidence-
based care. Oncology is a promising target for such efforts
given the high costs associated with cancer care [1, 2] and
the need to balance patient preferences regarding quality of
life and survival. Evidence is emerging that promoting value-
based cancer treatment and supportive care is effective in re-
ducing cancer-associated spending [3, 4].

Despite their benefit, certain types of chemotherapy result
in severe nausea and vomiting. Chemotherapy-induced nau-
sea and vomiting (CINV) not only has significant clinical
impacts, but also reduces patients’ quality of life [5–7].
Studies have also consistently demonstrated that direct costs
are higher in patients with uncontrolled CINV versus those
who do not experience CINV [8–13]. Average CINV costs
among those who experience an event range from $1280 to
$5826 [8–10]. Patients also highly fear CINV, which may also
inhibit chemotherapy treatment adherence [6, 14–17].

Evidence has overwhelmingly demonstrated that the type
of chemotherapy initiated is the best determinant of CINV-
risk, which is > 90% among those at high risk [18, 19].
However, antiemetic drugs are a highly effective prophylaxis
to prevent CINVand subsequently improve downstream qual-
ity of life and potentially generate cost-savings by avoiding
CINV-associated healthcare resource use [5, 11, 14, 16].
Conventional antiemetic drugs used to prevent acute and de-
layed CINV, in order of least to most potent, are glucocorti-
coids, 5-HT3 receptor antagonists (5HT3A), and NK1 recep-
tor antagonists. (Other antiemetics are also used as rescue
therapy for breakthrough CINVevents.) US-based guidelines
developed by the American Society of Clinical Oncology
(ASCO) and the National Comprehensive Cancer Network
(NCCN) offer recommendations on the appropriate use of
antiemetic drugs to prevent acute and delayed CINV based
on the classification of the likelihood of emesis of the chemo-
therapy regimen [18, 19]. Notably, there are many guideline-
concordant CINV prophylactic antiemetic strategies for pa-
tients initiating highly emetogenic chemotherapy (HEC) with
varying costs, and there is no preferred option.

Despite clinical trial data suggesting that guideline-
concordant antiemetic use could prevent CINV in 80%
of patients, it is suggested that antiemetic use in the
USA is suboptimal in patients initiating HEC [20–24].
However, these studies have been limited to single-site
or single-cancer type with limited generalizability. The
purposes of our study were to understand antiemetic
underuse among patients initiating intravenous HEC by
characterizing patterns of antiemetic use and identify
factors associated with antiemetic underuse among a
large sample of commercially insured patients receiving
anticancer therapy.

Methods

Data source

We used the IBM Watson/Truven MarketScan Commercial
Claims and Encounters Database to identify patients with
employer-sponsored insurance initiating HEC between
January 2013 and December 2015 in the USA. The study
was reviewed by the University of North Carolina at Chapel
Hill’s Institutional Review Board (IRB) and was exempt.

Cohort selection

We included adult patients (age 18–64) with cancer who new-
ly initiated HEC in a physician office or outpatient hospital-
affiliated setting between 2013 and 2015. Highly emetogenic
chemotherapies were identified using NCCN and ASCO
guidelines available in 2015 (Supplement Table 1) [25–31].
Chemotherapies with body surface area-based risk were cate-
gorized as highly emetogenic since body surface area is un-
measured in our data source. For assessing predictors of anti-
emetic underuse, we further restricted the cohort to those di-
agnosed before October 1, 2015 (due to changes in medical
coding between ICD-9 and ICD-10 in October 2015 and be-
yond). We also required patients to have at least 6 months of
continuous health plan enrollment prior to their first observed
(index) chemotherapy claim to ensure they are newly initiat-
ing HEC, and to have a follow-up of at least 1 month after
chemotherapy initiation to ensure adequate follow-up time for
assessing antiemetic claims. Next, we required that patients
have a primary diagnosis of cancer recorded on the claim with
the chemotherapy infusion. Cancer diagnosis codes were
identified using the Agency for Healthcare Research and
Quality ICD-9 and ICD-10 Clinical Classification Software
(CCS)) for Bneoplasm.^We excluded patients who were preg-
nant and those with schizophrenia and bipolar disorder (to
avoid antiemetic misclassification since olanzapine may be
used to treat mood disorders). Finally, we required patients
to have their prescription drug data available through
MarketScan to ensure that a lack of fills was not due to miss-
ing data.

Measurement

To identify antiemetics, we created binary indicator variables
for each antiemetic product (0 = no/1 = yes) for each patient,
including preventative and breakthrough medications
(Supplement Table 2) [30, 31]. Antiemetics were identified
using Healthcare Common Procedure Coding System codes
for physician-administered products billed in outpatient set-
tings (physician office or hospital-affiliated outpatient prac-
tices) and National Drug Codes for oral products billed
through the outpatient pharmacy benefit.



Intravenously (IV) administered antiemetics were assessed
on the day of chemotherapy administration. Oral products
were assessed from the day of chemotherapy administration
through 32 days prior to chemotherapy administration. This
timeframe was selected as physicians often prescribe oral an-
tiemetics prior to chemotherapy administration, allowing the
patient time to fill these products in advance. We found that a
look-back period of 32 days captured 75% of antiemetic fills
that were obtained prior to highly emetogenic intravenous
chemotherapy administration.

We characterized antiemetics by product, class, admin-
istration route, and number. We also calculated the associ-
ated total and out-of-pocket costs for all filled medica-
tions. All costs were inflation-adjusted to 2016 USD using
the medical component of the Consumer Price Index.
Claims with Bzero-dollar^ total costs or negative copay,
deductible, coinsurance, or net pay were excluded. To as-
sess guideline concordance for preventing CINV in pa-
tients initiating HEC, we compared the combination of
antiemetic products against the ASCO and NCCN anti-
emetic guidelines available in 2015 (Supplement
Table 3) [25–28]. Regimens that were concordant in prior
years were generally still considered concordant in more
recent years. We also examined the frequency of products
used by class to determine which products are most and
least frequently used among guideline-concordant users.
Some chemotherapy regimens (i.e., cyclophosphamide-
only and anthracycline-only regimens) are considered
highly emetogenic based on a surface area threshold level,
which was not available in the claims data. Subsequently,
we also assessed underuse by type of chemotherapy re-
ceived (i.e., anthracycline + cyclophosphamide on the
same day, cyclophosphamide only, anthracycline only,
and other).

Predictors of interest included chemotherapy setting (phy-
sician office or hospital-affiliated outpatient clinic), urban/
rural location, geographic region, patient gender, age, health
insurance type, insurance generosity, year and quarter of che-
motherapy administration, chemotherapy regimen, number of
comorbid conditions, number of concomitant medications,
prior antiemetic use, prior non-highly emetic chemotherapy
(IV), and prior radiation therapy [32].

Statistical analysis

Descriptive statistics were calculated to assess patterns of use,
guideline-concordant antiemetic drug use. Factors associated
with antiemetic underuse were assessed using a modified
Poisson regression, which directly estimates risks and risk
ratios (while controlling for the influence of other factors in
the model) [33]. The overestimated standard error was
corrected using Huber-White standard errors.

Results

We identified 56,744 adult patients (age 18–64) initiating
HEC between 2013 and 2015. (Of these patients, 55,096
were diagnosed before October 1, 2015, prior to the im-
plementation of ICD-10.) Next, we excluded 13,632 pa-
tients lacking 6 months of continuous enrollment prior to
initiating chemotherapy and 1-month follow-up.
Subsequently, we excluded 2040 patients lacking a can-
cer diagnosis on the claim associated with the HEC ad-
ministration. We then excluded 1621 patients for being
pregnant and 473 for having a diagnosis of either schizo-
phrenia or bipolar disorder. Finally, 7055 patients who
lacked prescription drug data were excluded.

Cohort descriptive statistics

Baseline characteristics are detailed in Table 1. Most patients
were female (69.9%) and were between the ages of 50 and 64
(68.3%). Among patients in the cohort 44.4% had breast can-
cer, and 34.9% used a chemotherapy regimen consisting of an
anthracycline and cyclophosphamide. Prior use of anti-
emetics, prior or concomitant use of IV chemotherapy, or prior
or concomitant use of radiation therapy, was used by 42.8%,
15.9%, and 16.7% of the population, respectively. The aver-
age number of comorbid conditions, excluding cancer, was
0.2 (SD = 0.7), with patients taking on average, 3.6 (SD =
2.9) concomitant medications, excluding antiemetics, in the
past 30 days. Approximately 85% of patients resided in an
urban setting, with the highest proportion of patients in the
Southern US (40.4%). These regional differences are expected
based on the distribution of data contributors providing claims
to the MarketScan in the study period. Over half of patients
had a PPO plan, and 90.9% and 38.0% of patients had good
medical benefit and prescription drug generosity, respectively
(i.e., the proportion of out-of-pocket costs is less than 20% of
the total healthcare cost). Chemotherapy was primarily admin-
istered in the physician office (53.6%) and outpatient hospital
settings (45.2%).

Characterization of antiemetic filled in the pre-period

Approximately 97% of patients (N = 31,047) receiving highly
emetogenic intravenous chemotherapy filled at least one anti-
emetic drug, with a median of three unique products (Fig. 1).
Dexamethasone, 5HT3A, NK1, and rescue therapies had at
least one fill for 85%, 88%, 58%, and 68% of patients (Fig. 2).
Less than 1% of patients had at least one olanzapine fill. Of the
119,728 antiemetic claims, aprepitant and fosaprepitant were
the primary NK1s filled (12% and 88%, respectively)
(Supplement Fig. 1). Among the 5HT3As, the second-gener-
ation 5HT3A product (palonosetron) was filled more fre-
quently than first generation products (67% versus 33% of



fills, respectively). Out-of-pocket costs were generally low
across preventative antiemetics, with physician-
administered products having $0 median out-of-pocket
costs (not displayed).

Table 1 Descriptive statistics for the study populations (N = 30,275)

Mean (SD)
or percent

Guideline underuse

Yes 49.4

Chemotherapy setting

Physician office 53.6%

Outpatient hospital 45.2%

Other 1.2%

Geographical setting

Rural 14.2%

Urban 85.8%

Region

South 40.4%

North Central 22.3%

Northeast 18.3%

West 16.9%

Unknown 2.0%

Age

Younger adult (age 18–50) 31.7%

Older adult (age 51–64) 68.3%

Gender

Female 69.9%

Male 30.1%

Health insurance type

PPO 58.6%

CDHP/HDHP 14.4%

HMO 11.1%

POS 7.4%

Other 5.8%

Missing 2.7%

Prescription drug generosity

Good coverage (< 0.2 OOP costs) 38.0%

Fair coverage (0.80 ≥ OOP cost ≥ 0.20) 48.9%

Poor/no coverage (> 0.80 OOP costs) 9.2%

Missing coverage 3.8%

Medical benefit generosity

Good coverage (< 0.2 OOP costs) 90.9%

Fair coverage (0.80 ≥ OOP cost ≥ 0.20) 9.0%

Poor/no coverage (> 0.80 OOP costs) 0.08%

Missing coverage 0.02%

Year of HEC initiation

2013 38.4%

2014 39.2%

2015a 22.5%

Quarter of HEC initiation

1 26.5%

2 25.3%

3 29.1%

4 19.1%

Prior antiemetic used

Table 1 (continued)

Mean (SD)
or percent

Yes 42.8%

No 57.3%

Prior/concomitant IV chemotherapyb

Yes 15.9%

No 84.1%

Prior/concomitant radiation therapy

Yes 16.7%

No 83.3%

Number of comorbid conditions

Klabunde Comorbidity Index 0.2 (0.7)

Concomitant medication number

Number of unique medications, excluding antiemetics 3.6 (2.9)

Chemotherapy type

Anthracycline + cyclophosphamide 34.9%

Anthracycline onlyc 13.9%

Cyclophosphamide onlyc 20.5%

Carmustinec 0.2%

Cisplatin and other 30.5%

Cancer type

Breast 44.4%

Lymphatic 15.5%

Bronchus/lung 7.3%

Ovary, uterus, and other female reproduction 7.8%

Urinary 2.2%

Male genital and other reproduction 2.1%

Colorectal and other GI 5.3%

Other 15.4%

Chemotherapy setting network

In network 96.5%

Out-of-network 2.3%

Missing 1.2%

The study population for the predictor analysis was limited to patients
initiating highly emetogenic chemotherapy between January 2013 and
October 2015 because this is when ICD-10 is into effect. Some covariates
used ICD-9 algorithms that were not yet cross-walked to ICD-10 at the
time of analysis
a Partial year—January 1, 2015–October 1, 2015
b Prior chemotherapy consists of exposure to any intravenously adminis-
tered, non-highly emetogenic chemotherapy
cDenotes chemotherapies classified as highly emetogenic based on sur-
face area thresholds
d Prior antiemetic use was assessed as any preventative antiemetic use
between 6 months prior to IV HEC and the beginning of the look-back
period (i.e., 32 days)



Guideline concordance of antiemetics filled
in the pre-period

Approximately 49% of patients filled antiemetic regimens that
are considered underuse by guidelines (Fig. 3). Of the concordant
strategies, only 0.19% consisted of olanzapine + palonosetron +
dexamethasone, while the rest were NK1-based (not displayed).
The most common reason for underuse was not filling an NK1
(85%). Interestingly, among the 58% of patients filling an NK1,
most (87%) were concordant. The most common reason for
discordance among patients who filled an NK1 was lacking a
dexamethasone fill. Among those who filled at least one second-
generation 5HT3A, the concordance rate was 65% versus 41%
among those who filled at least one first-generation 5HT3A.
Among patients initiating anthracycline + cyclophosphamide
regimens and non-surface-area-based chemotherapy regimens,
guideline underuse decreased to 35% and 39%, respectively
(Fig. 4). For surface-area-based chemotherapies, underuse was
high at 69% for anthracycline-only regimens and 78% for cyclo-
phosphamide therapies.

Predictors of antiemetic underuse

Multivariable regression results assessing predictors of anti-
emetic underuse are detailed in Table 2. Type of chemotherapy
initiated was the greatest predictor of antiemetic underuse. In
fact, the risk of antiemetic underuse among anthracycline-only,
cyclophosphamide-only, and carmustine regimen users was
1.78 (95% confidence interval (CI), 1.73–1.84; P < 0.0001),
2.01 (CI, 1.79–2.26; P < 0.0001), and 2.19 (CI, 2.12–2.25;
P < 0.0001) times compared to combination anthracycline and
cyclophosphamide regimens. Receiving chemotherapy in an
outpatient hospital setting compared to a physician office (RR
= 1.28; CI, 1.25–1.30; P < 0.0001) and having prior/
concomitant chemotherapy (RR = 1.22; CI, 1.18–1.25;
P < 0.0001) were the other largest predictors of antiemetic
underuse. The risk of underuse was 3% and 4% higher among
those having more than 20% out-of-pocket costs versus having
less than 20% out-of-pocket costs (RR = 1.03; CI, 1.01–1.05;
P = 0.01 and RR, 1.04; CI, 1.00–1.09; P = 0.03) in the prescrip-
tion drug benefit and medical benefit, respectively.

Fig. 1 Number of unique
antiemetic products filled/
administered in the pre-period
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Fig. 2 Percent of patients using at
least one antiemetic among all
patients initiating highly
emetogenic chemotherapy. First-
generation 5HT3A: ondansetron,
granisetron, dolasetron; second-
generation 5HT3A: palonosetron;
NK1: aprepitant, fosaprepitant,
rolapitant, netupitant-
palonosetron combination (NK1
+ 5HT3A combo)



Discussion

The primary purposes of this study were to describe antiemet-
ic fill regimens, to assess the proportion of antiemetic
underuse, and to assess the predictors of underuse in patients
with cancer who are initiating highly emetogenic, intravenous
chemotherapy. We found that 97% of commercially insured
adult patients under the age of 65 newly initiating HEC filled
at least one antiemetic drug, aligning with prior US studies
[21, 24]. Furthermore, more than 80% of patients filled at least
one 5HT3A and dexamethasone, indicative of provider under-
standing that patients initiating emetogenic chemotherapy
should be prescribed an antiemetic strategy to prevent CINV.
In contrast, only 58% of patients filled NK1s, which is still a
higher proportion than in a study conducted between 2006 and
2008 that found only 11% of patients filled NK1s [24].

Despite NCCN recommending olanzapine for preventative
use since 2014 and its low costs, limited olanzapine fills were
seen [25]. We hypothesize few reasons for this. First, pro-
viders may have concerns about the safety of olanzapine, in-
cluding a black box warning for death in elderly patients with
dementia-related psychosis, despite the short duration of use
and evidence demonstrating that adverse event rates with
olanzapine strategies were similar to the comparator arm
[34]. Second, because this indication for olanzapine is not
FDA-approved, manufacturers are unable to market this indi-
cation to providers, so dissemination of evidence of
olanzapine’s use for CINV prevention is limited compared
to that of other antiemetic products, which have an FDA-
approved indication [35]. Third, there is a limited evidence
base for olanzapine use prior to 2016 [36]. Given the new
randomized controlled evidence published in 2016, as well
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as olanzapine’s incorporation into the ASCO guidelines in
2017, higher uptake is anticipated in the future [18, 34].

Underuse of guideline-concordant antiemetic fills was high
at 49%. These results align with a prior study that found that
56.4% of breast cancer patients on anthracycline-based thera-
py received guideline-concordant antiemetic use in the

commercial claims population in 2013 [22]. Another US study
estimated guideline-concordance to be 91% on day 1 in a
practice group in the southeast; however, these providers used
an EMR system embedded with a standardized antiemetic
protocol [21]. We found that the most common reason for
discordance in the current study was patients not receiving

Table 2 Modified Poisson unadjusted and adjusted results for antiemetic guideline underuse

Variable Category Bivariate, unadjusted Multivariable, adjusted

Estimate CI P value Estimate CI P value

Intercept – – 0.31 (0.29,0.33) < 0.0001
Chemotherapy setting Other 1.52 (1.41,1.64) < 0.0001 1.44 (1.33,1.55) < 0.0001

Hospital outpatient 1.28 (1.25,1.31) < 0.0001 1.28 (1.25,1.30) < 0.0001
Physician office 1 REF . 1.00 REF .

Geographical setting Rural 1.01 (0.98,1.04) 0.57 1.02 (0.99,1.05) 0.27
Urban 1 REF . 1 (1,1) .

Region North Central 0.97 (0.93,1) 0.09 0.99 (0.95,1.02) 0.49
South 1.03 (1,1.06) 0.09 1.08 (1.05,1.12) < 0.0001
Unknown 0.80 (0.72,0.88) < 0.0001 0.84 (0.76,0.93) 0.0004
West 1.15 (1.11,1.19) < 0.0001 1.15 (1.12,1.20) < 0.0001
Northeast 1 REF . 1 REF .

Age Older adult 1.09 (1.06,1.12) < 0.0001 1.07 (1.05,1.10) < 0.0001
Younger adult 1 REF . 1 REF .

Gender Female 0.97 (0.94,0.99) 0.0083 0.92 (0.89,0.94) < 0.0001
Male 1 REF . 1 REF .

Health plan CDHP/HDHP 0.98 (0.95,1.01) 0.24 0.99 (0.96,1.02) 0.56
HMO 1.12 (1.08,1.16) < 0.0001 1.11 (1.08,1.15) < 0.0001
Missing 1.06 (0.99,1.13) 0.11 1.06 (0.99,1.13) 0.0924
Other 0.98 (0.93,1.03) 0.46 1 (0.95,1.05) 0.93
POS 0.95 (0.91,1) 0.045 0.96 (0.92,1) 0.0414
PPO 1 REF . 1 REF .

Medical benefit generosityb,c Fair/poor/no/missing coverage 0.96 (0.92,1) 0.06 1.04 (1.00,1.09) 0.0314
Good coverage 1 REF . 1 REF .

Prescription drug generosityb,c Fair/poor/no/missing coverage 0.97 (0.94,0.99) 0.003 1.03 (1.01,1.05) 0.0091
Good coverage 1 REF . 1 REF .

Chemotherapy year 2014 0.97 (0.94,0.99) 0.0095 0.97 (0.95,0.99) 0.0095
2015 0.94 (0.92,0.97) 0.0002 0.92 (0.89,0.95) < 0.0001
2013 1 REF . 1 REF .

Chemotherapy quarter 2 0.97 (0.94,1) 0.03 0.99 (0.96,1.02) 0.41
3 0.98 (0.95,1.01) 0.16 0.99 (0.97,1.02) 0.58
4 0.96 (0.93,0.99) 0.02 0.95 (0.92,0.98) 0.0026
1 1 REF . 1 REF .

Prior/concomitant chemotherapy Yes 1.28 (1.25,1.32) < 0.0001 1.22 (1.18,1.25) < 0.0001
No 1 REF . 1 REF .

Prior/concomitant radiation Yes 0.91 (0.88,0.94) < 0.0001 1.07 (1.04,1.11) < 0.0001
No 1 REF . 1 REF .

Prior antiemetics Yes 1.11 (1.08,1.13) < 0.0001 0.97 (0.95,0.99) 0.0057
No 1 REF . 1 REF .

Chemotherapy type Anthracycline onlya 2 (1.93,2.06) < 0.0001 1.78 (1.73,1.84) < 0.0001
Carmustinea 2.39 (2.13,2.69) < 0.0001 2.01 (1.79,2.26) < 0.0001
Cyclo onlya 2.24 (2.17,2.3) < 0.0001 2.19 (2.12,2.25) < 0.0001
Cisplatin and other 1.1 (1.06,1.14) < 0.0001 0.99 (0.95,1.03) 0.63
Anthracycline + cyclo 1 REF . 1 REF .

Comorbid condition Klabunde Index 1.09 (1.08,1.1) < 0.0001 1.06 (1.04,1.07) < 0.0001
Concomitant medication Unique medication number excluding antiemetics 0.99 (0.99,1) 0.0093 0.99 (0.99,1.00) 0.0005

The study population for the predictor analysis was limited to patients initiating highly emetogenic chemotherapy between January 2013 and October
2015 because this is when ICD-10 is into effect. Some covariates used ICD-9 algorithms that were not yet cross-walked to ICD-10 at the time of analysis
a Denotes chemotherapies classified as highly emetogenic based on surface area thresholds
b A Bfair/poor/no/missing^ coverage category was made due to the limited variation in cells that prevented the model from converging
c Insurance generosity is categorized by out-of-pocket costs. Good coverage is < 20% out-of-pocket costs while fair/poor/no coverage is ≥ 20% out-of-
pocket costs



an NK1 (85%). This aligns with prior studies that estimate that
a lack of an NK1 constitutes 51–80% of the reasons for guide-
line discordances [21–23, 37, 38]. The high underuse of NK1s
is surprising given their inclusion in treatment guidelines since
2006. This highlights an opportunity for further provider ed-
ucation as there is a robust evidence base supporting the su-
periority of NK1s over 5HT3As for achieving clinical out-
comes and reducing downstream economic impacts.
However, it is important to note that the study data source,
claims data, is limited to drugs filled by the patient versus
drugs prescribed by the provider.

A potential explanation for low NK1 fills is treatment ac-
quisition cost, as they are the most expensive class of anti-
emetics. However, median out-of-pocket costs for NK1s was
low among patients who filled these products. Importantly, we
are unable to discern the costs of drugs that were not filled
which may result in our underestimation of out-of-pocket ex-
penses for patients. We attempted to address this by using a
marker for insurance generosity based on prior health services
use and found that patients with more generous medical ben-
efit and prescription drug coverage were less likely to
underuse antiemetics than those with less generous coverage;
but, these effect sizes were small (≤ 4%) suggesting that NK1
cost may not be the driving issue. Furthermore, a higher pro-
portion of patients filled second-generation 5HT3A
(palonosetron) versus cheaper, first-generation 5HT3As (as
low as $1.10/treatment cycle) despite a lack of prioritization
by guidelines [18]. Intravenous palonosetron costs $229
(2016 USD)/treatment cycle, just slightly less expensive than
the cheapest NK1, intravenous fosaprepitant at $299 (2016
USD)/treatment cycle.

We found that compared to receiving chemotherapy in the
physician office setting, patients receiving chemotherapy in an
outpatient hospital setting were at a 28% (P < 0.0001) higher
risk of underuse. This may be the result of increased market-
ing access to providers in non-hospital and non-health system
physicians versus those that are part of a hospital or healthcare
system or because physicians in the community setting may
be incentivized to use more expensive drugs [39–41]. We also
found that concordance increases by about 10% in both pop-
ulations when assessing anthracycline + cyclophosphamide-
regimens and non-surface-area-based regimens, which are
strictly HEC regimens, and we found that patients receiving
anthracycline and cyclophosphamide combination regimens
are less likely to underuse compared to anthracycline-only
and cyclophosphamide-only regimens. High underuse in the
anthracycline- and cyclophosphamide-only populations is ex-
pected given that a limitation of claims-based data sources
does not provide surface-area-based dosage levels for infused
products, and patients may be receiving doses that are consid-
ered moderately emetogenic chemotherapy versus HEC. To
the extent that this is the case, we overestimated antiemetic
underuse in these populations.

Other limitations including the total price of the drugs used
to calculate total and out-of-pocket costs were based on the
transaction price between the manufacturers and the payer
listed in MarketScan, which does not reflect rebates and dis-
counts received by payers and thus may overestimate the cost
to payers for antiemetics. However, because rebates and dis-
count are not typically shared with the patients, we anticipated
out-of-pocket estimates to be accurate. Additionally, the pre-
ventative antiemetic look-back period chosen a priori based
on expert opinion incorporated a minimum rate of antiemetic
use in the measure, which increases the risk of capturing an-
tiemetics not intended for CINV prevention. To address this,
we limited the look-back period calculation to only preventa-
tive antiemetic drugs. However, this may still underestimate
the proportion of patients who underused antiemetics. Next,
our data had limited overlap following the approval of the
netupitant-palonosetron combination in late 2014 and
rolapitant in late 2015 potentially contributing to the low up-
take observed for these products. Additionally, while phase III
studies supporting the use of olanzapine as a prophylactic
antiemetic in the USA were published as early as 2011,
NCCN included it as a recommendation only in 2014,
ASCO highlighted it as a highly promising therapy in 2015,
and the largest trial to date was published in 2016, again pro-
viding limited overlap with our study period [25, 28, 34, 42,
43]. We also do not have data on provider-level or facility-
level characteristics such as whether an automated electronic
medical record prescribing system existed that may be dictat-
ing antiemetic use versus a patient’s characteristics. Finally,
we have no information regarding patient or provider prefer-
ence for antiemetic use, which may influence uptake of these
products.

This study provides new evidence of antiemetic underuse
among commercially insured chemotherapy users who are
under 65 years of age, an important and understudied age
group. Specifically, our study found that preventive antiemetic
use is alarmingly high in patients initiating HEC, with NK1
underuse largely explaining this discordance. Whether
guideline-discordant prescribing is due to a gap in provider
knowledge or provider accountability is unknown. If it is the
former, provider education by professional societies, patient
advocacy groups, payers, and manufacturers are necessary. If
it is the latter, one solution is the development of a validated,
appropriate antiemetic prescribing measure for patients initi-
ating HEC that is implemented into commercial plan quality
programs and the CMS Merit-Based Incentive Payment
System. Notably, ASCO’s Quality Oncology Practice
Initiative program includes an antiemetic measure for patients
initiating highly emetogenic and moderately emetogenic che-
motherapy under its symptom/toxicity management module
[44]. However, it requires only that providers prescribe a
5HT3A and dexamethasone for patients initiating HEC, in
contradiction with guidelines that also recommend an NK1.



It also does not allow for olanzapine-based strategies to fulfill
the measure. This highlights the importance of quality initia-
tives appropriately incorporating guideline recommendations
into their measures as over 8000 oncologists are registered for
QOPI across the USA [45].

Future studies should assess the uptake of newer antiemetic
products and regimens in patients initiating HEC with more
recent data to understand their fill trends. Supplementing
claims analysis, which provides data on what medications
were filled, with other data sources could help triangulate
occurrences of care failure and address them. For example,
EMRs include antiemetic prescribing data and chemotherapy
dosing information while patient diaries include data on what
antiemetics patients actually took. Additionally, understand-
ing the real world outcomes (i.e., CINVevents and their asso-
ciated healthcare resource) and subsequent activities (e.g., fu-
ture antiemetic prescribing and chemotherapy adherence) as-
sociated with antiemetic underuse will support the value of
appropriate prescribing.
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