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Abstract

Background: The relationship between CINV duration and recurrence in subsequent cycles is largely unstudied. Our objective was to determine
if patients experiencing CINV in their first cycle of chemotherapy (C1) would face increased risk of CINV in later cycles and whether the duration
of the CINV would predict increased risk of recurrence.

Patients and Methods: Using data from a previously reported phase Il trial, we assessed patients’ recurrence of breakthrough CINV after
antiemetic prophylaxis for anthracycline+cyclophosphamide (AC) for breast cancer, comparing C1 short CINV vs. extended CINV as a secondary
analysis. Complete response (CR) and CINV duration were primary and secondary endpoints, respectively. CR was considered prophylaxis suc-
cess; lack of CR was considered treatment failure (TF).

Results: Among 402 female patients, 99 (24.6%) had TF in C1 (TF1). The remaining 303 patients (CR1) had >93% CR rates in each subsequent
cycle, while the 99 patients with TF1 had TF rates of 49.8% for cycles 2-4 (P < .001). The 51 patients with extended TF (>3 days) in C1 had
recurrent TF in 73/105 later cycles (69.5%, P < .001), while the 48 patients with short TF (1-2 days) in C1 had recurrent TF in 33/108 later cycles
(30.6%). The relative risk of recurrence after C1 extended TF was 2.28 (Cl 1.67-3.11; P < .001) compared to short TE

Conclusions: Prophylaxis success in C1 led to >90% repeat success across cycles of AC-based chemotherapy. For patients with breakthrough
CINV, extended duration strongly predicted recurrent CINV. The duration of CINV should be closely monitored, and augmenting antiemetic pro-
phylaxis considered for future cycles when extended CINV occurs.
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Implications for Practice

Chemotherapy-induced nausea/vomiting that occurs for more than 2 days in the first cycle of highly emetogenic chemotherapy is more
likely to be repeated in these patients in later cycles of chemotherapy. Patients with a shorter duration of nausea/vomiting are less
likely to have repeat episodes of nausea/vomiting. The duration of chemotherapy induced nausea/vomiting should be considered for the
prevention of future nausea/vomiting.

Introduction significant progress has been made in CINV prophylaxis, cli-
nician adherence to evidence-based national and international
antiemetic guidelines remains poor.'” Furthermore, even in
clinical trials with protocol-required 100% triple prophylaxis

Chemotherapy-induced nausea and vomiting (CINV) are
among the chemotherapy toxicities most feared by patients,
impacting the quality and cost of cancer care. Although
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(NK1 receptor antagonist [RA], 5-HT3 RA, dexamethasone
[DEX]), CINV can occur in 10%-50% of patients receiv-
ing highly emetogenic chemotherapy.*® The continued high
prevalence of CINV, involved in 10% of all avoidable acute
care (ie, unplanned hospitalization or emergency department
use) for Medicare patients receiving chemotherapy,® led to its
inclusion within Medicare’s sole medical oncology outcome
quality measure, now publicly reported for each US hospital
and directly driving total oncology reimbursement improve-
ments or penalties.”

Prior CINV (during previous lines and cycles of therapy)
is an established patient-specific risk factor for subsequent
CINV, along with female sex and younger age.® However, to
our knowledge, no study has evaluated whether CINV’s dura-
tion is associated with its recurrence in subsequent cycles.
Therefore, we performed a secondary analysis of a phase III,
multicenter randomized trial (NCT03403712) in women with
breast cancer naive to highly or moderately emetogenic che-
motherapy, which assessed the safety of oral vs. intravenous
(IV) netupitant and palonosetron (NEPA) both combined
with oral dexamethasone as antiemetic prophylaxis prior to
anthracycline-cyclophosphamide (AC)-based chemotherapy
for up to 4 cycles. This study established the efficacy and safety
of IV NEPA in patients receiving AC. The objectives of this
secondary analysis were to assess the combined (IV and oral
NEPA) rate of complete response (CR, no nausea/vomiting or
rescue antiemetic use) in the first cycle of chemotherapy (C1)
and subsequent cycles (C2-4) and to evaluate the association
between C1 CINV duration of subsequent treatment failure
(TF; short vs. extended TF) and risk of subsequent CINV.

Methods
Study Sample

This secondary analysis included women with breast cancer
treated with a single dose of oral NEPA (netupitant 300 mg
and palonosetron 0.5 mg) or a single dose of IV NEPA (fos-
netupitant 235 mg and palonosetron 0.25 mg), both com-
bined with a single oral dose of dexamethasone (12 mg) as
antiemetic prophylaxis before AC-based chemotherapy in
a phase III randomized clinical trial. All participants gave
their informed consent to participate in the study and the
study was conducted in accordance with the provisions of
the Declaration of Helsinki and with the approval of an
Institutional Review Board.

This trial’s design, inclusion and exclusion criteria,
CONSORT diagram, and results of the original trial have been
published previously.” No differences in treatment-emergent
adverse events or efficacy were found between IV and oral
NEPA in the trial. The present analysis pools all 402 patients
treated with oral or IV NEPA.

Outcomes

We hypothesized that, while the overall population CINV
rates may be consistent across cycles within a clinical trial,
individual patients experiencing CINV in C1 would expe-
rience a higher risk in each later cycle and that extended
duration (>3 days) of CINV would pose a greater risk of sub-
sequent recurrence than short CINV (1-2 days). The dura-
tion of treatment failure (TF) was included as a prespecified
secondary analysis in the statistical analysis plan dedicated
to Health Economics and Outcomes Research (HEOR). We
evaluated these factors as a secondary analysis to characterize
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the relationship between CINV duration and subsequent
cycle treatment failure risk.

CR to antiemetic prophylaxis was defined as no emetic
events or rescue medication use assessed daily over 5 days after
receiving NEPA-based CINV prophylaxis. TF was defined as
one or more emetic events or the need for rescue antiemetics
assessed daily over 5 days. Patients with TF in C1 were fur-
ther categorized into short TF (1-2 days of emetic events or
rescue medication use within the 5 days) or extended TF (> 3
days of emetic events or rescue medication use within the 5
days). Assessment of efficacy was based on patients’ diaries,
which captured emetic episodes and use of rescue medications
daily from days 1 to 5 of each chemotherapy cycle. For each
cycle, patients were classified as having a CR or TE.

Statistical Analysis

Descriptive statistics of baseline patient characteristics were
compared using #-tests or chi-square as appropriate. The pro-
portion of patients meeting each category of CR and TF is
reported for cycles 2-4.

To examine the relationship between first cycle response
and subsequent cycle response (primary outcome measure),
patients were first categorized as CR or TF based on their first
cycle (CR1 or TF1, respectively). Then the percentage of sub-
sequent cycles with either CR or TF are reported for each C1
response group. The proportion of patients achieving either
CR or TF in any subsequent cycle was compared using a chi-
square test.

To assess the effect of C1 TF duration on subsequent TF
(secondary outcome measure), patients were categorized into
short TF or extended TF based on their first cycle. The relative
risk of TF for each category was calculated. Using generalized
estimating equations (GEE), a multinomial logistic regression
clustered on the patient was performed to estimate the prob-
ability of having CR, short TF, or extended TF in each subse-
quent cycle.

Analyses were done using SAS version 9.4 software and
Stata MP version 15.0.

Results

Patient Characteristics

A total of 402 patients with breast cancer were treated with
AC and received antiemetic prophylaxis with NEPA + DEX.
Patient demographics stratified by CR1 or TF1 status and by
short-TF1 or extended-TF1 status are summarized in Table
1. There were no demographic differences between patients
experiencing short vs. extended TF1.

Cycle to Cycle Response Rates

Of the 402 patients, there were 303 (75.4%) patients with
CR and 99 (24.6%) with TF (Fig. 1) in C1. Among the 303
patients with CR in C1, the following cycle CR rates were:
93% repeat CR in C2,95% in C3,and 98% in C4. Conversely,
among the 99 patients with TF in C1: 55% repeated TF in C2,
89% in C3, and 74% in C4 (Fig. 1).

In total, of 1299 cycles of AC treatment with NEPA +
DEX prophylaxis, there were 1046 with CR and 253 with
TFE. While CR rates consistently averaged near 75% for the
total population in each cycle, patients with CR in C1 had
subsequent CR in 636/684 (93.0%) of C2-4, whereas patients
with TF in C1 experienced TF in 106/213 (49.8%) of C2-4
(P <.0001).
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Table 1. Patient demographics for complete responders and treatment failures, and treatment failure duration.

CR, TF, P-value  sTF, (1-2 days) xTF, (23 days) P-value
(N =303) (N =99) (N =48) (N=51)
Age (years)
Mean (SD) 56.3 (9.7) 52.5(9.8) .0007 53.4 (10.5) 51.6 (9.1) 3538
Median (Q1-Q3) 57.0 (50.0-63.0) 53.0 (47.0-59.0) 0006 52.5(47.0-61.6) 53.0 (47.0-58.0) 15968
Min, Max 27.0, 80.0 28.0,81.0 — 34.0,81.0 28.0, 69.0 —
Age group 0541 .0960
18-49 years 74 (24%) 33 (33%) 16 (33%) 17 (33%)
50-64 years 171 (56%) 56 (57%) 24 (50%) 32 (63%)
65+ years 58 (19%) 10 (10%) 8 (17%) 2 (4%)
Country, 7 (%) <.0001 2059
USA 36 (12%) 6 (46%) 20 (42%) 26 (51%)
Georgia 46 (15%) 14 (14%) 5(10%) 9(18%)
Ukraine 157 (52%) 24 (24%) 16 (33%) 8 (16%)
Russia 64 (21%) 5(15%) 7 (15%) 8 (16%)
Race, n (%) 3121 5911
White 287 (95%) 88 (89%) 44 (92%) 44 (36%)
Black or African American 7 (2%) ( %) 3(6%) 3 (6%)
American Indian or Alaska Native 1(0%) 0%) 0(0%) 0(0%)
Asian 1(0%) ( %) 0(0%) 1(2%)
Native Hawaiian or Other Pacific Islander 1 (0%) 0 (0%) 0(0%) 0(0%)
Other 1(0%) 0(0%) 0(0%) 0(0%)
Unknown 5(2%) 4 (4%) 12%) 3 (6%)
Treatment Failure Duration and Subsequent Cycle Discussion

Failure

In the first cycle of prophylactic treatment with NEPA + DEX,
99 patients experienced TF (TF1). Of those, 48 (48.5%)
were classified as short TF1 and 51 (51.5%) as extended
TF1 (Table 1). For patients with short TF1 that continued,
32/46 (69.6%) subsequently achieved CR in C2 (2 patients
discontinued treatment). Of those, 24/28 (86%) repeated CR
in C3 (4 patients discontinued treatment), and 15/15 (100%)
repeated CR in C4 (9 patients discontinued treatment). In
contrast, for patients with extended TF1 continuing treat-
ment, 38/49 (77.6%) experienced repeat TF in C2 (2 patients
discontinued), 22/25 (88.0%) in C3 (13 patients discontin-
ued), and 12/16 (75%) in C4 (6 patients discontinued).

Overall, extended TF1 resulted in CINV recurring in 73/105
(69.5%) later cycles compared to short TF1 [CINV recurring
in 33/108 (30.6%) of later cycles; P < .001]. The absolute risk
increase from extended TF was 40.4% (number needed to
harm = 2), with a relative risk of recurrence of 2.28 (CI 1.67-
3.11; P < .001). Individual patient’s duration of recurrence
was consistent across cycles (P = .046). As a predictor of later
cycle TE, extended TF had a positive predictive value of 70%,
sensitivity of 69%, and specificity of 70%.

The results of the GEE model showed that patients clas-
sified as short TF1 had a 69.6% (95% CI: 56.2%-82.9%)
probability of achieving CR in C2 compared with a 22.5%
(95% CI: 10.7%-34.2%) probability of patients classified as
extended TF1 (P < .001). In subsequent cycles, the probability
of achieving CR for short TF1 and extended TF1 patients in
C3 was 65.8% (95% CI: 50.6%-81.0%) and 32.4% (95%
CI: 16.5%-48.2%), respectively (P = .003) and 75% (95%
CL: 57.6%-92.4%) compared with 45.5% (95% CI: 24.5%-
66.4%), respectively, in C4 (P = .033) (Fig. 2; Supplementary
Table S1).

We present the first data evaluating the duration of CINV in
C1 as a predictor of subsequent CINV. While most patients
achieved a CR, one-quarter of patients receiving AC did not,
and of these, the patients with extended TF1 had >70% risk of
subsequent CINV. One of the top 5 major cancer advances in
the last 50 years has been the development of effective CINV
prophylaxis.'® Our findings align with multiple analyses of
large US databases which show that CINV occurs in over
25% of patients receiving highly emetogenic chemotherapy.>?
The impact on these patients and the associated economic toll
is considerable: 28 % of patients receiving highly emetogenic
chemotherapy require hospitalization or emergency depart-
ment treatment within 30 days, including 21%-28% (for car-
boplatin and cisplatin, respectively) involved CINV.!

Our evaluation of CINV duration stemmed from our obser-
vation that the traditional CINV endpoint—any vomiting or
use of rescue medication over 5 days post-chemotherapy—
fails to distinguish mild/transient CINV from continuous/
severe CINV, a distinction reflected in many validated
measures of symptoms and toxicities, including the NCI’s
PRO-CTCAE." This observation led us to explore whether
extended duration CINV had a differential effect on subse-
quent CINV outcomes. Ballatori'? found CINV severity and,
to a greater degree, CINV duration impact patient quality
of life, while Roeland'? demonstrated that nausea severity
was consistently low for short CINV and consistently higher
for extended CINV. Together, these supported our bifurca-
tion of TF duration into 1-2 days and 3-5 days. The results
show patients with extended CINV faced >70% risk of later
CINV, an absolute increase in the risk of >40% compared
with short CINV (number needed to harm = 2). Further, the
duration of subsequent CINV was typically consistent with
the initial duration, meaning that those with extended CINV
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Nausea and Vomiting by Cycle

Figure 1. NEPA results of CR and TF for each cycle®. CR: complete response; TF: treatment failure. ®Note on interpreting this figure: Each ring
represents a cycle and is partitioned by CR and TF. The subsequent ring is again partitioned by CR and TF and shows the proportion of patients with CR
or TF in the subsequent cycle based on their status in the previous cycle. For example, in C1, 25% of patients were TF and 75% were CR. In C2, 55%
of the 25% TF1 patients were TF again and 93% of the 75% CR1 patients were CR again.

thereafter usually continued to have extended CINV in each
later cycle—clearly, an unacceptable outcome. Even patients
without extended CINV in early cycles shifted to ongoing
extended CINV after a single extended CINV episode. Future
clinical trials of antiemetic agents may benefit from monitor-
ing CINV duration and individual patient CINV recurrence.

In clinical practice, we see considerable heterogeneity in the
duration of CINV. Our findings show that CINV duration
(short vs. extended) in C1 strongly predicts CINV recurrence
in subsequent cycles. This higher risk from extended CINV
is both statistically significant and clinically meaningful due
to the longer duration and risk-prediction associated with
extended TF and the work loss and impaired activity in this
same study population.' The high rates of avoidable acute
care due to CINV are often difficult to document as linked
to CINV duration since daily diaries used in clinical trials
are lacking in real-world practice, while conversely, acute-
care use is typically not prospectively tracked in clinical tri-
als. Given the risk of acute-care use, clinicians should note
any extended duration CINV during C1 and consider the

potential advantage to modifying antiemetic prophylaxis in
subsequent cycles.

Past trials have primarily reported consistent
population-wide CINV rates across each successive cycle
of HEC chemotherapy and may therefore mask an actual
wide disparity between 2 distinct populations: a majority
of patients with successful antiemetic prophylaxis who ini-
tially avoid CINV and subsequently have rare events, and a
minority whose prophylaxis fails initially and, if of extended
duration, persists throughout their therapy. Previous work by
Schwartzberg et al.’ and Molasiotis et al.® showed patients
with CINV in C1 have an excess risk for later CINV without
assessing the timing or frequency of recurrence or its associa-
tion with duration.

The strengths of this report include the prespecified sec-
ondary analysis of CINV duration within a large, random-
ized, multicenter, phase III trial of a high-risk CINV patient
population (ie, women receiving AC). A principal limitation is
that this study involved a single chemotherapy regimen and
a single antiemetic regimen. Additionally, nausea, which is
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B. Extended Treatment Failure (3+ days) @ Cycle 1
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Figure 2. Probability of CR, short TF, or extended TF in subsequent cycles based on initial cycle classification.

correlated with vomiting, is not directly measured as part of
the CR criteria used in this study. The differential impact of
major CINV risk factors (eg, sex, age) was not examined due
to the trial’s focus on AC treatment for breast cancer. Other
limitations include limited racial diversity in the trial popula-
tion and potential differences in treatment failure by geogra-
phy. Future studies could characterize whether these findings
apply to other high- or moderately emetogenic chemotherapy
regimens and with different CINV prophylaxis.

Traditional descriptions of CINV have focused on acute
CINV in the first 24 hours post-chemotherapy and delayed
CINV in the 24-120 hours after chemotherapy, with
acute CINV well controlled with current antiemetics while
delayed CINV has been much less well controlled. Short
and extended CINV appear to be more aligned with sever-
ity and may better predict patients’ experiences in later che-
motherapy cycles. The finding that CINV duration in C1 of
AC-based chemotherapy powerfully predicts CINV outcomes
for the remainder of the patient’s chemotherapy, with an 80%
risk of repeat failure after extended TF, provides evidence that
CINV’s duration is a new and strong risk factor for recur-
rence that clinicians should consider in CINV prophylaxis
treatment decisions. Extended CINV may be a considerably
greater risk factor for future outcomes than all other known
CINV risk factors combined.®!* Future research should focus
on those with extended TF to identify alternative prophylaxis
strategies to reduce CINV in subsequent cycles, including
investigating a guideline-compliant 4-component prophylaxis
regimen or other augmented approaches.

Conclusions

Consistent CR rates across cycles are commonly reported in
trials of guideline-recommended triple antiemetic prophylaxis.
Yet, these results likely mask marked differences in later-cycle
CINV risks between patients with and without CINV in C1.

We found prophylaxis success in C1 of AC-based chemother-
apy led to high success rates across subsequent cycles, while
conversely, C1 prophylaxis failure (ie, CINV) led to repeat
failure in later cycles. Given the clinical impact of extended
CINV, clinicians should monitor breakthrough CINV dura-
tion and consider optimizing antiemetic prophylaxis when
extended CINV does occur.
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