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Abstract

Background: This study aimed to assess the effect of proton pump inhibitors
(PPIs) on hormone receptor-positive (HR+) and her-2-negative (her2-) metastatic
breast cancer (MBC) in patients receiving CDK4/61.

Method: In a retrospective study, patients were divided into two groups based on
their use of PPIs: concomitant use for at least half the treatment period (C-PPIs) and
non-concomitant use for less than half the treatment period (NC-PPIs). Statistical
analyses were conducted using SPSS 22.0 and MedCalc Software bvba 13.

Results: Out of 217 patients, 114 (52.5%) received palbociclib and 103 (47.5%)
received ribociclib. Then, 71 palbociclib recipients were combined with aromatase
inhibitors (Als) (43 C-PPIs and 28 NC-PPIs), while 43 were combined with fulvastrant
(25 C-PPIs and 18 NC-PPIs). For ribociclib, 82 patients were combined with Als (71
C-PPIs and 11 NC-PPIs) and 21 were combined with fulvastrant (10 C-PPIs and 11
NC-PPIs). Patients with C-PPI had lower progression-free survival (PFS) than those
without C-PPI, palbociclib recipients with Als or fulvastrant (8.97 months vs. 19.02
months, P < 0.001; 13.72 months vs. 18.52 months, P = 0.04, respectively) and
ribociclib recipients with Als (10.7 months vs. 19.7 months, P = 0.05), but not in
patients who received ribociclib with fulvastrant (P = 0.52).

Conclusion: The simultaneous use of PPIs with palbociclib or ribociclib may be
associated with a shorter PFS in HR+, HER2- MBC patients. These results have the
potential to enhance clinical decision-making by identifying possible drug interactions
and optimizing treatment plans.
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Introduction

Metastatic breast cancer (MBC) is considered
as a chronic, incurable yet manageable disease
because complete response is rare and recurrence
is inevitable; thus, patients need to live with their
disease in harmony. Accordingly, the primary
goal must be to increase survival and improve
quality of life while minimizing negative effects.!

The hormone receptor-positive (HR+) and her-
2-negative (her2-) (HR+/her2-) patient subset
comprises approximately 70% of BC patients?.
Up to half of patients with primary disease will
eventually develop metastases, with approximately
6% of patients initially diagnosed with metastatic
disease.’

Chemotherapy is not the recommended option
unless patients have visceral crisis or advanced
disease after multiple lines of endocrine treatment.*

The benefits of CDK4/61 are consistent across
the three CDK4/61 regimens; the three-year OS
with hormonal therapy (HT) was 49%, while that
with combined HT and CDK4/61 was 73%. The
median progression-free survival (PFS) was more
than 20 months in the 15 line and 9.5-20.5 months
in the 2"d Jine, with consistent hazard ratios (HRs)
across all studies (range: 0.460-0.593).

Up to one-third of all cancer patients are treated
with acid reducing agents (ARAs), mostly proton
pump inhibitors (PPI), to treat gastritis caused
by cancer-related stress and/or cancer-directed
therapy.5’

An increase in the availability of ARAs raises
the possibility of interactions between oral cancer-
directed therapy and pH-dependent solubility.?

There is some evidence that concurrent
administration of PPIs (C-PPIs) reduces CDK4/61
bioavailability. However, the clinical significance
of this interaction is still debated.® Therefore, the
present retrospective study aimed to evaluate the
effect of C-PPIs use of PPIs with CDK4/6i on
PFS in patients with HR+/her 2- MBC.

Patients and Methods
Eligibility

A retrospective medical review study was
conducted at the Medical Oncology and Clinical
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Oncology Departments, Faculty of Medicine,
Zagazig University, from January 2019 to
December 2022.The study included patients with
histopathologically diagnosed HR+/her2- breast
cancer, evidence of metastasis, measurable disease,
age >18 years, and available follow-up data.
Ethical aspects

Before commencing the study, approval was
obtained from the Ethics Committee of the Faculty
of Medicine at Zagazig University (ethics code:
ZU-IRB#231). Since the study was conducted
retrospectively with no patient identifiers, the
need for informed consent was waived.
Immunohistochemistry

When at least 1% of tumor cells showed
positive staining, it was considered indicative of
ER and/or PR positivity. Her-2 negative staining
was defined as an immunohistochemistry (IHC)
score of 0 or 1. If the score is 2, fluorescence in
situ hybridization (FISH) results should be
negative.
Data collection

Demographic features, disease features,
metastatic sites, date/time of CDK4/61 therapy,
radiological evaluation, and CA15.3 levels were
collected through medical chart review.
Patient classifications

The patients were categorized according to
PPIs use into two groups: group A (concomitant
use of PPIs; > half the treatment period) and
group B (nonconcomitant) use of PPIs; < half
the treatment period).
Definitions

Endocrine sensitivity is characterized as
patients newly diagnosed with MBC or who
experienced a relapse one year or more after
completing adjuvant HT. On the other hand,
endocrine-resistant patients are those who
experienced a relapse while on adjuvant HT, with
those relapsing within the first 2 years being
classified as primary endocrine-resistant, and
those relapsing after 2 years from adjuvant HT
being classified as secondary endocrine-resistant.
In the case of a metastatic setting, while on HT,
progressive disease (PD) within the first 6 months
was considered primary endocrine-resistant, and
secondary endocrine-resistant PD was considered
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Table 1. The distribution of clinical features of patients receiving palbociclib treatment with Al across PPI groups

Features Total number PPI P-value
NC-PPI C-PPI

N=171 N=28 N=43
Age
<60 years 38 16 22 0.62
>60 years 33 12 21
Menopausal status
Premenopausal 26 11 15 0.70
Postmenopausal 45 17 28
Pathology
IDC 58 24 34 0.47
Non-IDC 13 4 9
Hormonal sensitivity
Sensitive 70 27 43 0.39
Resistant 1 1 0
Liver metastasis
Absent 47 16 31 0.19
Present 24 12 12
Lung metastasis
Absent 55 5 30 0.54
Present 162 3 13
Bone metastasis
Absent 59 26 33 0.10
Present 12 2 10
Brain metastasis
Absent 69 28 41 0.51
Present 2 0 2
Lymph node metastasis
Absent 57 26 31 0.37
Present 14 2 12
Dose reduction
Absent 57 20 37 0.16
Present 14 8 6

AI: Aromatase inhibitors; PPI: Proton pump inhibitor; NC-PPI: Non-concomitant proton pump inhibitor; C-PPI: Concomitant proton pump inhibitor; IDC: Invasive duct
carcinoma; P< 0.05 is significant.

to be present when the PD > 6 months.!0 once daily at a dose of 125 mg for 21 days
Therapy followed by 7 days off. Ribociclib was
The administration of CDK4/61 is based on  administered at a dose of 600 mg once daily in
worldwide recommendations for full-dose or dose ~ the morning for 21 days followed by 7 days off
modulation, depending on clinical practice and  (one cycle equals 28 days). Abemaciclib was
toxicity profiles. Palbociclib was administered  administered at a dose of 150 mg twice daily.

[ 217 patients included in the study ]
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Figure 1. This figure displays a study diagram involving 217 patients with mBC HR +ve, Her-2 +ve, clinical and pathological data were

available with at least 3 months follow-up.
HR: Hormone receptor; Her-2: Human epidermal growth factor receptor 2; PPIs: Proton pump inhibitors; C-PPIs: Concomitant proton pump inhibitors; NC-PPIs: Non proton
pump inhibitors; Als: Aromatase inhibitors; Ful: Fulvestran
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Figure 2. A. This figure displays the PFS of patients treated with Palbociclib plus Aromatase inhibitors, showing a significant difference
with a P-value of <0.001. B. This figure shows the PFS of patients treated with Ful, with a P-value of 0.04.

PFS: Progression-free survival; PPI: Proton pump inhibitors; Als: Aromatase inhibitors Ful: Fulvestrant
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Table 2. The distribution of clinical features of patients receiving Palbociclib treatment with Fulvestrant across PPI groups

Features Total PPI P-value
number NC-PPI C-PPI
N=43 N=18 N=25
Age
<60 years 18 10 1.000
>60 years 25 10 15
Menopausal status
Premenopausal 17 10 1.000
Postmenopausal 26 11 15
Pathology
IDC 38 14 24 0.14
Non-IDC 5 4 1
Hormonal sensitivity
Sensitive 37 17 20 0.37
Resistant 6 1 5
Liver metastasis
Absent 33 14 19 1.000
Present 10 4 6
Lung metastasis
Absent 38 18 20 0.62
Present 5 0 5
Bone metastasis
Absent 38 18 20 0.64
Present 5 0 5
Brain metastasis
Absent 40 18 22 0.25
Present 3 0 3
Lymph node metastasis
Absent 39 18 21 0.12
Present 4 0 4
Dose reduction
Absent 35 15 20 1.000
Present 8 3 5

PPI: Proton pump inhibitor; NC-PPI: Non-concomitant proton pump inhibitor; C-PPI:

significant.

The three types of therapy can be combined
with one of the following HT: fulvestrant 500
mg once on days 1 and 15 (cycle 1) and then 500
mg once every 28 days + 3 days (cycle 2 and
subsequent) administered as two 250 mg
intramuscular injections, letrozole (2.5 mg once
daily continuously, orally), or anastrozole (1 mg
once daily continuously, oral). In the case of
premenopause, we administered 3.6 mg of long-
acting goserelin subcutaneously every 4 weeks.
The PPIs used were omeprazole (40 mg),
lansoprazole (15 mg), and pantoprazole (40 mg)
at breakfast.

Treatment evaluation

Every three months, radiological and tumor
marker assessments were performed. PFS was
compared between the "C- PPIs" and "NC-PPIs"
groups.

Concomitant proton pump inhibitor; IDC: Invasive duct carcinoma. P< 0.05 is

Response Evaluation Criteria in Solid Tumors
(RECIST)

Complete response means all target lesions
have disappeared. Partial response (PR) is defined
as a minimum 30% decrease in the sum of the
long diameter (LD) of target lesions compared
with the baseline sum LD. PD is indicated by a
minimum 20% increase in the sum of the LD of
target lesions compared with the smallest sum
LD recorded since treatment initiation or the
appearance of new lesions. Stable disease is when
there is no significant shrinkage to qualify for
PR or increase to qualify for PD, based on the
smallest sum LD since treatment initiation.
Outcome

PFS, as the main endpoint, was measured as
the time interval between the initiation of CDK4/61
therapy and the occurrence of radiological disease
progression or death.
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Statistical analysis

Continuous variables were expressed as mean
+ standard deviation and median (range), and

Proton Pump Inhibitors and CDK4/6i in Metastatic Breast Cancer

categorical variables were expressed as a number

Survival functions

(percentage). Continuous variables were checked
for normality using Shapiro-Wilk test. Mann
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Figure 3. A. This figure displays the PFS of patients treated with Ribociclib plus Aromatase inhibitors, showing a statistically significant
difference with P<0.05. B. This figure shows the PFS of patients treated with Ful, with a P-value of 0.5

PFS: Progression-free survival; PPI: Proton pump inhibitors; Als: Aromatase inhibitors Ful: Fulvestrant
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Table 3. The distribution of clinical features of patients receiving ribociclib treatment with Al across PPI groups

Features Total PPI P-value
number NC-PPI C-PPI
N=282 N=11 N=171
Age
<60 years 38 6 32 0.55
>60 years 44 5 39
Menopausal status
Premenopausal 21 4 17 0.46
Postmenopausal 61 7 54
Pathology
IDC 74 11 63 0.59
Non-IDC 8 0 8
Hormonal sensitivity
Sensitive 79 10 69 0.35
Resistant 3 2 1
Liver metastasis
Absent 53 11 42 0.70
Present 29 0 29
Lung metastasis
Absent 76 11 65 1.000
Present 6 0 6
Bone metastasis
Absent 73 11 62 0.60
Present 9 0 9
Brain metastasis
Absent 81 11 70 1.000
Present 1 0 1
Lymph node metastasis
Absent 74 11 63 0.59
Present 8 0 8
Dose reduction
Absent 67 9 58 1.000
Present 15 2 13

AI: Aromatase inhibitors; PPI: Proton pump inhibitor; NC-PPI: Non-concomitant proton pump inhibitor; C-PPI: Concomitant proton pump inhibitor; IDC: Invasive duct

carcinoma. P< 0.05 is significant

Whitney U test was used to compare two groups
of non-normally distributed variables. Percent of
categorical variables were compared using
Pearson’s chi-square test or Fisher's exact test
when appropriate. Disease-free survival (DFS)
was calculated as the time from date of surgery
to relapse or the most recent follow-up in which
no relapse was detected. Overall survival (OS)
was calculated as the time from diagnosis to death
or the most recent follow-up contact (censored).
Stratification of DFS and OS was done according
to intention to treatment and androgen receptor
IHC. These time-to-event distributions were
estimated using the method of Kaplan-Meier plot,
and compared using two-sided exact log-rank
test. Cox regression analysis was used to perform
univariate and multivariate models to find
independent predictors for DFS and OS. All tests
were two sided. All statistics were performed

using SPSS 22.0 for windows (IBM Inc., Chicago,
IL, USA) and MedCalc windows (MedCalc
Software bvba 13, Ostend, Belgium).

Results

Owing to a lack of data and a small sample
size, 14 patients who received abemaciclib (8
combined with Als and 6 with fulvastrant) were
excluded from the analysis. Additionally, the
tumor maker; CA15.3 was excluded from the
analysis due to inadequate data.

The final analysis included a total of 217
patients, with 114 receiving palbociclib and 103
receiving ribociclib. Among the palbociclib
recipients, 71 were combined with Als (43 C-
PPIs and 28 NC-PPIs), while 43 were combined
with fulvastrant (25 C-PPIs and 18 NC-PPIs).
For ribociclib, 82 patients were combined with
Als (71 C-PPIs and 11 NC-PPIs) and 21 were
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Table 4. The distribution of clinical features of patients receiving ribociclib treatment with fulvestrant across PPI groups

Features Total PPI P-value
number NC-PPI C-PPI
N=21 N=11 N=10
Age
<60 years 13 8 5 0.38
>60 years 3 5
Menopausal status
Premenopausal 10 5 5 1.000
Postmenopausal 11 6 5
Pathology
IDC 16 8 8 1.000
Non-IDC 3 2
Hormonal sensitivity
Sensitive 21 11 10 1.000
Resistant 21 11 10
Liver metastasis
Absent 13 7 6 0.65
Present 5 3
Lung metastasis
Absent 16 10 6 0.14
Present 4 1
Bone metastasis
Absent 17 10 7 0.31
Present 1 3
Brain metastasis
Absent 21 11 10 1.000
Present 0
Lymph node metastasis
Absent 20 10 10 1.000
Present 1 1
Dose reduction
Absent 18 10 8 0.58
Present 3 1 2

PPI: Proton pump inhibitor; NC-PPI: Non-concomitant proton pump inhibitor; C-PPI:

significant

combined with fulvastrant (10 C-PPIs and 11
NC-PPIs) (Figure 1).

Among patients receiving palbociclib, 71
(62.28%) were on Als and 43 (37.27%) were on
fulvestrant, while in the ribociclib group, 82
(79.61%) were on Als and 21 (20.38%) were on
fulvestrant.

Approximately 6% of patients receiving
palbociclib with Al and 3% receiving fulvastrant
had their dose reduced, compared with 7% and
1% with ribociclib, respectively.

Totally, 42 patients received omeprazole, 54
received pantoprazole, 46 received esomeprazole,
and 10 received lansoprazole. There was no
statistically significant correlation found between
C-PPIs and NC-PPIs in patients receiving
palbociclib and ribociclib (Tables 1-4).

In patients receiving palbociclib with Als or
fulvestrant, those with C-PPI had a lower PFS

Concomitant proton pump inhibitor; IDC: Invasive duct carcinoma. P< 0.05 is

compared with those without C-PPI (8.97 months
vs. 19.02 months, P < 0.001; 13.72 months vs.
18.52 months, P = 0.04, respectively; Figure 2).

Furthermore, among ribociclib recipients with
Als, patients with C-PPI had a lower PFS than
those without C-PPI (10.7 months vs. 19.7 months,
P =0.05), but this was not observed in patients
who received ribociclib along with fulvastrant
(P =0.5; Figure 3).

Discussion

The present study showed that patients who
received palbociclib with Als or fulvastrant and
were C-PPI had a shorter PFS compared with
those who were NC-PPI (8.97 months vs. 19.02
months, P < 0.001; 13.72 months vs. 18.52
months, P = 0.04, respectively).

Our findings were in line with earlier data
indicating that the use of palbociclib and NC-
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PPIs in treating patients with MBC led to a longer
PFS when compared with C-PPIs.!1- 12

In a retrospective study of 112 patients with
MBC treated with palbociclib and HT, Del et al.
reported that C-PPI was associated with a shorter
PFS and considered an independent predictor of
poor survival outcomes.’

Additionally, Eser et al. concluded that PPIs
decrease stomach pH, leading to a reduction in
plasma concentrations of palbociclib. This could
potentially impact treatment efficacy and shorten
PFS.13

These findings support the hypothesis proposed
by Goldstein et al., suggesting that long-term use
of PPIs may decrease plasma levels of palbociclib
below the effective concentration, thereby
reducing its efficacy.!*

On the other hand, these findings contradicted
those of Schieber et al., who conducted a chart
review of 82 patients with HR+ and her2- MBC
who were treated with palbociclib and HT. They
concluded that C-PPIs plus palbociclib had no
effect on PFS. The differences in outcomes could
be attributed to different formulations of the
medication used. Previous studies primarily used
the capsule form, whereas Schieber et al.
administered palbociclib in tablet form.
Additionally, there were differences in sample
size and patient characteristics.!

Furthermore, as compared with NC-PPIs, our
study revealed that C-PPIs with ribociclib
combined with Als adversely impacted PFS (10.7
months vs. 19.7 months, P = 0.05). But when
HT changed to fulvastrant ( P = 0.52), the
statistical significance disappeared, supporting
previous findings.

Chang et al. conducted a systematic review
that involved eight trials and included 2584
patients with HR+ and her2- MBC treated with
CDK4/61, either palbociclib or ribociclib, with
HT. The patients were categorized into two groups:
those with C-PPIs and those not taking. They
concluded that although C-PPIs were associated
with inferior PFS in patients receiving palbociclib
compared with NC-PPIs, ribociclib-receiving
patients with C-PPIs were not associated with a
detrimental effect on PFS.!°

Likewise, Caglayan et al. found no statistically
significant difference in PFS among 36 patients
treated with ribociclib plus HT.!2

In a different retrospective study, PFS improved
in patients receiving ribociclib with Als with NC-
PPIs as opposed to C-PPIs when combined with
fulvastrant (P = 0.41).13

Samant et al. found through multipronged steps
concluded by population pharmacokinetic analysis
that a change in stomach pH had no discernible
impact on ribociclib bioavailability.!”

Additionally, Lui et al.'s covariate analysis of the
pharmacodynamics and pharmacokinetics of ribociclib
revealed that the pharmacokinetics were unaffected
by a number of factors, including C-PPIs.!8

Using a retrospective study including 220 HR+
and her2- MBC MBC patients, 21 of whom
received ribociclib, Odabas et al. failed to find a
statistically significant association between PFS
and C-PPIs with ribociclib combined with Als,
in contrast to our findings.!?

One of the key factors that influence the
absorption and, as a result, bioavailability of a
given drug is its solubility at gastric pH. As gastric
pH increases, the effectiveness of weak base
medications decreases. PPIs-induced increases
in gastric pH resulted in a decrease in CDK4/61
plasma levels, which, in turn, shortened PFS.20

PPIs assumed to have a negative impact
through various mechanisms, but preclinical data
do not augment this. Instead, they indicate that
PPIs may have antitumor effects against BC cells
through inhibiting the proliferation. The shorter
PFS of patients using PPIs could be due to factors
such as burden of the tumor and the use of non-
registered medications.?! Numerous studies have
found that PPIs can interact with oral anticancer
therapy, such as tyrosine kinase inhibitors, leading
to poor survival outcomes and an increased risk
of death. A meta-analysis of 372,418 patients
supported these findings.?2-27

Given the statistically significant correlation
between the use of C-PPIs and a poor prognosis
in many trials, as measured by a shortened PFS,
it is crucial to emphasize the importance of PPIs
interaction with CDK4/61.

Many more interactions may exist that are not
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yet known, in addition to those examined in this
study. Maximizing the survival outcome should
center on avoiding harmful effects caused by
common, easily preventable drug interactions.
The lack of evaluation of pharmacokinetic
changes of CDK4/6i caused by PPIs is a
significant limitation. The retrospective studies
rely on individual documentation and are
vulnerable to data bias. Additionally, the small
sample size and lack of OS analysis and variant
analysis are important limitations. Furthermore,
we were unable to verify whether the patients
actually took the medication and ensure consistent
use of PPIs among all patients. Adverse effects
were only reported in terms of dose reduction
and were underestimated. In this study, palbociclib
was in capsule form, so it is unclear if the same
results would apply to the tablet form. Further
research may be needed to confirm these findings.

Conclusion

The simultaneous use of PPIs with CDK4/61,
particularly palbociclib, was a potential predictive
factor and linked to a shorter PFS. The data on
ribociclib is inconclusive.

Patients receiving CDK4/6i or other anticancer
drugs that rely on pH for their effectiveness should
refrain from prolonged use of PPIs. Instead of
PPIs, H2 blockers may be a suitable option. While
increasing the dosage of CDK4/61 could
theoretically address the problem, it is not practical
due to the potential for off-label effects.
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