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A B S T R A C T   

Background: The capsule formulation of CDK4/6 inhibitor palbociclib has reduced solubility at gastric pH > 4.5 
and may have decreased activity when used with proton-pump inhibitors (PPI). Herein, we report the effect of 
PPI on palbociclib capsule activity and safety in the PARSIFAL study. 
Methods: First-line endocrine-sensitive, hormone receptor-positive (HR+)/human epidermal growth factor re
ceptor 2-negative (HER2-) advanced breast cancer (ABC) patients received palbociclib capsules plus fulvestrant 
or letrozole. The primary endpoint was progression-free survival (PFS). This post-hoc analysis compared PPI use. 
Patients were PPI-naïve (N-PPI) if not on PPI during the study, and either early (E-PPI) or long-term PPI (LT-PPI) 
if on PPI at study entry or for at least ≥2/3 of treatment, respectively. PPI groups were not mutually exclusive. 
Results: Among 486 patients, 66.9 % were N-PPI, 13.2 % E-PPI, 18.7 % LT-PPI, and 11.5 % of the PPI users were 
defined as neither. Median PFS (mPFS) was 29.6 months in the study population, 28.7 months in N-PPI, 23.0 
months in E-PPI (Hazard Ratio [HR] 1.5; 95%Confidence Interval [CI] 1.1–2.2; p = 0.024), and 23.0 months in 
LT-PPI (HR 1.4; 95%CI 1.0–1.9; p = 0.035). By landmark analysis, PPI use was associated with poorer mPFS at 3 
and 12 months. Grade ≥3 hematological adverse events occurred in 71.7 % of N-PPI, 57.8 % of E-PPI (p =
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0.021), and 54.9 % of LT-PPI (p = 0.003). Dose reductions and dosing delays due to hematological toxicity 
occurred in 70.8 % of N-PPI, 56.3 % of E-PPI (p = 0.018), and 52.7 % of LT-PPI (p = 0.002). 
Conclusions: PPI use may reduce palbociclib capsule toxicity, dose modifications, and clinical activity in HR+/ 
HER2- ABC.   

Trial registration 

ClinicalTrials.gov Identifier: NCT02491983; https://clinicaltrials. 
gov/ct2/show/NCT02491983. 

1. Introduction 

Proton pump inhibitors (PPI) are the most widely prescribed drugs 
for acid-related diseases [1,2] due to superior efficacy compared to other 
anti-acids, low cost, and over-the-counter availability in some countries 
[3,4]. More than one-quarter of patients on anticancer treatment use PPI 
[5], mainly as prophylaxis for non-steroidal anti-inflammatory and 
steroid drug-associated upper gastrointestinal complications. 

However, long-term suppression of gastric acids may reduce the 
absorption of weakly basic substances (including many anti-tumor 
agents) which effects efficacy, and ultimately clinical outcomes for 
cancer patients [5,6]. 

The oral cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) palboci
clib, ribociclib, and abemaciclib, block the transition of cell cycle phases 
[7]. In hormone receptor-positive (HR+)/human epidermal growth 
factor receptor 2-negative (HER2-) advanced breast cancer (ABC) the 
combination of CDK4/6i with endocrine therapy proved to be superior 
to endocrine therapy alone in prolonging survival and has become the 
new standard of care [8]. The absorption of CDK4/6i has been exten
sively evaluated [9–12]. Much of these data stem from early clinical 
development, wherein gastric pH elevations failed to impair CDK4/6i 
ability to dissolve and reach systemic circulation [9–11]. Only the sol
ubility of the capsule formulation of palbociclib appeared to be reduced 
at pH values above 4.5 but this was mitigated by food intake [12]. 

Retrospective observational studies have reported that concomitant 
use of PPIs and CDK4/6i leads to decreased efficacy [13,14]. Although 
PPI use is highly prevalent among ABC patients, all CDK4/6i pivotal 
studies excluded or limited the use of PPI, therefore there is little evi
dence of the clinical effects of the potential interaction between both 
agents. In this analysis, we aimed to investigate the effects of PPI on 
palbociclib capsule efficacy and safety in HR+/HER2- ABC patients 
treated within the PARSIFAL study, where the use of PPI was allowed 
[15]. 

2. Materials and methods 

2.1. Study design and patients 

PARSIFAL (NCT02491983) was an international, multicenter, open- 
label, randomized, phase II clinical trial designed to compare the 

efficacy and safety of palbociclib combined with fulvestrant or letrozole 
in women of any menopausal status with HR+/HER2- ABC and no 
previous systemic therapy for advanced disease. Palbociclib capsules 
were used in this study and were recommended under fed conditions 
and PPI use was permitted. An institutional review board/independent 
ethics committee approved the protocol; the study was conducted ac
cording to current ethical principles as set out by the Declaration of 
Helsinki and Good Clinical Practice. All patients were provided written 
informed consent before any study procedures. Additional patient 
eligibility criteria and study design details have been previously 
described [15]. 

2.2. Data source for post hoc analysis 

All patients in the intention-to-treat set of the PARSIFAL study were 
included in this exploratory analysis. Records of concomitant medica
tion were reviewed to identify patients who had a PPI prescription of 
omeprazole, pantoprazole, lansoprazole, rabeprazole, or esomeprazole. 
They included the drug, dose, and dates of treatment. Patients who 
received at least one dose of PPI during the palbociclib-based regimen 
were defined as PPI or PPI naïve (N-PPI) if no PPI was administered over 
the study treatment period. Early PPI users (E-PPI) were patients already 
on PPI at palbociclib initiation. Long-term PPI users (LT-PPI) were those 
who received PPI for at least two-thirds of their treatment with 
palbociclib. 

2.3. Outcomes 

PPI use was evaluated with respect to patient demographics and 
baseline disease characteristics. Investigator-assessed progression-free 
survival (PFS) was defined as the time from the date of randomization to 
the date of first documentation of objective progression of disease or 
death from any cause in the absence of documented progression of 
disease, whichever occurred first. Overall survival (OS) was defined as 
the time from randomization to death from any cause. Safety and 
tolerability of palbociclib plus endocrine therapy was assessed by using 
Common Terminology Criteria for Adverse Events (CTCAE) version 4.0, 
including incidence of hematological adverse events (AEs), or number of 
patients requiring palbociclib dose reductions or schedule delay due to 
hematological toxicity. 

2.4. Statistical analysis 

Efficacy and safety were assessed in three analysis sets. First, the 
early set for comparing N-PPI versus E-PPI groups. This set excluded 

Meeting presentation 

Part of the data was presented in the following meeting: 

•American Society of Clinical Oncology (ASCO) Virtual Meeting ©2020. May 29-June 02, 2020. “1007P - PARSIFAL: A randomized, multicenter, 
open-label, phase II trial to evaluate palbociclib in combination with fulvestrant or letrozole in endocrine-sensitive patients with estrogen receptor (ER) 
[+]/HER2[-] metastatic breast cancer”: Abstract Oral Session ID 312547. 
•San Antonio Breast Cancer Symposium (SABCS®) 2022. December 6–10, 2022. “Impact of Proton Pump Inhibitors (PPI) on Palbociclib (PAL) 
Outcomes in Hormone Receptor-Positive, HER2-Negative Advanced Breast Cancer (HR+/HER2- ABC): Exploratory Analysis of the PARSIFAL Trial”: 
Abstract Poster Session ID 1699.  

S. Di Cosimo et al.                                                                                                                                                                                                                              

https://clinicaltrials.gov/ct2/show/NCT02491983
https://clinicaltrials.gov/ct2/show/NCT02491983


The Breast 76 (2024) 103761

3

patients that started PPI treatment after palbociclib initiation because 
only survivors without progressive disease could start a concomitant 
treatment after palbociclib initiation (immortal time bias). Second, the 
long-term set for comparing N-PPI versus LT-PPI patients. This set 
excluded patients treated with low exposure to the PPI treatment. 
Thirdly, the intent-to-treat set, which included all patients who had 
undergone randomization in the PARSIFAL trial. This analysis was 
planned to avoid selection bias. Moreover, we adjusted for multiplicity 
declaring a positive achievement only when all three analyses simulta
neously yielded statistically significant results. 

Investigator-assessed PFS based on concomitant use of PPI was 
assessed by Cox regression proportional-hazards models adjusted for 
patient characteristics to reduce bias from confounding factors such as 
age, Eastern Cooperative Oncology Group (ECOG) performance status, 
body mass index (BMI), type of disease, disease site, and number of 
disease sites. The survival estimates were calculated using the Kaplan- 
Meier method and 95% confidence intervals (CIs). The p-values and 
95% CIs for Hazard Ratio [HR] were calculated using the Wald test. The 
Breslow method for tie handling in survival analysis was used. The 
interaction terms between patient characteristics and concomitant use 
of PPI were evaluated in a model-based likelihood ratio test. Immortal 
time bias and misclassification for the intention-to-treat population were 
addressed by analyzing PFS with landmark analysis. We compared 
Kaplan–Meier estimates for the percentage of patients who were alive 
without disease progression at 12 months (1-year PFS) after different 
landmark times post randomization (3, 6, 12, 18, 24, and 30 months). 
Patients whose treatment duration was shorter than the landmark time 
were excluded. Patients who started PPI treatment before the landmark 
were assigned to the group of PPI users, while those who did not receive 
PPI before the landmark were assigned to the group of N-PPI. A similar 
approach was used for OS analysis. We analyzed Kaplan–Meier esti
mates for the percentage of patients who were alive at 3 years after the 
planned landmark times (3-year OS rate). The safety analysis was con
ducted with logistic regressions models adjusted for patient character
istics. The interaction between endocrine therapy and co-administration 
of PPI was evaluated in a model-based likelihood ratio test. For all 
endpoints two-sided p-values with an alpha ≤0.05 level of significance 
and 95% CI were used. The analysis of interaction terms was set at 0.1 
alpha level. As the primary objective of the PARSIFAL trial was not met, 
CIs and p-values in these post hoc analyses are intended to be descrip
tive. Analyses were done using the R software version 4.0.2. released on 
June 22, 2020. 

3. Results 

3.1. Study patients 

Of 486 patients randomized in the PARSIFAL study, 325 (66.9 %) 
were N-PPI. Among 161 (33.1 %) PPI users, 64 (13.2 %) were E-PPI, 91 
(18.7 %) were LT-PPI, and 56 (11.5 %) were other PPI users. Omepra
zole was the most prescribed PPI (80.7 %). Median PPI use was 15.9 
months (interquartile range [IQR] 0.9–52.2) for E-PPI, and 19.4 months 
(IQR 0.9–52.2) for LT-PPI. Compared with N-PPI, E-PPI and LT-PPI were 
older (median age, 60.5 versus [vs] 66.5 vs 67.0 years, respectively; p <
0.001), had a worse functional status (ECOG Performance Status of 0, 
60.0 % vs 34.0 % vs 43.0 %, respectively; p = 0.002), and had greater 
BMI (median BMI (Kg/m2) of 26.2 vs 26.9 vs 27.7; respectively; p =
0.009). Demographic and baseline disease characteristics in the overall 
PARSIFAL population and according to PPI use are reported in Table 1. 
Additional baseline characteristics are in Supplementary Table 1, with a 
summary of baseline characteristics for all patients combined and the 
group of ‘other PPI users’ in Supplementary Table 2. 

3.2. PPI use and palbociclib efficacy 

Data cutoff was January 31, 2020, when the target number of PFS 

Table 1 
Patient characteristics at baseline.  

Characteristic N-PPI (n =
325) 

PPI users (n 
= 161) 

E-PPI (n =
64) 

LT-PPI (n =
91) 

Age, years, median 
(range) 

60 (25–90) 66 (34–88) 67.5 
(34–88) 

68 (34–88) 

P value ref. <0.001 <0.001 <0.001 
Race 

Asian 1 (0.3) 2 (1.2) 0 0 
Black 3 (0.9) 1 (0.6) 0 0 
White 306 (94.2) 155 (96.3) 64 (100) 91 (100) 
Unknown 15 (4.6) 3 (1.9) 0 0 

P-value ref. 0.273 0.269 0.134 
ECOG performance status 

0 195 (60) 80 (49.7) 22 (34.4) 39 (42.9) 
1 120 (36.9) 67 (41.6) 36 (56.2) 42 (46.2) 
2 10 (3.1) 14 (8.7) 6 (9.4) 10 (11) 

P-value ref. 0.009 <0.001 <0.001 
BMI kg/m2, median 

(range) 
26.2 
(15.1–44.6) 

27.6 
(16.2–47.6) 

26.9 
(16.2–43.8) 

27.7 
(17.4–42.4) 

ref. 0.009 0.19 0.006 
≥30 80 (24.6) 49 (30.4) 18 (28.1) 26 (28.6) 
<30 245 (75.4) 112 (69.6) 46 (71.9) 65 (71.4) 

P value ref. 0.208 0.665 0.529 
Menopausal status 

Premenopausal 29 (8.9) 8 (5) 3 (4.7) 3 (3.3) 
Postmenopausal 296 (91.1) 153 (95) 61 (95.3) 88 (96.7) 

P-value ref. 0.172 0.38 0.119 
Duration of 

palbociclib 
treatment, 
months, median 
(IQR) 

25.5 
(12.2–34.6) 

24.6 
(11.8–33.8) 

20.4 
(9–28.6) 

20 
(9.5–31.2) 

P-value ref. 0.654 0.015 0.014 
HT administered in combination with palbociclib 

Fulvestrant 153 (47.1) 90 (55.9) 35 (54.7) 53 (58.2) 
Letrozole 172 (52.9) 71 (44.1) 29 (45.3) 38 (41.8) 

P-value ref. 0.083 0.329 0.078 
Type of disease     

De novo 130 (40) 68 (42.2) 25 (39.1) 36 (39.6) 
Recurrent 195 (60) 93 (57.8) 39 (60.9) 55 (60.4) 

P-value ref. 0.708 1 1 
Disease site     

Visceral 161 (49.5) 72 (44.7) 30 (46.9) 47 (51.6) 
Nonvisceral 164 (50.5) 89 (55.3) 34 (53.1) 44 (52.7) 

P-value ref. 0.366 0.8 0.813 
Number of disease 

sites     
<3 189 (58.2) 85 (52,8) 30 (46.9) 43 (47.3) 
≥3 136 (41.8) 76 (47.2) 34 (53.1) 48 (52.7) 

P-value ref. 0.306 0.127 0.083 
Measurable disease     

Yes 255 (78.5) 121 (75.2) 45 (70.3) 69 (75.8) 
No 70 (21.5) 40 (24.8) 19 (29.7) 22 (24.2) 

P-value ref. 0.481 0.209 0.694 
Previous treatment 

with PPI     
No 320 (98.5) 87 (54.0) 5 (7.8) 33(36.3) 
Yes 5 (1.5) < 74 (46.0) 59 (92.2) 58 (63.7) 

P-value ref. <0.001 <0.001 <0.001 
Duration of previous 

PPI treatment, n     
Months, median 
(IQR) 

2.1 (1.1- 
2.4) 

8.8 (1.6- 
49.7) 

9.1(1.6- 
53.9) 

9.2 (1.4- 
58.2) 

P-value ref. 0.255 0.271 0.258 
Type of concomitant 

PPI     
Omeprazole 0 130 (80.7) 54 (84.4) 74 (81.3) 
Pantoprazole 0 33 (20.5) 6 (9.4) 19 (20.9) 
Esomeprazole 0 24 (14.9) 4 (6.2) 14 (15.4) 
Lansoprazole 0 11 (6.8) 3 (4.7) 6 (6.6) 
Rabeprazole 0 3 (1.9) 2 (3.1) 3 (3.3) 

Treatment duration 
with concomitant 
PPI, n     
Months, median 
(IQR) 

0 11 
(0.9–52.2) 

15.4 
(2.4–52.2) 

18.1 
(9.1–52.2) 

(continued on next page) 
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events (n = 256) was met. There were 175 (53.8 %) events for N-PPI and 
81 (50.3 %) for PPI users (38 [59.4 %] in E-PPI and 54 [59.3 %] in LT- 
PPI]). Median follow-up for the whole study population was 32.0 
months. Median PFS was statistically significantly longer for the N-PPI, 
with a PFS of 28.7 months (95%CI 24.7–34.5), compared to 23.0 months 
(95%CI 16.5–28.4) in E-PPI (HR 1.5; 95%CI 1.0–2.2; p = 0.031) 
(Fig. 1a), and 23.0 months (95%CI 16.5–28.4) in LT-PPI (HR 1.4; 95%CI 
1.02–1.9; p = 0.036) (Fig. 1b). In the landmark comparison for patients 
who had at least a 3-month follow-up, 1-year PFS rate was also statis
tically significantly higher (HR 1.4; 1.0–2.0; p = 0.032), with a rate of 
77.4 % (95%CI 72.7–81.4) for N-PPI, compared to 76.6 % (95%CI 
65.4–84.5) in PPI users. Landmark comparison for patients with at least 
12 months of follow-up also showed a statistically significant difference 
(HR 1.5; 95%CI 1.0–2.2; p = 0.032), with a 1-year PFS rate of 76.4 % 
(95%CI 70.9–81) in N-PPI compared to 64.9 % (95%CI 52.8–74.6) in PPI 
users (Fig. 2). 

The number of deaths at data cutoff was 102 (21.0 %), with 62 (19.1 
%) in N-PPI, and 40 (24.8 %) in PPI (21 [32.8 %] in E-PPI, and 29 [31.9 
%] in LT-PPI). Three-year OS rate was statistically higher in N-PPI, with 
a rate of 81.1 % (95%CI 75.8–85.4) compared to 63.5 % (95%CI 
47.7–75.6) in E-PPI (HR 2.2; 95%CI 1.3–3.7; p = 0.004) (Fig. 3a) and 
62.0 % (95%CI 48.8–72.8) in LT-PPI (HR 2.1; 95%CI 1.3–3.4; p = 0.001) 
(Fig. 3b). In the landmark comparison for patients who had at least a 3- 
month follow-up, 1-year OS rate was also statistically higher for N-PPI, 

with a rate of 95.3 % (95%CI 92.6–97.1) compared to 89.5 % (95%CI, 
81.4%–94.2 %) in PPI users (HR 2.1; 95%CI 1.3–3.3; p = 0.002). 
Landmark comparisons for patients who had at least a 6-, 12-, and 18- 
months follow-up also showed 1-year OS rate that statistically favored 
N-PPI, with a rate of 93.0 %, 93.5 %, and 93.7 %, respectively, in N-PPI 
compared with 87.0 % (p = 0.004), 87.4 % (p = 0.005), and 85.5 % (p =
0.03), respectively, for PPI users (Fig. 4). 

3.3. PPI use and palbociclib safety 

PPI use and safety data is reported in Fig. 5. The incidence of grade 3 
or 4 hematological AEs was statistically significantly higher (p = 0.025) 
for N-PPI, with a rate of 71.7 % (95%CI 66.5–66.5) in N-PPI compared to 
61.5 % (95%CI 53.5–69.0; p = 0.025) in all PPI users (E-PPI: 57.8 %, p =
0.025; LT-PPI: 54.9 %; p = 0.003). Grade 3 or 4 neutropenia occurred 
statistically more frequently (p = 0.003) for N-PPI (71.1 %; 95%CI 
65.8–75.9) compared to PPI users (57.8 %; 95%CI, 49.7–65.5). Addi
tionally, dose reductions and dosing delays due to hematological 
toxicity were also statistically more common (p = 0.005) for N-PPI 
(70.8 %; 95%CI 65.5–75.7) than for PPI users (57.8 %; 95%CI 
49.7–65.5). 

3.4. Subgroup analyses 

Subgroup analysis on progression-free survival was performed on N- 
PPI compared to both E-PPI (Supplementary Fig. 1) and to LT-PPI 
(Supplementary Fig. 2). For N-PPI vs. E-PPI, a statistically significant 
interaction (p = 0.05) was noted between relative dose intensity of 
palbociclib (≥95 % vs. <95 %) and PPI coadministration for PFS. Pa
tients with a relative dose intensity of palbociclib ≥95 % had a median 
PFS of 29.7 months (95%CI 23.9–NA) for N-PPI compared to 21.5 
months (95%CI 9.3–33.0) for E-PPI (HR 2.5; 95%CI 1.4–4.5; p = 0.003). 
This effect was not seen in N-PPI vs. LT-PPI use (Supplementary Fig. 2). 
PPI use did not have an observed effect for patients with relative dose 
intensity of palbociclib <95 % for either type PPI user. Another statis
tically significant interaction emerged between type of disease (de novo 
vs. recurrent) and PPI coadministration for PFS (N-PPI vs. E-PPI; p =
0.012; Supplementary Fig. 1). For patients with de novo disease, median 
PFS was longer for N-PPI, with a PFS of 31.6 months (95%CI 24.6–40.9) 
compared to only 20.9 months (95%CI 15.2–24.4) in E-PPI (HR 2.6; 95% 

Table 1 (continued ) 

Characteristic N-PPI (n =
325) 

PPI users (n 
= 161) 

E-PPI (n =
64) 

LT-PPI (n =
91) 

Time to PPI 
treatment start 
since 
randomization, n     
Months, median 
(IQR) 

0 1 (0–13.5) 0 0 (0–2.7) 

NOTE. Data presented as No. (%) unless otherwise noted. 
Abbreviations: E-PPI, early PPI users; ECOG, Eastern Cooperative Oncology 
Group; HT, Hormone therapy; IQR, Interquartile range, defined as percentile 25 
and percentile 75; LT-PPI, Long-term PPI users; N-PPI, PPI naïve; PPI, Proton- 
pump-inhibitors; Range, minimum and maximum values; Ref, reference 
category. 

Fig. 1a. Progression-free survival between N-PPI and E-PPI users 95 % CI: 95 % confidence interval; HR: Hazard ratio; E-PPI, Early PPI user; N-PPI, PPI naïve; PFS: 
Progression-free survival; PPI: Proton pump inhibitors. 
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Fig. 1b. Progression-free survival between N-PPI and LT-PPI users. Abbreviations: 95 % CI, 95 % confidence interval; HR, Hazard ratio; LT-PPI, Long term PPI user; 
N-PPI, PPI naïve; PFS, progression-free survival; PPI, proton pump inhibitors. 

Fig. 2. Landmark analysis of progression-free survival at 3, 6, 12, 18, 24, and 30 months in N-PPI and PPI users. Abbreviations: 95 % CI, 95 % confidence interval; 
HR, Hazard ratio; Mo, months; N-PPI, PPI naïve; Nr, number; PFS, progression-free survival; PPI, proton pump inhibitors; Ref: reference category. 
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CI 1.5–4.3; p < 0.001). No difference was noted for patient with 
recurrent disease. Similar interactions with type of disease were 
observed for N-PPI vs. LT-PPI (p = 0.024). In patients with de novo 
disease, median PFS was 31.6 months (95%CI 24.6–40.9) for N-PPI 
compared to only 16.6 months (95%CI 10.8–24.4) in LT-PPI (HR 2.2; 
95%CI 1.4–3.5; p = 0.001) (Supplementary Fig. 2). No other significant 
interactions were noted in the rest of the baseline characteristics (Sup
plementary Figs. 1 and 2). 

4. Discussion 

This exploratory analysis suggests that PPI use could be associated 
with reduced palbociclib capsule efficacy, hematological toxicities, and 
dose modifications in HR+/HER2- ABC patients, which were evident in 

early and/or sustained PPIs users. 
Preclinical models and studies with healthy volunteers demonstrate 

that the reduction in absorption of palbociclib capsule at pH values 
above 4.5 is abrogated by food intake [12]. Therefore, PPI use is not 
contraindicated for palbociclib capsules when taken with food. How
ever, two retrospective studies reported a detrimental effect of PPI on 
the efficacy of CDK4/6i regimens in ABC patients, particularly palbo
ciclib [13,14]. Our exploratory analysis on the PARSIFAL study seems to 
show that patients using PPI experienced less toxicities and dose re
ductions but also a shorter PFS with palbociclib capsules. While we 
recognize that patients on PPI were elderly and had a worse perfor
mance status which could account for the differences in PFS, it could not 
explain the improved safety profile. However, we lack the pharmaco
kinetic data to further explore this observation. 

Fig. 3a. Overall survival between N-PPI and E-PPI users. 95 % CI: 95 % confidence interval; HR: Hazard ratio; E-PPI, Early PPI user; N-PPI, PPI naïve; OS: overall 
survival; PPI: Proton pump inhibitors. 

Fig. 3b. Overall survival between N-PPI and LT-PPI users. 95 % CI: 95 % confidence interval; HR: Hazard ratio; LT-PPI, Long term PPI user; N-PPI, PPI naïve; OS, 
overall survival; PPI: Proton pump inhibitors. 

S. Di Cosimo et al.                                                                                                                                                                                                                              



The Breast 76 (2024) 103761

7

Fig. 4. Landmark analysis of overall survival at 3, 6, 12, 18, 24, and 30 months in N-PPI and PPI users. 95 % CI: 95 % confidence interval; HR: Hazard ratio; Mo: 
months; N-PPI, PPI naïve; Nr. Number; PFS: Progression-free survival; PPI: Proton pump inhibitors; ref: reference category. 

Fig. 5. Hematological adverse events in N-PPI and PPI users. Abbreviations: AEs, Adverse events; E-PPI, early PPI users; LT-PPI, Long-term PPI users; N-PPI, PPI 
naïve users; PPI: Proton pump inhibitors. 
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The strengths of this study include the sample size, prospective 
cohort design, the adjustment for main confounders, and an advanced 
analytical model. We used PARSIFAL longitudinally collected data from 
486 patients on concomitant medications, including PPI- type, duration, 
and timing of use. The number of patients enrolled allowed us to miti
gate challenges posed by drug-drug interaction studies [16]. Specif
ically, the potential immortal time bias and misclassification were 
handled using landmark analyses. If we had considered PPI users as 
being exposed from the date of entry into the PARSIFAL study, we would 
have introduced an immortal time bias because progression and/or 
death cannot occur before receiving the first PPI dispensation after 
enrollment [17]. Additionally, it is important to account for a latency 
period of the drug effect and reduce the potential protopathic bias be
tween symptoms of gastroesophageal reflux disease and PPI prescription 
[18]. 

The PARSIFAL study did not achieve its primary endpoint, finding 
comparable efficacy between letrozole and fulvestrant [15]. The current 
analysis does not compromise these results, as no trends were noted 
between PPI use and either drug. Both endocrine therapies pointed in 
the same direction, further confirming the already known drug-drug 
interaction between concomitant use of PPI and the use of palbociclib 
capsule formulation. 

Real-world studies have explored palbociclib and PPI interactions. 
Del Re and colleagues analyzed 112 endocrine sensitive or resistant 
patients with 50.0 % of them being on long PPI and saw a strong dele
terious impact on PFS (HR 2.77) [13]. Eser and colleagues explored the 
effect of PPI on palbociclib or ribociclib regimens in 217 patients and 
noted stronger differences (HR 7.85 for palbociclib, HR 2.90 for ribo
ciclib) [14]. In our study, differences related to PPI use are less signifi
cant (HR 1.5), potentially due to the previous studies being retrospective 
and less patients. In PARSIFAL, omeprazole was the most prevalent PPI 
agent whereas more potent PPIs as lansoprazole or pantoprazole were 
commonly used in the retrospective studies [19]. Finally, unlike the 
PALOMA-2 and 3 studies, which had an early amendment prohibiting 
the use of PPIs, the PARSIFAL study permitted the concomitant use of 
palbociclib capsules and PPI but patients were instructed to take pal
bociclib capsules under fed conditions [20,21], although patients could 
not have followed the recommendations, and may be a limiting factor of 
the study. 

We performed two different analyses on PPI exposure to provide 
conclusive evidence of a relationship between time exposure and 
outcome. The first analysis was on patients already on a PPI at the time 
of inclusion, defined as E-PPI, and the second on patients that were on a 
PPI at least two thirds of the time that they were taking palbociclib (LT- 
PPI). In both analyses, after considering other prognostic factors in 
multivariable analysis, the effects of PPI on PFS outcomes were consis
tent; with an HR of 1.5 and 1.4, respectively. Interestingly, among 56 
PPI users defined as neither E-PPI nor LT-PPI, the median time on PPI 
was only 1.4 months, and the median PFS was 31 months. This PFS was 
superior to any other patient group, including those PPI naïve, sug
gesting a possible immortal time bias effect. 

Although our analysis identified a potential impact of PPI use on OS, 
differences in patient characteristics, particularly age and performance 
status, may have played a role. Additionally, the number of events at the 
time of the final analysis was still small. Of note, palbociclib has not 
shown a significant OS gain in any of the two registration studies. The 
reasons behind this lack of benefit may be the broad patient criteria in 
PALOMA-3 and the lower power for statistical analysis of OS in 
PALOMA-2 [21]. However, large real-world studies report a clear 
benefit in survival for palbociclib in the general population [22]. 

It is intriguing that this analysis found an association between PPIs 
treatment with reduced palbociclib capsule efficacy is stronger in pa
tients with de novo advanced breast cancer, however, it is based on a 
post-hoc subgroup analysis and should be considered with caution given 
the small sample size. 

Other oral anticancer agents with pH-dependent absorption have 

also reported possible negative effect of PPI coadministration and 
recommend avoiding PPI use concomitantly with anticancer treatments 
[23–26]. It’s important to note that the PARSIFAL study utilized pal
bociclib capsules but a new tablet formulation replacing capsules has 
been released and is associated with a lower interaction with PPI. In 
healthy subjects, a single 125 mg palbociclib capsule with multiple doses 
of rabeprazole under fasted conditions decreased palbociclib absorption 
but administration of a single 125 mg palbociclib tablet under the same 
conditions had no effect [12]. Additionally, a recent retrospective found 
that PPI use with palbociclib tablets did not significantly reduce PFS in 
patients with HR+/HER2 ABC [27]. 

Since the solubility and absorption of CDK4/6 inhibitors depends on 
different pH, it is important to consider drug-drug interactions. PPI 
cause gastric pH changes and therefore may alter the oral bioavailability 
of agents that have pH dependent solubility. However, the interactions 
appear to be different among the three main CDK4/6 inhibitors specif
ically when palbociclib is in the capsule formulation. It has been noted 
that ribociclib exhibits different dissolution properties than palbociclib 
capsules, and therefore concomitant PPI use has been found to have less 
or no effect on ribociclib efficacy [14,28,29]. Similarly, no effect has 
been noted with abemaciclib [30]. It should be noted that the phar
maceutical formulation (capsules vs. tablets) impacts absorption and 
consequent efficacy. For palbociclib, concurrent PPI use with palbociclib 
capsules has been associated with reduced PFS, an effect not observed 
with concurrent PPI use and palbociclib tablets [27]. 

Potential interactions from PPIs were not suspected when the study 
was designed, therefore, indications for PPI use were not collected and 
may be a confounding factor. Given the retrospective nature of this 
exploratory study, inaccuracies regarding concomitant medication may 
have occurred and the use of over-the-counter PPIs could have not been 
captured during the study’s implementation. The lack of pharmacoki
netic data prevented us from fully corroborating an overall neutral effect 
and a possible detrimental effect due to reduced absorption among 
elderly or functionally impaired patients independently of PPI. 

In conclusion, this exploratory analysis of PARSIFAL suggests a 
detrimental effect of PPI on the anti-tumor efficacy of palbociclib 
capsule in unadjusted, adjusted, and timing-dependent covariate sur
vival analyses. Studies on oral therapies should consider concomitant 
therapies, especially for frailer populations who are higher consumers of 
drugs but also seem particularly susceptible to drug interactions. 
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