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A B S T R A C T   

Introduction: In addition to clinical trials, real-world data is needed to verify the effectiveness of the CDK 4/6 
inhibitor palbociclib. The primary aim was to examine real-world variation in treatment modification strategies 
for neutropenia and its relation to progression-free survival (PFS). The secondary aim was to assess if there is a 
gap between real-world and clinical trial outcomes. 
Materials and Methods: In this multicenter, retrospective observational cohort study 229 patients were analyzed 
who started palbociclib and fulvestrant as second- or later-line therapy for HR-positive, HER2-negative meta
static breast cancer in the Santeon hospital group in the Netherlands between September 2016 and December 
2019. Data were manually retrieved from patients’ electronic medical records. PFS was examined using the 
Kaplan-Meier method to compare neutropenia-related treatment modification strategies within the first three 
months after neutropenia grade 3 – 4 occurred, as well as patients’ eligibility to have participated in the 
PALOMA-3 clinical trial or not. 
Results: Even though treatment modification strategies differed from those in PALOMA-3 (dose interruptions: 
26 vs 54%, cycle delays: 54 vs 36%, and dose reductions: 39 vs 34%), these did not influence PFS. Patients who 
were PALOMA-3 ineligible experienced a shorter median PFS than those who were eligible (10.2 vs. 14.1 months; 
HR 1.52; 95% CI 1.12 – 2.07). An overall longer median PFS was found compared to PALOMA-3 (11.6 vs. 9.5 
months; HR 0.70; 95% CI 0.54 – 0.90). 
Conclusion: This study suggests no impact of neutropenia-related treatment modifications on PFS and confirms 
inferior outcomes outside clinical trial eligibility.   

1. Introduction 

Oncology patients are often informed on their drug’s effectiveness 

using the results of clinical trials. Clinical trials provide fundamental 
evidence on a drug’s performance by matching study groups and con
trolling for key sources of bias. However, due to trial selection and 

Abbreviations: CDK 4/6, cyclin-dependent kinases 4 and 6; ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor receptor 2; HR, 
hormone receptor; PFS, progression-free survival. 
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restrictive enrolment criteria, this evidence, needed for regulatory 
approval, may not hold for the population at large that will be using the 
drug. Additional real-world evidence is needed to completely judge the 
drug’s impact [3,13,14]. 

Since November 2016, palbociclib, a first-in-class cyclin-dependent 
kinases 4 and 6 (CDK 4/6) inhibitor, is available in the Netherlands for 
the treatment of hormone receptor (HR)-positive, human epidermal 
growth factor receptor 2 (HER2)-negative metastatic breast cancer [6]. 
In the phase-2 and − 3 clinical trials (PALOMA-2 and − 3) [5,7], the 
combination of palbociclib with either letrozole or fulvestrant signifi
cantly improved progression-free survival (PFS) for women compared to 
those using letrozole or fulvestrant alone. Neutropenia was found to be 
the most common toxicity [7,19]. Regardless of these episodes of neu
tropenia, patients reported consistently good quality of life and overall 
health throughout the first six months of treatment [16]. 

Generally, data from real-world experiences have confirmed palbo
ciclib’s effectiveness and tolerability in various unselected populations 
[10]. Frequencies of toxicity seem comparable, however, there seems to 
be a difference between the clinical trials and real-world setting in how 
episodes of neutropenia are managed [2,8,22]. For instance, a study in 
the Netherlands showed that more cycle delays, less dose reductions, 
and less dose interruptions occurred in clinical practice compared with 
PALOMA-3 [2]. From a pharmacokinetic perspective the exposure to 
palbociclib over time differs between aforementioned treatment modi
fication strategies and, although evidence is inconclusive [8,12,15,22], 
it is not inconceivable that this might impact effectiveness. 

The primary aim of the present study was to examine real-world 
variation in treatment modification strategies for neutropenia and its 
relation to PFS in patients who started using palbociclib and fulvestrant 
in second- or later-line therapy of HR-positive, HER2-negative meta
static breast cancer. The secondary aim was to assess if there is an 
efficacy-effectiveness gap between the real-world and clinical trial 
setting. 

2. Materials and methods 

Six large teaching hospitals of the Santeon hospital group, the 
Netherlands, participated in this study: the St. Antonius Hospital 
(Utrecht / Nieuwegein), Martini Hospital (Groningen), Canisius- 
Wilhelmina Hospital (Nijmegen), Catharina Hospital (Eindhoven), 
OLVG (Amsterdam) and Maasstad Hospital (Rotterdam). Five hospitals 
provided a list of patients that received at least one dose of palbociclib 
for the treatment of HR-positive, HER2-negative metastatic breast can
cer between September 2016 and December 2019 through the Santeon 
Farmadatabase [18], and one hospital provided a patient list from their 
own data. In total, 320 female patients aged 18 years and older were 
identified. 

For this study, 229 out of 320 patients who used palbociclib (125 mg) 
and fulvestrant (500 mg) in second- or later-line therapy were selected: 
75 patients with other medication combinations (mainly with letrezol as 
first-line therapy), 6 patients with a different or unknown start dose, 9 
patients with unknown start or end of treatment dates, and 1 patient in 
the neoadjuvant setting were excluded. For every patient, start date of 
treatment, reason for ending treatment and related dates were manually 
retrieved from their electronic medical records, together with all records 
of reported side effects, toxicities and treatment modifications, and their 
timing relative to treatment start date. Side effects and toxicities were 
graded in accordance with the Common Terminology Criteria for 
Adverse Events (CTCAE, version 4.0). Data were collected between 30 
November 2020 and 22 March 2022 and stored in a de-identified fashion 
in REDCap [11], hosted at the St. Antonius Hospital (Utrecht / 
Nieuwegein). 

The analyses were conducted using IBM SPSS Statistics 26. 
Descriptive statistics were used to report data on patient characteristics, 
and the frequency and timing of all side effects and toxicities, and the 
frequency of all treatment modification strategies. In line with PALOMA- 

3 [5], the primary outcome was PFS, defined as the time from the start of 
treatment to either disease progression or death, whichever occurred 
first. Patients with end of treatment due to side effects, toxicities or other 
reasons (e.g., an operation) were censored. PFS was examined in R using 
the Kaplan-Meier method combined with the log-rank test. 

For the primary aim, survival curves were compared based on pa
tients’ exposure to treatment modification strategies in response to 
neutropenia. First, for each patient it was checked whether neutropenia 
grade 3 – 4 occurred in the first half year after the start of treatment. 
Then, it was examined which treatment modification strategies were 
used for these patients in the first three months after neutropenia 
occurred. Patients were grouped into frequent scenarios, including those 
who experienced: no treatment modification (‘no’), at least one dose 
interruption and / or cycle delay (‘interruption’), and at least one dose 
reduction and one dose interruption and / or cycle delay (‘reduction and 
interruption’). PFS was based on the date neutropenia grade 3 – 4 
occurred instead of the treatment start date. 

In line with the secondary aim, the real-world PFS was compared 
with the clinical trial PFS using external reference data [5]. Hazard ra
tios were assessed by first digitizing the clinical trial Kaplan-Meier curve 
with the R-package ‘digitize’. The extracted date points for survival 
probability were used for reconstructing the Kaplan-Meier curve with 
the algorithm as described by Guyot et al. [9]. The coordinates of the 
Kaplan-Meier curve from the published graph were read with the 
R-coding script by Guyot et al. [9], together with the information on 
numbers at risk and total number of events, to reconstruct the 
Kaplan-Meier data. With this reconstructed individual patient data, 
Kaplan-Meier curves and Cox hazard ratios were estimated using the R 
routines ‘survfit’ and ‘coxph’. Next, real-world survival curves were 
compared based on patients’ compliance to the PALOMA-3 inclusion 
criteria: an Eastern Cooperative Oncology Group (ECOG) performance 
status 0 – 1, and a disease measurable by RECIST (version 1.1) or bone 
disease only. Disease relapse or progression had to occur after prior 
endocrine therapy (with an aromatase inhibitor for postmenopausal 
patients or with tamoxifen for pre- or perimenopausal patients) in the 
advanced setting or during treatment or within 12 months of completion 
of the adjuvant therapy. One prior line of chemotherapy was allowed. 
Patients were not eligible if they had previously received any CDK in
hibitor, fulvestrant, everolimus, or PI3K/mTOR pathway inhibitor; or 
had extensive metastatic, symptomatic, visceral spread who were at the 
risk of life-threatening complications in the short-term, or had uncon
trolled central nervous system metastases. 

3. Ethics 

Bureau Onderzoek & Innovatie of Santeon, the Netherlands, 
approved this study (reference number 2020–011). Informed consent 
was waived due to the retrospective nature of the study in the metastatic 
breast cancer setting. 

4. Results 

In this study, 229 patients were studied with a median follow-up of 
34.8 months. Median age was 65 years (range 38 – 87) compared with 
57 years in PALOMA-3 (range 30 – 88) (see Table 1), with 10% having 
an ECOG performance status ≥ 2. Patients had more previous lines of 
endocrine treatment (45% had ≥ 3 lines compared with 14% in 
PALOMA-3), and patients more often received chemotherapy for the 
treatment of their metastatic breast cancer (37% vs. 33%). 

Most hematological toxicities (Table 2) and non-hematological side 
effects (Table 3) from palbociclib occurred similarly in the real-world 
compared to the PALOMA-3 clinical trial. In general, real-world pa
tients more often reported side effects, especially related to fatigue and 
decreased appetite. During treatment, neutropenia grade 3 – 4 was 
experienced by 60% of the patients, compared to 65% in PALOMA-3. 
Side effects and toxicities most often started during the first half year 
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of treatment. Treatment modification strategies were mostly used to 
treat neutropenia. In total, 26% of the 229 patients experienced at least 
one dose interruption, 54% had at least one cycle delay, and 39% had at 
least one dose reduction during treatment, compared with respectively 
54%, 36%, and 34%, in PALOMA-3. Also, 5% of the 229 patients had 
other treatment modification strategies (e.g. taking palbociclib every 
other day or for 2 weeks instead of 3, or having a 2-week break instead of 
1 each treatment cycle). 

In total, 24 (11%) patients were still on treatment when data 
collection ended; 178 (78%) and 4 (2%) patients discontinued treatment 
respectively due to disease progression and disease-related death. Also, 
19 (8%) and 4 (2%) patients discontinued treatment respectively due to 
side effects or toxicities, and other reasons (e.g. an operation). The 
overall real-world median PFS was 11.6 months compared with 9.5 
months in PALOMA-3 (HR 0.70; 95% CI 0.54 – 0.90) (see Fig. 1). 

Neutropenia grade 3 or higher was experienced by 123 patients in 
the first half year of treatment. Grouped towards frequent scenarios, 39 
patients (32%) had no medication alterations, 39 patients (32%) had an 
interruption and 38 patients (31%) had a reduction and interruption. 
Patients did not significantly differ in their median PFS according to the 
treatment modification strategy (see Fig. 2). 

In total, 93 patients (41%) met the eligibility criteria for the 
PALOMA-3 clinical trial. In this study, patients would have mainly been 
excluded from participation in PALOMA-3 due to prior treatment with 
fulvestrant, everolimus and / or multiple lines of chemotherapy, and 
tamoxifen (for postmenopausal patients). Patients who did not meet the 
PALOMA-3 eligibility criteria showed a significantly shorter median PFS 
compared with patients that did meet the PALOMA-3 eligibility criteria 
(10.2 vs. 14.1 months; HR 1.52; 95% CI 1.12 – 2.07) (see Fig. 3). 

5. Discussion 

The primary aim of the present study was to examine real-world 
variation in treatment modification strategies for neutropenia and its 
relation to PFS in patients who started using palbociclib and fulvestrant 
in second- or later-line therapy of HR-positive, HER2-negative meta
static breast cancer. The secondary aim was to assess if there is an 
efficacy-effectiveness gap between the real-world and clinical trial 
setting. 

Most hematological toxicities and non-hematological side effects 
from palbociclib occurred similarly in the real-world compared to the 
PALOMA-3 clinical trial. In response, treatment modification strategies 
varied widely in the real-world setting. Although dose reductions 
occurred more or less as often (39 vs 34%), patients experienced less 
dose interruptions (26 vs 54%), more cycle delays (54 vs 36%) and 
alternative treatment modification strategies (5%) than patients 
participating in PALOMA-3. These findings are comparable with Bui 
et al. [2], except for dose reductions that occurred less often in that 
study. More importantly, the variety in treatment modification strate
gies that were used in the first three months after neutropenia grade 3 – 
4 occurred did not seem to affect PFS. Even though hospitals may not 
follow the guidelines regarding neutropenia [6], this study suggests that 
this does not impact the effectiveness of palbociclib and fulvestrant. 

Remarkably, this study demonstrated median PFS to be longer in the 
real-world than in the clinical trial setting (11.6 vs 9.5 months). This 
difference in median PFS was even longer within patients that did meet 
the PALOMA-3 eligibility criteria (14.1 vs 9.5 months). As in PALOMA-3 
the date of randomization was used to calculate PFS instead of the 

Table 1 
Baseline characteristics of patients in the PALOMA-3 and real-world population.   

PALOMA-3 
(N = 347) 

Real-world 
(N = 229)    

Missing 

Median age, years (range) 57 (30 – 88) 65 (38 – 
87)  

ECOG performance status    
0 – 1 347 (100%) 201 (90%) 5 
≥ 2 0 23 (10%)  
Number of previous lines of endocrine 

treatment    
1 160 (46%) 17 (7%)  
2 140 (40%) 108 (47%)  
≥ 3 47 (14%) 104 (45%)  
Previous chemotherapy 113 (33%) 84 (37%)   

Table 2 
Hematological toxicities of patients in the PALOMA-3 and real-world 
population.   

PALOMA- 
3 
(N = 345) 

Real- 
world 
(N = 229) 

Real-world 
(N = 229)  

Grade 3 – 
4 

Grade 3 – 
4 

Time between start treatment and 
occurrence of toxicity1  

≤ 6 
months 

> 6 – 12 
months 

> 12 
months 

Neutropenia 224 
(65%) 

137 
(60%) 

123 
(90%) 

9 (7%) 5 (4%) 

Leukopenia 147 
(43%) 

69 (30%) 57 
(83%) 

5 (7%) 7 (10%) 

Thrombocytopenia 10 (3%) 10 (4%) 6 (60%) 1 (10%) 3 (30%) 
Anemia 10 (3%) 14 (6%) 9 (64%) 1 (7%) 4 (29%)  

1 Neutropenia categorized based on first event; others based on timing lowest 
cell counts during follow-up. 

Table 3 
Non-hematological side effects of patients in the PALOMA-3 and real-world 
population.   

PALOMA-3 
(N = 345) 

Real-world 
(N = 229) 

Real-world (N = 229)  

Any grade Any grade Time between start treatment and 
first occurrence of side effect    

≤ 6 
months 

> 6 – 12 
months 

> 12 
months 

Infections 144 (42%) 76 (33%) 49 
(65%) 

11 
(14%) 

16 
(21%) 

Fatigue 135 (39%) 166 (72%) 144 
(87%) 

15 (9%) 7 (4%) 

Decreased 
appetite 

52 (15%) 83 (36%) 63 
(76%) 

11 
(13%) 

9 (11%) 

Stomatitis 43 (12%) Grouped 
together: 150 
(66%) 

131 
(87%) 

10 (7%) 9 (6%) 

Nausea 112 (33%)    
vomiting 58 (17%)    
Diarrhoea 74 (21%)    
Rash 52 (15%) 31 (14%) 21 

(68%) 
5 (16%) 5 (16%) 

Alopecia 58 (17%) 52 (23%) 37 
(71%) 

11 
(21%) 

4 (8%) 

Asthenia 24 (7%) 26 (11%) 14 
(54%) 

9 (35%) 3 (12%) 

Pyrexia 38 (11%) 32 (14%) 24 
(75%) 

3 (9%) 5 (16%) 

Dry skin 20 (6%) 19 (8%) 12 
(63%) 

5 (26%) 2 (11%) 

Vision blurred 20 (6%) Grouped 
together: 66 
(29%) 

47 
(71%) 

10 
(15%) 

9 (14%) 

Lacrimation 
increased 

20 (6%)    

Dry eye 11 (3%)    
Dysgeusia 23 (7%) 49 (21%) 39 

(80%) 
7 (14%) 3 (5%) 

Epistaxis 22 (6%) 30 (13%) 27 
(90%) 

1 (3%) 2 (7%) 

Febrile 
neutropenia 

3 (1%) 1 (0%) 1 
(100%)    
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Fig. 1. Kaplan-Meier curve of PFS in the PALOMA-3 (N = 347) and real-world (N = 229) population.  

Fig. 2. Kaplan-Meier curves of PFS based on patients’ exposure to treatment modification strategies in response to neutropenia (N = 116).  

Fig. 3. Kaplan-Meier curves of PFS among patients who did and did not meet the PALOMA-3 eligibility criteria (N = 229).  
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treatment start date as in the present study, this may cause even an 
underestimated PFS in the real-world setting. The longer real-world PFS 
seems counterintuitive, as patients in clinical practice overall had a 
poorer performance status and were more heavily pre-treated. More 
thorough clinical and radiological assessments in the PALOMA-3 clinical 
trial may explain this finding. First, tumor assessment took place every 
eight weeks compared to less frequent assessments up to every 12 weeks 
in routine care [2]. Second, in PALOMA-3, disease progression was 
based on an uniform interpretation of computed tomography (CT) and / 
or magnetic resonance imaging (MRI), while in clinical practice, the 
oncologist’s interpretation of imaging scans and / or the patient’s clin
ical status were leading [22]. In clinical practice, physicians may have a 
higher threshold to stop or change therapy in response to minor imaging 
changes, and perhaps associated clinical deterioration. Physicians may 
await the results of the next tumor assessment, twelve weeks later, 
before concluding progression and changing therapy. This approach, 
however, could also lead to a possible delay in starting effective 
consecutive therapies and consequently a suboptimal overall survival. A 
logical next step to explore this further will be to compare overall sur
vival from this cohort with the long-term follow-up data from 
PALOMA-3. Now, this is not possible yet because the majority of the 
patients in the present cohort are still alive. If future research supports 
our assumption that assessment bias influences real-world PFS, then we 
may need to rethink patient’ assessment strategies to decrease the 
efficacy-effectiveness gap. 

This study used high quality real-world data to complement clinical 
trial results, by thoroughly reviewing patients’ medical records in a 
multicenter, unselected real-world cohort with a relatively long follow- 
up time. However, some study limitations need to be considered when 
interpreting the findings. The SONIA study [17] was carried out at the 
same time as this study. The aim of the SONIA study is to evaluate 
whether the sequence of an aromatase inhibitor plus CDK 4/6 in the 
first-line followed by fulvestrant in second-line is superior to the 
sequence of an aromatase inhibitor in first-line followed by fulvestrant 
plus CDK 4/6 in second-line. Consequently, the guidelines regarding 
neutropenia [6] may more often have been adopted in this study, 
causing less diversity in treatment modification strategies. Moreover, 
laboratory diagnostics, including neutropenia, may have been taken at 
different frequencies and time points in the treatment cycle of patients. 
Also, patients may have experienced treatment modifications due to 
other side effects in the three months period after neutropenia grade 3 – 
4 occurred, that were not taken into account, effecting aforementioned 
findings. The manual collection of patient data from electronic medical 
records may have left room for human error. Disease and treatment 
information may have been incomplete or overlooked, as standardized 
registration of side effects and treatment modifications does not take 
place in all patients’ electronic medical records. Patients self-reporting 
of side effects through open-ended questioning by health care providers 
during monthly clinic visits may have introduced unintended under
reporting of the number and type of side effects patients experience. 
However, this is likely less the case for (observable) side effects and 
laboratory diagnostics, such as neutropenia [1]. 

In addition to clinical trial results, data from real-world settings 
could offer patients an overview of what can be expected from a treat
ment. Therefore, an effort should be made to provide patients with 
personalized, up-to-date information on the outcomes of care delivery 
within the hospital in which they are being treated. It may help them to 
consider their options from a personal view (e.g. how important the 
drugs’ possible benefits and harms may be to them) [4]. In the case of 
palbociclib and fulvestrant, informing patients that treatment modifi
cation strategies do not seem to impact the drugs’ effectiveness may help 
reduce patients’ anxiety for worse outcomes when faced with a dose 
alteration. This will result in patients being more involved in care de
cisions together with their health care providers (e.g. do we start or 
continue treatment) and a better understanding of the course of the 
treatment process. Even in cases of ‘effective’ health services, where 

there is no equally good alternative as usual in shared decision-making, 
it can still be of value to better inform patients during the care process 
leading to higher patient satisfaction and compliance [20,21]. 

6. Conclusions 

This study showed no impact of neutropenia-related treatment 
modifications on PFS and confirms inferior outcomes outside clinical 
trial eligibility in patients who started using palbociclib and fulvestrant 
in second- or later-line therapy of HR-positive, HER2-negative meta
static breast cancer. 
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