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Summary
Background In hormone-receptor positive/HER2-negative metastatic breast cancer (mBC) no randomized
comparisons are available between CDK4/6 inhibitors. We undertook this systematic review and meta-analysis to
assess the reliability of the likelihood of being helped or harmed (LHH).

Methods PubMed, CENTRAL, Embase and oncological meetings websites were searched to September 13th, 2022.
We included phase III randomized controlled trials (RCTs) investigating palbociclib, ribociclib and abemaciclib in
addition to endocrine therapy (ET) compared to placebo in hormone-receptor positive/HER2-negative advanced or
mBC. Outcomes were progression-free survival (PFS), overall survival (OS), adverse events (AEs), dose reductions
and discontinuations. Hazard ratios (HRs) and risk differences were computed with a random effect model to
estimate the number needed to treat/harm (NNT/NNH). LHH was computed as (1/NNT)/(1/NNH). PROSPERO
registration number: CRD42022362417.

Findings 2204 records were screened and seven RCTs (4415 patients) were included. A significant PFS benefit was
observed in patients treated with a CDK4/6 inhibitor compared to placebo (HR 0.549; 0.508–0.594, I2 = 0). Palbociclib,
ribociclib and abemaciclib had similar NNTs (4.4, 5.0 and 4.4). Palbociclib and ribociclib showed lower LHHs for
grade 3-4 neutropenia (0.33 and 0.35) and febrile neutropenia ([FN], 14.27 and 15.52), while abemaciclib the lowest
LHH for any grade diarrhea (0.42). Abemaciclib had a lower LHH for grade 3-4 fatigue (9.92) and the highest LHH
for all grade 3-4 AEs (0.62), while ribociclib the lowest LHH (1.75) for grade 3-4 hepatotoxicity. Palbociclib had the
highest LHH for dose reductions and discontinuations (0.65 and 6.17). Considering OS, an overall benefit was
observed (HR 0.788, 0.727–0.856, I2 = 0%); ribociclib and abemaciclib had lower NNTs (9.7 and 10.0). Ribociclib
showed the highest LHH for diarrhea (1.29), fatigue (7.37), dose reductions (0.28) and discontinuations (2.40), while
abemaciclib the highest LHHs for neutropenia (0.40), FN (12.53) and hepatotoxicity (2.23).

Interpretation Palbociclib and ribociclib showed lower LHHs for haematological toxicities and abemaciclib for
diarrhea. Palbociclib confirmed to be a manageable drug. The LHH appears to be a reliable synthesis tool for
balancing risks and benefits of experimental drugs when head-to-head comparisons are missing.
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Research in context

Evidence before this study
In the last few years, CDK4/6 inhibitors deeply changed the
treatment landscape in hormone-receptor-positive/HER2-
negative breast cancer: palbociclib, ribociclib and abemaciclib
are currently approved, due to an improvement in
progression-free survival compared to placebo. However, no
randomized one-to-one comparison are available. Since cross-
trials comparison can be misleading, an index to compare
different drugs is needed. Therefore, we conducted this
analysis to evaluate the reliability of the likelihood of being
helped or harmed (LHH) in this setting.
We systematically searched PubMed, the Cochrane Central
Register of Controlled Trials, Embase and websites of the
most relevant international meetings for phase III randomized
controlled trials published up to September 13th, 2022,
investigating CDK4/6 inhibitors in addition to endocrine
therapy compared to placebo, in hormone-receptor positive/
HER2-negative metastatic breast cancer, regardless of line of
therapy. Both postmenopausal and premenopausal women
were included. Keywords used for searching were
“palbociclib”, “ribociclib”, “abemaciclib”, “advanced breast
cancer”, “metastatic breast cancer”. No language or data
restriction were applied. Recently published systematic
reviews and the original papers were also screened through
the reference section.

Added value of this study
This is, to the best of our knowledge, the first attempt to
apply the LHH to pooled results obtained from a meta-
analysis of survival outcomes to highlight differences between

CDK4/6 inhibitors. Using published data available from
randomized trials, this meta-analysis evaluated more than
4000 women with different characteristics, providing a
quantitative comparison between CDK4/6 inhibitors.
In terms of PFS, all CDK 4/6 inhibitors showed similar efficacy,
with comparable NNTs. For PFS, palbociclib and ribociclib
showed a lower LHH for neutropenia compared to
abemaciclib, which didn’t translate into very different LHH for
febrile neutropenia. On the contrary, abemaciclib showed the
lowest LHH for diarrhea and fatigue, while ribociclib had the
lowest LHH for hepatotoxicity. Palbociclib confirmed a
favourable manageability profile, with higher LHH for dose
reductions and discontinuations. When considering OS,
ribociclib and abemaciclib had lower NNTs compared to
placebo. For OS, ribociclib showed the highest LHH for
diarrhea, fatigue, dose reduction and discontinuations, while
abemaciclib presented higher LHHs for neutropenia, febrile
neutropenia and transaminase increase.

Implications of all the available evidence
These findings could have several potential implications: this
model is highly reproducible and can be potentially applied to
any setting when making decisions about treatment
strategies is required and when balancing between the
magnitude of the survival advantage and toxicities is a
matter. The main advantage of the LHH is its immediacy and
the radar plot provides a strong visual impact to highlight
differences between drugs. This analysis offers a model and a
rationale for the use of the LHH in clinical practice to support
clinicians in tailoring the best treatment on the single patient.
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Introduction
Breast cancer (BC) is the most common neoplasm in
women and the first cause of cancer-related mortality.1

Among BCs, hormone-receptor positive/HER2-negative
tumours account for approximately 65–70%.2 In hormone-
receptor positive/HER2-negative metastatic BC, endocrine
therapy (ET) is the backbone of treatment and in the last
few years cyclin dependent kinase 4 and 6 (CDK4/6) in-
hibitors changed clinical practice.3 In this setting palboci-
clib, ribociclib and abemaciclib are currently approved by
the Food and Drug Administration (FDA) and European
Medicines Agency (EMA) for concurrent use with aro-
matase inhibitors (AIs) or fulvestrant in first and subse-
quent lines both for pre and postmenopausal women.4–15

Improvements in progression-free survival (PFS) served
as base for all the regulatory approvals.

Although their mechanism of action is similar, these
agents have different toxicity profiles and manageability.
In absence of direct comparisons, finding predictive and
prognostic factors as well as clinical profiles to guide
treatment decision is an ongoing challenge.16
Laupacis et colleagues proposed, among others, to
use the number needed to treat (NNT) to present clinical
trials results.17 The NNT is the reciprocal of the absolute
risk difference (RD) and is interpreted as “how many
patients need to be treated to have a benefit due to the
intervention”. In the same way, we can compute the
number needed to harm (NNH) which indicates “how
many patients I have to treat to experience a harm
caused by the treatment”.

To promote the use of these indexes, Strauss et col-
leagues proposed the likelihood of being helped or
harmed (LHH): this index is based on the ratio between
the NNT to prevent a specified outcome (the likelihood
of being helped) and the NNH to experience one or
more adverse events (the likelihood of being harmed).18

The LHH is calculated as the ratio of 1/NNT and
1/NNH. Because the LHH addresses how much more
likely it will be for the patient to benefit from a therapy
than to be harmed, the higher the LHH the greater the
chances that a benefit will occur. Including statistics
about survival and toxicity in a single measure, the LHH
www.thelancet.com Vol 56 February, 2023
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provides additional information compared to the NNT
and the NNH and could be considered as a useful index.
Therefore, the LHH could represent an easily under-
standable measure of the impact of a therapy and a
patient-centred method to tailor treatments where
multiple options are available.19

Herein, we undertook this analysis to provide an
overview of the LHH in metastatic BC for hormone-
receptor positive/HER2-negative patients.
Methods
Search strategy and selection criteria
PubMed, the Cochrane Central Register of Controlled
Trials and Embase were systematically searched for phase
III randomized controlled trials (RCTs) published up to
September 13th, 2022. We included RCTs evaluating
CDK4/6 inhibitors compared to placebo in addition to
standard of care endocrine therapy (ET), in pre and
postmenopausal women with hormone-receptor positive/
HER2-negative advanced or metastatic BC, regardless of
line of therapy. Selection was restricted to EMA/FDA
currently approved agents. Endocrine therapy could
include non-steroidal aromatase inhibitors (NSAI, i.e.,
letrozole or anastrozole), tamoxifen or fulvestrant.

Trials that assessed the efficacy of CDK 4/6 in-
hibitors as monotherapy or in combination with other
agents (chemotherapy, immunotherapy or monoclonal
antibodies) and trials conducted in (neo)adjuvant setting
were excluded. Trials evaluating drugs not EMA/FDA
approved were excluded. Reviews, meta-analysis, edito-
rials, case reports and case series were also excluded. No
language or data restrictions were applied.

Keywords used for searching were “palbociclib”,
“ribociclib”, “abemaciclib”, “advanced breast cancer”,
“metastatic breast cancer”, “clinical trial” and “ran-
domized controlled trial”. An additional search was
conducted through the websites of the American Society
of Clinical Oncology (ASCO), the European Society for
Medical Oncology (ESMO) and the San Antonio Breast
Cancer Symposium (SABCS) to look for relevant ab-
stracts of unpublished studies and updates of published
RCTs. Further trials were searched on clinicaltrials.gov.
Recently published systematic reviews and original pa-
pers were screened through the reference section to
evaluate potentially eligible reports. Literature searching
and eligibility assessment was conducted independently
by two authors (LM and AO), disagreements were
resolved through discussion or referring to a third
reviewer (EB). Full search strategy is provided in
Table S1.

Data analysis
Data about the following information were extracted:
first author, publication year, experimental and control
arm, CDK4/6 inhibitor and ET, line of therapy, median
follow-up time, HRs and 95% CIs, median PFS and OS,
www.thelancet.com Vol 56 February, 2023
number of patients enrolled, number of any grade and
grade 3-4 adverse events (AEs) (neutropenia, febrile
neutropenia [FN], diarrhea, fatigue, aspartate trans-
aminase [AST] and/or alanine transaminase [ALT] in-
crease, all events), number of dose reductions and
discontinuations. Where multiple reports of the same
study were available, the most complete and/or updated
report was considered. Data extraction was indepen-
dently conducted by two authors (LM and AO), dis-
agreements were resolved through discussion or
referring to a third reviewer (EB).

The primary survival outcome was investigator-
assessed PFS (time from randomization to disease
progression or death from any cause, whichever came
first). Overall survival (time from randomization to
death) was a key-secondary survival end-point, as well as
in all included trials, where sample sizes were computed
on PFS. Primary safety endpoints were grade 3-4 neu-
tropenia, FN and diarrhea (any grade). Secondary out-
comes were grade 3-4 fatigue, grade 3-4 hepatotoxicity
(defined as both AST or ALT increase) and all grade 3-4
AEs. Dose reductions and discontinuation of treatment
due to AEs were exploratory outcomes. Safety analysis
was restricted to the safety population and all AEs were
considered as reported by trialists.

Hazard ratios and 95% confidence intervals (CI)
were extracted from investigator-assessed Kaplan–Meier
curves. Pooled estimates were computed adopting a
fixed-effect model according to the inverse of variance
method and a random-effects model with the restricted
maximum likelihood estimator. Being S(t)experimental and
S(t)control the survival probabilities in the experimental
and in the control arm, the NNT and respective 95% CI
was computed as 1/|S(t)experimental - S(t)control|.20

Since S(t)experimental = S(t)control
HR, S(t)control was

calculated by approximation of functions considering
S(t)experimental = 0.5. The RDs and 95% CIs were
computed from the absolute number of events for each
AE with a fixed and a random effects model according to
the Mantel-Haenszel method. When required, a stan-
dard continuity correction of 0.5 was applied. The NNH
was calculated as 1/RD.21 Inconsistency between studies
was assessed with Cochran’s Q and heterogeneity was
evaluated with Higgins I2 index. Results from the fixed
and the random effects model are presented in supple-
mentary materials in order to allow the evaluation of the
goodness of each approach. Because they were assumed
to better represent the clinical and methodological di-
versity of included studies, the results from the random-
effects model were used to compute NNTs and NNHs.
The LHH with 95% CI was determined as (1/NNT)/
(1/NNH). A LHH greater than 1 means the drug is more
likely to benefit than to harm, with higher values corre-
lating to a greater benefit. Values between 0 and 1 indicate
that the drug is more likely to determine an AE than an
advantage. Pointed estimates with 95% CIs were pre-
sented through base ten logarithmic forest plots and radar
3
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plots. A subgroup analysis was performed to compute
NNTs and NNHs for different CDK 4/6 inhibitors and a
prespecified subgroup analysis was performed for ET
backbone (NSAI/tamoxifen or fulvestrant). Data analysis
was performed using R (version 4.1.3) packages “meta”
and “ggplot2”. All tests were two-tailed and the threshold
for statistical significance was set at p < 0.05.

The risk of bias was evaluated using Cochrane risk of
bias tool.22 The risk of each domain was assessed and an
overall low, moderate or high risk of bias was assigned
to each study. Two reviewers (LM and AO) indepen-
dently did the initial assessment which was confirmed
by a third author (EB). Publication bias was investigated
with funnel plot and tested with Egger’s test. The sys-
tematic review and meta-analysis were reported
following the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) Statement 2020.

Study protocol was registered at PROSPERO
(CRD42022362417).

Role of the funding source
There was no funding source for this study. The corre-
sponding author had full access to all the data in the
study and had final responsibility for the decision to
submit to publication.
Results
Studies’ characteristics
Overall, 2154 records were identified from databases and
registers and636 fromwebsites andcitation searching. 2790
records were screened with titles and abstracts and 2757
were excluded. The remaining 33 reports were assessed
with full texts and16 reports from7 studieswere considered
eligible, for a total of 4415 patients. The following
reports were included in the primary analysis:
PALOMA-2,13,23 MONALEESA-2,6,24 MONALEESA-7,7,25

MONARCH-3,15,26,27 PALOMA-3,9,10,28 MONALEESA-3,11,29

MONARCH-2.12,30 PRISMA flow diagram is reported in
Fig. 1 and full reference list in Table S2. Four studies
(PALOMA-2, MONALEESA-2, MONALEESA-7 and
MONARCH-3) evaluated CDK 4/6 inhibitors in association
with NSAI or tamoxifen and three studies (PALOMA-3,
MONALEESA-2, MONARCH-2) with fulvestrant. All trials
compared theCDK4/6 inhibitor armtoplaceboas anadd-on
to ET. The primary end-point for all included trials was PFS.
Characteristics of included studies are summarized in
Table 1.

Forest plots for the NNT and the NNH are reported
in Figs. 2 and 3. Radar plots for the LHH are reported in
Figs. 4 and 5.

Number needed to treat for progression-free
survival
A statistically significant advantage in PFS was observed
in patients treated with a CDK4/6 inhibitor compared to
placebo (HR 0.549; 0.508–0.594) and no heterogeneity
was detected (I2 = 0). Pooled HRs were 0.532
(0.459–0.618) for palbociclib, 0.573 (0.508–0.646) for
ribociclib and 0.532 (0.460–0.615) for abemaciclib
(Fig. S3). Cumulative NNT was 4.6 (4.1–5.3), similar
between palbociclib (4.4; 3.6–5.8), ribociclib (5.0;
4.1–6.3) and abemaciclib (4.4; 3.6–5.7).

Likelihood of being helped or harmed for
progression-free survival
The overall RD (in percentage) for grade 3-4 neutropenia
was 51.3% (37.4–65.2), with high heterogeneity
(I2 = 98%) (Fig. S5). Cumulative NNH was 1.9 (1.5–2.7);
1.5 (1.4–1.5) for palbociclib, 1.8 (1.6–1.9) for ribociclib
and 4.0 (3.3–5.0) for abemaciclib. Pooled LHH for PFS
was 0.42 (0.29–0.65) and abemaciclib showed the lower
LHH for neutropenia (0.90; 0.57–1.38) compared to
palbociclib (0.33; 0.24–0.43) and ribociclib (0.35;
0.26–0.46). Cumulative RD for FN was 1.2% (0.7–1.7,
I2 = 0%) (Fig. S6) and pooled NNH was 83.3
(58.8–142.9); 62.5 (38.5–200.0) for palbociclib, 76.9
(50.0–200.0) for ribociclib and 125.0 (55.6–∞
and −500.0 to −∞) for abemaciclib. Cumulative LHH for
FN was 18.09 (11.12–34.87), 14.27 (6.66–55.65) for pal-
bociclib, 15.52 (7.89–48.74) for ribociclib and 28.53
(9.74–∞ and −138.60 to −∞) for abemaciclib.

Diarrhea was the most common gastrointestinal
toxicity, with a pooled RD for any grade diarrhea of
21.1% (3.8–38.4) and a high heterogeneity between
different studies (I2 = 98%) (Fig. S7). Overall NNH was
4.7 (2.6–26.3), lower with abemaciclib (1.8; 1.6–2.2)
compared with palbociclib (14.1; 8.2–50.0) and ribociclib
(12.5; 6.6–125.0). Cumulative LHH was 1.03
(0.49–6.42), abemaciclib had the lowest LHH (0.42;
0.27–0.60) compared to palbociclib (3.22; 1.42–13.91)
and ribociclib (2.52; 1.04–30.46).

Cumulative RD for grade 3-4 fatigue was 1.6%
(0.9–2.3, I2 = 0%) (Fig. S8) and cumulative NNH was
62.5 (43.5–111.1); 76.9 (35.7–∞ and −33.3 to −∞) for
palbociclib, 71.4 (43.5–200.0) for ribociclib and 43.5
(27.0–100.0) for abemaciclib. Pooled LHH was 13.57
(8.22–27.12); palbociclib had the highest LHH (15.56;
6.19–∞ and to −9.28 to −∞) followed by ribociclib
(14.41; 6.86–48.47) and abemaciclib (9.92; 4.74–27.73).
The RD for cumulative grade 3-4 ALT and AST increase
was 7.2% (3.5–10.9), with significant heterogeneity
(I2 = 86%) (Fig. S9). Pooled NNH was 13.9 (9.2–28.6)
and ribociclib showed the lowest NNH (8.7, 6.0–16.1)
compared with abemaciclib (22.2; 10.9–∞ and −5000.0
to −∞) and palbociclib (26.3; 16.4–66.7). Cumulative
LHH was 3.01 (1.73–6.97), lower for ribociclib (1.75;
0.94–3.93), followed by abemaciclib (5.07; 1.91–∞
and −1386.37 to –∞) and palbociclib (6.01; 2.84–18.55).
The pooled RD for all grade 3-4 toxicities was 45.0%
(39.7–50.3, I2 = 67%) (Fig. S10). Cumulative NNH
was 2.2 (2.0–2.5); 2.7 (2.4–3.2) for abemaciclib,
2.1 (1.9–2.4) for ribociclib and 2.0 (1.8–2.2) for palbo-
ciclib. Overall LHH was 0.48 (0.38–0.61), a higher LHH
www.thelancet.com Vol 56 February, 2023
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Fig. 1: Study selection. CENTRAL = Cochrane Central Register of Controlled Trials. ASCO = American Society of Clinical Oncology.
ESMO = European Society for Medical Oncology. SABCS = San Antonio Breast Cancer Symposium. EMA = European Medicines Agency.
n = number.

Articles
was observed with abemaciclib (0.62: 0.41–0.89)
compared to ribociclib (0.43; 0.31–0.58) and palbociclib
(0.45; 0.31–0.61).

Overall, the RD for dose reduction was 37.6%
(32.5–42.7), with high heterogeneity between different
studies (I2 = 82%) (Fig. S11). Cumulative NNH was 2.7
(2.3–3.1); 2.9 (2.5–3.4) for palbociclib, 2.7 (2.0–4.0) for
ribociclib and 2.4 (2.2–2.7) for abemaciclib. Pooled LHH
was 0.58 (0.44–0.75); 0.65 (0.43–0.94) for palbociclib,
0.54 (0.32–0.97) for ribociclib and 0.56 (0.39–0.75) with
abemaciclib. A cumulative RD of 6.0% (2.8–9.2) was
observed for discontinuation and a significant hetero-
geneity was detected (I2 = 83%) (Fig. S12). Pooled NNH
was 16.7 (10.9–35.7); abemaciclib showed the lowest
NNH (9.2; 7.1–13.0) compared to palbociclib (27.0;
14.3–333.3) and ribociclib (23.3; 11.5–∞ and −1000.0
www.thelancet.com Vol 56 February, 2023
to −∞). Cumulative LHH was 3.62 (2.06–8.72) and
palbociclib had the highest LHH (6.17; 2.48–92.76)
followed by ribociclib (4.69; 1.81–∞ and −243.72 to −∞)
and abemaciclib (2.09; 1.25–3.60).

Number needed to treat for overall survival
An OS benefit was observed in patients treated with
CDK4/6 inhibitors compared to placebo (HR 0.788,
0.727–0.856, I2 = 0%). Survival advantage was signifi-
cant only for ribociclib (HR 0.750; 0.664–0.846) and
abemaciclib (HR 0.756, 0.639–0.894), while a non-
significant trend was observed with palbociclib (HR
0.878, 0.743–1.038) (Fig. S4). Cumulative NNT was
11.8 (8.7–18.2), lower for ribociclib (9.7; 6.8–16.8) and
abemaciclib (10.0; 6.2–25.5) compared to palbociclib
(21.8; 9.4–∞ and −76.4 to –∞) (Fig. 2).
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Likelihood of being helped or harmed for overall
survival
Overall LHH for OS for grade 3-4 neutropenia was 0.17
(0.08–0.31) and abemaciclib confirmed the highest LHH
(0.40; 0.13–0.81), followed by ribociclib (0.18; 0.10–0.28)
and palbociclib (0.07; 0.00–0.16 and −0.02 to −∞).
Overall LHH for FN was 7.09 (3.24–16.44) and abema-
ciclib had the highest LHH (12.52; 2.18–∞ and −81.11
to −∞), followed by ribociclib (7.93; 2.96–29.63) and
palbociclib (2.87; 0.00–21.38 and −0.50 to −∞). Cumu-
lative LHH for any grade diarrhea was 0.40 (0.14–3.03),
ribociclib showed the highest LHH (1.29; 0.39–18.52)
and abemaciclib the lowest (0.18; 0.06–0.35).

Cumulative LHH for fatigue was 5.32 (2.39–12.78),
with ribociclib showing the highest LHH (7.37;
2.57–29.63). Ribociclib presented the lowest LHH for
transaminase increase (0.90; 0.35–2.39) and abemaciclib
the highest (2.23; 0.43–∞ and −811.08 to −∞). Abema-
ciclib confirmed the highest LHH for all grade 3–4 AEs
(0.27; 0.09–0.52), followed by ribociclib (0.22;
0.12–0.35). Similar LHH for dose reductions were
observed for ribociclib (0.28; 0.12–0.59) and abemaciclib
(0.24; 0.09–0.44). Ribociclib showed the highest LHH
for discontinuation (2.40; 0.68–∞ and −148.14 to −∞),
followed by palbociclib (1.24; 0.00–35.64 and −0.19
to −∞) and abemaciclib (0.92; 0.28–2.11).

Risk of bias
The overall risk of bias for PFS was low for all the
included studies within every domain considered. In
terms of OS, a high risk of bias was assigned to the
PALOMA-2 study due to missing outcome data, leading
to an overall moderate risk of bias. An exploratory
sensitivity analysis was conducted excluding the
PALOMA-2 trial and yielded consisted results with the
primary analysis (Fig. S17). A detailed risk of bias
assessment is reported in Fig. S1. No publication bias
was detected (Fig. S2).
Discussion
According to the most recent recommendations, in
hormone-receptor positive/HER2-negative metastatic
BC, the combination of ET plus a CDK4/6 inhibitor is
the treatment of choice, although no randomized com-
parisons between CDK4/6 inhibitors are currently
available. In our survival analysis, no heterogeneity was
observed and the addition of palbociclib, ribociclib or
abemaciclib to ET significantly improved PFS with
comparable NNTs among different drugs.

The most common and clinically impacting toxicities
were the main focus in this analysis: since the LHH
evaluates the likelihood for a patient to benefit from a
therapy than to be harmed its added value in sorting out
therapies is seen in the observation that drugs with the
same or similar NNT may have very different NNH and
LHH, because of large differences in drug-specific
www.thelancet.com Vol 56 February, 2023
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Fig. 2: Number needed to treat. Values are displayed on a logarithmic scale. Results from the random-effects model were used to compute
NNTs. Lower values correlate with greater efficacy. When the upper limit of the hazard ratio crosses 1, the confidence interval for the NNT
encompasses two region values, a positive to +∞ and a negative to –∞. By convention, only positive values are reported. NNT = number
needed to treat. 95% CI = 95% confidence interval.
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toxicities. When the efficacy (the NNT) is similar the
LHH is weighted against side effects (the NNH); but if
an efficacy difference is relevant, the LHH highlights
this discrepancy trough different toxicities and efficacy
outcomes.

In PALOMA-2 and PALOMA-3 trials, neutropenia
was the most common grade 3-4 AE, occurring in
approximately two out of three patients in the palboci-
clib plus endocrine therapy group and similar results
were observed from the MONALEESA trials, were the
incidence was about 60% in the updated analyses. On
the other hand, in the MONARCH-2 and MONARCH-3
trials, grade 3-4 neutropenia was reported only in one
out of three patients. As expected, our analysis high-
lighted statistical and clinical heterogeneity since pal-
bociclib and ribociclib had very low NNHs (1.5 and 1.8)
and LHHs (0.33 and 0.35, respectively) for this outcome
while abemaciclib lesser haematological toxicity31 trans-
lated into a higher NNH (4.0) and LHH (0.90). Neu-
tropenia is the most common AE observed with
palbociclib and ribociclib32,33: myelosuppression is pri-
marily explained due to their preferential binding to
CDK6, which upregulates hematopoietic precursors
proliferation.34 Neutrophils count decrease induced by
CDK4/6 inhibitors is quickly reversible and generally
better tolerated compared to chemotherapy-induced
neutropenia, since it is characterized by a cytostatic ef-
fect and not by DNA damage.35 Some specific drug-
related toxicities have a greater impact on patients’
compliance and adherence to treatment and neu-
tropenia is no exception: although very frequent, it
usually does not significantly affect patients’ quality of
life and can be controlled with dose delays and re-
ductions. Despite being frequent, neutropenia does not
translate into high rates of FN and infections: in the
included trials FN incidence in the CDK4/6 inhibitors
arms ranged approximately between 1 and 2%. In our
analysis, cumulative NNT and LHH for FN were in fact
www.thelancet.com Vol 56 February, 2023
respectively 83.3 and 18.09, again lower with palbociclib
and ribociclib, but in absence of significant heteroge-
neity in the RD analysis.

Higher rates of gastrointestinal events were observed
with abemaciclib: in the MONARCH-3 and MONARCH-2
pooled safety analysis, diarrhea was the most frequent AE,
occurring in approximately 85% of patients, but only about
10% were grade 3-4 events.36 Diarrhea observed with
abemaciclib was grade 1-2 in the majority of cases and
clinically significant diarrhea (grade 2-3) occurred within a
median time of 6–8 days. However, diarrhea was often
limited to the first 4–6 cycles and well managed with
antidiarrheal medications, taken by 69%–76% of pa-
tients.12,37 These results were confirmed in our analysis,
where high heterogeneity was detected and abemaciclib
showed the lowest NNH (1.8) and LHH (0.42) for any
grade diarrhea compared to ribociclib and palbociclib.

Overall, grade 3-4 fatigue was reported in about
2–4% of patients in the CDK4/6 inhibitors arms, and it
was more common with abemaciclib which presented
the lowest NNH and LHH, followed by ribociclib and
palbociclib.

As expected, significant heterogeneity was found for
grade 3-4 ALT/AST increase and a higher risk was
observed with ribociclib: in the MONALEESA-2 and
MONALESA-3 trial the incidence of grade 3 or 4 ALT/
AST increase ranged between approximately 5–10%,
and it was slightly lower in the MONALEESA-7 trials (4-
5%). In our analysis, NNH was 8.7 and LHH 1.75 for
ribociclib: this means the likelihood of having a benefit
only doubles the likelihood of being harmed, and since
grade 3-4 hepatotoxicity is clinically relevant, ribociclib
use should be well thought out in patients with history
of or active hepatic disfunction.

Overall, all grade 3-4 AEs occurred in 60–70% of
patients and the cumulative LHH was generally low.
Abemaciclib showed a higher LHH, probably due to the
absolute difference in terms of haematological events.
7
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Fig. 3: Number needed to harm for common adverse events. Values are displayed on a logarithmic scale. Results from the random-effects
model were used to compute NNHs. Higher NNH correlates to less toxicity. When the lower limit of the risk difference crosses 0, the confidence
interval for the NNH encompasses two region values, a positive to +∞ and a negative to ∞. By convention, only positive values are reported.
NNH = number needed to harm. 95% CI = 95% confidence interval. G = grade.
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Dose reductions occur in approximately 40% of pa-
tients during the treatment with CDK 4/6 inhibitors,
which are generally considered safe drugs: cumulative
NNH for dose reduction was 2.7 and LHH 0.58. How-
ever, adverse events rarely lead to a definitive treatment
interruption: NNH and LHH for discontinuation were
respectively 16.7 and 3.62. Palbociclib confirmed to be a
manageable drug, showing the highest LHH for both
outcomes. In two analyses from PALOMA-2 and
PALOMA-3, no PFS difference was observed in patients
whose dose was reduced.38,39 This highlights how in
elderly or frail patients, when the survival advantage has
to be weighed on tolerability, palbociclib can be
considered a reasonable choice. In absence of disease
progression, when a treatment with another CDK4/6
inhibitor has to be discontinued due to scarce tolerance,
a switch to another compound can be considered and if
palbociclib wasn’t the first choice it can contemplated.
While the LHHs for dose reductions were similar,
marked differences were observed for discontinuation,
with ribociclib being the second best (LHH 4.69). As
expected, the MONALEESA-7 trial, who enrolled only
www.thelancet.com Vol 56 February, 2023
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B

Fig. 4: Radar plot for pointed estimates of the likelihood of being helped or harmed for progression-free survival and overall survival for
palbociclib [A], ribociclib [B] and abemaciclib [C]. Values are displayed on logarithmic scale. Results from the random-effects model were used
to compute the LHHs. Higher values correlate to a greater likelihood to benefit than to harm and are plotted closer to the external ring.
G = grade, PFS = progression-free survival, OS = overall survival.
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pre-menopausal women, had the highest NNH and
LHH for discontinuation (166.7 and 35.74, respectively).
These data confirm how, in young and fit patients,
ribociclib is generally well tolerated. Despite fewer
haematological toxicities, abemaciclib LHH for discon-
tinuation was the lowest: neutropenia is often well
tolerated and although anti-diarrheal drugs are effective
to manage diarrhea they could negatively impact pa-
tients’ compliance. Dose modifications due to diarrhea
with abemaciclib are in the order of 12–19%, while
discontinuation rates are around 2.3–2.9%.,40 while
palbociclib and ribociclib discontinuation rates associ-
ated with neutropenia were approximately 1-2%.33

However, in both MONARCH 2 and 3 patients experi-
enced a PFS benefit regardless of whether they had a
dose reduction. Therefore, when diarrhea is not really a
matter or when neutropenia is an issue, abemaciclib is
absolutely a rational choice.

In our analysis, OS was a secondary end-point. So
far, MONALEESA-3,41 MONALEESA-7,25 MONALEESA-
2,24 and MONARCH-2,30 showed a statistically signifi-
cant OS benefit in the ITT population and in the
MONARCH-327 the survival difference was not signifi-
cant on the basis of the pre-specified boundaries. In
PALOMA-3,42 the final pre-specified survival analysis did
not reach statistical significance and in the recently re-
ported PALOMA-2 analysis OS advantage was non-sig-
nificant,23 with a high percentage of missing data.
Interpretation of these results requires caution,
although the evidence of a clinically relevant survival
difference between different CDK4/6 inhibitors should
be one major criteria of choice in clinical practice.
Notably, NNTs for OS tend to be higher than for PFS:
this reflects the difficulty of reaching an OS advantage in
cancers with long survival times. In our OS analysis, the
different magnitude of the OS benefit and the trade-off
between efficacy and toxicities favoured abemaciclib in
terms of haematological events and hepatotoxicity, with
the highest LHHs for neutropenia, FN and ALT/AST
increase. On the other hand, ribociclib lowest NNT for
OS resulted in the highest LHHs for diarrhea, fatigue,
dose reductions and discontinuations.

Our work had some limitations. Mainly, the analysis
was conducted using published hazard ratios and the
cumulative number of adverse events rather than indi-
vidual patient data. Since our analysis aimed to evaluate
frequently reported toxicities, rarer clinically relevant
AEs were not included, such as QTc prolongation,
interstitial lung disease and thromboembolic events.43

From a statistical point of view, time-to event out-
comes have no single NNT and reproducibility depends
on the respect of the proportional hazards’ assumption,
which we considered being respected in all trials.
Moreover, when the treatment effect is non-significant,
RDs cross 0 and the limits of the CI for the NNT and the
NNH tend to infinite, encompassing two regions-value
www.thelancet.com Vol 56 February, 2023
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Fig. 5: Radar plot for pointed estimates of the likelihood of being helped or harmed for palbociclib, ribociclib, and abemaciclib for
progression-free survival [A] and overall survival [B]. Values are displayed on logarithmic scale. Results from the random-effects model were
used to compute the LHHs. Higher values correlate to a greater likelihood to benefit than to harm and are plotted closer to the external ring.
G = grade.
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(a positive to ∞ and negative to −∞). In this case, a
negative NNT indicates that the treatment could have a
harmful effect and a negative NNH that the treatment
could prevent an AE. This affect the interpretation of the
LHH: when the survival benefit is non-significant the
NNT tends to ∞ and consequently the LHH tends to 0.
On the other hand, in presence of a non-significant
toxicity difference the NNH and the LHH tend to ∞.
In this situation is often not useful to rely too much on
CIs and pointed estimates seem more trustworthy.21,44

These caveats aside, the LHH is an index of interest
and presents many advantages. The lack of use of the
LHH could be referred to the fact that is not widely
known and, without proper explanations, it could be not
immediately understandable by clinicians. Being a
summary measure, even if it may be questioned about
the information lost in such aggregate, its main strength
is the immediacy of presented results: it could be useful
not only to select treatments but also to explain what to
expect in terms of toxicity and efficacy. When discussing
with a patient, the LHH can be simply explained as
“how many times the treatment is more likely to help
you than to harm you”. In a decision-making setting,
where the expected benefit of a treatment needs to be
pondered against side effects, the LHH answers the
question “how much I’m expecting to help my patients
compared to how much I’m putting them at risk for
common AEs”. The inclusion of phase III RCTs, even if
patients enrolled could not reflect daily clinical practice,
ensures high reproducibility in other settings. Further-
more, in absence of high heterogeneity between trials,
relaying on absolute differences the LHH allows a
quantitative comparison between different treatments.

In conclusion, this analysis showed how the LHH
can be considered a reliable synthesis tool to help
choosing the best therapy when multiple options are
available: CDK4/6 inhibitors are very effective and well-
tolerated drugs with a specific toxicity profile and its
priority to identify clinical factors to guarantee the best
treatment for every single patient.
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