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ABSTRACT 

Background Proprotein convertase subƟlisin/kexin type 9 (PCSK9) inhibiƟon represents a 

cornerstone of lipid-lowering therapy in heterozygous familial hypercholesterolemia (HeFH). 

Monoclonal anƟbodies (mAbs) and small interfering RNA (siRNA) targeƟng PCSK9 provide 

complementary therapeuƟc strategies; however, real-world data comparing lipid outcomes and 

target achievement aŌer switching between these treatments remain limited. 

Methods The SHIFT-FH study was a retrospecƟve real-world cohort study including geneƟcally 

conĮrmed HeFH paƟents receiving maximally tolerated lipid-lowering therapy and stable PCSK9 

monoclonal anƟbody treatment for ≥6 months. According to rouƟne clinical pracƟce, paƟents 

either switched to siRNA therapy (inclisiran; Group 1) or conƟnued monoclonal anƟbody therapy 

(Group 2). The primary outcome was achievement of guideline-recommended LDL-C targets at 6 

and 12 months. Secondary outcomes included changes in lipid parameters and hepaƟc safety. 

Results Forty-eight paƟents were included (22 in Group 1 and 26 in Group 2; mean age 59.3 ± 12.8 

years). At baseline, LDL-C target achievement was lower in paƟents subsequently switched to 

siRNA therapy (36.4% vs 80.8%; p = 0.002). At 12 months, target aƩainment remained lower in 

Group 1 (22.7% vs 53.8%). Switching to siRNA therapy was associated with a moderate increase in 

LDL-C levels (Δ +29.6 ± 37.4 mg/dL; p = 0.003), whereas lipid levels remained stable in paƟents 

conƟnuing monoclonal anƟbody therapy. Exploratory analysis suggested a trend toward an inverse 

associaƟon between baseline LDL-C levels and target achievement at follow-up. Liver enzymes 

remained within the normal range in both groups. 

Conclusions In this real-world cohort of geneƟcally conĮrmed HeFH paƟents, LDL-C target 

achievement was strongly inŇuenced by baseline lipid burden and diīered across therapeuƟc 

pathways. Switching between PCSK9-targeƟng strategies may inŇuence long-term lipid control, 

highlighƟng the importance of individualized, target-oriented lipid management. 

 

 

 

 

  



1. IntroducƟon 

Heterozygous familial hypercholesterolemia (HeFH) is a geneƟc disorder characterized by lifelong 

elevaƟon of low-density lipoprotein cholesterol (LDL-C), leading to a markedly increased risk of 

premature atheroscleroƟc cardiovascular disease (ASCVD) (1) with a prevalence of 1 in 220 

individuals worldwide, recognized as the most common hereditary lipid disorder (2), that oŌen 

remains underdiagnosed and undertreated (3). Despite maximally standard lipid lowering therapy 

(LLT) with staƟns and ezeƟmibe, a signiĮcant percentage of HeFH paƟents fail to achieve 

recommended LDL-C goal (4). The 2025 ESC/EAS Guidelines for the management of dyslipidaemias 

highlight the need for early and intensive LDL-C lowering in HeFH classiĮed as high-risk paƟents, 

advocaƟng the stepwise combinaƟon of high-intensity staƟns, ezeƟmibe, and PCSK9 inhibitors (5). 

Two clinically validated pharmacologic strategies targeƟng PCSK9 are currently available: 

monoclonal anƟbodies (mAb), which neutralize circulaƟng PCSK9, and small interfering RNA 

(siRNA), which suppress hepaƟc PCSK9 synthesis (6). Both approaches have demonstrated 

substanƟal LDL-C reducƟons and cardiovascular beneĮt in randomized trials (7-12); however, real-

world comparaƟve evidence remain limited. In clinical pracƟce, treatment selecƟon relies on both 

paƟent preferences and clinician judgment, the laƩer being primarily informed by the paƟent’s 

adherence, overall compliance, and quality of life, with the addiƟonal aim of minimizing dosing 

frequency whenever appropriate. 

Early observaƟonal studies have explored inclisiran use in mixed cardiovascular populaƟons, 

reporƟng consistent LDL-C reducƟons but variable results when compared indirectly with mAb 

therapy (13, 14). Nevertheless, these invesƟgaƟons did not speciĮcally target individuals with HeFH 

and oīered only a limited appraisal of hepaƟc safety. In addiƟon, the preponderance of available 

evidence stems from short-duraƟon studies or methodologically heterogeneous cohorts, without 



addressing treatment persistence or switching behaviours within real-world clinical pracƟce 

seƫngs.  

To the best of our knowledge, no prior invesƟgaƟon has speciĮcally described lipid outcomes and 

hepaƟc safety in real-world HeFH paƟents undergoing to diīerent PCSK9 inhibiƟon strategies, 

including treatment switching. Accordingly, the present study was aimed to provide pragmaƟc real-

world data on lipid proĮle evoluƟon and hepaƟc safety in HeFH paƟents managed with diīerent 

PCSK9 inhibiƟon strategies in rouƟne clinical pracƟce.  



2. Methods 

The SHIFT-FH study (SwItcHing between pcSk9-targeƟng Therapies in Familial 

Hypercholesterolemia) was designed as a retrospecƟve real-world cohort study, conducted and 

reported in accordance with the STROBE (Strengthening the ReporƟng of ObservaƟonal Studies in 

Epidemiology) checklist (15). Between 2023 and 2025, within the framework of the LIPIGEN 

network, a naƟonal project on familial dyslipidaemia (16), medical records of paƟents aƩending 

the lipid clinic of Federico II University Hospital were retrospecƟvely reviewed to idenƟfy 

individuals with very high levels of LDL-C (above the 95th percenƟle compared with a sex- and age-

matched general populaƟon), normal triglyceride (TG) levels, and presumed autosomal dominant 

transmission of hypercholesterolemia (Dutch Lipid Clinic Network score >6).  

2.1 Study populaƟon 

The major inclusion criteria were: geneƟcally conĮrmed diagnosis of HeFH (presence of a single 

pathogenic variant in FH-causaƟve genes) and stable treatment with a PCSK9 monoclonal anƟbody 

(alirocumab or evolocumab) for at least six months prior to data review, on top of LLT. GeneƟc 

conĮrmaƟon of HeFH was obtained through molecular tesƟng performed by analyzing the main 

genes associated with familial hypercholesterolemia (LDLR, APOB, PCSK9, LDLRAP1 and APOE) by 

next-generaƟon sequencing using the Devyser FH v2 kit (Devyser, Sweden) for target enrichment 

as previously described (16, 17). Exclusion criteria included: age <18 years; inability to understand 

or provide informed consent; moderate hypertriglyceridemia (TG>300 mg/dL); acƟve hepaƟc or 

inŇammatory disease; history of liver enzyme elevaƟon >3× the upper limit of normal (ULN); end-

stage kidney disease (esƟmated ĮltraƟon rate <15 mL/min/m²); secondary causes of 

hypercholesterolemia (e.g., hypothyroidism, hormone therapy, corƟcosteroid use); diabetes 

mellitus with HbA1c >7.0% (18), disconƟnuaƟon of LLT during the observaƟon period; incomplete 

follow-up data; and clinical or familial evidence of familial combined hyperlipidaemia. Due to the 



retrospecƟve nature of the study and the real-world seƫng, the sample size was not 

predetermined; all consecuƟve eligible paƟents aƩending the lipid clinic during the study period 

were included. 

2.2 Study Protocol 

Following the acquisiƟon of informed consent, comprehensive medical history was obtained from 

exisƟng clinical records for each paƟent. RetrospecƟve data encompassed demographic variables 

(age, sex), vascular risk factors (smoking status, hypertension, diabetes mellitus), concomitant 

clinical condiƟons, and both last follow-up and prior LLT data.  

Biochemical data on lipid parameters [total cholesterol (TC); LDL-C; high density lipoprotein 

cholesterol (HDL-c); TG] and hepaƟc necrosis markers [aspartate aminotransferase (AST), and 

alanine aminotransferase (ALT)] were retrospecƟvely retrieved at baseline (T0), 6 months (T1) and 

12 months (T2), when available. Analyses at each follow‑up Ɵmepoint were conducted exclusively 

on the available paired measurements; consequently, the number of paƟents included in the 

evaluaƟons diīered across Ɵmepoints.  

Given the retrospecƟve nature of the study, paƟents were classiĮed according to the therapeuƟc 

pathway followed in rouƟne clinical pracƟce. One group switched to PCSK9-targeƟng siRNA 

therapy (inclisiran 284 mg, following the standard dosing schedule at day 1, month 3, and every 6 

months thereaŌer), whereas the other conƟnued treatment with PCSK9 monoclonal anƟbodies 

(alirocumab 150 mg or evolocumab 140 mg was administered every 14 days according to approved 

dosing schedules). Following eligibility screening, enrolled paƟents were classiĮed into two groups 

according to the therapeuƟc pathway observed in rouƟne clinical pracƟce. Group 1 (G1) included 

paƟents who switched from PCSK9 monoclonal anƟbody therapy (alirocumab or evolocumab) to 

small interfering RNA therapy (inclisiran), while Group 2 (G2) included paƟents who conƟnued 



PCSK9 monoclonal anƟbody treatment. Baseline (T0) was deĮned as the last available clinical and 

biochemical assessment preceding treatment switching for G1, or the corresponding Ɵmepoint 

during ongoing PCSK9 monoclonal anƟbody therapy for G2. Treatment allocaƟon was not 

randomized. The decision to switch was based on clinician judgment and paƟent preference, 

primarily aimed at reducing treatment burden and improving long-term adherence. Accordingly, 

diīerences in baseline lipid control between groups were expected and were considered in the 

interpretaƟon of follow-up Įndings. 

2.3 Outcomes and staƟsƟcal analysis  

The primary outcome was the proporƟon of paƟents achieving LDL-C targets according to the 2025 

ESC/EAS Guidelines at 6 and 12 months (T1 and T2) (19). In accordance with guideline 

recommendaƟons, LDL-C targets were deĮned as <55 mg/dL for very high-risk paƟents and <70 

mg/dL for high-risk paƟents (19). PaƟents were classiĮed according to their individual 

cardiovascular risk proĮle as deĮned by the ESC/EAS guidelines (19). Secondary outcomes included 

changes in lipid parameters (LDL-C, HDL-C, TC, TG) and hepaƟc safety based on variaƟons in AST 

and ALT. All data were retrospecƟvely extracted from electronic medical and laboratory records. 

ConƟnuous variables were summarized as mean ± standard deviaƟon (SD) or median (interquarƟle 

range, IQR), and categorical variables as counts and percentages. Normality was assessed using the 

Shapiro–Wilk test. Between-group comparisons were performed with Student’s t-test or Mann–

Whitney U test, as proper. Within-group comparisons used paired t-test or Wilcoxon signed-rank 

test. Categorical variables were analysed using chi-square or Fisher’s exact test. A two-tailed p-

value <0.05 was considered staƟsƟcally signiĮcant. No imputaƟon of missing data was performed. 

Given the retrospecƟve real-world design, analyses at each follow-up Ɵmepoint were conducted 

using a complete-case approach including only paƟents with available paired biochemical 

measurements. Comparisons of target achievement between groups were conducted using tests 



for independent proporƟons, as treatment allocaƟon deĮned the groups rather than paired 

observaƟons. Changes in target status over follow‑up were assessed by examining the proporƟon 

of paƟents transiƟoning between categories and illustrated through a Sankey diagram represenƟng 

these variaƟons. Due to the small sample size, the retrospecƟve design and the clinically driven 

treatment allocaƟon, no propensity score-based adjustment was applied, as it was deemed 

inappropriate for the study objecƟves. An exploratory univariate logisƟc regression analysis was 

performed to assess the associaƟon between baseline LDL-C levels and LDL-C target achievement 

at T2 for G1. All staƟsƟcal analyses and graphical representaƟons were performed using R soŌware 

(R FoundaƟon for StaƟsƟcal CompuƟng, Vienna, Austria; version 4.5.2) within the RStudio 

environment. 



3. RESULTS 

A total of 228 paƟents were screened for eligibility for inclusion in the SHIFT-FH study cohort. Of 

these, paƟents were excluded according to predeĮned criteria: 73 for Dutch Lipid Clinic Network 

score <6, 18 for diabetes mellitus with HbA1C > 7%, 48 for combined hyperlipidaemia with 

hypertriglyceridemia, 29 for secondary hypercholesterolemia, and 12 for a history of malignant 

neoplasia within the previous two years. Forty-eight paƟents met the inclusion criteria and 

consƟtuted the Įnal SHIFT-FH study cohort (Supplementary Įgure 1). Enrolled paƟents were 

classiĮed into two groups: G1 included 22 paƟents who switched from PCSK9 monoclonal anƟbody 

therapy to siRNA (inclisiran), and G2 included 26 paƟents who conƟnued PCSK9 monoclonal 

anƟbody therapy.  

3.1 Clinical and Biochemical ProĮle at Baseline 

Baseline clinical and biochemical characterisƟcs of the SHIFT-FH study cohort are reported in Table 

1. All paƟents included in the study were heterozygous carriers of pathogenic LDLR variants (100%, 

48) (Table 1). The proporƟon of paƟents achieving the therapeuƟc LDL-C target was signiĮcantly 

lower in G1 than in G2 (36.4% vs. 80.8%, p = 0.002), indicaƟng a marked imbalance in baseline lipid 

control between the two groups. No signiĮcant diīerences were observed between groups with 

respect to age, sex, cardiovascular risk factors (arterial hypertension, smoking habits, diabetes 

mellitus), DUTCH score, TC, HDL-C, TG and LDL-C. In contrast, AST levels were signiĮcantly higher in 

Group 2 compared with Group 1 [22.5 (20.2;23.7) vs 25 (23.2;25.7) U/L, p = 0.013), although values 

remained within the normal range in both groups. 

3.2 Clinical and Biochemical ProĮle at T1 

The number of paƟents with available paired biochemical measurements remained stable across 

follow‑up, except for a single missing laboratory assessment in G1. At T1, 84.6% of paƟents in G2 



and 45.5% of those in G1 achieved LDL-C targets, with no signiĮcant changes compared with 

baseline (p = 0.414 for G1 and p = 0.564 for G2). No staƟsƟcally signiĮcant within-group variaƟons 

in lipid parameters or liver enzymes were observed in either cohort at this Ɵmepoint (Table 2). In 

G1, mean TC at T1 was 173.2 ± 55.1 mg/dL, median TG were 73 [58–97] mg/dL, HDL-C was 60.2 ± 

17.9 mg/dL, and LDL-C was 95.2 ± 48.4 mg/dL, with median AST and ALT levels of 23 [21–24] U/L 

and 20 [19–21] U/L, respecƟvely. In G2, mean TC was 125.9 ± 33.5 mg/dL, TG 87 [70–106.5] mg/dL, 

HDL-C 53.4 ± 7.8 mg/dL, and LDL-C 53.6 ± 31.8 mg/dL (Figure 1); AST and ALT values were 23.5 

[23–25] U/L and 19 [19–20] U/L, respecƟvely. A modest, non-signiĮcant increase in TC and LDL-C 

was observed in G1, whereas lipid parameters in G2 remained stable throughout follow-up (Table 

2).  

3.3 Clinical and Biochemical ProĮle at T2 

At the 12-month follow-up (T2), paired biochemical measurements were available for 19 paƟents 

in G1 and 21 paƟents in G2. The proporƟon of paƟents achieving LDL‑C targets remained 

unchanged over Ɵme, with 22.7% in G1 and 53.8% in G2 (Figure 2). In G1, mean TC was 

181.3 ± 47.8 mg/dL, TG were 73 [61.5–107] mg/dL, HDL‑C was 60.0 ± 19.7 mg/dL, and LDL‑C was 

103.5 ± 36.1 mg/dL. Median AST and ALT levels were 22 [24–24] U/L and 19 [18–20] U/L, 

respecƟvely. In G2, mean TC was 134.6 ± 32.0 mg/dL, median TG were 103 [68.8–145.3] mg/dL, 

HDL‑C was 50.4 ± 10.6 mg/dL, and LDL‑C was 62.1 ± 27.0 mg/dL, with corresponding median AST 

and ALT levels of 22 [19.5–23.5] U/L and 19 [19–20] U/L. In G1, a signiĮcant increase in TC and 

LDL‑C was observed compared with baseline (Δ = 31.2 ± 41.9 mg/dL, p = 0.004; and 

Δ = 29.6 ± 37.4 mg/dL, p = 0.003), whereas no signiĮcant changes were detected in TG, HDL‑C, or 

liver enzyme levels. At 12 months of follow‑up, divergent trends were observed between the two 

treatment groups, while a staƟsƟcally signiĮcant reducƟon in AST values was noted, all 

measurements consistently remained within the normal range throughout the study period (Table 



3). The individual LDL-C trajectories across the study Ɵme points are illustrated in Supplementary 

Figure 2, highlighƟng the variability of lipid responses within each treatment group. 

3.4 Changes in target status during follow-up 

Among paƟents with available data, 47.4% (18/38) were classiĮed as never target, while 14.6% 

(6/41) experienced a loss of target during follow-up. The proporƟon of never target paƟents 

diīered signiĮcantly between treatment groups (diīerence 42.1%, p = 0.009), whereas the 

diīerence in loss of target was not staƟsƟcally signiĮcant (diīerence 17.5%, p = 0.115) (Figure 3). 

3.5 Exploratory Analysis of Predictors of LDL-C Response 

In the exploratory univariate logisƟc regression analysis, higher baseline LDL-C levels showed a 

trend toward a lower likelihood of achieving LDL-C targets at T2 (OR = 0.96 per 1 mg/dL increase; 

95% CI 0.91–1.00; p = 0.068). 

  



4. Discussion 

In the SHIFT-FH study cohort, we assessed LDL-C target achievement, lipid proĮle evoluƟon, and 

hepaƟc safety over 12 months in geneƟcally conĮrmed HeFH paƟents treated with two PCSK9 

inhibiƟon strategies (siRNA vs mabs).  

LDL-C target achievement diīered substanƟally between groups already at baseline, with a 

markedly lower proporƟon of paƟents at goal in those subsequently switched to inclisiran, with a 

higher proporƟon of paƟents on conƟnued mAbs therapy meeƟng guideline-recommended targets 

compared with those later switched to siRNA, and this imbalance persisted over follow-up. This 

paƩern is consistent with the well-described gap between recommended LDL-C goals and real-

world aƩainment in high/very-high-risk populaƟons, even in contemporary European seƫngs (20). 

The marked imbalance in LDL-C target achievement observed at baseline deserves careful 

consideraƟon when interpreƟng between-group diīerences. Because treatment allocaƟon was 

clinician-driven rather than randomized, paƟents switched to inclisiran may have represented a 

subgroup with less saƟsfactory lipid control, greater residual LDL-C burden, or speciĮc 

management needs in rouƟne pracƟce. This potenƟal selecƟon bias likely contributed, at least in 

part, to the diīerent lipid trajectories observed during follow-up and limits any causal 

interpretaƟon of the comparison between treatment strategies. 

Exploratory regression analysis suggested a trend toward an inverse relaƟonship between baseline 

LDL-C levels and the likelihood of achieving LDL-C targets at 12 months. This observaƟon aligns 

with recent real-world evidence idenƟfying baseline LDL-C as a major determinant of target 

non-achievement in PCSK9 inhibitor treatment pathways (21). Clinically, this relaƟonship is 

intuiƟve within a target-based framework: markedly elevated baseline LDL-C requires a larger 

absolute reducƟon to meet stringent guideline thresholds, making residual above-target values 



more likely even when relaƟve LDL-C lowering is substanƟal. Furthermore, evidence suggests that 

baseline LDL-C inŇuences the percentage reducƟon observed across mulƟple lipid-lowering drug 

classes, including PCSK9 inhibitors, reinforcing its role as a key driver of treatment response and 

goal aƩainment (22). 

When examining lipid proĮle trajectories, paƟents who conƟnued monoclonal anƟbody therapy 

maintained stable LDL-C levels throughout follow-up, whereas those who switched to siRNA 

therapy showed a progressive increase in LDL-C and TC at 12 months. Although the LDL-C increase 

observed aŌer switching reached staƟsƟcal signiĮcance, its magnitude remained relaƟvely modest 

and should be interpreted within the context of baseline lipid burden and pharmacological 

diīerences between treatment strategies. This paƩern aligns with real-world evidence on 

inclisiran, which while generally supporƟng meaningful LDL-C reducƟons also reports variability 

related to background LLT and, notably, prior treatment with PCSK9 mAbs (23). Consistently, other 

observaƟonal cohorts have documented that paƟents transiƟoning from mAbs to siRNA may show 

an LDL-C increase, mirroring the trend observed in our study (13). 

A plausible explanaƟon for these divergent lipid trajectories lies in the disƟnct pharmacodynamic 

mechanisms of the two therapeuƟc strategies. MAbs (evolocumab and alirocumab) act 

extracellularly by binding circulaƟng PCSK9, thereby prevenƟng PCSK9-mediated degradaƟon of 

the LDL receptor (LDLR) and enhancing hepaƟc LDLR recycling and LDL clearance. Because they 

directly neutralize circulaƟng PCSK9, their onset of acƟon is rapid and their lipid-lowering eīect 

reŇects sustained anƟbody availability in the circulaƟon (24). In contrast, inclisiran is a 

GalNAc-conjugated siRNA selecƟvely internalized by hepatocytes, where it silences PCSK9 

synthesis via RNA interference (RISC-mediated mRNA degradaƟon). This mechanism reduces 

hepaƟc PCSK9 producƟon and progressively decreases circulaƟng PCSK9 levels over Ɵme, without 

binding or inacƟvaƟng exisƟng extracellular PCSK9 molecules (25). Conceptually, this 



“inside-the-hepatocyte” approach depends on intracellular delivery and sustained gene silencing 

rather than immediate extracellular neutralizaƟon. As a result, switching from mAbs to siRNA 

represents a pharmacodynamic shiŌ that, in real‑world transiƟons without therapeuƟc overlap, 

may transiently alter circulaƟng PCSK9 dynamics and contribute to LDL‑C variaƟons observed 

during follow‑up. 

Across randomized clinical trials, mAbs generally achieve slightly greater mean LDL-C reducƟons 

than inclisiran (approximately 55–60% vs. 45–50%), although both strategies provide clinically 

meaningful lipid lowering (7-12), suggesƟng that a relaƟve decrease in pharmacologic potency may 

become clinically evident when switching from mAb to siRNA therapy. This eīect is parƟcularly 

relevant in paƟents who are already near guideline-recommended thresholds or those with higher 

baseline LDL-C values, who require larger absolute reducƟons to remain on target (24). SupporƟng 

this interpretaƟon, comparaƟve real-world analyses indicate higher rates of LDL-C target 

aƩainment with monoclonal anƟbodies than with inclisiran among paƟents starƟng from elevated 

baseline LDL-C levels (26). 

Considering hepaƟc safety, both strategies showed an excellent tolerability proĮle. Transaminases 

remained within the normal range throughout follow-up and no clinically relevant elevaƟons were 

observed. This is consistent with the broader evidence base indicaƟng a favourable hepaƟc safety 

proĮle for both monoclonal anƟbody PCSK9 inhibitors and inclisiran in clinical development and 

real-world seƫngs (24). 

The comparison between treatment strategies should be interpreted with cauƟon, as treatment 

allocaƟon was clinician- and paƟent-driven rather than randomized. In rouƟne clinical pracƟce, 

switching from PCSK9 mAbs to siRNA is oŌen prompted by the desire to simplify the therapeuƟc 

regimen and potenƟally improve long-term adherence. Therefore, the LDL-C increase observed 

aŌer switching should not be interpreted as evidence of reduced drug eĸcacy, but rather as the 



combined result of baseline lipid burden, pharmacological diīerences between treatment 

strategies, and real-world treatment allocaƟon. 

This study has limitaƟons inherent to its retrospecƟve, single‑centre design and modest sample 

size, which restrict causal inference and limit generalizability. Treatment allocaƟon was 

non‑randomized, adherence could not be objecƟvely quanƟĮed, and cardiovascular outcomes 

were not assessed. Notably, the lower proporƟon of paƟents achieving LDL-C targets in the 

switching group should be interpreted considering the markedly lower target aƩainment already 

present at baseline. This paƩern may reŇect a subgroup of paƟents with more diĸcult-to-control 

lipid proĮles or reduced responsiveness to PCSK9-targeƟng therapies. In such contexts, addiƟonal 

lipid-lowering strategies, including emerging third-line treatments such as angiopoieƟn-like protein 

3 (ANGPTL3) inhibitors, may represent a potenƟal therapeuƟc opƟon (26). Nevertheless, the focus 

on a geneƟcally conĮrmed HeFH cohort and the pragmaƟc observaƟon of real‑world switching 

behaviour provide clinically relevant insights into target aƩainment, lipid trajectories, and hepaƟc 

tolerability in rouƟne pracƟce. 

5. Conclusions 

In conclusion, in the SHIFT-FH study cohort, LDL-C target achievement was strongly inŇuenced by 

baseline lipid burden and diīered across therapeuƟc pathways. PaƟents who conƟnued mAbs 

therapy maintained stable lipid control, whereas those who switched to siRNA therapy showed a 

moderate increase in LDL-C levels at 12 months, while maintaining an excellent hepaƟc safety 

proĮle. These Įndings highlight the importance of individualized, target-oriented lipid 

management when considering therapeuƟc switching between PCSK9-targeƟng strategies. Future 

prospecƟve mulƟcentre studies including cardiovascular outcomes are warranted to beƩer deĮne 

the opƟmal posiƟoning of these therapies in rouƟne clinical pracƟce. 
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Tables and Figures 

 

Table 1. Baseline clinical and biochemical characterisƟcs of the study populaƟon. 

 Total (48) Group 1 (22) Group 2 (26) p-value 

Age (n) 59.3±12.8 58.9±13 61.4±12.5 0.228 

Male (%, n) 54.2% (26) 54.5% (12) 53.8% (14) 0.961 

Smoking habits (%, n) 45.8% (22) 36.4% (8) 53.8% (14) 0.226 

Arterial Hypertension (%, n) 50.0% (24) 40.9% (9) 57.7% (15) 0.247 

LDLR causaƟve variants (%,n) 100% (48) 100% (22) 100% (26) N.A. 
DUTCH score  15.0±4.0 16±3.7 14.0±4.1 0.86 

Diabetes Mellitus (%, n) 10.4% (5) 9.1% (2) 11.5% (3) 0.782 

Secondary PrevenƟon (%, n) 50.0% (24) 45.5% (10) 53.8% (14) 0.562 

Total cholesterol (mg/dl) 139.2±43.5 150.9±47.5 129.3±37.9 0.088 

Triglycerides (mg/dl) a 87.5 [61.7-107.7] 83 [61.5–108] 95.5 [63.5–106] 0.992 

HDL-C (mg/dl) 55.6±13.3 55.1±14.8 56.0±12.2 0.824 

LDL-C (mg/dl) 67.0±43.8 76.2+42 59.2±44.6 0.184 

AST (U/dl) a 24.0 [22.7;25.0] 22.5 [20.2;23.7] 25 [23.2;25.7] 0.013 

ALT (U/dl) a 19.0 [18.0;20.0] 20.0 [18.2;20] 19.0 [18.0;20.0] 0.432 

TherapeuƟc LDL-CTarget (%, n) 60.4% (29) 36.4% (8) 80.8% (21) 0.002 
a reported as median [IQR] 

 

ConƟnuous variables are expressed as mean ± standard deviaƟon or median [interquarƟle range], 
as appropriate. Categorical variables are reported as percentages and absolute numbers. 
Comparisons between groups were performed using Student’s t-test or Mann–Whitney U test for 
conƟnuous variables, and χ² test for categorical variables. ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; N.A. not applicable. 

 

 

 

 

 

 

 

 

 

 



Table 2. Six-month follow-up lipid proĮle and liver enzyme levels according to treatment group. 

 G1 (21) G2 (26) 
Δ vs baseline p-value Δ vs baseline p-value 

CT (mg/dl) 21.1 ± 48.0 0.057 −3.4 ± 38.5 0.654 

TG (mg/dl) −12.8 ± 44.7 0.204 0.3 ± 48.8 0.971 

HDL-C (mg/dl) 5.1 ± 14.9 0.129 −2.6 ± 12.1 0.286 

LDL-C (mg/dl) 18.1 ± 42.6 0.065 −5.6 ± 42.2 0.504 

AST (U/dl) 1.1 ± 5.0 0.334 −1.2 ± 4.1 0.159 

ALT (U/dl) 1.3 ± 4.2 0.195 −0.3 ± 2.2 0.424 

LDL-C Target (%, n) 45.5% (10) 0.414 84.6% (22) 0.564 

Changes from baseline (Δ) and corresponding two-sided p values for within-group comparisons are 
reported for both groups. ConƟnuous variables are expressed as mean ± standard deviaƟon. 
Within-group comparisons were performed using paired tests, as appropriate. ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; CT, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides. 

 

Table 3. Twelve-month follow-up outcomes and changes from baseline according to treatment 
group. 

 G1 (19) G2 (21) 
Δ vs baseline p-value Δ vs baseline p-value 

CT (mg/dl) 31.2±41.9 0.004 1.4±44.2 0.894 

TG (mg/dl) 0.3±39.8 0.973 18.9±43.5 0.074 

HDL-C (mg/dl) 4.5±15.6 0.227 -6.9±14.1 0.46 

LDL-C (mg/dl) 29.6±37.4 0.003 -2.4±50 0.839 

AST (U/dl) 0.21±3.5 0.796 -3.21±3.3 <0.001 

ALT (U/dl) -0.21±2.5 0.719 0.6±2.2 0.22 

LDL-C Target (%, n) 22.7% (5) 0.257 53.8% (14) 1.00 
 

Changes from baseline (Δ) and corresponding two-sided p values are reported for Group 1 and 
Group 2. ConƟnuous variables are expressed as mean ± standard deviaƟon. Within-group 
comparisons were performed using paired tests, as appropriate. ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; CT, total cholesterol; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; TG, triglycerides. 

 

 

 

 

 



Figure 1. DistribuƟon of lipid parameters at baseline (T0) and follow-up (T1) according to study 
group. 

 

Violin plots show the distribuƟon of total cholesterol (TC), triglycerides (TG), HDL-C and LDL-C in 
group G1 (blue) and group G2 (orange). P-values refer to within-group comparisons between T0 
and T1 and were calculated using paired Wilcoxon signed-rank test, including only subjects with 
complete paired measurements. 

  



Figure 2. LDL-C target achievement over Ɵme in the two study groups. 

 

ProporƟon of paƟents achieving the therapeuƟc LDL-C target at baseline (T0), 6 months (T1), and 
12 months (T2) in G1 and G2. P-values refer to between-group comparisons at each Ɵme point 
(independent proporƟons test). 

  



Figure 3. Sankey diagram showing paƩerns of therapeuƟc target achievement according to 
treatment group.  

 

PaƟents from each treatment group (G1 and G2) were classiĮed according to target aƩainment 
over Ɵme (T0, T1, and T2) into three response paƩerns: never target (no target aƩainment at any 
Ɵme point), maintained target (target achieved at T1 and maintained at T2), and loss of target 
(transiƟon from target aƩainment to loss of control during follow-up). The width of each Ňow is 
proporƟonal to the number of paƟents in each trajectory. 
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