
Als gemeinsame Einrichtung von MDC und Charité fördert das Experimental and Clinical Research Center 
die Zusammenarbeit zwischen Grundlagenwissenschaftlern und klinischen Forschern. Hier werden neue 
Ansätze für Diagnose, Prävention und Therapie von Herz-Kreislauf- und Stoffwechselerkrankungen, Krebs 
sowie neurologischen Erkrankungen entwickelt und zeitnah am Patienten eingesetzt. Sie sind eingeladen, 
uns beizutreten. Bewerben Sie sich!

https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-
journal-club

https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club
https://www.mdc-berlin.de/de/veroeffentlichungstypen/clinical-journal-club


A 46-year-old man with cirrhosis presented to the 
emergency department with a 1-week history of left 
flank pain. He reported no recent trauma, medical 
procedures, or use of anticoagulant or antiplatelet 
medications. His heart rate was 128 beats per minute, 
and his blood pressure was 64/37 mm Hg. Laboratory 
studies were notable for anemia, severe 
thrombocytopenia, and findings consistent with 
advanced liver disease. Physical examination and 
contrast-enhanced computed tomography of the 
abdomen are shown. What is the most likely 
diagnosis?

Acute hemorrhagic pancreatitis

Splenic rupture

Spontaneous retroperitoneal hemorrhage

Rectus sheath hematoma

Ruptured abdominal aortic aneurysm

The large ecchymosis on the flank is known as Grey Turner’s 
sign and may indicate intraabdominal or retroperitoneal 
bleeding. Although this finding is classically associated with 
pancreatitis, it may occur in other conditions. The CT scan 
showed active extravasation of contrast material into the left 
psoas muscle and retroperitoneal space. A diagnosis of 
spontaneous retroperitoneal hemorrhage due to coagulopathy 
of liver disease was made.

(Grey-Turner‘s Sign)



Die Akute Myeloische Leukämie (AML) ist eine aggressive, 
bösartige Erkrankung des blutbildenden Systems. Bei dieser 
Form von Blutkrebs vermehren sich unreife 
Knochenmarkszellen (sogenannte Blasten) unkontrolliert und 
verdrängen die gesunde Blutbildung. Eine AML entwickelt sich 
rasch und erfordert eine sofortige medizinische Behandlung, 
da sie unbehandelt innerhalb kurzer Zeit lebensbedrohlich ist.

Damit eine AML ausbricht, müssen in der Regel Mutationen aus zwei 
spezifischen Klassen in derselben Vorläuferzelle zusammenwirken:

• Klasse-I-Mutationen (Proliferationsvorteil): Diese Mutationen aktivieren 
Signalwege, die der Zelle befehlen, sich ununterbrochen zu teilen. 
Betroffen sind häufig Gene für Rezeptor-Tyrosinkinasen (z. B. FLT3, KIT 
oder RAS-Proteine). Sie versetzen die Zelle in einen Zustand der 
permanenten Vermehrung, entkoppelt von den Kontrollsignalen des 
Körpers. 

• Klasse-II-Mutationen (Differenzierungsblockade): Diese Mutationen 
betreffen Transkriptionsfaktoren, die für die reguläre Ausreifung der 
Blutzellen verantwortlich sind (z. B. RUNX1, Cebpa oder Fusionsgene wie 
PML-RARA bei der Promyelozytenleukämie). Die Zellen bleiben auf einer 
unreifen Stufe – den sogenannten Blasten – stecken und erlangen nie ihre 
eigentliche Funktion (z. B. als funktionierende weiße Blutkörperchen)

cytarabine and anthracyclines



Venetoclax (Handelsname Venclyxto) ist ein oral verabreichter 
BCL-2-Inhibitor, der zur zielgerichteten Behandlung bestimmter 
Formen von Blutkrebs wie der chronischen lymphatischen 
Leukämie (CLL) und der akuten myeloischen Leukämie (AML) 
eingesetzt wird.

Bcl-2 (B-cell lymphoma 2) ist ein zentrales Regulatorprotein des 
programmierten Zelltods (Apoptose) und der Prototyp der 
gleichnamigen Bcl-2-Proteinfamilie.

Biologische Funktion

• Anti-apoptotische Wirkung: Bcl-2 verhindert den Zelltod, 
indem es die äußere Mitochondrienmembran stabilisiert 
und die Freisetzung von pro-apoptotischen Faktoren wie 
Cytochrom c hemmt.

• Gleichgewicht: Das Überleben oder Absterben einer Zelle 
hängt von der Balance zwischen anti-apoptotischen (wie 
Bcl-2, Bcl-xL) und pro-apoptotischen Proteinen (wie Bax, 
Bak) ab
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Azacitidin ist ein hypomethylierender 
Arzneistoff und Zytostatikum, das zur 
Behandlung von Blutkrebserkrankungen des 
Knochenmarks eingesetzt wird. Es funktioniert 
als chemisches Analogon des Nukleosids 
Cytidin und greift in die epigenetische 
Regulation der Zellen ein. 

Wirkungsweise

• Epigenetik: In niedrigen Dosen bewirkt der Stoff eine 
Hypomethylierung der DNA. Dadurch werden 
blockierte Gene, die für die normale Ausreifung von 
Blutzellen wichtig sind, wieder reaktiviert.

• Zytotoxizität: In höheren Dosen hemmt es direkt das 
Wachstum von sich schnell teilenden Krebszellen und 
führt zu deren Absterben im Knochenmark. DNA-Methyltransferasen (DNMTs) sind Enzyme, die 

Methylgruppen auf die DNA übertragen, um als epigenetische 
Markierung die Aktivität von Genen zu steuern, ohne dabei die 
zugrundeliegende genetische Sequenz zu verändern.



Induction chemotherapy has long been a key component 
of curative therapy for fit patients with acute myeloid 
leukemia (AML), despite its frequently severe side effects 
and substantial health care utilization. For patients who 
are ineligible for induction chemotherapy, 
hypomethylating therapy plus venetoclax is the standard 
treatment owing to its efficacy and side-effect profile.
In this multicenter, phase 2 trial, we randomly assigned, 
in a 1:1 ratio, previously untreated adults with AML who 
were eligible for induction chemotherapy to receive 
either azacitidine plus venetoclax or induction 
chemotherapy. Patients with core binding factor fusions, 
mutations in the gene encoding FMS-like tyrosine kinase 
3 (FLT3), or mutations in the gene encoding 
nucleophosmin-1 (NPM1; unless the patient was ≥60 
years of age) were excluded. The primary end point was 
event-free survival.



For decades, the standard up-front treatment for functionally fit patients with 
acute myeloid leukemia (AML) has been intensive induction chemotherapy 
incorporating cytarabine and anthracyclines. Despite therapeutic advances in 
certain subsets of patients. Among patients 75 years or older or patients who 
were otherwise ineligible to receive induction chemotherapy, the VIALE-A trial 
established the superiority of combination treatment with azacitidine plus 
venetoclax, as compared with azacitidine monotherapy, with a median overall 
survival of 14.7 months and a composite complete remission in 66% of the 
patients in the azacitidine–venetoclax group.
Azacitidine–venetoclax therapy was associated with fewer and less-severe side 
effects than are usual with induction chemotherapy, with low early mortality. 
Combinations with a hypomethylating agent and venetoclax are now standard up-
front therapies for patients who are ineligible for induction chemotherapy. Here, 
we report results from the PARADIGM trial, a randomized, phase 2 clinical trial 
designed to assess whether azacitidine–venetoclax would be superior to induction 
chemotherapy in patients with AML who were eligible to receive induction 
chemotherapy.



Methods
Trial Design, Randomization, Treatment, and Oversight
We conducted this investigator-initiated, open-label, multicenter, randomized, phase 2 clinical 
trial at nine academic centers in the United States.
Patients were randomly assigned in a 1:1 ratio to receive either azacitidine–venetoclax or 
induction chemotherapy. Patients in the azacitidine–venetoclax group received repeating 28-day 
cycles of azacitidine (75 mg per square meter of body-surface area, administered intravenously 
on days 1 through 7) and venetoclax (400 mg orally on days 1 through 28); adjustments to dose, 
cycle length, and duration of venetoclax therapy were allowed in accordance with the 
prescription label and as appropriate for cytopenias, other toxic effects, and concurrent use of 
CYP3A inhibitors. Bone marrow biopsies were performed at the end of each cycle (between day 
21 and day 31) to assess for response (see below). 
Patients
Eligible patients were at least 18 years of age with untreated AML, which had been pathologically 
confirmed and classified according to the World Health Organization 2016 criteria; each patient 
had to have been deemed by the investigator as being a candidate for induction chemotherapy. 
End Points and Assessments
The primary end point was event-free survival. 



Adverse eventsBaseline





Treatment Response, Transition to HCT, and Measurable 
Residual Disease Status.
Shown are bar plots summarizing the overall percentages of 
patients with a response after treatment (Panel A), pie charts 
summarizing the best response to therapy in each treatment 
group (Panel B), and bar plots indicating successful transition of 
patients in first response to HCT (Panel C) in the azacitidine–
venetoclax group (52 patients [60%]) and the induction 
chemotherapy group (34 patients [40%]). Overall response 
included complete remission (CR), complete remission with 
partial hematologic recovery (CRh), complete remission with 
incomplete hematologic recovery (CRi), partial remission (PR), 
and morphologic leukemia-free state (MLFS). Composite 
complete remission included CR, CRh, and CRi. The confidence 
intervals (𝙸 bars) in Panels A and C are not adjusted for 
multiplicity and may not be used in place of a hypothesis test. If 
no post-treatment bone marrow evaluation was available, then 
patients were considered not to have had a response and were 
included in the denominator for response assessment. Data on 
measurable residual disease (MRD) status (positive or negative) 
are provided on the basis of patients with available samples at 
the time of the best morphologic bone marrow response (CR, 
CRh, and CRi) (Panel D) and within 4 weeks before HCT among 
patients who underwent transplantation after trial treatment 
(Panel E).





Ursache und Genetik

• FGFR3-Mutation: Zu über 99 % wird die Erkrankung durch 
eine Punktmutation im FGFR3-Gen (Fibroblasten-
Wachstumsfaktor-Rezeptor 3) verursacht. 

• Überaktivierung: Der Rezeptor ist dauerhaft aktiv, was das 
Längenwachstum der langen Röhrenknochen in den 
Wachstumsfugen (enchondrale Ossifikation) hemmt.

• Vererbung: In etwa 80 % der Fälle entsteht die Mutation 
spontan (Neumutation) bei Eltern mit durchschnittlicher 
Körpergröße. Ansonsten wird sie autosomal-dominant 
vererbt

Die Achondroplasie ist die häufigste Form des genetisch 
bedingten und disproportionierten Kleinwuchses und beruht 
auf einer angeborenen Störung der Knorpel- und 
Knochenbildung

Bei der Achondroplasie ist primär das Längenwachstum der 
Röhrenknochen (wie Oberschenkel und Oberarm) gestört, 
während das Breitenwachstum und die Entwicklung flacher 
Knochen normal ablaufen. Ursache ist eine genetisch bedingte 
Störung der endochondralen Ossifikation 
(Knorpelverknöcherung), die durch eine Mutation im FGFR3-Gen 
hervorgerufen wird. Dieses Gen bremst im Normalfall das 
Knochenwachstum; durch die Mutation ist es jedoch dauerhaft 
überaktiv, wodurch der unentbehrliche Knorpel in den 
Wachstumsfugen nicht richtig in Knochensubstanz umgewandelt 
wird



FGFR3 mutations increase signaling through a combination 
of receptor stabilization, ligand-independent dimerization, 
and enhanced intrinsic kinase activity. 

Mechanisms of Increased Signaling

• Enhanced Dimerization: Mutant receptors pair up and 
activate even without binding to a growth factor ligand.

• Receptor Stabilization: The mutant proteins remain on 
the cell surface longer, reducing normal receptor 
turnover and degradation.

• Increased Kinase Activity: The intrinsic tyrosine kinase 
portion of the receptor works at a higher baseline 
capacity.

• Constant Activation: For example, the common G380R 
change in achondroplasia locks the transmembrane 
domain into an active state.



Infigratinib ist ein oral verabreichbarer Proteinkinaseinhibitor, 
der gezielt die Aktivität von Fibroblasten-Wachstumsfaktor-
Rezeptoren (FGFR) hemmt.

Anwendungsgebiete & Wirkungsweise

• Gallengangskarzinom (Cholangiokarzinom): Unter dem 
Handelsnamen Truseltiq wurde der Wirkstoff zur 
Behandlung von Erwachsenen mit lokal fortgeschrittenem 
oder metastasiertem Cholangiokarzinom mit FGFR2-
Genfusionen oder -umlagerungen zugelassen, die nach 
einer vorherigen Chemotherapie fortgeschritten sind.

• Achondroplasie: Der Wirkstoff wird zudem in klinischen 
Studien (wie Phase-3-Studien) zur Behandlung von Kindern 
mit Achondroplasie (einer Form des Kleinwuchses) 
untersucht, um das Knochenwachstum und die 
Körperproportionen positiv zu beeinflussen. 

• Wirkmechanismus: Durch die selektive Blockade von 
FGFR1–3 werden krankheitsrelevante Signalwege (wie 
MAPK) unterdrückt, die für das unkontrollierte 
Zellwachstum verantwortlich sind.



Achondroplasia is a genetic skeletal condition caused by 
FGFR3 pathogenic variants. Infigratinib, an oral FGFR1–3 
tyrosine kinase inhibitor, down-regulates key pathways in 
the pathogenesis of achondroplasia.
In this phase 3, multicenter, double-blind, placebo-
controlled trial, we randomly assigned children with 
achondroplasia (3 to 17 years of age) in a 2:1 ratio to 
receive infigratinib (at a dose of 0.25 mg per kilogram of 
body weight) or placebo once daily for 52 weeks. The 
primary end point was the change from baseline in the 
annualized height velocity in the infigratinib group as 
compared with the placebo group at week 52. Key 
secondary end points were the change from baseline in 
the height z score and in the upper-to-lower body 
segment ratio at week 52. The primary analysis 
evaluated the treatment effect at week 52 in the full 
analysis population, with missing data handled with a 
prespecified imputation approach.



Achondroplasia, a skeletal dysplasia that is characterized by disproportionate short stature, 
can lead to medical, functional, and psychosocial challenges. This condition is caused by 
pathogenic gain-of-function variants in the gene encoding fibroblast growth factor receptor 
3 (FGFR3), which causes overactivity in downstream pathways, such as mitogen-activated 
protein kinase (MAPK) and signal transducer and activator of transcription 1 (STAT1). These 
changes result in impaired endochondral skeletal ossification through inhibition of 
chondrocyte proliferation and differentiation.
Infigratinib is an orally bioavailable FGFR1–3 selective tyrosine kinase inhibitor in 
development for achondroplasia. Infigratinib directly inhibits the phosphorylation of FGFR3 
and attenuates key downstream signaling pathways, including MAPK and STAT1. In an 
open-label, dose-finding, phase 2 study (PROPEL 2), oral infigratinib (at a dose of 0.25 mg 
per kilogram of body weight) resulted in sustained increases in the annualized height 
velocity and height z score, along with a decrease in the upper-to-lower body segment 
ratio at 18 months. We conducted the present phase 3 trial (PROPEL 3) to further evaluate 
the efficacy and safety of infigratinib in children with achondroplasia.



Methods
Trial Design and Oversight
This phase 3, double-blind, randomized, placebo-controlled trial assessed the efficacy and safety of 
infigratinib in children with achondroplasia who had completed at least 26 weeks of participation in 
the observational PROPEL study.
Patients
Eligible children were 3 to 17 years of age at the time of screening and had a confirmed genetic 
diagnosis of achondroplasia. 
Randomization and Treatment
Eligible patients were randomly assigned in a 2:1 ratio to receive either infigratinib or placebo for 52 
weeks. Randomization was stratified according to a prespecified combination of age, sex, and pubertal 
stage as follows: an age of 3 or 4 years (in <20% of the patients); an age of 5 years or older and a 
Tanner stage of 1 (in ≥60% of the patients); and a Tanner stage of 2 or higher (in <20% of the patients 
[approximately 50% girls and 50% boys], including <5% with a Tanner stage of 4).
The patients received daily treatment with oral infigratinib (sprinkle capsules) at a dose of 0.25 mg per 
kilogram of body weight or placebo. Treatment could be paused and resumed at the same dose or 
decreased to a lower dose if a criterion for dose reduction or discontinuation was met.
End Points
The primary end point was the change from baseline in the annualized height velocity in the 
infigratinib group as compared with the placebo group at week 52.



Adverse events

Subjects







Action of FGF23 is inhibited to some degree.



Infigratinib increases blood 
phosphate levels 
(hyperphosphatemia) because 
it blocks fibroblast growth 
factor receptor 1 (FGFR1), 
which disrupts the normal 
signaling of FGF23 that 
controls phosphate balance.



Isotonische Kochsalzlösung (NaCl 0,9 %)

• Zusammensetzung: Enthält ausschließlich Natrium (154 mmol/l) und Chlorid (154 mmol/l). 

• Nachteile: Große Mengen führen oft zu Hyperchlorämie (zu viel Chlorid im Blut), hyperchlorämischer 
metabolischer Azidose (Übersäuerung) und Nierenschäden. 

• Ausnahmen/Vorteile: Kann bei Patienten mit erhöhtem Hirndruck (Schädel-Hirn-Trauma) sinnvoll sein, da 
der höhere Natriumgehalt das Gehirn vor zusätzlicher Wassereinlagerung schützt. 

Balancierte Vollelektrolytlösungen (BVE)

• Zusammensetzung: Ahmen das Blutplasma nach und enthalten neben Natrium und Chlorid auch Kalium, 
Calcium, Magnesium sowie Puffer wie Laktat oder Acetat. 

• Vorteile: Zeigen ein günstigeres Nebenwirkungsprofil, belasten die Nieren weniger und verhindern eine 
überschießende Übersäuerung des Blutes bei großvolumiger Infusionstherapie. 

• Einsatzbereich: Gilt in der modernen Notfall- und Intensivmedizin zunehmend als Standardersatz für die 
reine Kochsalzlösung. 

Möchten Sie wissen, welche Infusionstherapie bei bestimmten Krankheitsbildern (wie Sepsis oder 
Operationen) empfohlen wird?



0,9&%

154 mmol/L Na

154 mmol/L Cl

Sterofundin usw

Acetate metabolized to CO2, water, and bicarbonateNa and Cl 20 mmol/L higher than plasma; could lead to expansion acidosis



Whether treatment with balanced crystalloid fluid 
leads to better outcomes than 0.9% saline in 
children treated for septic shock is debated.
In this pragmatic clinical trial conducted at 47 
emergency departments in five countries, patients 
(2 months to <18 years of age) with suspected 
septic shock and abnormal perfusion were 
randomly assigned to receive fluid resuscitation 
with either balanced fluid or 0.9% saline for up to 
48 hours. The primary outcome was a major 
adverse kidney event (a composite of death, new 
renal-replacement therapy, or persistent kidney 
dysfunction) at 30 days after enrollment or hospital 
discharge, whichever occurred first.



Crystalloid fluid is commonly used to resuscitate children with septic shock. Options for 
crystalloids include 0.9% sodium chloride (saline) or balanced fluid, such as lactated Ringer’s 
solution or Plasma-Lyte. Despite its widespread use, 0.9% saline contains a supraphysiologic 
concentration of chloride that is associated with hyperchloremia, metabolic acidosis, and 
decreased renal blood flow. In contrast, balanced fluid has an electrolyte composition that 
more closely resembles that of human plasma and has been shown to be associated with 
lower frequencies of acute kidney injury, receipt of renal-replacement therapy, and death 
than 0.9% saline in some studies involving adults and in some involving children. However, 
other studies have shown that balanced fluid does not provide any benefit or is associated 
with harm. Consequently, the Surviving Sepsis Campaign issued a conditional 
recommendation for treatment with balanced fluids over 0.9% saline in children with septic 
shock.
To determine whether resuscitation with balanced fluid would result in a lower frequency of 
major adverse kidney events within 30 days than resuscitation with 0.9% saline in children 
treated for septic shock, we conducted the Pragmatic Pediatric Trial of Balanced versus 
Normal Saline Fluid in Sepsis. 



Methods
Trial Design and Oversight
We conducted a multicenter, pragmatic, open-label, interventional trial in which children with 
suspected septic shock treated in an emergency department between August 25, 2020, and October 
31, 2025, were randomly assigned to receive either balanced crystalloid fluid or 0.9% saline for 
resuscitation and maintenance hydration.
Trial Patients
Children (2 months to <18 years of age) with suspected septic shock who were being treated with fluid 
resuscitation for abnormal perfusion in an emergency department were eligible for enrollment if the 
total volume of crystalloid fluid administered before enrollment was confirmed as 40 ml per kilogram of 
body weight or less. All the clinicians in the participating emergency departments screened patients 
during routine care, but only those trained regarding trial procedures could enroll patients.
Intervention
We compared treatment with a predominantly balanced fluid and treatment with 0.9% saline, 
acknowledging that routine care often includes multiple fluid types. Balanced fluids could be lactated 
Ringer’s solution, Plasma-Lyte, or Hartmann’s solution, depending on availability or clinician preference.
Outcomes
The primary outcome was a major adverse kidney event — defined as a composite of death from any 
cause, initiation of renal-replacement therapy, or persistent kidney dysfunction — within 30 days after 
trial enrollment or hospital discharge, whichever occurred first.



The figure illustrates the overall design and flow of participants through the study. Patients who were
between 2 months and 18 years-old and treated for suspected septic shock, as indicated by clinical decision
to collect a blood culture and administers a parenteral antibiotic dose, were eligible and enrolled if fluid
bolus therapy was administered for abnormal perfusion (defined by either clinician judgement that
hypotension or abnormal capillary refill (either “flash” or “prolonged”) capillary refill were present).



Primary, Secondary, and Safety Outcomes.

Patients at Baseline.









RAS-Mutationen sind genetische Veränderungen in der KRAS-, 
NRAS- oder HRAS-Genfamilie, die als molekulare Schalter das 
Zellwachstum unkontrolliert anregen und zu den häufigsten 
Treibern bei Krebserkrankungen zählen. 

Was sind RAS-Mutationen?

• Funktion: Das RAS-Protein reguliert als kleines G-Protein 
normalerweise die Signalübertragung für Zellwachstum und 
-teilung. 

• Defekt: Durch die Mutation verbleibt das Protein in einem 
permanent aktiven (GTP-gebundenen) Zustand, wodurch 
Zellen unaufhörlich wachsen.

• Häufigkeit: Sie treten in ca. 30 % aller menschlichen 
Tumoren auf – besonders oft bei 
Bauchspeicheldrüsenkrems (bis zu 90–95 %), Darmkrebs 
(ca. 40 %) und Lungenkrebs (ca. 25 %).
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RAS mutations, as a group, are the most common oncogenic drivers of non–small-cell lung 
cancer (NSCLC), and they occur in approximately 30% of patients. Whether daraxonrasib 
(RMC-6236) — an oral RAS(ON) multiselective, tri-complex inhibitor of guanosine 
triphosphate–bound mutant and wild-type RAS protein isoforms — is safe and effective in 
patients with RAS-mutant NSCLC is unknown.
In this phase 1–2, multicenter, dose-escalation and dose-expansion study of daraxonrasib, 
we enrolled patients with previously treated advanced RAS-mutant NSCLC and administered 
daraxonrasib in doses of 10 to 400 mg orally once daily in 21-day cycles. The primary end 
point was safety. Secondary end points included investigator-assessed objective response 
(complete or partial response) and the duration of response, with response assessed 
according to Response Evaluation Criteria in Solid Tumors, version 1.1.
Conclusions
Among patients with previously treated metastatic RAS-mutant NSCLC receiving 
daraxonrasib at a dose of 300 mg or less daily, 54% had adverse events of grade 3 or higher, 
and antitumor activity was reported in more than 30%.



Methods
Study Design and Patients
RMC-6236-001 is a phase 1–2, multicenter, open-label, two-part (dose escalation and dose expansion) 
study of daraxonrasib involving patients with advanced solid tumors harboring RAS mutations; the study 
design has been described previously.
Treatment
Patients with RAS-mutant solid tumors received 10 to 400 mg of daraxonrasib, administered orally once 
daily in 21-day cycles; the maximum tolerated dose and recommended phase 2 dose were identified with 
the use of a Bayesian optimal interval design, as described previously. The maximum tolerated dose was 
not reached, but frequent dose modifications at 400 mg prevented sustained treatment at this level. 
Expansion cohorts of patients with KRAS G12–mutant NSCLC were enrolled and received daraxonrasib at 
doses of 120 mg, 200 mg, or 300 mg, and additional patients with NSCLC harboring mutations other than 
RAS G12 were enrolled in separate cohorts and received daraxonrasib at doses of 200 mg and 300 mg. 
Treatment continued until the occurrence of unacceptable toxic effects, withdrawal of consent, or study 
discontinuation, whichever occurred first; patients who met the protocol-specified criteria for clinical 
benefit could continue treatment beyond disease progression.
End Points and Assessments
The primary end point was the safety and side-effect profile of daraxonrasib. Adverse events that emerged 
during treatment and those that were related to treatment were graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events.



Safety in Patients with RAS-Mutant NSCLC.



Investigator-Assessed Confirmed Best 
Response with Daraxonrasib at Doses of 
160–220 mg.





Discussion
Among patients with RAS-mutant NSCLC who had disease progression after platinum-
based chemotherapy and anti–PD-1 or anti–PD-L1 therapy, daraxonrasib was 
associated with adverse events of grade 3 or higher, regardless of attribution, in 54% 
and treatment-related adverse events of grade 3 or higher in 30%, along with a 
response in more than 30% of patients. The results are notable in a treatment 
landscape characterized by limited options with modest clinical benefit and 
substantial toxic effects. These findings highlight the therapeutic potential of RAS(ON) 
multiselective inhibition.
These data support the ongoing phase 3, randomized RASolve 301 trial of second-line 
daraxonrasib as compared with docetaxel in patients with RAS-mutant NSCLC 
(ClinicalTrials.gov).



Summary
Pulmonary nodules are classified as solid or subsolid, with subsolid nodules further 
classified as part-solid or pure ground-glass. Management strategies differ according to the 
type of nodule. A comparison of current and previous imaging studies, when available, is 
essential to assess the risk of the nodule being malignant. Solid nodules that have been 
stable for 2 years are considered to be benign, whereas subsolid nodules require a longer 
period of stability to be considered benign. Prediction models to stratify the risk of the 
nodule being malignant can be used to guide the management of solid nodules. Computed 
tomographic (CT) surveillance is indicated for low-risk nodules; positron-emission 
tomography–CT, biopsy, or both for intermediate-risk nodules; and surgical resection for 
selected high-risk nodules. Subsolid nodules are often slower growing than solid nodules but 
are associated with a higher risk of being malignant, especially if a solid component 
develops or progressively enlarges. Biopsy methods include transthoracic needle biopsy and 
navigational bronchoscopy. Optimal overall management balances timely diagnosis in 
persons who have cancer with the avoidance of unnecessary invasive procedures in persons 
who have benign disease.



A 67-year-old man underwent computed tomography 
(CT) of the chest to investigate breathlessness and a 
persistent cough. He had a smoking history of 28 pack-
years, having quit at 45 years of age, had no history of 
cancer, and did not live in an area where fungal 
infection is endemic. He was otherwise fit with no 
clinically significant cardiac or respiratory disease, was 
able to walk 2 miles without stopping, and played golf 
regularly. A pure ground-glass nodule with a maximum 
axial diameter of 19 mm was discovered in the 
periphery of the apical segment of the lower lobe of 
the right lung (Figure 1A). After clinical review, CT 
surveillance was planned, with repeat scans at 6 and 
12 months. The CT scan at 6 months showed no 
change, whereas the scan at 12 months showed that 
the nodule had increased to 21 mm in axial diameter 
and had developed a solid component within the 
preexisting pure ground-glass lesion, thereby 
becoming a part-solid nodule (Figure 1B). How would 
you manage this patient’s pulmonary nodule?

https://www.nejm.org/doi/full/10.1056/NEJMcp2515063
https://www.nejm.org/doi/full/10.1056/NEJMcp2515063






Guidelines for the Management of Pulmonary Nodules.





Conclusions and Recommendations
For the patient described in the vignette, the repeat CT of the chest shows that the nodule 
increased from 19 mm to 21 mm in axial diameter and developed a solid component 
within the preexisting pure ground-glass lesion, thereby becoming a part-solid nodule. We 
would consider the nodule to have a high risk (>95%) of being an invasive adenocarcinoma 
and would discuss the options of percutaneous biopsy or diagnostic resection with the 
patient.
If the patient opted for a preoperative biopsy that confirmed a diagnosis of lung cancer or 
for diagnostic resection without a preoperative biopsy, we would recommend PET-CT for 
staging, followed by a robotic-assisted segmentectomy. If the preoperative biopsy was 
nonspecific or nondiagnostic, we would discuss with the patient the options of diagnostic 
surgery or repeat biopsy. Ongoing CT surveillance would be another option if the patient 
preferred, although we would emphasize the high risk of the nodule being malignant in 
this situation, given the change in radiologic findings. Postoperative management would 
depend on the pathological stage, with CT surveillance for 5 years for early-stage lung 
cancer (stage IA) and CT surveillance plus optional adjuvant oncologic treatment for more 
advanced stages, depending on the pathological and molecular subtypes of the cancer.



Lydia Rabinowitsch Kempner



Die Alkalische Phosphatase (AP oder ALP) ist eine Gruppe von 
Enzymen, deren Hauptaufgabe darin besteht, 
Phosphatgruppen von verschiedenen Molekülen abzuspalten. 
Sie ist in einem leicht basischen (alkalischen) Milieu am 
aktivsten. 

Die wichtigsten Funktionen im Körper

• Knochenmineralisierung: Die im Knochen gebildete AP 
fördert den Einbau von Calcium und Phosphat, was für den 
Aufbau und Erhalt gesunder Knochen und Zähne essenziell 
ist.

• Stoffwechselsteuerung: Das Enzym spaltet 
Phosphatgruppen ab und steuert dadurch zahlreiche 
biochemische Prozesse im Gewebe.

• Leber- und Gallenfunktion: In der Leber und den 
Gallengängen hilft die AP bei Stoffwechsel- und 
Transportprozessen.

Die alkalische Phosphatase (AP) ist ein Enzym, das in 
verschiedenen Geweben wie Knochen, Leber und Muskeln 
vorkommt. Besonders wichtig ist die vom ALPL-Gen kodierte 
gewebeunspezifische alkalische Phosphatase (TNSAP) für die
Knochenmineralisierung.

Sie dephosphoryliert Substrate wie anorganisches Pyrophosphat 
(PPi), das im Prozess der Knochenmineralisierung essenziell ist, 
und Pyridoxalphosphat (PLP), das für die Synthese von 
Neurotransmittern wie Gamma-Aminobuttersäure (GABA) 
benötigt  wird.

https://flexikon.doccheck.com/de/Alkalische_Phosphatase


A 46-year-old woman presented to her primary care physician with a 3-week history 
of right forefoot pain. The pain had begun spontaneously, worsened with weight 
bearing, and was not preceded by trauma. She reported no joint pain, fever, or other 
systemic symptoms. Her medical history included hypertension, which was being 
treated with losartan, and a cesarean section 25 years earlier. She said that she did 
not participate in high-impact exercise and that she worked as an office manager.
On physical examination, the foot had no wounds, deformities, swelling, or erythema. 
Palpation over the fourth metatarsal and axial loading of the fourth toe reproduced 
the pain; mediolateral metatarsal compression did not. The ankle, foot, and toes had 
full, painless range of motion. Her gait was normal. Neurologic function, arterial 
pulses, and capillary refill were intact.



A plain radiograph of the right foot showed a 
fracture of the fourth metatarsal (Figure 1). The 
patient was referred to the emergency 
department and evaluated by an orthopedic 
surgeon. A short course of nonsteroidal 
antiinflammatory medication was prescribed, 
and supportive footwear, with weight bearing 
as tolerated, was recommended. A follow-up 
radiograph obtained 12 weeks later showed 
healing of the fracture. Dual-energy x-ray 
absorptiometry (DXA) showed a bone mineral 
density (BMD) of 1.086 g per square centimeter 
at the lumbar spine (T score, 0.4; z score, 0.9) 
and 0.785 g per square centimeter at the left 
total hip (T score, −1.3; z score, −0.9). Vertebral-
fracture assessment showed no fractures. The 
patient was referred to a fracture liaison 
service.

https://www.nejm.org/doi/full/10.1056/NEJMcps2602868


At the fracture liaison service, the patient was evaluated by an endocrinologist. The patient 
reported no previous fractures or falls, was premenopausal, and said that she did not use 
medications or have medical conditions associated with bone loss. Her daily calcium intake 
was 1200 mg. She had stopped smoking 9 years earlier after a 25-pack-year history and did 
not drink alcohol. Her family history was unremarkable, without fractures or osteoporosis 
among first-degree relatives. Her height was 152 cm (unchanged from her maximum 
recorded adult height), and her body weight was 87 kg (body-mass index [BMI, the weight in 
kilograms divided by the square of the height in meters], 37.7).
Physical examination showed no facial plethora, dorsocervical fat pad, muscle wasting, 
bruising, or urticaria pigmentosa. Laboratory testing showed a serum creatinine level of 0.8 
mg per deciliter (71 μmol per liter; reference range, 0.5 to 1.0 mg per deciliter [44 to 88 μmol 
per liter]), a calcium level of 9.2 mg per deciliter (2.30 mmol per liter; reference range, 8.4 to 
10.2 mg per deciliter [2.10 to 2.55 mmol per liter]), an albumin level of 4.1 g per deciliter 
(reference range, 3.5 to 5.2), and a 25-hydroxyvitamin D level of 40 ng per milliliter (reference 
range, 20 to 60). The thyrotropin level and a complete blood count were normal. Oral 
ibandronate (at a monthly dose of 150 mg) was initiated, with a planned 5-year course and 
follow-up DXA. (No phosphate or alkaline phosphatase reported)



Four years after starting ibandronate, the 
patient presented to the emergency 
department after a fall from standing height, 
reporting pain in the left leg and an inability 
to stand. Physical examination revealed a 
shortened, externally rotated leg. Plain 
radiography revealed a pertrochanteric 
femoral fracture (Figure 2). The patient was 
reassessed by an endocrinologist. DXA, 
performed 2 months after the fracture, 
showed a decline in BMD, with a BMD of 
0.824 g per square centimeter at the lumbar 
spine (T score, −2.0; z score, −1.1) and of 
0.547 g per square centimeter at the right 
total hip (T score, −3.2; z score, −2.7). The 
patient reported adherence to ibandronate 
therapy and ongoing menses. 

She was questioned about any new medical 
conditions and changes in her medications since her 
previous evaluation and reported having undergone 
laparoscopic gastric bypass surgery 3 years earlier (1 
year after her initial evaluation by the fracture 
liaison service). She had subsequently lost 20 kg, 
with weight stabilization at 67 kg (BMI, 29) 2 years 
after the bariatric surgery. Since the surgery, she 
had been taking multivitamin supplementation, as 
well as pantoprazole for gastroesophageal reflux.

https://www.nejm.org/doi/full/10.1056/NEJMcps2602868


Repeat laboratory testing showed stable kidney function and normal levels of calcium, 
albumin, and 25-hydroxyvitamin D; a complete blood count was also normal. The alkaline 
phosphatase level was 27 U per liter (reference range, 47 to 98), and the 24-hour urinary 
calcium excretion was 2.3 mmol (reference range, 2.5 to 7.5). Levels of phosphate, γ-
glutamyltransferase, sodium, potassium, magnesium, iron indexes, vitamin B12, folate, zinc, 
parathyroid hormone, thyrotropin, and glycated hemoglobin and the lipid profile, erythrocyte 
sedimentation rate, protein electrophoresis, and celiac serologic tests were normal.
Previous health care providers were contacted, but no historical values for alkaline 
phosphatase were available. The low alkaline phosphatase level was attributed to 
bisphosphonate therapy, and the fracture and decline in BMD were ascribed to bariatric 
surgery and pantoprazole use. Hypercortisolism was not evaluated. Oral ibandronate was 
replaced with annual intravenous administration of zoledronic acid (5 mg), and repeat DXA 
was planned in 2 years.
One year after initiating therapy with zoledronic acid, the patient presented to an orthopedic 
surgeon with right groin pain that had developed insidiously over a 2-month period. She 
reported no trauma or recent physical activity. Physical examination revealed tenderness over 
the greater trochanter and pain with axial loading of the femur. Neurologic examination was 
normal. Exhalation against a closed airway did not elicit groin swelling.



A plain radiograph of the right proximal femur and hip 
showed no abnormalities. MRI was scheduled. One 
week before the planned MRI, the patient felt a 
“crack” in her right leg, followed by a fall and severe 
pain, and was transported to the emergency 
department. Radiography revealed transverse and 
impending mid-diaphyseal femoral fractures. She 
underwent uneventful fixation with a long 
intramedullary nail (Figure 3A).
Four months after placement of the long 
intramedullary nail in the right femur, the patient 
sustained a periprosthetic fracture in the left femur 
after a fall from standing height (Figure 3B). The 
previously implanted proximal femoral nail was 
replaced with a long intramedullary nail, and she was 
referred to our metabolic bone disease center.

https://www.nejm.org/doi/full/10.1056/NEJMcps2602868
https://www.nejm.org/doi/full/10.1056/NEJMcps2602868


History taking revealed frequent dental caries without 
premature tooth loss, delayed ambulation until 2 years of 
age, and an adult height that was 20 cm shorter than that of 
her sister. The patient reported no history of chronic pain. 
Physical examination showed scoliosis without blue sclerae. 
Bone scintigraphy revealed diffuse skeletal uptake with 
reduced renal activity and focal uptake at recent fracture 
sites (Figure 4). Laboratory testing showed a vitamin B6 level 
of 80 ng per milliliter (480 nmol per liter; reference range, 6 
to 18 ng per milliliter [35 to 110 nmol per liter]), measured 1 
week after temporary discontinuation of the multivitamin, 
and a urinary phosphoethanolamine level of 76 mmol per 
mole of creatinine (reference value, <8). Sequencing of the 
gene ALPL identified a pathogenic variant, 
NM_000478.4(ALPL):c.526G→A (p.Ala176Thr), and a likely 
pathogenic variant, NM_000478.6(ALPL):c.379A→G 
(p.Thr127Ala) — findings that confirmed the diagnosis of 
hypophosphatasia, probably of childhood onset.

https://www.nejm.org/doi/full/10.1056/NEJMcps2602868


Physiologic Function of Tissue-Nonspecific Isoenzyme of Alkaline 
Phosphatase.
Alkaline phosphatase comprises four membrane-bound isoenzymes, 
three of which are tissue-specific and one of which — tissue-nonspecific 
isoenzyme of alkaline phosphatase (TNSALP), encoded by ALPL — is 
broadly expressed, predominantly in bone, the liver, the kidneys, and 
teeth. TNSALP hydrolyzes pyridoxal 5ʹ-phosphate to pyridoxal, 
phosphoethanolamine to ethanolamine, and inorganic pyrophosphate 
to inorganic phosphate. In persons with hypophosphatasia, a hereditary 
form of rickets or osteomalacia caused by TNSALP deficiency, pyridoxal 
5ʹ-phosphate, phosphoethanolamine, and inorganic pyrophosphate 
accumulate. Excess inorganic pyrophosphate, together with locally 
reduced inorganic phosphate, inhibits hydroxyapatite formation and 
impairs skeletal and dental mineralization. Bisphosphonates (structural 
analogues of inorganic pyrophosphate) may further exacerbate this 
imbalance by impairing mineralization, suppressing bone turnover, and 
binding zinc and magnesium, which serve as TNSALP cofactors. 
Denosumab also suppresses bone turnover. Consequently, therapy with 
bisphosphonates (in particular) or denosumab is contraindicated in 
hypophosphatasia. Accumulation of inorganic pyrophosphate also 
promotes calcium pyrophosphate and calcium phosphate crystal 
deposition in articular and periarticular tissues, contributing to 
chondrocalcinosis and crystal-associated arthropathy. Accumulation of 
phosphoethanolamine has not been associated with specific clinical 
manifestations. In contrast, an elevated pyridoxal 5ʹ-phosphate level, 
together with intracellular pyridoxal deficiency, may impair neurologic 
function and contribute to neuropathic pain and, in perinatal and 
infantile hypophosphatasia, to epilepsy. On the right, sections of normal 
and osteomalacic bone are shown. Osteomalacic bone is characterized 
by prominent osteoid, the unmineralized organic matrix of bone.

This case underscores the importance of measuring alkaline 
phosphatase. Low values may indicate hypophosphatasia — a 
disease in which antiresorptive therapy is contraindicated.



Ein erhöhter Lipoprotein(a)-Wert (kurz Lp(a)) ist ein genetisch 
festgelegter Risikofaktor für Herz-Kreislauf-Erkrankungen wie 
Herzinfarkt, Schlaganfall oder Aortenklappenstenose.

Was ist Lipoprotein(a)?

• Lp(a) ist ein spezielles Transportpartikel für Fette im Blut, 
das dem LDL-Cholesterin ähnelt.

• Es besitzt zusätzlich das Eiweiß Apolipoprotein(a), welches 
Gefäßverkalkung (Arteriosklerose) und Entzündungen 
fördert sowie die Auflösung von Blutgerinnseln behindern 
kann.

• Der Wert wird zu rund 90 % vererbt und bleibt im Leben 
meist konstant. Etwa jeder Fünfte hat erhöhte Werte.

LDL attaches to LDL-R via 
APO-B 100 and APOE



Small interfering RNAs (siRNAs), auch bekannt als kurze 
interferierende RNAs, sind eine Klasse von doppelsträngigen, 
nicht-codierenden RNA-Molekülen, die typischerweise eine 
Länge von 20 bis 25 Basenpaaren aufweisen. Sie spielen eine 
zentrale Rolle im Mechanismus der RNA-Interferenz (RNAi), 
indem sie die Expression spezifischer Gene nach der 
Transkription gezielt abschalten (Post-transkriptionelles Gen-
Silencing).

Der Prozess, durch den siRNAs die Genexpression hemmen, läuft in der Zelle in mehreren präzisen Schritten ab:

1. Entstehung: Lange doppelsträngige RNA (dsRNA), die entweder aus der Zelle selbst stammt, von Viren 
eingeschleust oder künstlich eingebracht wurde, wird durch das Enzym Dicer in kurze siRNA-Fragmente geschnitten.

2. RISC-Bildung: Die kurzen siRNA-Fragmente binden im Zytoplasma an Proteine (unter anderem aus der Argonaute-
Familie), um den RNA-induced silencing complex (RISC) zu bilden. 

3. Auftrennung: Der Doppelstrang der siRNA wird aufgetrennt. Der sogenannte Passenger-Strang wird abgebaut, 
während der komplementäre Guide-Strang im Komplex verbleibt.

4. Ziel-Erkennung und Abbau: Der Guide-Strang führt den RISC-Komplex mit perfekter Sequenzkomplementarität zu 
einer passenden Boten-RNA (mRNA). Das Enzym Argonaute zerschneidet diese mRNA, was deren Abbau einleitet. 
Ohne die intakte mRNA kann das entsprechende Protein nicht mehr synthetisiert werden – das Gen ist "stillgelegt"



Die wichtigsten Fakten zu Kylo-11:

• Wirkmechanismus: Der Wirkstoff blockiert über RNA-Interferenz 
gezielt die Produktion von Apolipoprotein(a) in den Leberzellen. 
Dadurch kann der Körper kaum noch neues Lp(a) herstellen. 

• Enorme Senkung: Daten aus der klinischen Phase-I-Studie 
(veröffentlicht im renommierten Fachmagazin The Lancet Ende 
August 2026) zeigten, dass eine einzige Injektion bei höheren 
Dosen die Lp(a)-Konzentration im Blut um bis zu 97 % reduzieren 
kann. 

• Mögliche Jahresspritze: Das Besondere an Kylo-11 ist seine 
ungewöhnlich lange Verweildauer und Wirkung im Körper 
aufgrund einer speziellen molekularen Struktur (nicht-kanonische 
siRNA-Struktur mit vier GalNAc-Verbindungen). Die Wirkung hielt 
in Studien über 48 Wochen (fast ein ganzes Jahr) an. Forscher 
hoffen daher, dass künftig eine einzige Injektion pro Jahr 
ausreichen könnte. 

• Aktueller Status: Das Medikament befindet sich derzeit in der 
klinischen Phase-II-Studie, in der die Wirksamkeit und Sicherheit 
an einer größeren Patientengruppe mit atherosklerotischen Herz-
Kreislauf-Erkrankungen (ASCVD) in den USA und China untersucht 
wird.

Das Konstrukt bindet im Körper auf zwei 
verschiedenen Ebenen an spezifische 
Zielstrukturen:

1. Auf Zellebene (Leber-Targeting): Die 
angehängten GalNAc-Zuckerstrukturen binden 
gezielt an den Asialoglycoprotein-Rezeptor 
(ASGPR) auf der Oberfläche von Leberzellen 
(Hepatozyten). Dies führt dazu, dass der 
Wirkstoff per Endozytose selektiv in die Leber 
aufgenommen wird, wo Lipoprotein(a) 
produziert wird.

2. Auf genetischer Ebene (Wirkmechanismus): 
Im Inneren der Leberzelle bindet die siRNA 
spezifisch an die LPA-mRNA (die Boten-RNA 
des LPA-Gens).



Kylo siRNA 
knocks 
down 
Lp(a)

















Ein Lipödem ist eine chronische Fettverteilungsstörung, die fast 
ausschließlich Frauen betrifft und zu symmetrischen 
Schwellungen sowie Schmerzen an den Beinen und oft auch an 
den Armen führt. 

Symptome und Merkmale

• Symmetrische Fettvermehrung: Betroffen sind vor allem 
Hüften, Gesäß, Oberschenkel, Unterschenkel oder Arme, 
während Hände und Füße ausgespart bleiben.

• Schmerzen und Druckempfindlichkeit: Die betroffenen 
Bereiche schmerzen bei Druck, zudem spüren Betroffene 
oft ein Spannungs- oder Schweregefühl, das sich im 
Tagesverlauf verschlimmert.

• Blaue Flecken: Es besteht eine starke Neigung zu 
Blutergüssen nach leichten Berührungen.

• Kein Ansprechen auf Diäten: Das krankhafte Fettgewebe 
lässt sich durch übliche Abnehmversuche oder Sport nicht 
einfach reduzieren.



Lipoedema 
improved by 
liposuction.

Now approved by 
3rd-party payers.













Robotics 
do not 
improve 
outcomes





















Hypertension, gestational diabetes, preterm birth (low birthweight) = followup

















Die Tierstämme im Überblick

Sowohl Protostomier als auch Deuterostomier umfassen eine gewaltige Vielfalt an 
Lebewesen. Hier ist die Zuordnung der bekanntesten Tierstämme:

• Protostomia (Urmünder):

• Gliederfüßer (Arthropoda): Insekten, Spinnentiere, Krebstiere und Tausendfüßer (die 
artenreichste Gruppe der Erde).

• Weichtiere (Mollusca): Schnecken, Muscheln und Tintenfische.

• Ringelwürmer (Annelida): Regenwürmer und Blutegel.

• Fadenwürmer (Nematoda) & Plattwürmer (Plathelminthes).

• Deuterostomia (Neumünder):

• Chordatiere (Chordata): Alle Wirbeltiere (Säugetiere, Vögel, Reptilien, Amphibien, 
Fische) sowie Lanzettfischchen und Manteltiere.

• Stachelhäuter (Echinodermata): Seesterne, Seeigel, Seewalzen und Schlangensterne.

• Kiemenlochtiere (Hemichordata): Eichelwürmer.

Die räumliche Transkriptomik (engl. 
Spatial Transcriptomics) ist eine 
moderne molekularbiologische 
Technik, mit der die Genexpression 
direkt in einer Gewebeprobe 
gemessen und gleichzeitig der 
genaue räumliche Ort der RNA-
Moleküle bestimmt werden kann.



INTRODUCTION: The heart represents a key evolutionary 
innovation in the rise of complex animal life. Yet the 
cellular and molecular basis of heart diversity, its deep 
evolutionary origins, and the modes of convergent versus 
divergent evolution across phyla are largely unresolved. 
Addressing these fundamental questions is critical not 
only for understanding metazoan organ evolution but also 
for providing evolutionary context to human cardiac 
biology and disease. However, existing cardiac research 
leans narrowly on humans and a limited set of classic 
model organisms, leaving key groups, such as mollusks, 
arthropods, and basal chordates, severely 
underrepresented, which hinders a holistic view of 
cardiac origins and evolutionary principles. A 
comprehensive understanding of these unresolved 
questions therefore depends on integrating multimodal 
data from evolutionarily diverse species, an approach that 
remains challenging when applied to studies that involve 
nonmodel species across deep evolutionary timescales.



RATIONALE: To address these gaps, we 
integrated comparative genomics with bulk, 
single-cell, and spatial transcriptomics to profile 
adult hearts across a broad range of 
evolutionarily diverse taxa. Our sampling 
spanned protostomes (fruit fly, horseshoe crab, 
shrimp, crab, scallop, oyster, snail, and octopus) 
and deuterostomes (amphioxus, sea squirt, 
lamprey, skate, bamboo shark, zebrafish, 
lungfish, axolotl, tropical clawed frog, Xenopus, 
gecko, turtle, red junglefowl, zebra finch, mouse, 
rat, tree shrew, and human). This design enabled 
systematic interrogation of conserved, divergent, 
and convergently evolved features of the heart 
at the molecular, cellular, and tissue architecture 
levels. To empower the broader community, we 
have established an open database, 

HEART 
(https://db.genomics.cn/stomics/heart/), 
which offers both a resource and an analytical 
framework for cross-species exploration of 
cardiac molecular profiles.

RESULTS: Our analysis revealed that animal 
hearts share more than 60% of gene modules 
and a conserved cellular foundation. Notably, 
certain atrial and ventricular characteristics 
were inherited by both protostomes and 
deuterostomes, pointing to an ancient origin 
possibly traceable to the last common 
bilaterian ancestor. The early expansion of 
cardiac genes in chordates aligns with early 
chordate whole-genome duplication events. 

https://db.genomics.cn/stomics/heart/


The diversity in cardiac architecture reflects 
lineage-specific genetic innovations, flexible 
cell-type combinations, and molecular-level 
functional adaptations, with both gene loss 
and gain events shaping cardiac evolution. 
Leveraging spatial transcriptomics, we 
identified an evolutionary conserved 
cardiomyocyte state that correlates with 
cardiac development and stress. Finally, our 
evidence suggests that the ancestral “proto-
heart” consisted primarily of ventricular-like 
myocardium.

CONCLUSION: Our work reveals the 
macroevolutionary trajectory of animal 
hearts and illuminates the ancestral origin of 
their pumping function. By tracing distinct 
molecular trajectories across major cardiac 
cell types and identifying conserved 
chamber features shared by protostomes 
and deuterostomes, this study offers a 
framework for decoding heart evolution 
across bilaterians. Collectively, this work 
provides an open resource and a scalable 
research paradigm for investigating the 
evolutionary mechanisms of complex 
organs, exemplified by the heart, across 
deep evolutionary timescales.

Well-known examples of protostomes are arthropods, molluscs, 
annelids, flatworms and nematodes.  In deuterostomes, the 
developing embryo's first opening (the blastopore) becomes the anus 
and cloaca, while the mouth is formed at a different site later on.



Bilaterian heart evolution. Animal hearts evolved diverse anatomical structures and physiological 
functions to adapt to their habitats. A multiomics analysis across chordates, arthropods, and 
mollusks revealed that bilaterian hearts share a core gene repertoire, combined with evolutionary 
gained genes, driving cardiac cellular diversity and the emergence of atria from a ventricular 
foundation, along with an evolutionarily conserved cardiomyocyte state in response to cardiac 
development and stress. CM, cardiomyocyte; CM(const.), constitutive cardiomyocyte state; 
CM(trans.), transient cardiomyocyte state; EDC, endothelial cell; FB, fibroblast; NC, neural cell.



The study highlights a stepwise "add-on" strategy. 
Bilateria hearts share an ancient, common cellular 
and genetic foundation, with ancestral "proto-
hearts" primarily consisting of a ventricular-like 
myocardium. Lineage-specific complexities and 
architectural changes (such as multi-chamber 
evolution) developed over time by introducing 
flexible combinations and expression adaptations 
rather than full genomic rewrites.

The multi-omics atlas:

• The 27 specific animal species profiled 
(including chordates, arthropods, and mollusks).

• The discovered hypoxia-stimulated 
cardiomyocyte state linked to regeneration.

• How whole-genome duplication events in early 
chordates shaped cardiac architecture




