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A 5-week-old boy was brought in for evaluation of a 
painful lump on his scalp that had been present 
since birth. The otherwise healthy baby had been 
born at term. Ultrasonography of the lesion showed 
a subcutaneous structure of mixed echogenicity. 
Physical examination and magnetic resonance 
imaging of the head is shown. What is the most 
likely etiology of the lump?

Atretic cephalocele

Cephalohematoma

Dermoid cyst

Lipoma

Meningocele

A diagnosis of atretic cephalocele was made. Cephaloceles are 
herniations of cranial contents through a defect in the skull. 
They are described as atretic when they do not contain neural 
tissue. The ring of dark, coarse hair seen around the lesion, 
consistent with the “hair collar” sign, raised concern for a 
neural-tube defect, thus a biopsy was not performed. The MRI 
showed an extracranial cystic lesion with high signal intensity 
on T2-weighted sequences and low signal intensity on T1-
weighted sequences. Blake’s pouch cyst (a cystic malformation 
on the posterior fossa) was also incidentally identified. 
Neurosurgical resection of the lesion was performed, and at 1-
year follow-up, the child was developing normally.



Das nicht-kleinzellige Lungenkarzinom (NSCLC) mit einer Mutation des epidermalen Wachstumsfaktorrezeptors (EGFR) 
stellt eine spezifische Untergruppe von Lungenkrebs dar, die im Jahr 2026 durch hochgradig personalisierte 
Therapieansätze gekennzeichnet ist. Etwa 10–15 % der kaukasischen und bis zu 50 % der asiatischen Patienten mit 
Adenokarzinomen weisen diese Treibermutation auf, die ein unkontrolliertes Zellwachstum fördert.

MDSC steht für Myeloid-Derived 
Suppressor Cells (myeloische 
Suppressorzellen), eine Gruppe 
unreifer Knochenmarkzellen, die 
das Immunsystem unterdrücken 
und bei Krankheiten wie Krebs, 
Autoimmunerkrankungen und 
Infektionen vermehrt auftreten



TROP2 ist ein transmembranes Glykoprotein, das natürlicherweise bei der Embryonalentwicklung eine Rolle spielt, in 
gesundem Erwachsenengewebe jedoch nur in geringem Maße vorkommt. In vielen Krebszellen wird es 
hingegen überexprimiert, was es zu einem idealen Angriffspunkt für zielgerichtete Therapien macht. Es fördert als 
Onkogen das Tumorwachstum, die Zellteilung und die Metastasierung.. In der modernen Onkologie des 
Jahres 2026 ist TROP2 (Trophoblast Cell Surface Antigen 2) einer der bedeutendsten Biomarker und therapeutischen 
Zielpunkte bei der Behandlung solider Tumoren.

NSCLC



Sac.TMT (Sacituzumab Tirumotecan) ist ein neuartiger Antikörper-Wirkstoff-Konjugat (ADC) zur zielgerichteten 
Krebstherapie, der eine Antikörper-Komponente, die an das TROP2-Protein bindet, mit einem zytotoxischen 
Medikament verbindet, um Krebszellen zu bekämpfen. Es wird in klinischen Studien zur Behandlung verschiedener 
Krebsarten untersucht, darunter metastasierter dreifach-negativer Brustkrebs, nicht-kleinzelliger Lungenkrebs 
(NSCLC) und Gebärmutterhalskrebs, oft mit vielversprechenden Ergebnissen bezüglich Überlebensvorteilen 
gegenüber Standardtherapien.

•Wirkmechanismus: Es handelt sich um 
einen Topoisomerase-I-Inhibitor, der 
die DNA-Replikation in Krebszellen stört 
und so deren Absterben herbeiführt.

SN-38 ist der hochwirksame, aktive Metabolit des Krebsmedikaments 
Irinotecan (CPT-11) und gehört zur Klasse der Topoisomerase-I-Inhibitoren; es ist 
etwa 1000-fach stärker als Irinotecan und wirkt, indem es die Zellteilung blockiert 
und so den Zelltod (Apoptose) in Krebszellen auslöst



Sacituzumab tirumotecan (sac-TMT) is an antibody–drug 
conjugate targeting trophoblast cell-surface antigen 2 that has 
shown significant survival benefits in patients with EGFR-
mutated non–small-cell lung cancer (NSCLC) that has 
progressed after epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor (TKI) therapy and platinum-based 
chemotherapy.
In this phase 3 trial, we enrolled patients with EGFR-mutated 
locally advanced or metastatic nonsquamous NSCLC that had 
progressed after EGFR-TKI therapy. The patients were randomly 
assigned, in a 1:1 ratio, to receive sac-TMT monotherapy or 
pemetrexed plus platinum-based chemotherapy. The primary 
end point was progression-free survival as assessed by blinded 
independent review. Overall survival was a hierarchically tested 
key secondary end point. In the interim analysis of progression-
free survival as assessed by blinded independent review, sac-
TMT monotherapy met the prespecified criterion for 
significance (two-sided P<0.0001); we report here the 
prespecified final analysis of progression-free survival and the 
preplanned interim analysis of overall survival.



Epidermal growth factor receptor (EGFR) mutations are present in a substantial proportion of 
patients with non–small-cell lung cancer (NSCLC). For patients with EGFR-mutated advanced 
NSCLC who are not candidates for curative treatment or for those with metastatic disease, third-
generation EGFR tyrosine kinase inhibitors (TKIs) are the standard first-line therapy. However, 
acquired resistance to EGFR-TKIs inevitably develops, and subsequent treatment options are 
limited. Platinum-based doublet chemotherapy remains a standard of care in this context, but its 
efficacy is modest. Recent trials have explored chemotherapy-based combination strategies 
incorporating ivonescimab (an anti–programmed cell death protein 1 [PD-1] and vascular 
endothelial growth factor bispecific antibody), sintilimab (a PD-1 inhibitor) with a bevacizumab 
biosimilar drug, amivantamab (an EGFR and c-Met bispecific antibody) with or without lazertinib 
(an EGFR inhibitor for patients with EGFR exon 19 deletion), and human epidermal growth factor 
receptor (HER) 3–directed antibody–drug conjugate. These regimens have shown improvements 
in progression-free survival outcomes; however, overall survival benefits remain uncertain. Thus, 
there remains a need for new therapies for patients with EGFR-TKI–resistant, EGFR-mutated 
NSCLC.
Sacituzumab tirumotecan (sac-TMT) is an antibody–drug conjugate targeting trophoblast cell-
surface antigen 2 (Trop-2) that was developed by conjugating the antibody to a belotecan-derived 
topoisomerase I inhibitor. 



Procedures
The patients were randomly assigned with the use of a centralized stratified block randomization system 
in a 1:1 ratio to receive either sac-TMT or pemetrexed plus platinum-based chemotherapy. Stratification 
factors included previous treatment with third-generation EGFR-TKIs (first-line use, second-line use, or no 
previous use) and brain metastases (presence or absence). Sac-TMT was administered intravenously at a 
dose of 5 mg per kilogram of body weight on day 1 and day 15 of each 28-day cycle. The chemotherapy 
regimen consisted of pemetrexed (500 mg per square meter of body-surface area) plus the investigator’s 
choice of carboplatin (area under the curve of 5 mg per milliliter per minute) or cisplatin (75 mg per 
square meter), all administered on day 1 of each 21-day cycle for up to four cycles, followed by 
pemetrexed maintenance therapy. 
Assessments
Tumor response and progression were evaluated by blinded independent review according to 
Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1. 
End Points
The primary end point was progression-free survival as assessed by blinded independent review 
according to RECIST, version 1.1. Secondary end points included overall survival; progression-free 
survival as assessed by investigators; objective response (complete or partial response), disease 
control, and response duration (each assessed by both blinded independent review and 
investigators); safety; and patient-reported outcomes.



Efficacy End Points as Assessed by Blinded 
Independent Review (Intention-to-Treat Population).



Treatment-Related Adverse Events (Safety Population).







Osimertinib ist ein zielgerichteter Krebsmedikament, ein sogenannter Tyrosinkinase-Inhibitor, zur Behandlung des nicht-
kleinzelligen Lungenkarzinoms (NSCLC), das spezifische Mutationen im Epidermalen Wachstumsfaktor-Rezeptor (EGFR) 
aufweist (EGFRm). Es hemmt gezielt das Wachstum dieser Krebszellen und wird als Tablette eingenommen. Die 
Standarddosis ist 80 mg einmal täglich, aber Anpassungen sind aufgrund von Nebenwirkungen möglich.

Pemetrexed ist ein Zytostatikum (Chemotherapie-Medikament), ein Antifolat-Wirkstoff, der das Wachstum von 
Krebszellen hemmt, indem er wichtige Enzyme blockiert, die für die Zellteilung nötig sind, vor allem bei Lungenkrebs 
(NSCLC) und Pleuramesotheliom, oft in Kombination mit Cisplatin. Es wirkt, indem es Folsäure nachahmt und so den 
Aufbau von DNA/RNA stört, wodurch das Wachstum der schnell wachsenden Krebszellen gebremst wird. Pemetrexed 
wird als intravenöse Infusion verabreicht und erfordert begleitende Vitamine zur Reduzierung von Nebenwirkungen.



The primary analysis of this trial showed that first-line 
treatment with osimertinib plus chemotherapy with a 
platinum-based agent and pemetrexed led to significantly 
longer progression-free survival than osimertinib monotherapy 
among patients with epidermal growth factor receptor (EGFR)–
mutated advanced non–small-cell lung cancer (NSCLC). Results 
from the planned final analysis of overall survival are needed.
In this phase 3, international, open-label trial, we randomly 
assigned in a 1:1 ratio patients with EGFR-mutated (exon 19 
deletion or L858R mutation) advanced NSCLC who had not 
previously received treatment for advanced disease to receive 
either osimertinib (80 mg once daily) plus chemotherapy with 
pemetrexed (500 mg per square meter of body-surface area) 
and a platinum-based agent (cisplatin [75 mg per square meter] 
or carboplatin [pharmacologically guided dose]) or osimertinib 
monotherapy (80 mg once daily). The key secondary end point 
was overall survival.



Osimertinib is a third-generation, irreversible, central nervous system (CNS)–active epidermal 
growth factor receptor–tyrosine kinase inhibitor (EGFR-TKI) that potently and selectively inhibits 
both EGFR-TKI–sensitizing and EGFR p.Thr790Met (T790M) resistance mutations. On the basis of 
findings from the phase 3, international FLAURA trial, osimertinib monotherapy is a preferred 
first-line treatment for patients with EGFR-mutated advanced non–small-cell lung cancer 
(NSCLC).
Findings from previous randomized trials showed prolonged progression-free survival and 
overall survival with the combination of gefitinib (a first-generation EGFR-TKI) and chemotherapy 
with a platinum-based agent and pemetrexed, as compared with gefitinib alone.The phase 3, 
international, open-label, randomized FLAURA2 trial evaluated the combination of osimertinib 
and chemotherapy with a platinum-based agent and pemetrexed as first-line treatment for 
patients with EGFR-mutated advanced NSCLC. In the primary analysis (data cutoff, April 3, 2023), 
this combination therapy led to significantly longer investigator-assessed progression-free 
survival than osimertinib monotherapy (hazard ratio for disease progression or death, 0.62; 95% 
confidence interval [CI], 0.49 to 0.79; P<0.001), and the progression-free survival benefit with 
osimertinib plus platinum–pemetrexed was consistent across prespecified subgroups. 
Furthermore, the safety profile of osimertinib plus platinum–pemetrexed was consistent with 
the established profiles of the individual agents.



Patients
In brief, patients were eligible for inclusion in the trial if they were 18 years of age or older 
(or ≥20 years of age in Japan) and had locally advanced or metastatic nonsquamous NSCLC 
with local or central confirmation of an EGFR mutation (exon 19 deletion or L858R 
mutation). 
Trial Design and Treatment
Patients were randomly assigned in a 1:1 ratio to receive either osimertinib plus platinum–
pemetrexed or osimertinib monotherapy. Combination therapy consisted of osimertinib 
(80 mg) administered orally once daily plus chemotherapy with pemetrexed (500 mg per 
square meter of body-surface area) and a platinum-based agent (the investigator’s choice 
of either cisplatin [75 mg per square meter] or carboplatin.
End Points and Assessments
The primary end point was progression-free survival on the basis of investigator 
assessment with RECIST, version 1.1; the results of the primary analysis have been 
reported previously. The key secondary end point was overall survival, which was defined 
as the time from randomization until death from any cause.
 



Most Common Adverse Events.Summary of Adverse Events.











Mucopolysaccharidose Typ II (MPS II), auch bekannt als Hunter-Syndrom, ist eine seltene, genetisch bedingte 
Stoffwechselstörung, bei der dem Körper ein Enzym (Iduronat-2-Sulfatase) fehlt, um spezielle Zucker (Glykosaminoglykane) 
abzubauen, was zu deren Anreicherung und Schädigung von Organen, Geweben und dem Gehirn führt, primär bei Jungen 
auftritt und von mild bis schwer reichen kann, mit Symptomen wie vergrößerter Leber/Milz, Herzproblemen, 
Atemwegsschwierigkeiten, Skelettdeformitäten und geistiger Beeinträchtigung.



Iduronate-2-sulfatase (IDS) is a Ca2+-dependent enzyme belonging to the family of sulfatases that catalyzes the hydrolysis 
of sulphurylated glycosaminoglycans (GAGs), like dermatan and heparan sulphate. Its deficiency or modification leads to 
the accumulation of GAGs in the human body and to the occurrence of severe conditions, such as Hunter disease, or 
Mucopolysaccharidosis type II.



The transferrin receptor (TfR) is crucial in the brain, primarily for transporting iron into the brain via the blood-brain 
barrier (BBB) by binding to iron-laden transferrin, making it a key target for delivering drugs and therapies across the 
BBB to treat neurological conditions like Alzheimer's disease (AD). Researchers use anti-TfR antibodies to shuttle 
therapeutics into the brain, with studies showing that optimized antibody design, considering affinity and valency, 
significantly impacts delivery efficiency, though its role in AD progression and aging is still being explored.



Background
Tividenofusp alfa, comprising iduronate-2-sulfatase fused to an engineered transferrin receptor–
binding Fc domain, has been developed to treat neurologic and peripheral manifestations of 
mucopolysaccharidosis type II (MPS II), a rare lysosomal disorder causing progressive multisystem and 
neurologic decline.
Methods
We conducted a phase 1–2, open-label study in which male participants up to 18 years of age with 
MPS II received weekly intravenous tividenofusp alfa for 24 weeks, followed by an 80-week safety 
extension and a 157-week open-label extension. The primary objective was to evaluate the safety of 
tividenofusp alfa. Secondary objectives were to evaluate central nervous system and peripheral effects 
as assessed by cerebrospinal fluid (CSF) and urinary heparan sulfate levels, adaptive behavior (as 
assessed with the Vineland Adaptive Behavior Scales), and liver volume.
Conclusions
In participants with MPS II, tividenofusp alfa treatment was commonly associated with adverse events. 
Heparan sulfate, the primary substrate that accumulates in the CSF and urine in persons with MPS II, 
appeared to decrease to levels within the range of unaffected children. A randomized trial is ongoing 
to further evaluate these effects. 



Mucopolysaccharidosis type II (MPS II; the Hunter syndrome; Online Mendelian Inheritance in Man 
number, 309900) is a progressive X-linked lysosomal disease caused by deficient iduronate-2-
sulfatase activity, leading to organ dysfunction and premature death, with an incidence of 1 per 
100,000 to 170,000 live births. Disease progression results from the accumulation of 
glycosaminoglycans (GAGs), leading to lysosomal dysfunction and neuronal injury as evidenced by 
elevated levels of neurofilament light chain (NfL), a biomarker of neurodegeneration. Approximately 
two thirds of patients with MPS II go on to have neuronopathic MPS II, characterized by progressive 
neurocognitive decline beginning at approximately 2 to 4 years of age. This decline is not addressed 
by standard enzyme-replacement therapy (ERT), which does not cross the blood–brain barrier. Brain 
accumulation of heparan sulfate, a hallmark of neuronopathic MPS II, can be indirectly assessed 
through its levels in cerebrospinal fluid (CSF).
Tividenofusp alfa is a novel ERT fusion protein comprising an engineered transferrin receptor (TfR)–
binding Fc domain and iduronate-2-sulfatase enzyme. Tividenofusp alfa binds to abundantly 
expressed TfR at the blood–brain barrier and in tissues, enabling broad tissue distribution through 
tailored TfR binding affinity and mannose-6-phosphate receptor binding, to address both central 
nervous system (CNS) and somatic manifestations of MPS II.





Summary of Adverse Events (Safety Analysis Population).







Discussion
This phase 1–2, open-label study with safety extension evaluated the safety of tividenofusp alfa in 47 
children with MPS II who had somatic disease and, typically, neurodevelopmental impairment. Common 
adverse events in participants treated with tividenofusp alfa included infusion-related reactions, 
respiratory infection, pyrexia, and anemia. All study participants had adverse events, with infusion-
related reactions being the most common. Infusion-related reactions, including hypersensitivity events 
such as anaphylaxis, are a known risk of ERTs, including standard-of-care idursulfase for MPS II. In this 
study, most participants had at least one moderate adverse event (including infusion-related reactions); 
these events were clinically manageable with standard supportive care. The incidence and severity of 
infusion-related reactions decreased over time. Most participants maintained weekly infusions 
throughout their respective study period, with a median treatment duration of more than 2 years.
Given the TfR-mediated mechanism of tividenofusp alfa, anemia was a prespecified adverse event of 
special interest. The hemoglobin level is not routinely monitored in pediatric populations with MPS II, 
and this study may be the first to systematically characterize anemia in this context. At baseline, 19% of 
the participants had anemia of grade 1 or higher. Decreases in the hemoglobin level were observed 
early with tividenofusp alfa treatment but generally returned to baseline values, were clinically 
manageable, and did not result in discontinuation of study participation. Causes of anemia are probably 
multifactorial, including nutritional deficiencies, frequent phlebotomy early in the study, and possible 
immune effects such as the formation of antidrug antibodies.



Anti-GPRC5D therapy targets the G protein-coupled receptor family C group 5 member D (GPRC5D), a protein highly 
expressed on multiple myeloma (MM) cells but minimally on most normal tissues, making it a promising target for treating 
this blood cancer. Treatments involve specially engineered cells, like CAR T-cells, or antibodies that recognize GPRC5D on 
cancer cells, leading to their destruction, showing high response rates in relapsed/refractory MM patients, even those 
previously treated with other therapies like anti-BCMA treatments.

Talquetamab



Das B-Zell-Reifungsantigen (BCMA), auch bekannt als CD269 oder TNFRSF17, ist ein Protein, das fast ausschließlich auf der 
Oberfläche von reifen B-Lymphozyten und Plasmazellen vorkommt. Da es auf bösartigen Plasmazellen beim Multiplen 
Myelom massiv übererprimiert wird, aber auf gesundem Gewebe kaum vorhanden ist, gilt es im Jahr 2026 als einer der 
wichtigsten therapeutischen Angriffspunkte in der Hämato-Onkologie.



Background
Patients with plasmacytomas that are noncontiguous with bone marrow (true extramedullary 
myeloma) are at high risk for disease progression or relapse. Phase 1 of the RedirecTT-1 study showed 
promising efficacy with dual-antigen targeting of myeloma with talquetamab (anti–G protein–coupled 
receptor family C group 5 member D) plus teclistamab (anti–B-cell maturation antigen) in patients with 
triple-class–exposed relapsed or refractory multiple myeloma, including those with true extramedullary 
myeloma.
Methods
In this phase 2 study, we investigated talquetamab plus teclistamab exclusively in patients with drug-
resistant, true extramedullary myeloma. The primary end point was overall response, evaluated with 
the use of functional imaging. Secondary end points included the duration of response, progression-
free survival, overall survival, and safety.
Conclusions
Most patients with drug-resistant, true extramedullary myeloma had a response with talquetamab plus 
teclistamab. The incidence of adverse events of grade 3 or above was high and was consistent with 
previous observations for each agent as monotherapy. 



Plasmacytomas exhibit high genomic and microenvironmental complexity, including heterogeneous 
G protein–coupled receptor family C group 5 member D (GPRC5D) and B-cell maturation antigen 
(BCMA) expression. Talquetamab (anti-GPRC5D) and teclistamab (anti-BCMA) are first-in-class 
bispecific antibodies approved as monotherapies for relapsed or refractory myeloma in patients 
with previous exposure to a proteasome inhibitor, an immunomodulatory drug, and an anti-CD38 
monoclonal antibody (triple-class exposure). In the RedirecTT-1 phase 1 study, the recommended 
phase 2 regimen of talquetamab plus teclistamab elicited a response in 80% of the patients, with a 
complete response or a stringent complete response in 52%; the probability of a 12-month duration 
of response was 91%. The observed safety profile was consistent with that of each agent alone in 
patients with relapsed or refractory myeloma. In a subgroup of patients with true extramedullary 
myeloma, a response occurred in 61% and the probability of a 12-month duration of response was 
82%. These data suggest that dual targeting of GPRC5D and BCMA with talquetamab and 
teclistamab may lead to a response in a higher percentage of patients, with greater depth and 
durability of the response, than targeting either antigen alone. Here, we report the results of the 
RedirecTT-1 phase 2 study of talquetamab plus teclistamab in patients with true extramedullary 
myeloma.



Methods
Study Design and Patients
We conducted a multicenter, nonrandomized, open-label, phase 1b–2 study of talquetamab plus 
teclistamab in patients with relapsed or refractory multiple myeloma. In the phase 2 cohort, patients 
had true extramedullary myeloma, defined by at least one nonradiated, bone-independent, soft-tissue 
plasmacytoma (≥2 cm in the greatest dimension) confirmed by central review of whole-body positron-
emission tomography and computed tomography (PET-CT) scans; magnetic resonance imaging (MRI) 
was permitted as an alternative to PET-CT with sponsor approval.
Study Treatment
Patients received talquetamab subcutaneously at a dose of 0.8 mg per kilogram of body weight plus 
teclistamab at a dose of 3.0 mg per kilogram every other week in 28-day cycles, after a dose step-up 
period. Step-up doses were adapted from approved schedules used with each drug as monotherapy. 
Patients could switch to monthly doses of talquetamab and teclistamab after completing four cycles 
and having a very good partial response or better or after completing six cycles irrespective of the 
depth of response, according to investigator discretion. Patients received study treatment until 
unacceptable side effects developed, consent was withdrawn, disease progression was confirmed, 
death occurred, or the investigator or sponsor made the decision to discontinue treatment.
End Points and Assessments
The phase 2 primary end point was overall response (defined as a partial response or better), assessed 
by an independent review committee with the use of IMWG 2016 criteria.



Hematologic and Nonhematologic 
Adverse Events, Excluding Infections.



Most Common Infections.



Discussion
This phase 2 study prospectively assessed response by central radiology review, with FDG PET-CT 
imaging graded according to the Deauville scale and IMPETUS criteria. Talquetamab plus teclistamab 
led to an overall response of 79% (54% of the patients had a complete response or better), and 64% 
of the patients with a response had a response duration of at least 12 months. The study population 
included patients with nonsecretory or oligosecretory disease; such patients have historically been 
excluded from most clinical studies because of restrictive eligibility criteria. Our findings offer 
valuable data for treatment in a population that is both clinically challenging and underrepresented 
in existing clinical studies. The definition of true extramedullary myeloma in our study is aligned with 
the emerging consensus that the diagnosis should include only soft-tissue plasmacytomas that are 
noncontiguous with bone. 

At 12 months, progression-free survival was 61% and overall survival was 74%, results that compare 
favorably with durability and survival outcomes observed with other approved T-cell–redirecting 
therapies. Approximately three quarters of the patients had grade 3 or 4 adverse events, a finding 
that is consistent with the known safety profile of each agent alone, yet only 6% of the patients 
discontinued treatment with one or both agents because of a nonfatal adverse event. Adverse events 
resulted in death in 10 patients, 5 of whom died from infections. Among patients with a response, 
the response was maintained after a switch to a monthly dosing schedule.



Summary
Cardiogenic shock is characterized by depression of cardiac function that leads to low blood 
pressure, coronary ischemia, and further decreased cardiac contractility resulting in tissue 
hypoxemia. The condition is associated with high early mortality, approaching 50%, which is 
largely influenced by the underlying etiologic factors. In infarct-related cardiogenic shock, 
rapid restoration of coronary blood flow substantially reduces mortality. Mechanical 
circulatory support devices offer hemodynamic stabilization and improved outcomes in 
carefully selected patients, although optimal patient selection and timing of initiation of 
mechanical circulatory support remain areas of active investigation. Although there have 
been advances in coronary revascularization techniques and mechanical circulatory support 
devices, overall survival in cardiogenic shock has improved only modestly. Therefore, future 
research should focus on refining treatment algorithms, optimizing device use, and 
developing new strategies to address the high mortality associated with cardiogenic shock.





Definitions of Cardiogenic Shock in Major Randomized Trials.



Organ Involvement and 
Staging of Cardiogenic Shock.
Panel A shows the cardiogenic 
shock staging system 
recommended by the Society 
for Cardiovascular 
Angiography and Interventions 
(SCAI) and the associated 
degree of hypoperfusion and 
hypotension and degree of 
treatment intensity. Stage A 
denotes risk for cardiogenic 
shock development but no 
current presence of signs or 
symptoms of shock and a 
lactate level of up to 2 mmol 
per liter. 



Stage B denotes beginning cardiogenic shock with clinical 
evidence of relative hypotension or tachycardia without 
hypoperfusion and a lactate level of up to 2 mmol per liter. 
Stage C denotes classic cardiogenic shock with a lactate level 
greater than 2 mmol per liter, cardiac index of less than 2.2 
liters per minute per square meter of body-surface area and 
pulmonary capillary wedge pressure over 15 mm Hg. Stage D 
denotes deteriorating cardiogenic shock with a rising lactate 
level or a lactate level that is consistently higher than 2 mmol 
per liter and hemodynamic signs that lead to escalating doses 
of vasopressors or the addition of mechanical circulatory 
support. Stage E denotes extreme cardiogenic shock with a 
lactate level greater than 8 mmol per liter and 
hemodynamically profound hypotension despite maximal 
hemodynamic support. (Panel A is adapted from the SCAI 
SHOCK Classification pyramid.) Panel B shows multisystem 
organ involvement in cardiogenic shock with associated 
clinical signs and laboratory markers. ALT denotes alanine 
aminotransferase, AST aspartate aminotransferase, BNP brain 
natriuretic peptide, CRP C-reactive protein, DPP-3 dipeptidyl 
peptidase 3, IFN-γ interferon-γ, IL interleukin, MAP mean 
arterial blood pressure, SBP systolic blood pressure, SIRS 
systemic inflammatory response syndrome, and TNF-α tumor 
necrosis factor α.



Causes of Cardiogenic Shock.

AMI-C shock denotes acute myocardial 
infarction–related cardiogenic shock, C shock 
cardiogenic shock, HF heart failure, HF-C shock 
heart failure–related cardiogenic shock, and 
STEMI ST-segment elevation myocardial 
infarction.



Medical and Mechanical 
Circulatory Support.
Panel A shows the hemodynamic 
effects of vasoactive drugs, such as 
vasopressors and inodilators on 
vasoconstriction, vasodilation, and 
inotropy. 



Panel B shows possible 
indications for mechanical 
circulatory support with respect 
to different causes of 
cardiogenic shock based on 
current evidence. No risk of 
hypoxic brain injury relates to 
the DanGer Shock trial criteria. 
LV denotes left ventricular, LVAD 
left ventricular assist device, 
and RCT randomized, controlled 
trial.



Pharmacologic Management of Cardiogenic Shock
Fluid Management
In patients who have central hypovolemia without congestion and in whom hemodynamics improve 
after a leg-raise test, administration of crystalloid solutions may improve hemodynamics. 
Intravenous loop diuretics may reduce fluid retention and pulmonary edema in cases of volume 
overload. Avoiding hypovolemia is crucial, and fluid management should be based on 
pathophysiological considerations and may differ on the basis of right ventricular–dominant or left 
ventricular–dominant failure.
Inotropes and Inodilators
Contractility can be enhanced by inotrope therapy, although the effect of these agents on 
outcomes is not well established. The first-line choice of an inotrope lacks a clear consensus 
and the selection of inotropes for treating patients in cardiogenic shock varies widely.
Vasopressors
In a randomized comparison of 1679 patients with diverse causes of shock, treatment with 
dopamine was associated with substantially more arrhythmic events than treatment with 
norepinephrine but with no difference in mortality.



Mechanical Circulatory Support Devices
Temporary percutaneous mechanical circulatory support can stabilize hemodynamics and enhance end-organ 
perfusion in cardiogenic shock.
Intraaortic Balloon Pump
Owing to its ease of insertion, cost, and favorable adverse-event profile, the intraaortic balloon pump (IABP) is 
still widely used.
Venoarterial Extracorporeal Membrane Oxygenation
Venoarterial ECMO, which delivers flow support of up to 6 liters per minute, can provide full respiratory and 
circulatory assistance for the right and left ventricles.
Microaxial Flow Pumps
Microaxial flow pumps provide a peak flow of approximately 4.3 liters per minute with a percutaneously 
placed catheter and are used to treat cardiogenic shock with predominant left ventricular dysfunction. 
Microaxial flow pumps have been investigated in few randomized trials involving patients with cardiogenic 
shock and in large-scale propensity-matched studies including more than 100,000 patients; the studies 
consistently have shown no survival benefit and higher complication rates.
Left Atrial-to-Femoral Arterial Devices
The TandemHeart mechanical circulatory support device, which directs flow from the left atrium to a femoral 
artery, is rarely used in clinical practice as compared with venoarterial ECMO or microaxial flow pumps. 
General Reflections on Mechanical Circulatory Support
Patient selection for temporary mechanical circulatory support in cardiogenic shock is key to identifying a 
possible benefit with regard to clinical outcomes. The use of mechanical circulatory support varies and is 
influenced by expert opinions, practitioner experience, and health care reimbursement, among other factors.



Treatment of Causes of Cardiogenic Shock
Revascularization in Acute Myocardial Infarction
The SHOCK (Should We Emergently Revascularize Occluded Coronaries for Cardiogenic Shock) trial 
did not show a reduction in 30-day mortality with early revascularization as compared with initial 
medical stabilization. However, longer-term results showed reduced mortality (by up to 6 years) 
with early revascularization. Therefore, early revascularization is highly recommended in society 
guidelines. Multiple registries have shown that a delay in revascularization in the clinical setting of 
cardiogenic shock is associated with worse clinical outcomes, a finding that has led to a call for 
more efforts to reduce the time from first medical contact to balloon inflation (door-to-balloon 
time) in this patient population.
Mechanical and Valvular Complications and Access-Site Considerations
Mechanical complications after acute myocardial infarction, such as papillary muscle rupture or 
ventricular septal-wall and free-wall rupture or defects, are rare and of decreasing incidence; 
however, if these occur, the prognosis is dismal. Therefore, surgical or percutaneous correction is 
required for survival.2

https://www.nejm.org/doi/full/10.1056/NEJMra2312086


Ongoing (Still Recruiting or Completed 
but Not Published) Randomized Trials 
in Cardiogenic Shock.



Future Perspectives
In general, randomized trials in cardiogenic shock are difficult to perform, and only a 
few trials have enrolled a sufficient number of patients to be adequately powered to 
detect differences in outcomes. The diversity of cardiogenic-shock phenotypes 
complicates patient selection for trials, potentially causing variability in treatment 
responses, and may also explain neutral trial results. Therefore, advanced 
phenotyping of patients with cardiogenic shock to understand who might benefit 
from specific targeted therapeutic strategies should be taken into account in trial 
design. Ethical considerations, owing to the acuity and severity of the condition, 
present another issue that challenges informed-consent processes. Despite 
challenges associated with clinical trials in cardiogenic shock, it has been repeatedly 
shown that such trials can be performed successfully. International activities are 
therefore required to build large shock-research networks to answer the multiple 
open questions regarding treatment.





A 31-year-old woman presented to the emergency department in October with a 10-day history of fever, 
sinus pressure, cough, nausea, and vomiting. Her husband and 1-year-old child, who attends day care, 
had similar symptoms.
In the preceding 5-month period, unlike her family members, she had had night sweats, fatigue, an 
unintentional 4.5-kg (10-lb) weight loss, and three episodes of coughing, nasal congestion, sinus 
pressure, nausea, and vomiting. Her sinonasal symptoms had been diagnosed as upper respiratory tract 
infections and had resolved with decongestants and cough suppressants.
The patient was born in Florida and had lived in Baltimore most of her life. One week before her 
current illness, she had traveled to Chicago, where, at a petting zoo, she had direct contact with 
cows and sheep. She had not otherwise traveled in the preceding year. She owned two dogs and 
one cat and had no known bites, scratches, tick bites, or rodent exposure. She owned potted 
plants and did not garden. She worked in an office and reported drinking two alcoholic drinks 
weekly; she reported never having used tobacco or nonprescribed drugs. She noted no sexual 
partners other than her husband, took no medications, and had never been homeless or 
incarcerated.
At 14 years of age, she had been treated for immune thrombocytopenia with intravenous 
immune globulin, and the condition had not recurred. She was otherwise healthy as a child and 
adolescent.



Her blood pressure was 120/68 mm Hg, heart rate 122 beats per minute, respiratory rate 16 breaths 
per minute, oxygen saturation 100% while she was breathing ambient air, and oral temperature 39.5°C 
(103.1°F). The body-mass index (the weight in kilograms divided by the square of the height in meters) 
was 22.5. Frontal and maxillary sinuses were tender to palpation. Dentition was intact; the oropharynx 
was pink without tonsillar enlargement, erythema, or exudate. Smooth, nontender cervical lymph 
nodes measuring approximately 2 cm in diameter were palpable. Lung fields were clear to 
auscultation. There was nontender hepatomegaly measuring 5 cm below the costal margin in the 
midclavicular line, and the spleen tip was palpable. The remainder of the physical examination was 
unremarkable.
The white-cell count was 2200 per cubic millimeter, with 62% neutrophils, 23% lymphocytes, 13% 
monocytes, and 0.4% eosinophils. The absolute neutrophil count was 1380 cells per cubic millimeter. 
The hemoglobin level was 10.7 g per deciliter, mean corpuscular volume 71.7 fl, and platelet count 
88,000 per cubic millimeter. The absolute reticulocyte count was 16,700 per cubic millimeter 
(reference range, 24,100 to 87,700), and immature platelet fraction 8.2% (reference range, 0.1 to 6.3). 
The haptoglobin level was 187 mg per deciliter (reference range, 32 to 197), ferritin level 104 ng per 
milliliter (reference range, 30 to 400), and lactate dehydrogenase level 299 U per liter (reference 
range, 122 to 220).



A peripheral-blood smear showed microcytic, hypochromic anemia, occasional pencil cells (rod-
shaped red cells), lymphopenia, and thrombocytopenia. The aspartate aminotransferase level was 87 
U per liter (reference range, 0 to 31), alanine aminotransferase level 79 U per liter (reference range, 0 
to 31), alkaline phosphatase level 328 U per liter (reference range, 30 to 120), and total bilirubin level 
0.8 mg per deciliter (13.7 μmol per liter) (reference value, <1.2 mg per deciliter [20.5 μmol per liter]). 
The total protein level was 5.5 g per deciliter (reference range, 6.0 to 8.2), and the albumin level 4.0 g 
per deciliter (reference range, 3.5 to 5.3). The erythrocyte sedimentation rate was 11 mm per hour 
(reference range, 4 to 25). The C-reactive protein level was 4.5 mg per deciliter (reference value, 
<0.5). Urinalysis was negative for leukocytes and red cells and showed trace protein.
Serum immunoglobulin levels were decreased, with an IgG level of 336 mg per deciliter (reference 
range, 610 to 1616), an IgA level of 17 mg per deciliter (reference range, 61 to 348), and an IgM level 
of 28 mg per deciliter (reference range, 35 to 242). Contrasted computed tomography of the sinuses, 
chest, abdomen, and pelvis revealed bilateral frontal and maxillary sinusitis, numerous scattered 
irregular pulmonary nodules of varying sizes with lower lung predominance (Figure 1A), several 
subcentimeter hyperdense liver nodules, liver enlargement measuring 20 cm in the craniocaudal 
dimension (reference value, <13 cm) (Figure 1B), splenomegaly measuring 20.5 cm (reference value, 
<13), and diffuse intrathoracic and intraabdominal lymphadenopathy (many nodes >2 cm).

https://www.nejm.org/doi/full/10.1056/NEJMcps2506820
https://www.nejm.org/doi/full/10.1056/NEJMcps2506820


Imaging Studies of the Chest.
An axial computed tomographic scan of the chest 
shows bilateral pulmonary nodules of varying size in 
the perilymphatic and peribronchovascular distribution 
(Panel A); a coronal view shows hepatomegaly and 
splenomegaly (Panel B).



Imaging Studies from the 
Skull Base to Mid-Thigh.
A coronal positron-emission 
tomographic–computed 
tomographic scan shows 
bulky, 18F-
fluorodeoxyglucose–avid 
lymphadenopathy in the 
cervical (red arrow) and 
inguinal (white arrow) chains 
(Panel A), as well as the 
periaortic and 
retroperitoneal chains (Panel 
B, yellow arrow).



Histologic Examination of an Excisional Biopsy Sample of the Right Supraclavicular Lymph Node.

Hematoxylin and eosin staining showed effaced lymph-node architecture by nonnecrotizing 
granulomatous inflammation (Panel A); the granulomas were small, compact, and comprised epithelioid 
histiocytes (Panel B, higher magnification). The histologic images were provided by Caroline Early, M.D.



Commentary
This 31-year-old woman presented with recurrent episodes of fever, sinusitis, cough, nausea, and vomiting, with 
associated night sweats and unintentional weight loss. She was found to have pancytopenia, hepatosplenomegaly, 
pulmonary and hepatic nodules, and nonnecrotizing granulomatous inflammation. Extensive evaluation for 
infectious and malignant causes was unrevealing. Ultimately, the additional combination of 
hypogammaglobulinemia and impaired vaccine response led to a diagnosis of CVID.
CVID is a group of primary immune disorders with impaired antibody production characterized by low serum 
immunoglobulin levels and inadequate antibody response to vaccines and infections. CVID is the most common 
symptomatic primary immunodeficiency, with a reported incidence of approximately 1 in 20,000 persons. CVID 
affects both sexes equally and can manifest at any age. Most diagnoses occur between 20 and 40 years of age. The 
average delay to diagnosis is 6 to 7 years from the onset of cardinal symptoms.
One hallmark of CVID is frequent sinopulmonary or enteric infections, often with encapsulated bacteria. However, 
only a third of patients with CVID have infections as the sole manifestation, whereas one or more autoimmune, 
inflammatory, or malignant complications may develop in the rest. These complications include immune 
thrombocytopenia (as seen in our patient), autoimmune hemolytic anemia, nonnecrotizing granulomatous 
inflammation, noninfectious pulmonary and gastrointestinal disease, benign lymphoproliferation, and malignant 
conditions (especially lymphoma). Infectious complications tend to occur early in the disease course, whereas 
malignant conditions are most often late complications. Autoimmune complications may occur at any time.
The pathogenesis of autoimmunity and granulomatous inflammation in CVID is poorly defined. Current research 
suggests an intrinsic immunologic defect leading to dysregulation of cellular immunity, in addition to impaired 
humoral immunity. Along with impaired B-cell function, many patients with CVID have systemic immune activation, 
especially persistent T-cell activation or serum cytokine elevation.



Intimate partner violence refers to behaviour within an intimate relationship that causes physical, sexual or 
psychological harm, including acts of physical aggression, sexual coercion, psychological abuse and controlling 
behaviours.

















Atopische Dermatitis (auch Neurodermitis genannt) ist eine chronisch-entzündliche, nicht ansteckende 
Hauterkrankung, die durch schubweise auftretende Ekzeme, trockene Haut und intensiven Juckreiz 
gekennzeichnet ist. Sie zählt zu den häufigsten Hauterkrankungen weltweit und betrifft in 
Industrieländern etwa 10–20 % der Kinder und 2–10 % der Erwachsenen.



Der OX40-Rezeptor (auch bekannt als CD134 oder TNFRSF4) ist ein kostimulierender Immun-Checkpoint-
Rezeptor aus der Tumor-Nekrose-Faktor-Rezeptor-Superfamilie (TNFRSF). Er spielt im Jahr 2026 eine 
zentrale Rolle in der Entwicklung neuer Therapien für Autoimmunerkrankungen und in der Onkologie.

Biologische Funktion
OX40 wird nicht dauerhaft, sondern erst 24 bis 72 Stunden nach einer Aktivierung auf der 
Oberfläche von T-Zellen (insbesondere CD4+ Helferzellen und CD8+ Killerzellen) 
exprimiert.
•Aktivierung: Die Bindung an seinen Liganden (OX40L) fördert das Überleben, die 
Vermehrung und die Zytokinproduktion von T-Zellen.
•Gedächtnisbildung: OX40 ist entscheidend für die Bildung von langlebigen Gedächtnis-T-
Zellen, was für die langfristige Immunität (oder Chronizität von Entzündungen) wichtig ist.
•Regulation: Die Aktivierung von OX40 kann die unterdrückende Wirkung von 
regulatorischen T-Zellen (Tregs) abschwächen.













Präeklampsie ist eine ernste Schwangerschaftskomplikation, die sich typischerweise nach der 20. 
Schwangerschaftswoche entwickelt und durch hohen Blutdruck (Hypertonie) und Anzeichen von 
Organschäden, oft Eiweiß im Urin (Proteinurie), gekennzeichnet ist. Sie kann Leber, Nieren, Gehirn 
und Plazenta beeinträchtigen und stellt ein Risiko für Mutter und Kind dar. Symptome können 
unerwartete Schwellungen, Kopfschmerzen, Sehstörungen und Schmerzen im Oberbauch sein, 
aber auch ohne Symptome auftreten. Die Behandlung erfordert engmaschige Überwachung und 
kann eine frühe Entbindung zur Folge haben.

Ein Risiko für Präeklampsie von größer als 1 zu 50 (≥ 1:50) in der Frühschwangerschaft wird 
als "hohes Risiko" eingestuft und führt oft zu intensiverer Überwachung und präventiver 
Behandlung, wie z.B. Aspirin (ASS), um Frühgeburten und andere Komplikationen zu 
reduzieren, erklärt die Seite PMC (ncbi.nlm.nih.gov). Dieser Schwellenwert wird durch 
Screening-Tests ermittelt, die Risikofaktoren wie Alter, Blutdruck, Vorgeschichte und 
Biomarker kombinieren, und signalisiert eine deutlich höhere Wahrscheinlichkeit, dass sich 
die Erkrankung entwickelt, mit größeren Risiken für Mutter und Kind, wie z.B. 
Frühgeburtlichkeit oder Wachstumsverzögerung, erläutern die Seiten Wiley 
(onlinelibrary.wiley.com) und AOK (aok.de).
Bedeutung eines ≥ 1:50 Risikos-

•Screening-Ergebnis: Dies ist ein gängiger Grenzwert beim routinemäßigen 
Screening im ersten Trimester (11.-13. SSW).

























SGLT2 Inhibitoren und GLP-1 Agonisten













Aptamere sind kurze, einzelsträngige Nukleinsäuren (DNA oder RNA) oder Peptide, die durch ihre spezifische 
räumliche 3D-Struktur an Zielmoleküle binden können. Aufgrund ihrer hohen Affinität und Spezifität werden sie oft 
als „chemische Antikörper“ bezeichnet.
Haupteigenschaften und Funktionen
•Struktur: Meist bestehen sie aus 25 bis 70 Basen. Sie falten sich in komplexe Formen, um wie ein Schlüssel ins 
Schloss an Proteine, Zellen oder kleine Moleküle anzudocken.
•Herstellung: Im Gegensatz zu Antikörpern werden sie nicht in lebenden Organismen, sondern rein synthetisch im 
Labor mittels des SELEX-Verfahrens (Systematic Evolution of Ligands by Exponential Enrichment) erzeugt.



Aptamers are short synthetic nucleic acids that form complex 
three-dimensional structures, enabling them to bind to target 
molecules. The binding properties of aptamers have 
attracted considerable interest in using them for molecular 
perturbations, detection of disease-related targets, and as 
tools in synthetic biology. Aptamers are identified through a 
process known as systematic evolution of ligands by 
exponential enrichment (SELEX). SELEX is an iterative 
selection method that uses large libraries of nucleic acids. 
During this process, the aptamer sequences within these 
libraries that bind to target molecules are enriched. 
Nevertheless, it remains a challenging task to identify the 
most effective, target-specific aptamers among the enriched 
sequences. 
Luo et al. describe single-cell perturbation-driven aptamer 
recognition and kinetics sequencing (SPARK-seq), a method 
that combines the binding properties and sequencing 
capabilities of aptamers with gene inactivation studies. This 
approach enables the simultaneous mapping of thousands of 
aptamer-target interactions and the identification of 
aptamers that bind to low-abundance targets.



A process of elimination
Aptamers are typically identified 
using SELEX, which involves repeated 
incubation of a library of aptamers 
with a target (for example, a whole 
cell) and PCR to amplify bound 
sequences. In SPARK-seq, the 
resulting enriched library is incubated 
with a mixed population of cells 
bearing CRISPR-based inactivation of 
different target genes. Single-cell 
analysis is then used to sequence the 
bound aptamers and the CRISPR 
guide RNA present in each cell. An 
algorithm (SPARTA) uses this 
information to match families of 
aptamers to their targets.



Fig. 1. SPARK-seq workflow overview. (A) Schematic 
of Cell-SELEX for enrichment of aptamers that bind 
native cell-surface proteins. (B) Flow cytometry validation 
of enriched library binding under physiological conditions. (C) 
Architecture of the single-cell sequencing assay. (D) 
Computational pipeline for differential analysis, integrating 
single-cell aptamer counts, gRNA identity, and transcriptome 
profiles. (E) Integrated single-cell readout reveals aptamer-
protein interactions by correlating aptamer abundance with 
CRISPR perturbations and gene expression changes.




