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A 19-year-old man with a history of mild acne vulgaris 
presented with a 10-day history of rapidly worsening acne, 
along with fever, muscle aches, and knee pain. His temperature 
was 38.5°C. On physical examination, diffuse papulonodular 
and pustular lesions with areas of overlying crusting were 
noted across the forehead, nose, cheeks, and chin. There were 
similar lesions on the neck, shoulders, chest, back, and thighs. 
Laboratory studies were notable for neutrophilic leukocytosis 
and an elevated erythrocyte sedimentation rate and C-reactive 
protein level. A culture of a skin swab grew only Cutibacterium 
acnes. Histopathological examination of a skin-biopsy specimen 
taken from behind the left ear showed suppurative folliculitis 
with adjacent dermal edema. What is the most likely diagnosis? 

Acne fulminans

Acute febrile neutrophilic dermatosis

Hidradenitis suppurativa

Pustular psoriasis

Rosacea fulminans

Acne fulminans is an acute, severe variant of inflammatory 
acne and may be associated with systemic symptoms, such as 
fever, myalgias, arthralgias, and even osteolytic bone lesions. 
The condition may be induced by isotretinoin therapy or occur 
spontaneously, as in this case. Treatment may include oral 
glucocorticoids, isotretinoin, and topical antimicrobial agents.





The appropriate duration of treatment with beta-blocker drugs 
after a myocardial infarction is unknown. Data are needed on the 
safety and efficacy of the interruption of long-term beta-blocker 
treatment to reduce side effects and improve quality of life in 
patients with a history of uncomplicated myocardial infarction. In a 
multicenter, open label, randomized, noninferiority trial conducted 
at 49 sites in France, we randomly assigned patients with a history 
of myocardial infarction, in a 1:1 ratio, to interruption or 
continuation of beta-blocker treatment. All the patients had a left 
ventricular ejection fraction of at least 40% while receiving long-
term beta-blocker treatment and had no history of a 
cardiovascular event in the previous 6 months. The primary end 
point was a composite of death, nonfatal myocardial infarction, 
nonfatal stroke, or hospitalization for cardiovascular reasons at the 
longest follow-up (minimum, 1 year), according to an analysis of 
noninferiority (defined as a between-group difference of <3 
percentage points for the upper boundary of the two-sided 95% 
confidence interval). The main secondary end point was the 
change in quality of life as measured by the European Quality of 
Life–5 Dimensions questionnaire.



The benefit of beta-blocker therapy in patients with myocardial infarction is derived from trials carried out before the 
modern era of myocardial reperfusion and pharmacotherapy. Early coronary reperfusion therapy has led to a sharp 
decrease in the risks of heart failure and death after myocardial infarction and has led to questions about the add-on 
benefits of lifelong beta-blocker treatment in patients with a preserved left ventricular ejection fraction and no other 
primary indication for beta-blocker therapy. Contemporary large nationwide registries have often suggested an absence 
of long-term benefit of beta-blocker therapy in such patients, although data have been inconsistent. Results from a 
randomized trial have been lacking to evaluate late discontinuation of beta-blockers in the absence of chronic heart 
failure or left ventricular dysfunction.
We conducted the ABYSS (Assessment of Beta-Blocker Interruption 1 Year after an Uncomplicated Myocardial Infarction 
on Safety and Symptomatic Cardiac Events Requiring Hospitalization) trial to evaluate beta-blocker continuation or 
interruption among patients with a history of myocardial infarction who had a left ventricular ejection fraction of at 
least 40%. We hypothesized that beta-blocker interruption would be clinically safe and that the patients’ quality of life 
would improve.
Trial Population
Patients were eligible for enrollment if they had a history of myocardial infarction at least 6 months before enrollment 
and were being treated with a beta-blocker, regardless of the agent or the dose. Key exclusion criteria were chronic 
heart failure or a reduced left ventricular ejection fraction (<40%), any cardiac event during the 6 months before 
enrollment, or any other primary indication for beta-blocker therapy, such as arrythmia, migraine, or uncontrolled 
hypertension.
Intervention and Management
Patients were randomly assigned in a 1:1 ratio to a strategy of either interruption or continuation of beta-blocker 
therapy with the same agent at the same dose.



Primary and Secondary End Points





Scores on European Quality of Life–5 Dimensions (EQ-5D) Questionnaire.





Die Adrenoleukodystrophie (ALD) ist eine ernste fortschreitende genetische Krankheit, die die Nebennieren, das 
Rückenmark und die weiße Substanz des Nervensystems schädigt. Sie wurde erstmals 1923 erkannt und anfangs 
Schilder-Krankheit oder sudanophilie Leukodystrophie genannt. Im Jahre 1970 wurde die Bezeichnung 
Adrenoleukodystrophie geprägt. „Adreno“ bezieht sich auf die Nebennieren (glandulae adrenales); “leuko” auf die 
weiße Substanz des Gehirns, und „Dystrophie“ bedeutet Störung von Wachstum oder Entwicklung. 



Die ALD ist eine erbliche Stoffwechselkrankheit, bei der ein Fehler in einem spezifischen Enzymsystem zur Anhäufung 
von sehr langkettigen Fettsäuren (Very Long Chain Fatty Acids, VLCFA) in allen Geweben des Körpers führt. Diese 
besonderen Fettsäuren (VLCFA) schädigen Zellen und Gewebe. Aus noch ungeklärten Gründen sind vor allem das 
Gehirn, das Rückenmark, die Hoden und die Nebennieren betroffen. Im Zentralnervensystem führt die Anhäufung der 
VLCFA schließlich zur Zerstörung der Markscheiden (des Myelins), welche die Nervenfasern umgeben und zu 
entsprechenden neurologischen Störungen. Die VLCFA schädigen auch die Zellen der Nebennieren und verursachen 
dadurch die Addison-Krankheit (Nebennierenversagen).



Die therapeutischen Möglichkeiten beschränken sich hauptsächlich darauf, 
die Symptome der Erkrankung zu lindern. So werden Medikamente 
gegen spastische Muskelkrämpfe verabreicht, ebenso wie Steroidhormone gegen 
die neurologischen Begleiterscheinungen. Interferon und Lovastatin bewirken nur selten 
eine Unterdrückung der entzündlichen Prozesse im Gehirn. Zur Erhöhung der 
Peroxisomenzahl wird die Gabe von 4-Phenylbutyrat erwogen.
Die einzige kurative Therapie ist die Knochenmarktransplantation, die besonders effektiv 
ist, wenn sie bei der zerebralen Form in frühen Stadien der Neurodegeneration oder 
präsymptomatisch erfolgt. Der Mechanismus ist bisher nicht verstanden, es wird aber 
ein Austausch der myeloischen Zellen durch solche des Spenders vermutet, zu denen 
möglicherweise auch die Mikroglia des zentralen Nervensystems gehören. Bei HLA-
identischen Spendern und frühzeitiger Stammzelltransplantation sind die langfristigen 
Ergebnisse gut.
Gentherapie: 
Voraussichtlich wird in nicht zu ferner Zukunft die Transplantation von autologen 
hämatopoetischen Zellen (vom Patienten selbst stammende Knochenmarkzellen), die 
mittels eines lentiviralen Vektors genetisch korrigiert wurden und dem Patienten wieder 
infundiert werden, eine zusätzliche therapeutische Option sein. Diese Einschätzung 
beruht auf den berichteten höchst ermutigenden Ergebnissen bei den ersten beiden so 
behandelten Patienten.



Lentiviral vectors are the most frequently used tool to stably transfer and express genes in the context of gene therapy 
for monogenic diseases. The vast majority of clinical applications involves an ex vivo modality whereby lentiviral vectors 
are used to transduce autologous somatic cells, obtained from patients and re-delivered to patients after transduction. 
Examples are hematopoietic stem cells used in gene therapy for hematological or neurometabolic diseases or T cells for 
immunotherapy of cancer. We review the design and use of lentiviral vectors in gene therapy of monogenic diseases, 
with a focus on controlling gene expression by transcriptional or post-transcriptional mechanisms in the context of 
vectors that have already entered a clinical development phase.



Schematic representation of HIV-1-derived lentiviral vectors (LVs) used in clinical 
applications of gene therapy for monogenic diseases. (A) A prototype, third-
generation LV provirus, featuring a disabling (SIN) deletion of the 
enhancer/promoter sequences in the U3 region of the long terminal repeat (LTR) 
up to position -18 from the viral transcription start site. The enlarged portion of 
the LTR shows the original arrangement of the transcription factor binding sites 
and TATA box in the HIV-1 U3 region, deleted in the LV LTR. The poly(A) signal-
containing R and the U5 regions of the LTR are retained. PBS, primer binding site; 
ΔGAG, deleted, non-coding portion of the GAG gene containing the D1 major HIV-
1 splice donor (SD) site (CTG/GTGAGTAC); RRE, Rev-responsive element; ΔENV, 
deleted portion of the ENV gene containing the A7 HIV-1 splice acceptor (SA) site 
(TCGTTTCAG/A); cPPT, central polypurine tract; E/P, enhancer/promoter 
component of the expression cassette (the arrow represents the transcription 
start site); WPRE, woodchuck hepatitis virus post-transcriptional regulatory 
element; Ψ, extended packaging signal. (B) 1 to 10, schematic composition of the 
LVs described in the text. MND, modified enhancer/promoter of the murine 
myeloproliferative sarcoma virus; ABCD1, ATP-binding cassette, subfamily D, 
member 1 cDNA; EF1α, short promoter of the elongation factor 1α gene; ADA, 
Adenosine deaminase cDNA; W, WPRE; PGK, phosphoglycero kinase gene 
promoter; ARSA, arylsulfatase cDNA; WASPp, 1.6-kb extended Wiskott-Aldrich 
protein gene promoter; WASP, Wiskott-Aldrich protein cDNA; CTSG-cFES, hybrid 
promoter containing cFES regulatory regions and CTSG promoter. GP91, 
Gp91phox cDNA; MSP, myeloid-specific promoter; 126T (2×) tandem repeat of 
the miR-126 binding site; ET, liver-specific transthyretin promoter/enhancer; FIX, 
coagulation factor IX cDNA; 142T (4×) tetrameric repeat of the miR-142 binding 
site; E3, E2, E1, exons 3, 2 and 1 of the human β-globin gene; βp, human β-globin 
gene promoter; HS2, HS3, HS4, hypersensitive site 2, 3 and 4 regions of the β-
globin locus-control region; 3ʹ Enh, 3ʹ enhancer of the human β-globin gene. 
T87Q, codon substitution causing a tryptophan to glutamine amino acid 
substitution at position 87 of the β-globin protein; miRNA, gene encoding a 
shRNA/miR hybrid small nuclear RNA targeting the BCL11A transcription factor 
mRNA.



Cerebral adrenoleukodystrophy is a severe form of X-linked adrenoleukodystrophy characterized 
by white-matter disease, loss of neurologic function, and early death. Elivaldogene autotemcel 
(eli-cel) gene therapy, which consists of autologous CD34+ cells transduced with Lenti-D lentiviral 
vector containing ABCD1 complementary DNA, is being tested in persons with cerebral 
adrenoleukodystrophy.
In a phase 2–3 study, we evaluated the efficacy and safety of eli-cel therapy in boys with early-
stage cerebral adrenoleukodystrophy and evidence of active inflammation on magnetic 
resonance imaging (MRI). The primary efficacy end point was survival without any of six major 
functional disabilities at month 24. The secondary end points included overall survival at month 
24 and the change from baseline to month 24 in the total neurologic function score.

Conclusions
At a median follow-up of 6 years after lentiviral gene therapy, most patients with early cerebral 
adrenoleukodystrophy and MRI abnormalities had no major functional disabilities. However, 
insertional oncogenesis is an ongoing risk associated with the integration of viral vectors. 



Adrenoleukodystrophy is an X-linked metabolic disease caused by pathogenic variants in ABCD1 that lead 
to a deficiency in peroxisomal transporter ATP-binding cassette domain 1 (ABCD1 or 
adrenoleukodystrophy protein) and the accumulation of saturated very-long-chain fatty acids. Cerebral 
adrenoleukodystrophy develops in approximately 35% of affected boys before adulthood. Progressive 
white-matter inflammation and demyelination lead to the loss of cognitive and neurologic function, and 
early death ensues. Magnetic resonance imaging (MRI) of the head with gadolinium enhancement is 
useful in diagnosing cerebral disease before the onset of clinical symptoms.

Allogeneic hematopoietic stem-cell transplantation (HSCT) is the standard of care for cerebral 
adrenoleukodystrophy and can stabilize the disease and preserve function if it is performed at an early 
stage when demyelination is limited.

Autologous hematopoietic stem-cell gene therapy may provide an alternative treatment without many of 
the risks associated with allogeneic HSCT. Clinical data from small numbers of patients with early-stage 
cerebral adrenoleukodystrophy suggested that the use of lentiviral vectors containing ABCD1 
complementary DNA stabilized disease, but long-term follow-up in a larger patient population is lacking. 
We report the results of a completed initial 24-month study, a phase 2–3, multicenter, open-label study 
involving patients who received elivaldogene autotemcel (eli-cel) gene therapy transduced with Lenti-D 
lentiviral vector and who are participating in an ongoing long-term follow-up study.



Trial Design and Eligibility
The 24-month study and the ongoing 13-year follow-up study were designed to assess the 
safety and efficacy of eli-cel gene therapy in boys 17 years of age or younger who had 
cerebral adrenoleukodystrophy at enrollment. 

Cell Collection and Eli-cel Infusion
CD34+ cells, obtained from patients by apheresis after mobilization with granulocyte colony-
stimulating factor (G-CSF) with or without the hematopoietic stem-cell mobilizing agent 
plerixafor, were transduced with Lenti-D lentiviral vector under validated standard operating 
procedures, in accordance with Good Manufacturing Practice, to produce the patient-specific 
eli-cel drug product.

Clinical, Imaging, and Laboratory Assessments
Patients were monitored for successful engraftment, which was defined by specific 
neutrophil and platelet counts. The primary efficacy end point was survival without any of 
the six major functional disabilities at month 24. The primary safety end point was acute 
(grade II or higher) or chronic GVHD by month 24. 



Patient, Disease, and Transplantation Characteristics at Baseline.



Incidence and Timing of Adverse Events.







Discussion
This study of gene therapy with autologous genetically modified hematopoietic stem cells showed the 
possibility of lengthening disability-free survival in patients with cerebral adrenoleukodystrophy. The current 
analyses extend interim results published in the Journal to the full study population (32 patients), in which 26 
of the 32 patients (Kaplan–Meier estimate, 75%) remain in the study and have been free of major functional 
disabilities for a median duration of 60.6 months, with a maximum duration of follow-up of 8.9 years in two 
patients. The incidence of serious adverse events related to eli-cel was low. During the long-term follow-up 
period, 5 patients had new onset of seizures, and 4 of these 5 patients had evidence of worsening Loes scores. 
At month 48, overall survival was 94% and survival free of major functional disabilities was 91%. The rates that 
have been published with respect to allogeneic HSCT in patients with similar clinical status at baseline are 
77.8% for 4-year overall survival and 63.2% for the percentage of patients with no major functional disabilities. 
However, comparative inferences cannot be drawn since these populations were not directly compared.
As expected with autologous therapy, GVHD did not occur, and although conditioning-related serious infections 
occurred, they did not result in death. These findings contrast with what has been shown to occur with 
allogeneic HSCT during the peritransplantation period in which serious infections (in up to 29% of patients), 
acute GVHD in the first 100 days (in 18 to 31% of patients), and graft failure (in up to 24% of patients with grafts 
from unrelated donors) can contribute to transplantation-related mortality, which remains high at 8 to 15% in 
persons with cerebral adrenoleukodystrophy. The duration of hospitalization for patients undergoing 
transplantation was shorter with eli-cel (median, 29 days [range, 15 to 54]) than with allogeneic HSCT (51 days 
[range, 25 to 240] as reported in 59 patients in a contemporaneous study).



Historically, lentiviral vectors included strong viral promoters 
which had a side effect of insertional mutagenesis, nuclear 
DNA mutations that affect the function of a gene. These strong 
viral promotors were shown to be the main cause of cancer 
formation.



Gene therapy with elivaldogene autotemcel (eli-cel) consisting of autologous CD34+ cells transduced with lentiviral 
vector containing ABCD1 complementary DNA (Lenti-D) has shown efficacy in clinical studies for the treatment of 
cerebral adrenoleukodystrophy. However, the risk of oncogenesis with eli-cel is unclear. We performed integration-site 
analysis, genetic studies, flow cytometry, and morphologic studies in peripheral-blood and bone marrow samples from 
patients who received eli-cel therapy in two completed phase 2–3 studies (ALD-102 and ALD-104) and an ongoing 
follow-up study (LTF-304) involving the patients in both ALD-102 and ALD-104.
Conclusions
Hematologic cancer developed in a subgroup of patients who were treated with eli-cel; the cases are associated with 
clonal vector insertions within oncogenes and clonal evolution with acquisition of somatic genetic defects. 

To express ABCD1 complementary DNA (cDNA), the elivaldogene autotemcel (eli-cel) gene therapy, which contains 
autologous CD34+ cells transduced with Lenti-D lentiviral vector, uses a virally derived synthetic regulatory element 
that includes the U3 segment of the myeloproliferative sarcoma virus long terminal repeat with the negative control 
region deleted and the DL587 endogenous retrovirus primer binding site substituted (MNDU3).



Adrenoleukodystrophy is an X-linked metabolic disease caused by mutations in the ABCD1 gene that lead to a 
deficiency in encoding peroxisomal transporter ATP-binding cassette domain 1 (adrenoleukodystrophy protein) 
and the buildup of very-long-chain fatty acids in tissue and plasma. Cerebral adrenoleukodystrophy develops in 
approximately 35% of affected boys before adulthood and results in progressive destruction of white matter, loss 
of cognitive and neurologic function, and early death if untreated.

Cerebral adrenoleukodystrophy is caused by germline pathogenic variants in the ABCD1 peroxisomal transporter, 
which results in the toxic accumulation of very-long-chain fatty acids, progressive loss of white matter, and 
deteriorating neurologic function. 

We evaluated eli-cel in two completed clinical studies (ALD-102 and ALD-104), with ongoing long-term follow-up in 
one integrated study (LTF-304) involving the patients in both the ALD-102 and the ALD-104 study. 

Although the integration of lentiviral vectors has proved to be safe in previous clinical studies of gene therapy, two 
reports have described clonal expansions related to lentiviral vector insertions associated with abnormal splicing 
events. We comprehensively characterize the clinicopathological and genetic features of seven cases of 
hematologic cancer (as of April 25, 2024) in patients who received eli-cel (one patient in the ALD-102 study and six 
patients in the ALD-104 study).



Selected Baseline and Treatment Characteristics of Presented Patients.

Patients
A total of 67 patients received eli-cel infusion during the completed studies (32 patients in the 
ALD-102 study and 35 patients in the ALD-104 study). As of April 25, 2024, the probability of 
event-free survival (survival without major functional disabilities, hematologic cancer, or 
rescue-cell administration or allogeneic hematopoietic stem-cell transplantation) at 4 years was 
81.0% (95% confidence interval [CI], 68.8 to 88.8). 



Overall Survival, Event-free Survival, and Hematologic 
Cancer.

Shown are Kaplan–Meier curves for overall survival (Panel 
A), event-free survival (Panel B), and hematologic cancer 
(Panel C) in patients treated with eli-cel. Purple lines 
represent the ALD-102 study, orange lines represent the 
ALD-104 study, and blue lines represent pooled date from 
the ALD-102 and ALD-104 studies. The ongoing long-term 
follow-up study (LTF-304) involving patients from both the 
ALD-102 and ALD-104 studies began after month 24 
(dashed line). Results for cumulative incidence curves of 
hematologic cancer were consistent when death and 
allogeneic hematopoietic stem-cell transplantation (HSCT) 
for progression or patient withdrawal were included as 
competing events. Exposure-adjusted incidence rate per 
100 person-years was calculated as 100 times the number 
of events divided by the total person-years of follow-up. For 
patients who received a diagnosis of hematologic cancer or 
who underwent allogeneic HSCT, the follow-up time is up to 
the earliest time the diagnosis was received or when the 
patient underwent allogeneic HSCT. The data shown are as 
of April 25, 2024.



Bone Marrow Findings and Hematologic Cancer Diagnosis and Treatment.



Integration-Site (IS) Analysis, Platelet Counts, and Peripheral-Blood 
Vector Copy Number Over Time for Individual Patients.

Shown are the results (as of April 25, 2024) for Patients 3, 46, 36, 
44, 54, 33, and 61. Check marks indicate the timing of the IS analysis 
(ISA), which was performed on peripheral-blood samples. ISs from 
different time points that are located within five base pairs are 
considered the same IS. The plot shows all ISs that occur with a 
relative frequency of 10% or more at any time point or any two or 
more ISs in a clone with a relative frequency of 5% or more at any 
time point. Multiple ISs in the same clone were defined as multiple 
ISs with a relative frequency within 20% of each other. Genes in gray 
dashed boxes represent genes within the same clone. The limit of 
quantification for IS analysis was a relative frequency of 5%. The 
MECOM gene involved was 3+168905559 for Patient 3, 
3+169089800 (MECOM-IS1) and 3-168929610 (MECOM-IS2) for 
Patient 46, 3+168881163 for Patient 36, 3+169034816 (MECOM-IS1) 
and 3−168952545 (MECOM-IS2) for Patient 44, 3-168884077 for 
Patient 54, 3+169089416 for Patient 33, and 3-168890747 for 
Patient 61. AlloHSCT denotes allogeneic hematopoietic stem-cell 
transplantation, MDS myelodysplastic syndrome, PB peripheral 
blood, and VCN vector copy number.





Results of Integration-Site Analysis.



Discussion
As of April 25, 2024, among the 67 patients treated with eli-cel, 7 patients (10%) have received a 
diagnosis of hematologic cancer (338 person-years of total follow-up; incidence rate, 2.1 per 100 
person-years; 95% CI, 0.8 to 4.2). Hematologic cancer was diagnosed in 1 of 32 patients (3%) treated 
in the ALD-102 study with 222 person-years of follow-up (incidence rate, 0.5 per 100 person-years; 
95% CI, 0 to 2.5) and in 6 of 35 patients (17%) in the ALD-104 study with 116 person-years of follow-
up (incidence rate, 5.2 per 100 person-years; 95% CI, 1.9 to 10.9). 
We hypothesize that the specific features of Lenti-D vector design, such as the presence of enhancer 
sequences, overexpression of the transgene ABCD1 (which may affect the ability of cells to engraft in 
the administered product), aspects of the conditioning regimen for eli-cel, or G-CSF use, play a role 
in mediating insertional oncogenesis. The way these factors individually, in combination, or with 
other unidentified variables interact with one another to lead to genotoxicity is unclear. However, we 
believe that our results should inform future studies of gene therapy regarding the choice of 
promoter used when designing lentiviral vectors. In addition, expression of the transgene should be 
high enough to arrest disease progression but also be lineage-restricted, if possible, and low enough 
to reduce the likelihood of genotoxicity and genomic instability. Our results suggest that patients 
who are considering lentiviral vector gene therapy should continue to be educated on the risk of 
hematologic cancer and, if treated, monitored closely. Finally, for patients treated with eli-cel, one 
intervention to reduce the risk of cancer may be to consider the use of busulfan–cyclophosphamide 
as the preparative regimen instead of busulfan–fludarabine.



More than 30 years ago, the first transplantation with autologous hematopoietic stem cells modified with integrated 
murine retroviral vectors carrying potentially therapeutic genes was performed in patients with serious human 
disorders. The past decade has been marked by an acceleration in the publication of data from clinical trials and in 
regulatory approvals for therapies that use viral gene addition to treat hemoglobinopathies, immunodeficiencies, and 
metabolic neurologic disorders such as cerebral adrenoleukodystrophy. After the induction of numerous hematologic 
cancers linked to activation or dysregulation of nearby oncogenes by viral promoter–enhancers contained within the 
retroviral vector among patients enrolled in early clinical trials, the field shifted to the use of lentiviral vectors, which 
have an integration pattern that was predicted to be safer and that had lowered the risk of genotoxic hematologic 
cancers in animal models.
First, the high risk appears to be closely related to the inclusion of the strong viral MND promoter (an engineered, 
artificial promoter comprising both the U3 region of a Moloney modified murine leukemia retrovirus with long-terminal 
repeats and an enhancer from the myeloproliferative sarcoma virus) in the lentivirus, with no cases of hematologic 
cancer linked to insertional genotoxicity from lentiviral vectors in at least 250 other patients who received 
hematopoietic stem-cell therapies with other lentiviruses and equivalent patient-years of observation.
I fear that additional cases of hematologic cancer might arise over time in patients with cerebral adrenoleukodystrophy 
who received lentiviral gene therapy with this vector, given the long latency of at least the current cases and the finding 
of oligoclonal expansions in a substantial fraction of the other patients who received this therapy. These troubling 
events raise the bar for offering eli-cel autologous gene therapy for cerebral adrenoleukodystrophy. 



Als kleinzelliges Bronchialkarzinom, kurz SCLC, bezeichnet man ein Bronchialkarzinom, das bei mikroskopischer 
Betrachtung aus kleinen Zellen (APUD-Zellen) besteht. Etwa 15-20 % aller Bronchialkarzinome sind kleinzellige 
BC.[1] Der wichtigste bekannte Risikofaktor für die Entstehung ist das Rauchen.
Das Karzinom ist meist zentral in der Lunge lokalisiert. Durch lymphogene und hämatogene Metastasierung kommt es 
frühzeitig zu einer Tumoraussaat in Gehirn, Knochen, Leber und Nebennierenrinde.



Adjuvant therapy with durvalumab (PD-L1), with or without 
tremelimumab, may have efficacy in patients with limited-stage 
small-cell lung cancer who do not have disease progression 
after standard concurrent platinum-based chemoradiotherapy.
In a phase 3, double-blind, randomized, placebo-controlled 
trial, we assigned patients to receive durvalumab at a dose of 
1500 mg, durvalumab (1500 mg) plus tremelimumab at a dose 
of 75 mg (four doses only), or placebo every 4 weeks for up to 
24 months. Randomization was stratified according to disease 
stage (I or II vs. III) and receipt of prophylactic cranial irradiation 
(yes vs. no). Results of the first planned interim analysis of the 
two primary end points of overall survival and progression-free 
survival (assessed on the basis of blinded independent central 
review according to the Response Evaluation Criteria in Solid 
Tumors, version 1.1) with durvalumab as compared with 
placebo (data cutoff date, January 15, 2024) are reported; 
results in the durvalumab–tremelimumab group remain 
blinded.



Small-cell lung cancer is an aggressive cancer that accounts for approximately 15% of all lung tumors. 
Approximately one third of patients who receive a diagnosis of small-cell lung cancer present with 
limited-stage disease, for which longest survival is achieved with concurrent thoracic 
chemoradiotherapy with the use of platinum–etoposide and early thoracic radiotherapy, followed by 
prophylactic cranial irradiation when indicated. However, most patients have a disease relapse within 2 
years after starting treatment, and overall survival at 5 years ranges from 29 to 34%. No advances in 
systemic treatments for limited-stage small-cell lung cancer have been made in the past three decades.
Durvalumab is a selective, high-affinity human IgG1 monoclonal antibody that binds to programmed 
death ligand 1 (PD-L1), blocking its interaction with programmed death 1 (PD-1) and CD80 on activated 
T cells.
Methods
Patients
Eligible patients had histologically or cytologically documented limited-stage small-cell lung cancer 
(stage I, II, or III [patients with stage I or II disease had to have medically inoperable disease], assessed 
according to the AJCC Cancer Staging Manual, 8th edition, or the Staging Manual in Thoracic Oncology 
of the International Association for the Study of Lung Cancer) and had not had progression after the 
receipt of definitive concurrent chemoradiotherapy. 
End Points and Assessments
The two primary end points were overall survival and progression-free survival in a comparison of the 
durvalumab group with the placebo group. 



Objective Responses (Intention-to-Treat Population).





Adverse Events (Safety Population).Discussion
Systemic treatment for limited-stage small-cell lung cancer 
has not advanced in the past three decades. Early 
improvements in survival among patients with limited-stage 
small-cell lung cancer occurred after the adoption of 
concurrent platinum-based chemoradiotherapy and early 
thoracic radiotherapy in patients who were fit enough to 
undergo this treatment. However, poor long-term outcomes 
led to the exploration of alternative radiotherapy schedules 
and systemic therapy. Twice-daily thoracic radiotherapy was 
initially hailed as a treatment advance, but a meta-analysis 
showed that overall survival and the incidence of toxic 
effects were similar to those seen with once-daily 
radiotherapy among patients with limited-stage small-cell 
lung cancer. Previous trials of adjuvant and maintenance 
systemic therapy also did not show significant improvements 
in outcomes in patients with limited-stage small-cell lung 
cancer. In our trial, the first planned interim analysis showed 
that, among patients with limited-stage small-cell lung 
cancer who had not had disease progression after definitive 
concurrent chemoradiotherapy, the use of adjuvant 
durvalumab therapy resulted in significant improvements, as 
compared with placebo, in the two primary end points of 
overall survival and progression-free survival.





Because of its unique morphologic and clinical features, hairy-cell leukemia (HCL) has been recognized as a distinct 
entity since 1958. At that time, because of the lack of immunologic markers, the term “leukemic reticuloendotheliosis” 
was coined. The name “hairy-cell leukemia” was proposed in 1966 by Schrek and Donnelly, on the basis of cytoplasmic 
projections observed in the leukemic cells in peripheral blood from two patients. The cell of origin of HCL has been a 
matter of debate for many years, with most studies favoring a monocytic derivation of leukemic cells because they can 
phagocytose latex particles. The B-cell origin of HCL was definitively established through the demonstration of clonal 
rearrangement of immunoglobulin genes and was then confirmed by the expression of B-cell markers. 



Pathologic Features and Immunophenotype
HCL is characterized by involvement of the bone marrow, spleen, and peripheral blood with mature, small-to-
intermediate-size B cells that have ample cytoplasm, an oval or cleaved nucleus, and homogeneous chromatin without 
prominent nucleoli. The leukemic cells have thin, circumferential surface projections, which are best visualized in 
peripheral-blood smears and which account for the vivid name of the disease.





Genetic Features
The clonal immunoglobulin gene rearrangements of HCL are 
somatically mutated and class-switched in the majority of 
cases, which indicates an origin from a peripheral antigen-
experienced B cell. HCL has a distinct transcriptional profile, at 
both the messenger RNA and microRNA levels, that is similar to 
the profile of post–germinal center memory B cells but with 
altered expression of chemokine and adhesion receptors. 
These gene-expression profiling studies have also provided 
molecular insights into some of the biologic properties of HCL, 
including the morphologic features, the bone marrow fibrosis 
induced by leukemic cells, and the pattern of leukemic-cell 
dissemination to certain anatomical sites.
The BRAF V600E kinase-activating mutation is the clonal 
genetic event underlying the pathogenesis of at least 95% of all 
HCL cases across the entire clinical spectrum of this disease, 
and the mutation is stable at relapse, even decades after the 
onset of HCL. The BRAF oncogene (located at the 7q34 
cytoband) encodes a serine–threonine kinase of the RAF family 
and is a key component of the RAS–RAF–MEK–ERK signaling 
pathway. 





First-Line Therapy
“Watch and wait” is the preferred strategy for the approximately 10 to 20% of patients who present without clinically 
significant cytopenias related to HCL (i.e., those with a hemoglobin level of ≥10 g per deciliter, an absolute neutrophil 
count of ≥1000 per microliter, and a platelet count of ≥100,000 per microliter) and without symptomatic organomegaly, 
recurrent infections, and constitutional symptoms. 





Future Directions
Next-generation BRAF inhibitors that can also counteract adaptive and genetic 
reinduction of ERK signaling through CRAF are being developed for the treatment of 
BRAF-mutated solid cancers and may also be valuable in treating HCL.
The attractive efficacy and safety profile of vemurafenib plus rituximab in refractory or 
relapsed HCL offers promise for a chemotherapy-free front-line treatment as an 
alternative to purine analogues. The effectiveness of BRAF inhibition plus anti-CD20 
immunotherapy as first-line treatment has been confirmed in a phase 2, single-group 
trial of vemurafenib and obinutuzumab, with 90% of patients having an MRD-negative 
complete response and no relapse at a median follow-up of almost 3 years. A phase 2 
randomized trial (EudraCT number, 2021-001864-12) is evaluating whether front-line 
treatment with vemurafenib plus rituximab is less toxic and not less active than the 
chemotherapy-based standard care. Whether the duration of a response after 
treatment with vemurafenib plus rituximab will be similar to that with chemotherapy 
(alone or followed by rituximab in the case of MRD persistence in the blood) will also 
be investigated.

https://www.clinicaltrialsregister.eu/ctr-search/search?query=2021-001864-12




A 37-year-old man was admitted to this hospital because of fever, myalgia, jaundice, and 
hypoxemia.
The patient had been healthy until 9 days before this admission, when malaise, fatigue, and 
generalized weakness developed. The symptoms were severe, and he slept almost all day 
and night. Seven days before this admission, the patient had an oral temperature of 39.4°C, 
and headache developed, as well as achiness and stiffness in the arms, shoulders, knees, and 
legs. He was not able to eat a full meal because of decreased appetite and nausea. He did 
not have abdominal pain, vomiting, or diarrhea.
Five days before this admission, the fever and headache abated; however, the achiness 
increased, and the patient noticed that his urine was dark yellow. Three days before this 
admission, the patient sought evaluation in the urgent care clinic of another hospital. Testing 
was negative for severe acute respiratory syndrome coronavirus 2, respiratory syncytial virus, 
and influenza virus types A and B. He was instructed to get adequate rest and hydration. Two 
days before this admission, the symptoms had not abated, and the patient returned to the 
urgent care clinic. On examination, new yellow discoloration of the skin and eyes was 
observed, and he was instructed to go to the emergency department of the other hospital.



On evaluation, the temporal temperature was 36.8°C, 
the blood pressure 106/70 mm Hg, the pulse 109 beats 
per minute, the respiratory rate 18 breaths per minute, 
and the oxygen saturation 100% while the patient was 
breathing ambient air. The white-cell count was 17,900 
per microliter (reference range, 4500 to 11,000), the 
platelet count 34,000 per microliter (reference range, 
150,000 to 400,000), and the hemoglobin level 15.7 g per 
deciliter (reference range, 13.0 to 17.0). The creatinine 
level was 3.0 mg per deciliter (265 μmol per liter; 
reference range, 0.6 to 1.4 mg per deciliter [53 to 124 
μmol per liter]), the total bilirubin level 15.9 mg per 
deciliter (272 μmol per liter; reference range, 0.0 to 1.2 
mg per deciliter [0 to 21 μmol per liter]), and the direct 
bilirubin level more than 10.0 mg per deciliter (171 μmol 
per liter; reference range, 0.0 to 0.5 mg per deciliter [0 to 
9 μmol per liter]).



During the subsequent 2 days, the patient received intravenous fluids. On the third hospital day, the blood pressure 
decreased to 71/60 mm Hg, and the oxygen saturation had also decreased. The creatinine level increased to 3.8 mg per 
deciliter (336 μmol per liter), the hemoglobin level decreased to 10.3 g per deciliter, and the total bilirubin level 
increased to 20.9 mg per deciliter (357 μmol per liter). Supplemental oxygen was administered through a nasal cannula, 
and boluses of intravenous fluids were given. The patient was transferred to this hospital for further treatment.
The patient worked in an office, and he took daily walks with his dog through the woods and along a river; he recalled 
receiving multiple insect bites during these walks. He reported no recent travel. He had smoked one pack of cigarettes 
per day for 16 years and used marijuana daily. He consumed two alcoholic drinks at a time, a few times per week, and he 
did not use illicit drugs.
On examination, the temporal temperature was 36.3°C, the blood pressure 100/56 mm Hg, the pulse 103 beats per 
minute, the respiratory rate 42 breaths per minute, and the oxygen saturation 91% while the patient was receiving 
supplemental oxygen through a nasal cannula at a rate of 4 liters per minute. He was alert and oriented but appeared ill. 
He had increased work of breathing, with the use of accessory muscles of respiration; diffuse rales were heard in both 
lungs. There was no abdominal tenderness, hepatosplenomegaly, asterixis, or leg swelling. Marked scleral icterus and 
jaundiced skin were present, but he had no conjunctival suffusion, rash, or ulcers.

Imaging Studies of the Chest, Abdomen, and Pelvis.
A chest radiograph (Panel A) shows bilateral, 
predominantly peripheral, patchy airspace opacities 
(arrows) in both lungs. CT images of the chest, 
abdomen, and pelvis were obtained without the 
administration of intravenous contrast material.



Radiography of the chest revealed bilateral, 
predominantly peripheral, patchy opacities. 
Ultrasonography of the abdomen showed 
hyperechogenic and prominent portal triads 
with a “starry sky” appearance; there was no 
biliary ductal dilatation or hydronephrosis. 
Computed tomography (CT) of the chest, 
abdomen, and pelvis, performed without the 
administration of intravenous contrast 
material, revealed multifocal consolidative and 
ground-glass opacities with tree-in-bud 
nodularity in both lungs, as well as small 
pleural effusions and enlarged mediastinal and 
hilar lymph nodes. No hepatic lesions, biliary 
ductal dilatation, or hepatosplenomegaly were 
noted.



Differential Diagnosis
Dr. William C. Hillmann: This previously healthy 37-year-old man presented with an acute, nonspecific febrile syndrome 
with prominent fatigue, malaise, and myalgia, which was complicated by hypoxic respiratory failure and multiple 
laboratory abnormalities, including leukocytosis, acute kidney failure, and conjugated hyperbilirubinemia. 
Leptospirosis
Leptospirosis is a zoonotic spirochetal infection that is most prevalent in tropical environments. Humans can acquire 
leptospirosis through contact with urine from infected mammals (often rats) or through exposure to a freshwater 
environment contaminated with the urine. Although leptospirosis is relatively uncommon in New England, this patient 
regularly walked his dog by a river, and it is possible that swimming in the river or having water splash onto a mucous 
membrane could account for his exposure. We do not know whether his dog had received the leptospirosis vaccine, which 
is commonly administered to dogs in this region.

Phases of Leptospirosis and Diagnostic Testing.
The diagnosis of leptospirosis can be made through 
direct detection of the organism, which can be 
done with various methods, or through detection of 
antibodies to leptospires. In the first week after the 
onset of symptoms, leptospires are present in the 
blood, and nucleic acid amplification testing (NAAT) 
of whole blood is recommended. 







In most cases, patients recover without the use of antimicrobial therapy. When this patient presented to 
the hospital, the probability of leptospirosis was high enough that we initiated empirical doxycycline 
therapy while awaiting the results of diagnostic testing.
Follow-up
Treatment with doxycycline was continued while the results of tests for leptospirosis were pending. The use 
of empirical vancomycin and cefepime therapy was discontinued once cultures of the blood had been 
negative for 48 hours. On the fifth hospital day, the white-cell count peaked at 54,950 per microliter, and 
the direct bilirubin level peaked at 39.0 mg per deciliter (667 μmol per liter); the creatinine level had 
improved and was 1.59 mg per deciliter (141 μmol per liter). The hypoxia, which could have been related to 
pulmonary hemorrhage, resolved; the acute kidney failure, which was attributed to acute tubular necrosis, 
abated. On the eighth hospital day, the white-cell count decreased to 18,870 per microliter, the direct 
bilirubin level to 26.1 mg per deciliter (369 μmol per liter), and the creatinine level to 1.4 mg per deciliter 
(124 μmol per liter). The patient was discharged home.
At home, the patient completed a 14-day course of doxycycline. The color of the skin, urine, and stool 
gradually returned to normal, and the malaise and fatigue were slow to abate. One month after discharge, 
the acute kidney failure had resolved; 2 months after discharge, the hyperbilirubinemia had resolved. Now, 
11 months after discharge, the patient still struggles to cope with the mental health effects of the medical 
trauma related to his critical illness and hospitalization.
Final Diagnosis
Icteric leptospirosis.































Postpartale Stimmungskrisen beschreiben psychische Zustände oder Störungen, die in einem zeitlichen 
Zusammenhang mit dem Wochenbett auftreten. Die Bandbreite der im Wochenbett auftretenden affektiven 
Zustände reicht von einer leichten Traurigkeit über Depressionen bis hin zu schweren psychotischen 
Erkrankungen.

























T cell exhaustion, characterized by the loss of cytokine 
production and sustained expression of inhibitory receptors or 
immune checkpoints such as programmed cell death 1 (PD-1), 
poses a major hurdle in cancer immunotherapies, including 
immune checkpoint blockade (ICB) and adoptive cell therapies. 
Prolonged CD8+ T cell responses, such as those found in cancer 
and chronic infection, are maintained by so-called precursors of 
exhausted T (TPEX) cells, which exhibit stemlike features, 
allowing them to undergo self-renewal while also giving rise to 
effector-like exhausted T (TEX) cell progeny. The balance of 
stemness and effector differentiation determines the quality of 
the T cell response and makes TPEX cells prime targets for 
therapeutic manipulation. Kang et al. report that deleting key 
epigenetic regulators can preserve ICB-responsive TPEX cells 
during chronic antigen exposure, revealing potential targets to 
overcome T cell exhaustion and achieve durable therapeutic 
response to ICB.

Targeting epigenetic regulators prevents T cell exhaustion 



Chromatin remodeling shapes stemness in T cells 
In chronic infection and cancer, CD8+ T cell responses are maintained by precursors of exhausted T (TPEX) cells, which 
exhibit stemlike features, allowing them to undergo self-renewal while also giving rise to effector-like exhausted T (TEX) 
cell progeny. Disruption of additional sex comb-like 1 (ASXL1) leads to ubiquitination of histone 2A, which allows 
opening of chromatin regions in genes that promote T cell stemness and function, thus improving maintenance and 
response to immune checkpoint blockade. 





Das Akronym FODMAP ist die 
englische Abkürzung für fermentable 
oligo-, di-, monosaccharides and 
polyols. Es bezeichnet eine Gruppe von 
Kohlenhydraten und Zuckeralkoholen, 
die in vielen Nahrungsmitteln 
vorkommen und im Dünndarm nur 
schlecht resorbiert werden.




