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A 44-year-old man presented with a 4-
day history of an itchy rash and a 2-day
history of fever and malaise. The rash
had first appeared on the scalp and
then spread across the body within 24
hours. What is the most likely
diagnosis?

Cutaneous t-cell ymphoma
Dengue fever
Disseminated gonococcal infection

= Primary varicella infection

Small pox

A polymerase-chain-reaction assay of fluid from a vesicle was positive for varicella—zoster virus. The patient reported no
history of chicken pox or varicella vaccination. Primary varicella infection, or chicken pox, in adults is often more severe
than in children, which highlights the importance of childhood vaccination. Adults with varicella infection — even
immunocompetent ones, such as this patient — have an increased risk of complications, such as pneumonia and
encephalitis.



Primary varicella infection, also known as
chickenpox, is the initial illness caused by the
varicella-zoster virus (VZV). It typically presents with
an itchy, fluid-filled rash that starts on the body and
spreads, often accompanied by fever, fatigue, and
headache. While mild in healthy children, the
infection can be more severe in adults,
immunocompromised individuals, and pregnant
women, potentially leading to complications like
pneumonia or bacterial skin infections. After
recovery, the virus lies dormant in the nerves and can
reactivate later in life to cause shingles




Aspirin hemmt sowohl Cyclooxygenase-1 (COX-1) als auch Cyclooxygenase-2 (COX-2) durch irreversible Acetylierung
der Serinreste in ihrem aktiven Zentrum, was die Umwandlung von Arachidonsaure in Prostaglandine verhindert.
Obwohl Aspirin beide Enzyme hemmt, ist die Hemmung von COX-1 starker, was zu seinen kardiovaskularen
Wirkungen fuhrt. Bei der langfristigen Anwendung kann Aspirin jedoch auch das Risiko flir bestimmte Krebsarten,
insbesondere Dickdarmkrebs, durch die Hemmung von COX-2 senken.
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Figure 1. Aspirin mechanism of action -- acetylation of cyclooxygenase (COX). Aspirin acetylates a
serine (Ser) residue of COX and irreversibly inactivates COX-1. In the case of COX-2, aspirin "tums
off" its ability to generate prostaglandins, but "switches on" its capacity to produce novel protective lipid
mediators.




Der PI3K/Akt-Signalweg ist ein wichtiger intrazellularer Signalweg, der bei vielen Zellvorgdngen eine
Rolle spielt, die das Wachstum, die Proliferation und den Stoffwechsel der Zellen regulieren. Seine
genauen Ablaufe sind bislang (2022) noch nicht vollstandig geklart.
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Die Phosphatase PTEN (Phosphatase and Tensin homolog) ist ein « Cell growth + Metabolism

multifunktionelles Enzym in Eukaryoten. Es katalysiert die Hydrolyse von
verschiedenen Phosphorsaureestern (Phospholipide und

Phosphoproteine). Die AKT-Kinase, auch als Proteinkinase B (PKB) bekannt, ist eine Serin-Threonin-Proteinkinase,

die an der Signallibertragung in Zellen beteiligt ist und wesentliche Zellprozesse wie
Zellwachstum.
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COX-2 und die Phosphoinositid 3-Kinase (PI3K) sind zwei verschiedene, aber miteinander verbundene Signalwege,
die an Entzindungsprozessen und dem Zellwachstum beteiligt sind. COX-2 ist ein Enzym, das Entzlindungen fordert,
wahrend die PI3K-Signalwege Funktionen in der Zellteilung und beim Stoffwechsel tGbernehmen und mit Krebs in
Verbindung gebracht werden. Die Hemmung von COX-2, zum Beispiel durch ASS oder Coxibe, kann das
Tumorwachstum verringern, und es wird untersucht, wie diese Wege zusammenwirken, etwa bei der
Tumorentstehung oder -progression.
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Low-Dose Aspirin for PI3K-Altered Localized

Colorectal Cancer

Aspirin reduces the incidence of colorectal adenoma and
colorectal cancer among high-risk persons. Observational studies
suggest that aspirin may also improve disease-free survival after
diagnosis, particularly among patients with tumors harboring
somatic PIK3CA mutations. However, data from randomized trials
are lacking.

We conducted a double-blind, randomized, placebo-controlled
trial involving patients with stage |, Il, or lll rectal cancer or stage
Il or lll colon cancer with somatic alterations in PI3K pathway
genes. The patients were assigned in a 1:1 ratio to receive 160
mg of aspirin or matched placebo once daily for 3 years. Patients
with prespecified PIK3CA hotspot mutations in exon 9 or 20
(group A alterations) and those with other moderate- or high-
impact somatic variants in PIK3CA, PIK3R1, or PTEN (group B
alterations) were eligible for randomization. The primary end
point was colorectal cancer recurrence, assessed in a time-to-
event analysis, in patients with group A alterations. Secondary
end points included colorectal cancer recurrence in patients with
group B alterations, disease-free survival, and safety.
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The antineoplastic effects of aspirin are believed to occur primarily through the inhibition of
cyclooxygenase-2 (COX-2), an enzyme frequently overexpressed in colorectal cancer. COX-2
promotes tumorigenesis by increasing the production of prostaglandin E2 (PGE2), which
subsequently activates the phosphatidylinositol 3-kinase (PI3K)—protein kinase B-mammalian target
of rapamycin signaling pathway. Although PI3K signaling has been linked to the upregulation of COX-
2 expression, the mechanistic interplay between these pathways remains incompletely understood.
The PI3K pathway is genetically altered in approximately one third of colorectal cancers; such
alterations most commonly involve mutations in PIK3CA, PIK3R1, or PTEN.

Preclinical and retrospective clinical data suggest that COX-2 may be a critical downstream effector
of PIK3CA-mutated tumors and a key determinant of aspirin sensitivity and that such effects are
potentially mediated by a positive feedback loop between PI3K signaling and COX-2 expression.
Several observational studies have shown that aspirin improves survival among patients with
PIK3CA-mutated tumors but has no benefit in those with wild-type tumors. However, given the
variability in existing clinical and experimental findings, further research is warranted to elucidate
the basis of the interaction between aspirin and mutations in PIK3CA, PIK3R1, and PTEN. We
conducted the ALASCCA (Adjuvant Low-Dose Aspirin in Colorectal Cancer) trial to prospectively
evaluate the efficacy of adjuvant aspirin in patients who had resected stage |, Il, or Il colorectal
cancer with a primary tumor harboring somatic alterations in genes involved in the PI3K signaling
pathway.



Patients

Patients 18 to 80 years of age with pathological tumor—node—metastasis (pTNM) stage Il or Il colon
cancer or pTNM stage |, Il, or lll rectal cancer who had undergone radical resection of the primary
tumor were prospectively screened for prespecified somatic alterations in PIK3CA, PIK3R1, and
PTEN. Cancer stage was assessed according to the criteria in the AJCC [American Joint Committee on
Cancer] Cancer Staging Manual, 7th edition.

Patients were eligible for inclusion if somatic alterations from group A, group B, or both
were present. Group A alterations were prespecified hotspot mutations in exons 9 and 20 of
PIK3CA. Group B alterations were other moderate- or high-impact somatic variants in
PIK3CA, PIK3R1 (encodes a regulated subunit), or PTEN (encompassing mutations with
varying degrees of functional effects on the encoded protein). Patients with group A and
group B alterations were included in the cohort with group A alterations.

Trial Design

The trial was conducted in 33 hospitals in Sweden, Norway, Denmark, and Finland. Patients
were assigned, in a 1:1 ratio, within 12 weeks after surgery to receive aspirin at a dose of
160 mg or matched placebo once daily for 3 years. Aspirin and placebo were administered
alone or with adjuvant chemotherapy chosen by the local investigator in accordance with
national guidelines for colorectal cancer treatment in each country.



Characteristic

Age —yr
Median (IQR)
Range

Female sex — no. (%)

Time from surgery to randomization
—wk

Median (IQR)
Range
Tumor location — no. (%)
Right colon
Left colon
Colon, not otherwise specified
Rectum
ASA score — no. (%)
1
2
Jord
Missing data

pTNM stage in colon cancer — no./
total no. (%)

pTNM stage in rectal cancer — no./
total no. (%)

|
1}
n
Tumor grade — no. (%)
Low grade
High grade
Missing data

Neoadjuvant treatment in rectal can-

cer — no. total no. (%)
Radiotherapy only
Chemoradiotherapy
Total neoadjuvant treatment

No neoadjuvant treatment

Group A Alterations
Aspirin Placebo
(N=157) (N=157)
65 (59-72) 66 (59-73)
31-80 35-80
81 (51.6) 75 (47.8)
8.0(6.1-10.1) 8.0 (6.1-10.0)
1.9-15.9 3.9-21.0
65 (41.4) 79 (50.3)
44 (28.0) 29 (18.5)

1 (0.6) 2(1.3)
47 (29.9) 47 (29.9)
39 (24.8) 35 (22.3)

101 (64.3) 102 (65.0)
14 (8.9) 14 (8.9)
3(1.9) 6(3.8)

60/110 (54.5)
50/110 (45.5)

11/47 (23.4)
21/47 (44.7)
15/47 (31.9)

126 (80.3)
24 (15.3)
7 (4.5)

11/47 (23.4)
5/47 (10.6)
9/47 (19.1)

22/47 (46.8)

60/110 (54.5)
50/110 (45.5)

10/47 (21.3)
20747 (42.6)
17/47 (36.2)

119 (75.8)
27 (17.2)
11 (7.0)

9/47 (19.1)

3/47 (6.4)

9/47 (19.1)
26/47 (55.3)

Group B Alterations

Aspirin
(N=156)

66 (57-74)
33-80
83 (53.2)

7.0 (5.6-8.3)
39-183

72 (46.2)

27 (17.3)
0

57 (36.5)

36 (23.1)

97 (62.2)

19 (12.2)
4(2.6)

52/99 (52.5)
47/99 (47.5)

14/57 (24.6)
21/57 (36.8)
22/57 (38.6)

113 (72.4)
31(19.9)
12 (7.7)

21/57 (36.8)
3/57 (5.3)
2/57 (3.5)

31/57 (54.4)

Placebo
(N=156)

66 (56-71)
31-80
85 (54.5)

7.9 (5.7-10.0)
1.6-23.3

63 (40.4)

37 (23.7)
0

56 (35.9)

25 (16.0)
113 (72.4)
14 (9.0)
4(2.6)

51/100 (51.0)
49/100 (49.0)

14/56 (25.0)
22/56 (39.3)
20/56 (35.7)

116 (74.4)
32 (20.5)
8(5.1)

13/56 (23.2)

7/56 (12.5)
12/56 (21.4)
24/56 (42.9)

Characteristics of the Patients at Baseline (Full Analysis

Population).

Adjuvant chemotherapy in colon can-
cer — no.[total no. (%)

Fluorouracil-capecitabin

Fluorouracil-capecitabin plus
oxaliplatin

No adjuvant chemotherapy
Missing data

Adjuvant chemotherapy in rectal can-
cer — no, ftotal no. (%)

Fluorouracil-capecitabin

Fluorouracil-capecitabin plus
oxaliplatin

No adjuvant chemotherapy
MSI status — no. (%)
MSl-high
MSS or MSI-low
Unknown
BRAF V600E mutation status — no.

Present
Absent
Unknown
KRAS mutation status — no. (%)
Present
Absent
Unknown
NRAS mutation status — no. (%)
Present
Absent

Unknown

19/110 (17.3)
31/110 (28.2)

60/110 (54.5)
0/110

7/47 (14.9)
7/47 (14.9)

33/47 (70.2)

33 (21.0)
98 (62.4)
26 (16.6)

32 (20.4)
110 (70.1)
15 (9.6)

85 (54.1)
60 (38.2)
12 (7.6)

7(45)
130 (82.8)
20 (12.7)

21/110 (19.1)
30/110 (27.3)

58/110 (52.7)
1/110 (0.9)

3/47 (6.4)
7/47 (14.9)

37/47 (78.7)

39 (24.8)
104 (66.2)
14 (3.9)

30(19.1)
115 (73.2)
12 (7.6)

87 (55.4)
65 (41.4)
5(3.2)

5(.2)
140 (89.2)
12 (7.6)

26/99 (26.3)
27/99 (27.3)

46/99 (46.5)
0/99

3/57 (5.3)
12/57 (21.1)

42/57 (73.7)

38 (24.4)
94 (60.3)
24 (15.4)

40 (25.6)
96 (61.5)
20 (12.8)

53 (34.0)
87 (55.8)
16 (10.3)

12 (7.7)
120 (76.9)
24 (15.4)

16/100 (16.0)
41/100 (41.0)

43/100 (43.0)
0/100

4/56 (7.1)
9/56 (16.1)

43/56 (76.8)

35 (22.4)
89 (57.1)
32 (205)

38 (24.4)
91 (58.3)
27 (17.3)

63 (40.4)
79 (50.6)
14 (9.0)

3(19)
123 (78.3)
30(19.2)



13,178 Patents 18-80 ye of age with clinicalstage Adverse Events in the Safety Population.
1, 11, or 11l colorectal cancer and planned curative
abdominal surgery were eligible for prescreening Characteristic Nonsevere Adverse Events Severe Adverse Events
l Aspirin Placebo Aspirin Placebo
no. of no. of no. of no. of no. of no. of no. of no. of
6397 Were assessed for eligibility events  patients (%)  events  patients (%) events  patients (%)  events  patients (%)
Overall 302 134 (43.9) 228 110 (35.4) 56 52(16.3) 38 36 (11.6)
2614 Were excluded Type of event
2203 Did not meet eligibility criteria
411 Declined to participate Hematologic disorders n 46 (14.9) 35 29(93) 2 2(08) 0 0
Cardiovascular disorders ¥ 13(42) 10 10 (3.2) 18 18(58) 13 1342
3783 Provided written informed consent for trial CNS and neurologic disorders L] 8(26) 1 9(29) 4 4(13) 3 3(1.0)
participation and molecular screening 2630 Were excluded Dermatologic disorders 17 15(49) 17 16 (5.1) 0 0 0 0
1877 Did not have somatic alterations in Endocrine disorders 2 2(0.6) 1 1(0.3) 0 0 ] o
PI3K pathway genes the i n L
530 Could not have presence of e Eyes, efn. ﬂ?ﬁ'. and throat disorders 16 (3.6) 6 5(1.6) 0 0 0 0
alterations in PI3K pathway genes Gastrointestinal disorders 6 43(139) 51 4a(38) 2 20(65) 13 12(39)
- gf-':rmic;‘ed N ‘ Urogenital disorders 16 12(39) 18 13 (4.2) 2 2(06) 4 4(13)
N,::.fudm molecular screening Immunologic disorders ) 0 2 2(06) 1 103) 1 1(03)
Musculoskeletal disorders “ 1342) 14 12 (3.9) 2 2(06) 3 3(10)
1 l Respiratory disorders 10 3(2.6) 3 3(L0) 0 0 0 0
Other 79 420136 (%) 36 (11.6) s 5(1.6) 1 1(0.3)
$15 Had group A alterations in 588 Had group B alterations in Description of event
PI3K pathway genes PI3K pathway genes Event leading to death A . = ey 3 3(10) 1 1(03)
Life-threatening event - — - — 2 2(0.6) 2 2(0.6)
201 Were excluded 276 Were excluded Other clinically significant medical event o= — = — 15 15(49) 10 1002
169 Did not meet eligibility 235 Did not meet eligibikity s s e
criteria criteria Event resulting in hoqul.xlrntm for >24 he —_ - — -— 36 33(10.7) 25 23 (7.4)
32 Declined to participate 41 Declined to participate, or extended medical care
Intensity of event
o ) Mild 189 102(330) 150 84 (27.0) 6 6(1.9) 9 9(2.9)
314 Underwent randomization 312 Underwent randomization Moderate 102 60 (19.4) % 47(15) 25 25 8.1) 18 16(5.1)
I T Severe n 9(29) 12 9(29) 25 23(74) N ues)
Modification of aspirin or placebo use be-
cause of event
157 Were assigned to receive aspirin | |157 Were assigned to receive placebo| | 156 Were assigned to receive aspirin | |156 Were assigned to receive placebo) No modification 44 140337 187 86(27.7) 17 15(49) 9 3(26)
15; g:ew aspifin lsf gze'wed thebol i lS; g:cdﬁved aspirin lsi ge;e'vd Phsebobcm Discontinuation 10 10032) 9 9(29) 23 304 14 14(45)
not receive aspirin not receive placel not receive aspirin id not receive pl R e i 39 (126) g 0.6 5 15 (49) & 1543)
: : | I s s
Patient 17 22 1 21. 4 1 (10. 23 22(71
156 Completed 3-yr follow-up or 156 Completed 3-yr follow-up or 156 Completed 3-yr follow-up o 155 Completed 3-yr follow-up o peove X SIS 01 O SES (21, e o1 (00) )
reached trial end point reached trial end point reached trial end point reached trial end point Patient improving 147 95 (30.7) 103 66 (21.2) 16 16(5.2) 9 9(29)
1 Was lost to follow-up 1 Was lost to follow-up 1 Was lost to follow-up Patient did not recover, ongoing sequelac B 2(4) 2 13 (42) 3 3(10) s 5(16)
l 1 1 Death 0 0 0 0 3 3(10) 1 1(03)
Event considered to be potentially related to
157 Were included in the full-analysis| | 157 Were included in the full-analysis| |156 Were indluded in the full-analysis| | 156 Were included in the full-analysis aspirin or placebo
population population population population As assessed by local investigator
l 1 1 1 Yes — - — — 6 5(1.6) 2 2(0.6)
No — - - —_ 52 47(15.2) 36 35(113)
155 Were included in the safety 156 Were included in the safety 154 Were included in the safety 155 Were included in the safety 1] d by principal invest
population population population population S -
2 Were excluded from the safety 1 Was excluded from the safety 2 Were excluded from the safety 1 Was excluded from the safety Yes - - - - 4 4(13) 0 0
population population population population No - - - - 52 48(155) 38 36 (10.6)




A Colorectal Cancer Recurrence among Patients with Group A
Alterations

100+ No. of Patients with  3-Yr Cumulative
90- Event/Total No.  Incidence (95% Cl)
g 80 percent
g 704 Aspirin 12/157 7.7 (4.2-12.5)
£ Placebo 23/157 14.1 (9.2-20.0)
¥ 9 Hazard ratio, 0.49 (95% CI, 0.24-0.98)
f 50 P=0.04
2 40
©
_g 30+
3 20+ Placebo
10 P
0 oy Aspirin kg
1 T 1 ! 1 1
0 6 12 18 24 30 36

Months since Randomization

B Colorectal Cancer Recurrence among Patients with Group B
Alterations

100+ No. of Patients with  3-Yr Cumulative
90 Event/Total No.  Incidence (95% Cl)
g 80 percent
g 70 Aspirin 12/156 7.7 (4.2-12.6)
£ Placebo 27/156 16.8 (11.4-23.1)
3 60+ Hazard ratio, 042 (95% Cl, 0.21-0.83)
£ 504
2 40-
[
= 304
E
5 20 Placebo
D e
0 ] T ] T _Elrlln

0 6 12 13 24 30

Months since Randomization

36

C Disease-free Survival among Patients with Group A Alterations

100+
) 80 Placebo
§ 70
-
& 60- : : :
s No. of Patients with  3-Yr Disease-free
& 50+ Event/Total No. Survival (95% Cl)
g 40 percent
S 304 Aspirin 19/157 88.5 (82.3-92.6)
& 0] Placebo 30/157 81.4 (74.4-86.7)
10 Hazard ratio, 0.61 (95% Cl, 0.34-1.08)
c T T T T T 1
0 6 12 18 24 30 36
Months since Randomization
No. at Risk
Aspirin 157 155 146 143 140 139 138
Placebo 157 150 142 136 133 132 128

D Disease-free Survival among Patients with Group B Alterations

100+
90
‘vél 80 Placebo
2 704
&  60- % % .
s No. of Patients with  3-Yr Disease-free
g 50+ Event/Total No. Survival (95% Cl)
% 40 percent
O 304 Aspirin 19/156 89.1 (83.1-93.1)
& 50 Placebo  35/156 78.7 (71.4-84.4)
104 Hazard ratio, 0.51 (95% Cl, 0.29-0.88)
c T T T T T 1
0 6 12 18 24 30 36
Months since Randomization
No. at Risk
Aspirin 156 154 150 147 145 144 140
Placebo 156 152 139 133 133 128 123

Colorectal Cancer Recurrence and Disease-free
Survival.

Aalen—Johansen estimates of the cumulative
incidence of colorectal cancer recurrence
within 3 years after randomization are shown
for patients with group A alterations (Panel A)
and those with group B alterations (Panel B)
according to trial-group assignment. Colorectal
cancer recurrence was defined as locoregional
recurrence, distant metastasis, or death from
colorectal cancer. Kaplan—Meier estimates of
disease-free survival within 3 years after
randomization are shown for patients with
group A alterations (Panel C) and those with
group B alterations (Panel D) according to
trial-group assignment. Disease-free survival
was defined as the time from randomization to
the first occurrence of locoregional recurrence,
distant metastasis, any new primary cancer, or
death from any cause. Cl denotes confidence
interval.



Subgroup

All patients
Group A alterations
Group B alterations
Combined cohort
Colon cancer
Group A alterations
Group B alterations.
Rectal cancer
Group A alterations
Group B alterations
Right-sided colon cancer
Group A alterations
Group B alterations
Left-sided colon cancer
Group A alterations
Group B alterations

Aspirin Placebo

Hazard Ratio for Colorectal Cancer Recurrence (95% Cl)

no. of patients with event /total no.

Received neoadjuvant treatment, adjuvant treatment, or both

Group A alterations
Group B alterations

4

Did not receive r j
Group A alterations
Group B alterations
Rectal cancer with any neoadjuvant treatment
Group A alterations
Group B alterations
Rectal cancer without neoadjuvant treatment
Group A alterations.
Group B alterations
MSk-high
Group A alterations
Group B alterations
MSS or MSi-low
Group A alterations
Group B alterations
PTNM stage: combined cohort
I
|}
L1
Female patients
Group A alterations
Group B alterations
Combined cohort
Male patients
Group A alterations
Group B alterations
Combined cohort

12/157 23/157
12/156 27/156
24313 50/313
9/110 12/110
6/99 14/100
3/47 11/47
6/57 13/56
4/65 6/79
/72 9/63
/44 6/29
1/27 537
9/82 19/79
9/36 22/98
375 477
370 5/58
2/25 8/21
2/26 8/32
1/22 3/26
4/31 5/24
0/33 2/39
1/38 435
10/98 19/104
9/94 16/89
1/25 324
5/154 13/153
18/134 34/136
3/81 1375
5/83 16/85
8/164 29/160
9/76 10/82
773 171
16/149 21/153

r T T T T 1
0062 0125 0250 0.500 1.00 200 400 8.00
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Aspirin Better

Placebo Better

0.49 (0.24-0.98)
0.42 (0.21-0.83)
0.45 (0.28-0.74)

0.75 (0.32-1.78)
0.41 (0.16-1.06)

0.23 (0.06-0.83)
0.44 (0.17-1.15)

0.83 (0.23-2.92)
0.46 (0.15-1.36)

0.52 (0.16-1.70)
0.27 (0.03-2.30)

0.42 (0.19-0.93)
0.4 (0.20-0.96)

0.79 (0.18-3.52)
0.41 (0.10-1.72)

0.12 (0.02-0.56)
0.27 (0.06-1.30)

0.83 (0.08-8.39)
0.64 (0.17-2.38)

Not calculated
0.19 (0.02-1.72)

0.63 (0.29-1.37)
0.56 (0.25-1.26)

0.33 (0.03-3.16)
0.37 (0.13-1.04)
0.50 (0.28-0.89)

0.22 (0.06-0.77)
0.28 (0.10-0.77)
0.25 (0.11-0.54)

0.82 (0.33-2.03)
0.64 (0.25-1.66)
0.75 (0.39-1.44)

Subgroup Analyses of Colorectal Cancer
Recurrence.

Shown are hazard ratios (aspirin vs. placebo)
for colorectal cancer recurrence within 3 years
after randomization, according to subgroup.
The gray dashed line indicates the hazard ratio
for recurrence among all patients with group A
alterations, and the blue dashed line indicates
the hazard ratio for recurrence among all those
with group B alterations. The analyses
according to sex were post hoc analyses. MSI
denotes microsatellite instability, and MSS

microsatellite stable.



Colorectal Cancer Recurrence in Patients
with Group A Alterations Severe Adverse Events

95% C 0 P=0.04

)

Cardiovascular '
prevention o .

Resected stage |, Il, or Il rectal cancer
Resected stage Il or Il colon cancer

I Prespecified / Other moderate- or
benef : PIK3CA hotspot high-impact somatic
s sed - - variants in PIK3CA,
R/

Cumulative Incidence (%)
Percentage of Patients

colorectal cancer mutations PIK3R1, or PTEN 6 12 18 24 3 6 : Placebo
Months since Randomization

Colorectal Cancer Recurrence in Patients
with Group B Alterations Severe Adverse Events

Hazard ratio,; 0.42 (95% ( 21.0.83

&

Resected

col B oer Aspirin Matched Aspirin Matched

160 mg Placebo 160 mg Placebo The most common evere adverse events

were hematologic and gastrointestinal events

" Placebo
5 N=157

Reduce the incidence
of colorectal cancer Somatic alterations -
recurrence? in PI3K pathway genes Once dally for 3 years 0 12
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i = i tients with =
Primary End Point Disease-free Survival Among patients resected colorectal cancer

* Colorectal cancer recurrence
Assessed in a time-to-event analysis

Group A alterations

Among Patients with Among Patients with
Group A Alterations Group B Alterations

Aspirin
Aspirin Y
88.5% - 89.1% Significantly lower
risk of recurrence
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- mutations
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Orforglipron ist eine noch in Entwicklung befindliche, nicht-
peptidische orale Tablette von Eli Lilly zur Gewichtsreduktion
und Behandlung von Typ-2-Diabetes, die als Alternative zu GLP-
1-Injektionen konzipiert ist. Als GLP-1-Rezeptoragonist ahmt es
ein korpereigenes Hormon nach, das Appetit und Blutzucker
reguliert. Studien zeigen, dass Orforglipron eine signifikante
Gewichtsabnahme und eine Verbesserung der Blutzuckerwerte
bewirkt, wobei die Ergebnisse denen der Spritzen dhneln, wenn
auch etwas geringer sind als bei manchen oralen Alternativen.




Orforglipron, an Oral Small-Molecule GLP-1
Receptor Agonist, in Early Type 2 Diabetes

Orforglipron is a small-molecule, nonpeptide glucagon-like
peptide-1 (GLP-1) receptor agonist in clinical development for
type 2 diabetes and weight management. Additional data on
the efficacy and safety of orforglipron are needed.

In this phase 3, double-blind, placebo-controlled trial, we
randomly assigned participants in a 1:1:1:1 ratio to receive
orforglipron at one of three doses (3 mg, 12 mg, or 36 mg) or
placebo once daily for 40 weeks. Participants had type 2
diabetes treated only with diet and exercise, a glycated
hemoglobin level of at least 7.0% but no more than 9.5%, and a
body-mass index (the weight in kilograms divided by the square
of the height in meters) of at least 23.0. The primary end point
was the change from baseline to week 40 in the glycated
hemoglobin level. A key secondary end point was the percent
change in body weight from baseline to week 40.

Participants

Orforglipron

Orforglipron Orforglipron Orforglipron Placebo
3 mg 12 mg 36 mg

» & &

N=143

N=137 N=141 N=138

Mean Change in Glycated Hemoglobin Level



559 Adults Percent Change in Body Weight

* Type 2 diabetes inadequately controlled J \ J
Subcutaneous with diet and exercise alone ! Orforglipron Placebo
glucagon-like peptide-1 Img 1
(GLP-1) + Glycated hemoglobin level between 7.0-9.5% ]
receptor agonists

J * Body-mass index 223.0
Lowered the glycated
hemoglobin level

1l ’ significantly more than
Well ;e:l.:bl-shed. 3 placebo at 40 weeks
effective treatments )

Adverse Events with Orforglipron
. . |}
Patients prefer oral Occuryed mostly g
formulations over during dose
injectables escalation
) N=138

Least-Squares
Mean Change (%)
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i
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Once daily for 40 weeks

? \ . Adverse Events Leading to
Efficacy and Safety Mean Change in Glycated Hemoglobin Level Treatment Discontinuation

Orforglipron
3amg 12mg

Percentage of Participants

Novel oral small-molecule,
nonpeptide GLP-1
receptor agonist

Img

Percentage Points

Orforglipron Placebo




Der Glucagon-like-Peptid-1(GLP-1)-Rezeptoragonist Semaglutid ist bereits seit Februar 2018 zur

subkutanen Injektion zugelassen. Die Europdische Kommission hat im April 2020 nun auch die orale

Zubereitung des Wirkstoffes zugelassen. Semaglutid ist indiziert zur Therapie von Erwachsenen

mit unzureichend kontrolliertem Typ-2-Diabetes. Die Zulassung ist auf der Basis der Ergebnisse des

PIONEER-Studienprogramms erfolgt.
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Nuchternglucose gegentber Placebo
Postprandiale Glucose gegenuber Placebo

Postprandiale Glucagonkonzentration gegeniiber
Placebo

Frihe postprandiale Magenentleerung
Triglyceride nichtern gegentber Placebo
VLDL nuchtern gegeniber Placebo
Triglyceride nach einer fettreichen Mahlzeit
VLDL nach einer fettreichen Mahlzeit
ApoB48 nuchtern
ApoB48 postprandial
VLDL: very-low-density lipoproteins

-22%
-29%
-29%

-19%
-20%
-24%
-21%

-25%
-30%



Oral Semaglutide at a Dose of 25 mg in Adults with

Overweight or Obesity

Oral semaglutide at a dose of 25 mg may provide an alternative
treatment option to injectable semaglutide (2.4 mg) and
higher-dose oral semaglutide (50 mg) for persons with
overweight or obesity.

In a 71-week, double-blind, randomized, placebo-controlled
trial conducted at 22 sites in four countries, we enrolled
persons without diabetes who had a body-mass index (BMI; the
weight in kilograms divided by the square of the height in
meters) of 30 or higher or a BMI of 27 or higher with at least
one obesity-related complication. The participants were
randomly assigned in a 2:1 ratio to receive oral semaglutide (25
mg) or placebo once daily, plus lifestyle interventions. The
coprimary end points at week 64 were the percent change in
body weight and a reduction of 5% or more in body weight;
confirmatory secondary end points included reductions in body
weight of 10% or more, 15% or more, and 20% or more and the
change in the Impact of Weight on Quality of Life—Lite Clinical
Trials Version (IWQOL-Lite-CT) Physical Function score.

Participants

Semaglutide

™Y

Placebo

Change in Body Weight

Gastrointestinal Adverse Events



25 mg once daily COPRIMARY END POINTS

Participants Meeting Weight-Loss

. Targets at Week 64
R Semaglutide g
00 » Placebo Oral semaghutide
\ : = 79.2%

Weight management

as a once-weekly | . Plus lifestyle
interventions

Percentage of Participants

subcutaneous injection

SAFETY

Participants Experiencing
Gastrointestinal Adverse Events

8
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loss than placebo

Percentage of Participants
8 & 8 8

©

Oral Placebo
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Die Proportional Assist Ventilation, kurz PAV, ist eine fortschrittliche Methode

der mechanischen Beatmung, die eine dynamische Anpassung der Atemunterstitzung an
die Eigenleistung des Patienten ermadglicht. Ziel ist es, die Atemarbeit proportional zur
Atemanstrengung zu entlasten und eine physiologisch synchronisierte Beatmung zu
gewahrleisten.

Funktionsprinzip

Die PAV unterscheidet sich grundlegend von herkdmmlichen Beatmungsmodi, da sie auf
einem proportionalen Feedbacksystem basiert. Die Beatmungsmaschine misst
kontinuierlich die Atemanstrengung des Patienten (Inspirationsdruck und Fluss) und liefert
eine angepasste Unterstutzung. Zwei wesentliche Komponenten dabei sind:

e Elastischer Druckanteil: Kompensation der Kraft, die erforderlich ist, um

die Elastizitat von Lunge und Thoraxwand zu liberwinden (siehe

auch: Elastance und Compliance)

e Resistiver Druckanteil: Unterstiitzung zur Uberwindung des Atemwegswiderstandes
(Stromungswiderstand)

Die Hohe der Unterstiitzung wird durch individuell festgelegte Verstarkungsfaktoren (Gain-
Faktoren) fur beide Komponenten bestimmt. Dies gewahrleistet eine kontinuierliche
Anpassung an die physiologischen Bedlrfnisse des Patienten.



Pressure-support ventilation (PSV) Proportional-assist ventilation (PAV)
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Source: Tobin M): Principles and Practice of Mechanical Ventilation,
3rd Edition: www.accessanesthesiology.com

Copyright © The McGraw-Hill Companies, Inc. AN rights reserved.



Proportional-Assist Ventilation for Minimizing the
Duration of Mechanical Ventilation

In critically ill patients, acceleration of liberation from
mechanical ventilation is important in order to reduce the
risk of complications and to improve long-term outcomes.
Whether the use of proportional-assist ventilation with
load-adjustable gain factors (PAV+) results in a shorter
time to successful liberation from mechanical ventilation
than pressure-support ventilation (PSV) is unclear.

In this international clinical trial, we randomly assigned
adult patients who had been receiving mechanical
ventilation for at least 24 hours and were able to undergo
partial ventilatory support with PSV but were not yet
ready for liberation from ventilation to undergo PAV+
(which targeted normal work of breathing) or PSV (which
targeted a normal respiratory rate and tidal volume). The
primary outcome was the time from randomization to
successful liberation from mechanical ventilation.

Patients

N«287 N«286

Successful Liberation from Ventilation
)

Median time, 6.8 days PSV
/M«tmnhmr. 7.3 days PAV+

Serious Adverse Events

10.8



Rapid deconditioning of respiratory muscles during controlled ventilation under sedation has been
described, and such deconditioning places patients at risk for prolonged weaning. Early transition to a
partial ventilatory support mode, in which the patient triggers every breath, may help to mitigate this
risk. Pressure-support ventilation (PSV) is the most common partial ventilatory support mode used
after the first few days of full ventilatory support, but this mode has limitations: breathing may
become passive after triggering of breathing has begun, and the patient’s respiratory muscle activity
cannot be evaluated. If not carefully adjusted, PSV may lead to over-assistance, diaphragmatic
atrophy, and patient—ventilator dyssynchrony, all of which are associated with prolonged weaning.
Alternatively, proportional-assist ventilation with load-adjustable gain factors (PAV+) delivers
assistance that is proportional to patients’ efforts. Clinicians can adjust the gain (i.e., the proportional
assistance) to maintain a normal patient respiratory workload. Previous studies have shown short-
term advantages of PAV+ over PSV, including fewer adverse effects associated with ventilation, a
decrease in dyspnea, and improved patient—ventilator synchrony and sleep quality.

We hypothesized that PAV+ could improve patient-centered outcomes, potentially by reducing the risk
of ventilator-induced diaphragm dysfunction and promoting safe reconditioning of respiratory
muscles. The primary objective of the Proportional Assist Ventilation for Minimizing the Duration of
Mechanical Ventilation (PROMIZING) trial was to determine whether ventilation with PAV+, instituted
early after acute respiratory failure and set to maintain a normal range of breathing workload, would
result in a shorter time to successful ventilator liberation than PSV, which was set to maintain a
normal tidal volume and breathing frequency.



Patients

We enrolled critically ill patients 18 years of age or older who had been receiving mechanical
ventilation for at least 24 hours and were able to undergo PSV for at least 30 minutes but were
not yet ready for liberation from ventilation. We used a staged recruitment process, with
assessment of inclusion and exclusion criteria at each step, for enrollment and subsequent
randomization of eligible patients. Patients who had severe chronic respiratory diseases or
severe neurologic disorders were excluded, as were patients in whom withdrawal of life support
was anticipated.

Randomization and Interventions

Participating sites underwent a “run-in” training phase with at least one patient
undergoing each mode (PSV or PAV+) before being granted permission to randomly
assign patients in the trial; details are provided in the protocol. These patients were not
included in the analysis.

Outcomes

The primary outcome was the time from randomization to successful liberation from
mechanical ventilation, which was defined as the time of extubation or final separation
from the ventilator, provided that the patient remained alive and free from invasive

ventilation for 7 days.



Variable
At the time of ICU admission
Age—yr
Femnale sex — no. (%)
Body-mass indext
Median Clinical Frailty Scale score (IQR)§
Median Charlson Comorbidity Index score (IQR)§
APACHE 1l score on ICU admission§
APACHE 1l diagnosis — no. (%)
Nonoperative
Operative
Category of diagnostic cause of admission — no. (%)
Respiratory condition
Cardiovascular condition
Sepsis
Gastrointestinal condition
Neurologic condition
Other condition
From ICU admission to enrollment
Use of glucocorticoids — no. (%)
Use of neuromuscular blockers — no. (%)
Use of opioid continuous infusion — no. (%)
Use of benzodiazepine continuous infusion — no. (%)

At time of enroll d

No. of days in hospital, from hospital admission to randomiza.
tion

No. of days in ICU, from ICU admission to randomization
Medim(:-&c;ldm of IMV receipt, at time of randomization
Mode of IMV at time of enrollment — no. (%)
Psv
Assist-control
PAV+
Median cumulative fluid balance (IQR) — liters
SOFA score — no. (%)
Use of vasopressors — no. (%)
Use of renal replacement therapy — no. (%)

Patient status in successive-step process for randomization —
no. (¥%)**
Patient did not meet weaning criteria
Patient did not pass CPAP trial for assessment of RSBI
Patient did not pass S8T

Overall
(N=573)

6214145
211 (36.8)
293273
3 (2-4)
3 (2-6)
8026:26.6

476 (83.1)
96 (16.8)

272 (47.5)
91(159)
69(120)
64(11.2)
22(38)
$4(9.4)

278 (48.5)
217 (37.9)
483 (843)
277 (483)

108114

7.1:5.6
49(3.1-89)

505 (88.1)
60 (10.5)
7(12)
3.40 (1.44-7.78)
5.9(3.1)
275 (48.0)
84 (147

279 (48.7)
219 (382)
74 (12.9)

PAV+
(N=287)

6232138
102 (35.5)
288:76
324
4 (2-6)
81.9:27.2

236 (82.2)
50 (17.4)

135 (47.0)
49(17.1)
29(10.1)
31(1038)
14 (4.9)
28(9.8)

126 (43.9)
100 (34.8)
241 (84.0)
135 (47.0)

10.129.4

6.8:5.1
48(3.2-84)

253 (88.2)
31(108)
3(1L0)

3.12 (141-742)
53(32)
132 (46.0)
37(12.9)

140 (48.8)
109 (38.0)
37 (129)

PSV
(N=286)

6202152
109 (38.1)
298279
3(24)
3 (2-6)
7842258

240 (83.9)
46 (26.)

137 (47.9)
42(147)
40 (14.0)
33(118)

8(28)
26 (9.1)

152 (53.1)
117 (40.9)
242 (84.6)
142 (49.7)

11.5213.0

7.5:6.1
5.0(3.0-9.5)

252 (88.1)
29(10.0)
4(1.4)
384 (148-831)
59(29)
143 (50.0)
47 (16.4)

139 (48.6)
110 (38.5)
37(129)

Primary and
Secondary
Outcomes.
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Cumulative Incidence Curves for Successful
Liberation from Invasive Mechanical
Ventilation, Live ICU Discharge, and Live
Hospital Discharge, with Death as a
Competing Risk.

Panel A shows the cumulative probability of
successful liberation from ventilation and of
death before successful liberation. The time of
successful liberation was defined as the time of
extubation or final disconnection from the
ventilator, provided that the patient remained
alive and free from invasive ventilation for 7
days. Patients were followed until successful
liberation, death, or 90 days after
randomization, whichever came first. Panel B
shows the cumulative probability of live ICU
discharge and of death before live ICU
discharge. The time of live ICU discharge was
defined as the time that the patient left the ICU
after liberation from the ventilator, provided
that the patient remained alive and ventilator-
free for 7 days and did not return to the ICU for
48 hours. Transfers between ICUs while the
patient was still undergoing mechanical
ventilation were not considered to be live ICU
discharges. Panel C shows the cumulative
probability of live hospital discharge and of
death before live hospital discharge. The time
of live hospital discharge was defined as the
time that the patient was discharged from the
hospital to a home, long-term care facility, or
rehabilitation center. Transfers between
hospitals for receipt of ongoing acute care were
not considered to be live hospital discharges.
The shaded areas indicate 95% confidence
intervals.
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Cumulative Incidence Curves for Successful
Liberation from Invasive Mechanical
Ventilation, Live ICU Discharge, and Live
Hospital Discharge, with Death as a
Competing Risk.

Panel A shows the cumulative probability of
successful liberation from ventilation and of
death before successful liberation. The time of
successful liberation was defined as the time of
extubation or final disconnection from the
ventilator, provided that the patient remained
alive and free from invasive ventilation for 7
days. Patients were followed until successful
liberation, death, or 90 days after
randomization, whichever came first. Panel B
shows the cumulative probability of live ICU
discharge and of death before live ICU
discharge. The time of live ICU discharge was
defined as the time that the patient left the ICU
after liberation from the ventilator, provided
that the patient remained alive and ventilator-
free for 7 days and did not return to the ICU for
48 hours. Transfers between ICUs while the
patient was still undergoing mechanical
ventilation were not considered to be live ICU
discharges. Panel C shows the cumulative
probability of live hospital discharge and of
death before live hospital discharge. The time
of live hospital discharge was defined as the
time that the patient was discharged from the
hospital to a home, long-term care facility, or
rehabilitation center. Transfers between
hospitals for receipt of ongoing acute care were
not considered to be live hospital discharges.
The shaded areas indicate 95% confidence
intervals.



A Subgroup Analysis of the Primary Outcome
Subgroup

PSV

PAV+

no. of events/no. of patients

Duration of mechanical ventilation before randomization

<5 days
>5 days
Weaning status before randomization

Did not pass SBT or CPAP trial for assessment of RSBI

Did not meet weaning criteria
Unsuccessful extubation before randomization

No

Yes
Frailty at baseline

None

Mild

Severe
Sedation level at randomization

Alert and calm

Restless or agitated

Light sedation

Moderate to deep sedation
Covid-19 status

Not present

Present

111/143
119/143

120/147
110/139

218/272
12/14

140/165
85/111
5/10

54/65
14/14
84/111
78/96

213/265
17/21

119/148
106/138

120/146
104/140

216/276
9/11

142/172
75/103
8/10

53/61
17/21

82/103
73/102

211/268
14/19

Hazard Ratio (95% Cl)

FHMHL“H

T T 1
0406 10 16 27 45

PSV Better  PAV+ Better

1.06 (0.76-1.48)
0.89 (0.63-1.25)

1.01 (0.72-1.40)
0.93 (0.66-1.32)

0.99 (0.78-1.26)
0.63 (0.21-1.94)

0.94 (0.67-1.32)
0.85 (0.55-1.34)
3.71 (0.76-18.09)

0.95 (0.54-1.69)
0.47 (0.15-1.49)
1.13 (0.71-1.81)
0.90 (0.55-1.45)

0.98 (0.77-1.26)
0.83 (0.33-2.04)

B Weaning from Mechanical Ventilator

Short weaning
(<1 day)
PAV+ 38.1
PSV 353

Weaning Classification

Difficult weaning M Prolonged weaning
(=7 days)

(=1 to <7 days)

29.6

309

|
1.5

Never weaned M Died before
but alive liberation

0.8
l

Subgroup Analysis of the Primary Outcome and
Weaning Classification.

Panel A shows a forest plot of the hazard ratio
for successful liberation from mechanical
ventilation in prespecified subgroups. A
positive coronavirus disease 2019 (Covid-19)
status indicates a positive test for severe acute
respiratory syndrome coronavirus 2. The
widths of the confidence intervals have not
been adjusted for multiplicity and may not be
used in place of hypothesis testing. Panel B
shows the percentage of patients classified as
having short, difficult, or prolonged weaning
from the mechanical ventilator; as never having
been weaned; or as having died after the first
SBT or the first extubation attempt. Patients
who died before having a first SBT or a first
extubation attempt (41 patients) or who had
missing outcome data owing to withdrawal of
consent (3 patients) were excluded from this
analysis. Of the remaining 529 patients, 36.7%
were classified as having short weaning, 30.2%
as having difficult weaning, and 19.1% as
having prolonged weaning; 1.1% of the patients
were alive but still receiving invasive ventilation
at day 90; and 12.9% died while still receiving
mechanical ventilation. CPAP denotes
continuous positive airway pressure, and RSBI
rapid shallow-breathing index.



Critically lll Patients
Prolonged Invasive
Mechanical Ventilation

* Associated with increased risk of
complications and death

Critically Ill Patients
Prolonged Invasive
Mechanical Ventilation

* Associated with increased risk of
complications and death

« Transition to partial ventilatory
support may help shorten duration

Critically Il Patients

Pressure-support
ventilation (PSV)
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VS

Alrway

Pressure ﬂm

l

« International 573 Critically Ill Adults

* Open-label « Mechanical ventilation
for at least 24 hours

S Randomlled * Able to undergo PSV
* Superiority for 230 minutes

* Not ready for liberation
from ventilation

Percentage of Patients

Time to Successful Liberation from Ventilation

Days since Randomization

Incidence of Death Incidence of Serious
by Day 90 Adverse Events

Percentage of Patients

Critically lll Patients
Receiving Mechanical Ventilation

Proportional-assist ventilation with
load-adjustable gain factors
did not shorten the time to
liberation from ventilation
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Tumor Lysis Syndrome

Tumor lysis syndrome is a pathophysiological state that occurs when the ability of
the body to maintain electrolyte—uric acid homeostasis is overwhelmed as a result
of the destruction of malignant cells and the attendant massive release of cellular
contents, including nucleic acids. This disorder was first described more than 100
years ago, and its consequences, as well as prophylaxis, treatment, and prognosis,
were first reported in the 1960s. As recently as 1975, some physicians considered
hyperphosphatemia—hypocalcemia to be a previously unrecognized complication of
tumor lysis. The continuous development of antineoplastic therapies has rendered
tumor lysis syndrome a less predictable and increasingly important aspect of the
care of patients with cancer. In this article, we review the epidemiology and
pathophysiology of tumor lysis syndrome; risk factors, prophylaxis, and treatment;

and the evolution of the syndrome that has coincided with a continually expanding
list of new therapies.



KEY POINTS

Tumor Lysis Syndrome

« The epidemiology of tumor lysis syndrome is evolving with the introduction of
newer therapies.

« The occurrence of tumor lysis syndrome has become a less predictable but
increasingly important aspect of the care of patients with cancer.

« With the availability of rasburicase, hyperphosphatemia has replaced
hyperuricemia as the main cause of nephrotoxic effects in tumor lysis.

« Careful attention to fluid management and prevention of volume overload may
diminish the risk of in-hospital death.

- In patients with acute leukemias or aggressive lymphomas, cytoreduction before
the initiation of disease-specific induction therapy may reduce the incidence and
severity of subsequent tumor lysis.



Cancers and Therapies Most Commonly Associated with Tumor Lysis Syndrome.

Cancer Therapy Evidence
Acute myeloid leukemia Intensive induction chemotherapy (e.g., cytarabine- or  Razis et al.,* Mato et al.®
anthracycline-based regimens)
Acute lymphoblastic leukemia or lymphoma Anthracycline-based induction chemotherapy Rios-Olais et al.”
Burkitt's lymphoma Intensive induction therapy (e.g., CODOX-M or IVAC)* Wéssmlaann etal.,‘Barnes
etal,
Advanced-stage, aggressive lymphomas (e.g., dif-  Intensive induction therapy Calvache et al.*

fuse large B-cell lymphoma)

Chronic lymphocytic leukemia with nodal masses ~ Venetoclax Roberts et al.,”* AbbVie”
of =10 ¢cm or nodal masses of =5 cm and pe-
ripheral lymphocytosis (lymphocyte count of
=25,000/ul)

Diagnostic Criteria for Tumor Lysis Syndrome.

Laboratory Criteria Clinical Criteria
Uric acid level of =8.0 mg/dl (476 pmol/liter) in adults Acute kidney injury defined by a creatinine level =1.5 times
or above the ULN in children or a 25% increase from the ULN, an increase in the creatinine level of 0.3 mg/
baseline dl (26.5 ymol/liter), or urine output of <0.5 ml/kg/hr for
6 hr or more

Inorganic phosphorus level of z4.5 mg/dl (1.5 mmol/liter) Cardiac dysrhythmia or sudden death probably or definitely
in adults or 26.5 mg/dl (2.1 mmol/liter) in children or caused by hyperphosphatemia
a 25% increase from baseline

Potassium level of 6.0 mmol/liter Cardiac dysrhythmia or sudden death probably or definitely
caused by hyperkalemia

Corrected calcium level of <7.0 mg/dl (1.75 mmol/liter) or Cardiac dysrhythmia, sudden death, seizure, neuromuscu-
ionized calcium level of <4.5 mg/dl (1.12 mmol/liter) | lar irritability, hypotension, or heart failure probably or
definitely caused by hypocalcemia



Cairo—Bishop Grading Classification of Tumor Lysis Syndrome.

Clinical or Laboratory

Finding Grade 0 Grade | Grade Il Grade Il Grade IV

Laboratory criteria for Absent Present Present Present Present

tumor lysis syn-

drome
Creatinine <15 times the 1.5 times the ULN >1,5-3.0 times the ULN >3.0 to 6.0 times the ULN >6.0 times the ULN

ULN
Cardiac arrhythmia None Intervention not indi-  Nonurgent medical interven.  Symp ic and incompletely  Life-thr ing (e.g., arrhythmia
cated tion indicated controlled or controlled with 3 associated with heant failure,
device (e.g., defibrillator) hypotension, syncope, or
shock)

Seizure None None One brief generalized seizure, Seizure with altered conscious:  Seizures of any kind that are pro-
one or more seizures well ness or seizure disorder with longed, repetitive, or difficult
controlled by anticon- breakthrough generalized to control (e.g., status epilep-
vulsants, or infrequent seizures despite medical in- ticus or intractable epilepsy)
focal motor seizures not tervention

interfering with activities
of daily lving

Grade V

Present

NAt

NAT

NAT




Rapid cell lysis:
Spontaneous occurrence
Glucocorticoids
Antineoplastic therapy
Radiotherapy
|

7

Nephrotoxic drugs
NSAIDs
Diuretics

ACE inhibitors

CARDIOVASCULAR
STEM

Hyperkalemia

Calcium phosphate

binding
(hypocalcemia)

Reduced action potentials

Irritability
Arrhythmias or torsades Uric acid,
Heart failure calcium, phosphate,

Cardiac arrest

Calcium phosphate potassium

binding
(hypocalcemia)

SKELETAL
MUSCLE

Prerenal
azotemia

Calcium phosphate \’
binding
(hypocalcemia)

Progressive renal
dysfunction

Impaired excretion of uric
acid, phosphate, calcium,
and potassium

Dehydration
Insensible losses

Twitching
Tetany

Hemodialysis —~
4 Uric acid L
Oliguria kidney injury
CNS irritability | Phosphate
Seizures 1 Potassium

Pathophysiology of Tumor Lysis Syndrome.

Rapid lysis of cells leads to the release of
intracellular substances (principally uric acid,
potassium, and phosphorus) into the serum,
with effects on the cardiovascular system,
skeletal muscles, central nervous system, and
kidneys. The effects on the kidney may be
exacerbated by the presence of prerenal
azotemia plus concurrent treatment with
nephrotoxic medications. Acute kidney injury
may lead to oliguria, which impairs the ability
to manage fluid and electrolyte balance.
Progressive renal injury or the inability to
rapidly clear potassium, phosphorus, and uric
acid may lead to an indication for renal
replacement therapy. ACE denotes angiotensin-
converting enzyme, CNS central nervous
system, and NSAIDs nonsteroidal
antiinflammatory drugs.
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Purine Metabolism Pathway.

Purine nucleic acids are normally metabolized
at physiologic rates to hypoxanthine, xanthine,
uric acid, and allantoin. Xanthine oxidase
inhibitors (allopurinol and febuxostat)
decrease uric acid levels by inhibiting the
metabolism of hypoxanthine and xanthine to
uric acid. Rasburicase promotes the conversion
of uric acid to allantoin, a much more soluble

metabolite.



Special Management Considerations

Venetoclax

Venetoclax, currently the only B-cell ymphoma 2 inhibitor approved by the Food and Drug
Administration (FDA), deserves special emphasis in the management of tumor lysis syndrome. In an
early-phase trial, administration of high doses of venetoclax in patients with chronic lymphocytic
leukemia (CLL) led to tumor lysis syndrome in 18% of participants (one of whom died) during dose
escalation.

Pseudohyperkalemia Confounding Assessment

In patients with lymphoid cancers and extreme leukocytosis (e.g., >100,000 leukocytes per
microliter), the laboratory artifact of pseudohyperkalemia may be observed.
Pseudohyperkalemia, which is seen most commonly in patients with CLL, probably results
from ex vivo lysis of fragile or senescent tumor cells due to the mechanical stress of collection
into a vacuum tube, agitation of the tube during transport, or analysis of serum or plasma
after cellular stress associated with centrifugation of the sample.

Additional New or Targeted Therapies

Management of tumor lysis syndrome may be a challenge in patients with multiple myeloma
because of clinically significant renal dysfunction at baseline. Bortezomib, daratumumab,
bispecific antibodies, and chimeric antigen receptor T-cell therapies have all been associated
with tumor lysis syndrome in retrospective and pharmacovigilance studies.



Conclusions

The scope of tumor lysis syndrome has changed considerably over the past two decades.
Historically high-risk cancers are often treated with lower-intensity induction regimens
today, which may mitigate the incidence and severity of tumor lysis. Aggressive
cytoreductive management of hyperleukocytosis in patients with acute myelogenous
leukemia may also be reducing the risk, as compared with that in previous decades.
However, the introduction of targeted therapies, particularly venetoclax in patients with
CLL, has made tumor lysis relatively more common among patients with traditionally low-
risk tumors. Electronic health records, which provide virtually instantaneous laboratory
and supportive information, can be used to discern trends over time and manage tumor
lysis in a more nuanced and timely way, particularly during the period of highest risk.
Given that the complexity of medicine and the availability of modern therapeutics can be
expected to increase, health care professionals need to practice with an enhanced degree
of vigilance for situations in which tumor lysis may occur and must recognize the subtle
early metabolic disturbances that may herald its onset.



Subcutaneous Panniculitis-like T-Cell Lymphoma

A previously healthy 30-year-old woman was admitted to the hospital with a 10-week history
of painful skin nodules and a 6-week history of fevers and night sweats. A nodule biopsy

performed 3 weeks before admission had shown only panniculitis. Physical examination was
notable for palpable subcutaneous nodules with overlying erythema on the trunk (Panel A),
arms, and legs. Computed tomography (CT) of the abdomen showed multiple areas of
increased density in subcutaneous fat (Panel B). Splenomegaly was noted, but no
lymphadenopathy was seen. Positron-emission tomography-CT (PET-CT) of the whole body
showed uptake in the subcutaneous fat lesions (Panel C, fused PET-CT image; Panel D,
maximum intensity projection image). Histopathological analysis of a repeat biopsy specimen
showed infiltration of inflammatory cells into subcutaneous fat tissue. Adipocytes rimmed by
atypical lymphocytes (positive for CD3, CD8, and perforin 1 and negative for CD4 and
Epstein-Barr virus-encoded RNA) were also seen. Clonal T-cell receptor-f} gene
rearrangement was identified. A diagnosis of subcutaneous panniculitis-like T-cell lymphoma
— a typically indolent primary cutancous T-cell lymphoma characterized by adipotropism —
was made. Results of laboratory testing did not fulfill the clinical criteria for a diagnosis of
hemophagocytic lymphohistiocytosis, which is associated with this lymphoma in some cases.
Treatment with chemotherapy was given owing to the rapid progression of the lymphoma.
The patient had complete remission that was maintained as of a 2-year follow-up visit.

Primary Varicella Infection

A previously healthy 44-year-old man presented to the dermatology clinic with a 4-day history

of an itchy rash and a 2-day history of fever and malaise. The rash had first appeared on the
scalp and then spread across the body within 24 hours. The patient reported no history of
chicken pox or varicella vaccination. Physical examination was notable for widespread
erythematous papules and pustules on the back (Panel A), chest, arms, legs, face, and scalp.
The eruption was pleomorphic, with lesions of different sizes and stages of evolution (Panel
B), including umbilicated lesions with central necrosis (yellow arrow), pustules (black arrow),
and vesicles (white arrow). Laboratory testing was notable for mild elevations in
aminotransferase levels. A polymerase-chain-reaction assay of fluid from a vesicle was
positive for varicella-zoster virus. A diagnosis of primary varicella infection — or chicken pox
— was made. Primary varicella infection in adults is often more severe than in children,
which highlights the importance of childhood vaccination. Adults with varicella infection —
even immunocompetent ones, such as this patient — have an increased risk of complications,
such as pneumonia and encephalitis. Treatment with oral valacyclovir was administered. The
illness abated without complications, and only residual hyperpigmentation from the rash
remained at the 4-week follow-up.



Case 26-2025: An 11-Year-0Old Girl with Chest Pain
and Bone and Liver Lesions

An 11-year-old girl was transferred to the pediatric service of this hospital because of chest pain,
arm pain, and multiple bone and liver lesions seen on imaging.

The patient had been in her usual state of health until 7 days before this presentation, when
nausea, vomiting, and colicky abdominal pain developed, along with atraumatic pain in the right
forearm, elbow, upper arm, and shoulder and in the sternal chest. Swelling of the right elbow was
present; she had no fever or rigors. During the next few days, the nausea, vomiting, and
abdominal pain abated, but the pain in the right arm and chest progressed, and she had
discomfort when she took deep breaths. The patient’s mother took her to the emergency
department of another hospital for evaluation.

On presentation to the other hospital, the oral temperature was 37°C, the blood pressure 109/53
mm Hg, the heart rate 97 beats per minute, the respiratory rate 26 breaths per minute, and the
oxygen saturation 100% while the patient was breathing ambient air. No axillary, inguinal, or
cervical lymphadenopathy was noted on palpation. Cardiopulmonary auscultation was
unremarkable. The abdomen was nontender, and there was no hepatosplenomegaly. The right
arm and shoulder were tender on palpation but otherwise unremarkable, without visible joint
effusions. No rash was present. Neurologic examination showed no motor or sensory deficits.



Initial Imaging Studies of the Right Shoulder
and Liver.

A radiograph of the right shoulder is normal
(Panel A). An ultrasound image of the liver
shows a subcentimeter hypoechoic lesion in
the peripheral right hepatic lobe (Panel B,

arrow).




Initial MRI.

MRI of the right shoulder was performed. A fat-
suppressed T2-weighted image (Panel A)
shows a hyperintense lesion in the right
humeral head. A fat-suppressed T1-weighted
image, obtained after the administration of
intravenous contrast material (Panel B), shows
abnormal enhancement. MRI of the chest was
also performed. A fat-suppressed T2-weighted
image in a midsagittal plane (Panel C) shows
an abnormal signal in the bone marrow,
centered over the second sternal element, with
surrounding soft-tissue involvement.
Subsequent whole-body MRI was performed. A
non—fat-suppressed T2-weighted image from
half-Fourier single-shot turbo spin-echo
imaging in a coronal plane (Panel D) shows
two hyperintense lesions in the right hepatic
lobe (arrows), with the most superior lesion
corresponding to the lesion detected on
ultrasonography. No other lesions were seen.



On arrival at this hospital, the patient reported no
further pain. She had normal vital signs with no
fever; the remainder of the physical examination
was normal. She did not report easy bruising or
bleeding, night sweats, weight loss, anorexia, or
rash. Her medical history was notable for eczema,
as well as recurrent skin and soft-tissue infections
due to methicillin-resistant Staphylococcus aureus
(MRSA), for which she had most recently been
treated with trimethoprim—sulfamethoxazole 2
months before this presentation. She took no
medications and was up to date with all routine
childhood immunizations. There were no known
adverse reactions to medications. She lived in a
suburb in Massachusetts with her mother and
grandmother. She reported no recent travel or
recent changes in dietary habits. She had not
consumed raw, undercooked, or unpasteurized
foods. The family had recently gotten a kitten; there
were no other pets in the home.

Reference Range,
Variable Children{

11.2-14.5
34.3-43.0
78.3-87.7

4000-10,000

1960-5690
1790-3730
350-780
50-410
20-60
205,000-376,000
135-145
3450
58-108

23-32

Variable

On Presentation,
This Hospital

103
320
714
9720
3370
1960
410
450

467,000

38

053

»130
40,1

280
320



MRI of the Liver.

A coronal T2-weighted image from true fast
imaging with steady-state precession (Panel A)
confirms the presence of two hyperintense liver
lesions (arrows). Axial fat-suppressed T1-
weighted images of the most superior lesion,
obtained before and after the administration of
intravenous contrast material (Panels B and C,
respectively), show peripheral (rim)
enhancement of the hypointense lesion
(arrows). Axial diffusion-weighted images of
the liver (Panels D, E, and F) show numerous
subcentimeter hyperintense lesions throughout
the liver; the largest of these lesions, which
corresponds to the sonographic abnormality, is
identified with an arrow.



Differential Diagnosis

This 11-year-old, well-appearing girl with a history of eczema and MRSA skin infections presented with
pain in the right arm and sternum that had lasted for 7 days. The patient’s examination was
unremarkable except for tenderness in the right arm and shoulder. Laboratory test results were
notable for elevated levels of inflammatory markers, microcytic anemia, and hypoalbuminemia.
Imaging revealed multifocal bone involvement without bone destruction, as well as epitrochlear
lymphadenopathy and a rim-enhancing liver lesion. She had no fever, murmur, arthritis, joint effusion,
systemic lymphadenopathy, organomegaly, or leukocytosis. On the basis of these findings, | will
develop a differential diagnosis focusing on cancer, inflammatory disorders, and infection as the
possible causes of this patient’s bone and liver lesions and regional lymph-node involvement.

Cancer

This patient presented with disease involvement at multiple sites, including bone, liver, and
possibly lymph nodes, prompting consideration of various childhood cancers that could
explain these findings. The most common bone tumors in children are Ewing’s sarcoma and

osteosarcoma.



Infection

In an otherwise healthy child, an acute illness such as that seen in this case is most often caused by
infection. Bone involvement suggests the possibility of bacterial osteomyelitis. Her history of eczema
and MRSA infections increases the probability of hematogenous spread of S. aureus to both bone and
liver that resulted in hematogenous osteomyelitis and multifocal liver abscesses. However, children
with acute hematogenous staphylococcal osteomyelitis typically present with fevers, leukocytosis, and
an ill appearance. Despite the absence of pulmonary involvement and epidemiologic risk factors,
granulomatous infections due to tuberculous or nontuberculous mycobacteria or due to an endemic
mycosis are worth considering in this case.

Given the features of this patient’s presentation and recent exposure to a kitten, infection with
Bartonella henselae (cat scratch disease) is the most likely diagnosis in this case. More than
90% of kittens younger than 1 year of age have antibody reactivity to B. henselae. The typical
portal of entry for bartonella is inoculation through a kitten scratch, kitten bite, or flea bite.
After infection, regional lymphadenopathy develops at the site of inoculation within 1 to 3
weeks. Cat scratch disease is usually a self-limited illness, and up to 50% of patients are
afebrile.

Given the patient’s well appearance and a desire not to put her through unnecessary invasive
testing such as bone biopsy, | would perform serologic testing for bartonella infection to obtain
a diagnosis. | would begin empirical antimicrobial therapy while waiting for the test results.



Pathological Discussion

Immunofluorescence antibody assays for B. henselae and B. quintana were performed at a reference
laboratory. B. henselae 1gM and IgG isotypes were detected at a titer of greater than 1:20 (reference
value, negative) and 1:4096 (reference value, negative), respectively; B. quintana 1gM and IgG
isotypes were not detected.

B. henselae is a fastidious gram-negative bacterium that infects red cells and endothelial cells in
humans. Its primary vector is Ctenocephalides felis (cat flea), and cats serve as the predominant
reservoir. Humans are incidental hosts, with the infection occurring as a result of a bite or scratch
from an infected cat; human-to-human transmission of bartonella is not typical.

The most common manifestation of B. henselae infection is cat scratch disease, which is
characterized by the development of a lesion at the site of inoculation, followed by regional
lymphadenopathy and systemic symptoms. Atypical manifestations occur in 5 to 20% of patients and
can include ocular, neurologic, hepatosplenic, or musculoskeletal involvement.

Serologic testing remains the cornerstone of the diagnosis of cat scratch disease; in this case,
the IgM titer of greater than 1:20 and the IgG titer of greater than 1:180 were suggestive of
active bartonella infection. In general, an increase in serial IgG titers by a factor of 4 is also
supportive of the diagnosis. Direct detection of the pathogen with molecular methods such

as polymerase-chain-reaction (PCR) testing is also available in most reference laboratories.



Bartonellose ist eine Gruppe bakterieller Infektionskrankheiten, die durch Bakterien der Gattung Bartonella verursacht
werden, welche durch Insekten oder Flohe auf den Menschen Ubertragen werden. Bekannte Formen sind die
Katzenkratzkrankheit (B. henselae), das Flinftagefieber und die Verruga peruana (B. bacilliformis) sowie durch B.
quintana verursachte Krankheiten. Symptome variieren je nach Erreger und kdnnen von Lymphknotenschwellungen
(Katzenkratzkrankheit) bis zu Fieber und Hautverdanderungen reichen. Bartonella gehort zu der Familie Bartonellaceae,
welche friher zusammen mit den Rickettsiaceae (Rickettsien) zur Ordnung Rickettsiales gestellt wurde.
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In 1871, a major outbreak of febrile hemolytic anemia occurred
among workers in the Rimac Valley in Lima who were
constructing a railway line in the Andes mountains to the
mining town of La Oroya, in the highlands of Peru; this
outbreak resulted in the death of more than 4000 workers and
was referred to as Oroya fever. Less than 15 years later, in 1885,
Daniel Alcides Carridn, a Peruvian medical student,
demonstrated that verruga peruana and Oroya fever are
caused by the same organism; this discovery resulted from a
heroic experiment in which he injected himself with infectious
skin lesion material from a patient with verruga peruana and
soon thereafter developed a fatal infection with fever and
severe hemolytic anemia. As a tribute to him, both
manifestations of this disease were thereafter known as
Carrion's disease.

In 1905, Alberto Barton observed bacteria within red blood
cells when examining peripheral blood smears in patients with
Oroya fever, and later, the causative organism, Bartonella
bacilliformis, was named after him

Daniel Alcides Carrion



PCSK9 ist ein Protein, das maligeblich an der Regulierung des Cholesterinstoffwechsels beteiligt ist. PCSK9-
Hemmer sind Medikamente, die dieses Protein blockieren, um die Menge an LDL-Cholesterin (dem ,schlechten”
Cholesterin) im Blut zu senken. Sie sind eine wichtige Therapieoption flir Patienten mit extrem hohem
Cholesterinspiegel, die selbst mit anderen Medikamenten und Lebensstilanderungen nicht ausreichend
kontrolliert werden kann, um Folgeerkrankungen wie Herzinfarkt oder Schlaganfall vorzubeugen.
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A saphenous vein graft is a length of the patient's own great saphenous vein, a healthy blood vessel from the leg,
that is surgically removed and used in coronary artery bypass graft (CABG) surgery to bypass a blocked section of
a coronary artery. The graft allows blood to flow freely to the heart muscle, rerouting it around the blockage.
While commonly used, saphenous vein grafts are prone to accelerated atherosclerosis and intimal hyperplasia,
leading to reduced long-term patency compared to arterial grafts.




Effect of evolocumab on saphenous vein graft patency after
coronary artery bypass surgery (NEWTON-CABG
CardioLink-5): an international, randomised, double-blind,
placebo-controlled trial

Summary

Background Saphenous vein graft (SVG) failure remains a substantial challenge after coronary artery bypass graft
(CABG). LDL cholesterol (LDL-C) is a causal risk factor for atherosclerosis, but its role in SVG failure is not well
established. We evaluated whether early initiation of intejnsive LDL-C lowering with evolocumab could reduce SVG

failure.

Methods NEWTON-CABG CardioLink-5 was a multicentre, double-blind, randomised, placebo-controlled trial
conducted at 23 sites in Canada, the USA, Australia, and Hungary. Eligible participants were adults (age =18 years)
who underwent CABG with at least two SVGs and were being treated with statin therapy of moderate or high intensity.
Participants were randomly allocated (1:1; variable block size) within 21 days of CABG to subcutaneous evolocumab
140 mg or placebo every 2 weeks. The primary endpoint was the 24-month vein graft disease rate (VGDR; the
proportion of SVGs with =250% occlusion on coronary CT angiography or clinically indicated invasive angiography) in
the modified intention-to-treat population. This trial is registered with ClinicalTrials.gov, NCT03900026, and is

completed.



Findings Between June 17, 2019, and Nov 10, 2022, 782 individuals were randomly assigned (389 to evolocumab and
393 to placebo). At baseline, among the 554 participants with primary outcome data available, the median age was
66 years (IQR 60-72), 471 (85%) of 554 participants were male and 83 (15%) were female, and the median LDL-C was
1-85 mmol/L (IQR 1-25-2-84) in the evolocumab group and 1-86 mmol/L (1-20-2-76) in the placebo group.
Evolocumab resulted in a mean 48-4% placebo-adjusted reduction in LDL-C at 24 months (-52-4% vs —4-.0%). The
24-month VGDR was 21-7% (149 of 686 grafts) in the evolocumab group and 19-7% (127 of 644 grafts) in the placebo
group (difference 2-0% [95% CI -3-1 to 7-1]; p=0} 44). Treatment was well tolerated, with similar adverse event
profiles between the groups.

Interpretation Among patients who underwent CABG, evolocumab did not reduce SVG disease at 24 months
following the index surgery despite substantial LDL-C lowering. Further LDL-C lowering does not appear to

meaningfully affect the pathophysiological mechanisms responsible for early SVG failure.

Funding Amgen Canada.
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(Table 1 continues on next page)
Figure 1: Trial profile
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Evolocumab group (n=281) Placebo group (n=273)

(Continued from previous page)

CABG perfi d with cardiopul y bypass 261(93%) 262 (96%)
Duration of cardiopulmonary bypass among those who were operated on, min 85 (66-104) 86 (69-103)
Cross-clamp time, min 69 (58-87) 71(57-89)

Off-pump CABG 20(7%) 11(4%)

SVG harvesting method
Open 87 (31%) 89(33%)
Endoscopic 193 (69%) 182 (67%)
Not recorded 1(<1%) 2(1%)

Grafts per participant (SVG or arterial) 339 3(34)

Patients receiving at least 3 grafts (SVG or arterial) 276 (98%) 259 (95%)

SVGs per participant 2(23) 2(2-3)

Patients receiving left internal mammary artery 267 (95%) 253(93%)

Patients receiving radial artery 21(7%) 23(8%)

Data are median (IQR) or n (%). Percentages may not total 100% because of rounding. CABG ry artery bypass graft. SVG=saphenous vein graft.

Table 1: Baseline and procedural characteristics in the modified intention-to-treat population
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Figure 2: LDL-C variation during the trial
Percentage changes (A) and concentration changes (B) in LDL-C during the trial.
Filled symbols correspond to means and error bars correspond to 95% Cls.
LDL-C<LDL cholesterol.



¢
E
i

OR(95% Q) pvalue
113(083-154) B 044
104 (074-1:46) —_ 084
111(0.77-1.60) - -a 059
o
050 075 100 133 200
OR(95%CI)
«— —

Favours evolocumab  Favours placebo

Win ratio 092 (95% €1 0.76-1-12);
p-039

Evolocumab group Placebo group Odds ratio pvale
.mmovmmmmmmm»m 281 7 - -
Vein graft disease rate* 149/686 (22%[18-25))  127/644 (20%[16-24]) 113(0-83-154) 044
SVGs completely occluded* 113/686 (16%[14-20])  103/644 (16%[13-20]) 104 (074-146) 084
Particip 15VG completely 84/281 (30% [25-36]) 76/273(28%[23-33) 111(077-160) 059
SVG total plaque volume, t mm” 181(121-237) 170(131-223) “ 069
All grafts total plaque volume, t mm® 207 (152-271) 207 (15:6-267) - 091
Number of p d in the safety analysis 389 393 - <
Comp f myocardial ion (non-fatal stroke  25/389 (6%) 21/393(5%) 122(067-221) 052
(fatal and non-fatal), cardiovascular death, and repeat coronary
revascularisation

(fatal and non-fatal) 15/389 (4%) 16/393 (4%) 095(046-194) 088
Stroke (fatal and non-fatal) 3389 (1%) ] Not estimable Not applicable
Cardiovascular death 6/389 (2%) 4393 (1%) 152(043-544) 052
Repeat coronary revascularisation 5/389 (1%) 1393 (<1%) 510(059-43-89) 014
Al-cause mortality 71389 (2%) 9/393 (2%) 078(029212) 063
S [95% . (1GR). unk dfed SVG graft. *Graft Jevel analy showr the total of VGs.
PN TR 686 SVGs; placebo: 644 SVGs]). Analyses P P S e

Py 023 1Data P

Table 2: Primary, e at 24 months

Percentage of wins (%)
Figure 3: Key sap ingraft and clinical at 24 months
SVG outcomes (A) and win ratio and its comp in eder (B). Ny ly particip vith end.of -study graft assessments.
(e, the modifs jon-to- P died during the study, had the cardi lar death f the win ratio. OR~odds ratio.




Research in context

Evidence before this study

Coronary artery bypass graft (CABG) remains one of the most
commonly performed cardiac surgical procedures worldwide,
and saphenous vein grafts (SVGs) are used in almost all of these
procedures. However, SVG failure remains a persistent clinical
problem. We searched PubMed, Embase, and the Cochrane
Library for articles published from database inception to

June 30, 2025, using the terms “saphenous vein OR SVG”,
“coronary artery bypass OR CABG”, “paten* OR fail*”,
“low-density lipoprotein cholesterol OR LDL-C OR LDL
cholesterol OR LDL”, “randomi* OR RCT OR trial”, and “statin”.
We included observational studies, randomised controlled
trials, and meta-analyses that reported on SVG patency or
failure, LDL cholesterol (LDL-C) levels, or lipid-lowering
therapies in post-CABG populations. We restricted the search to
those in humans and published in English. The available
evidence suggested that 20-30% of SVGs fail within the first
year and nearly half are occluded within 10 years after surgery.
Although LDL-C is a recognised causal factor in arterial
atherosclerosis and cardiovascular risk, evidence linking LDL-C
levels or LDL-C lowering therapies to SVG patency is sparse and
inconsistent. No randomised trials have specifically evaluated
the effect of intensive LDL-C lowering with PCSK9 inhibition, in
addition to background statin therapy, on early SVG patency in
contemporary post-CABG populations; the quality of the
available evidence is limited by heterogeneity in study design,
small sample sizes, and risk of bias in observational studies.

Added value of this study

To the best of our knowledge, NEWTON-CABG is the first
randomised, placebo-controlled trial to assess the effect of early
initiation of a PCSK9 inhibitor on SVG disease after CABG, on a
background of statin therapy of moderate to high intensity.
Regardless of LDL-C entry levels, evolocumab substantially
lowered LDL-C concentrations, but did not reduce SVG disease
rates at 24 months compared with placebo. These findings
suggest that further LDL-C lowering does not meaningfully
affect the pathophysiological mechanisms responsible for early
SVG failure, which are likely to be dominated by thrombotic and
remodelling processes rather than conventional atherosclerosis
mechanisms.

Implications of all the available evidence

Although intensive LDL-C lowering with PCSK9 inhibition
reduces cardiovascular events in high-risk populations,
including those who have undergone CABG, this strategy does
not appear to have a major impact on early SVG patency. These
findings further support the notion that early SVG failure is
mechanistically distinct from native coronary atherosclerosis
and might require novel therapeutic approaches targeting vein
graft remodelling, thrombosis, or inflammation. Nevertheless,
the long-term cardiovascular benefits of LDL-C reduction with
PCSKQ inhibitors remain well established and these agents
should continue to be an important part of secondary
prevention strategies in this population.



Childhood obesity is a complex health issue where children have excess body fat, increasing risks for serious health problems
like type 2 diabetes, heart disease, and depression. It is diagnosed by a healthcare professional using a BMI-for-age chart,
with obesity defined as a BMI at or above the 95th percentile for a child's age and sex. Factors contributing to childhood
obesity include genetics, environment, diet, lack of physical activity, and socioeconomic factors, while management focuses
on promoting healthy lifestyle changes, and in some cases, medication or surgery.
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Uselessp> Parent-focused behavioural interventions for the prevention
of early childhood obesity (TOPCHILD): a systematic review
and individual participant data meta-analysis

Summary

Background Childhood obesity is a global public health issue, which has prompted governments to invest in prevention
programmes. We aimed to investigate the [effectiveness of parent-focused early childhood obesity prevention
interventions globally.

Methods We did a systematic review and individual participant data meta-analysis. We searched databases and trial
registries (MEDLINE, Embase, CENTRAL, CINAHL, PsycInfo, ClinicalTrials.gov, and WHO International Clinical
Trials Registry Platform) from inception until Sept 30, 2024, for randomised controlled trials commencing before
12 months of age examining parent-focused behavioural interventions to prevent obesity in children, compared with
usual care, no intervention, or attention control. Individual participant data were checked, harmonised, and assessed
for integrity and risk of bias. We excluded trials that were quasi-randomised, investigated pregnancy-only interventions,
or did not collect any child weight-related outcomes. The primary outcome was BMI Z score at age 24 months
(6 months). We did an intention-to-treat, two-stage, random effects meta-analysis to examine effects overall and for

prespecified subgroups. We assessed certainty of evidence using Grading of Recommendations Assessment,
Development, and Evaluation. This study is registered with PROSPERO, CRD42020177408.



Findings Of 19990 identified records, 47 (0-24%) trials were completed and eligible. Of these, 18 (38%) assessed our
primary outcome, BMI Z score. We obtained individual participant data for 17 (94%; n=9128) of these 18 trials (n=9383),
representing 97% of eligible participants. Of these 9128 participants, 4549 (50%) were boys, 4415 (48%) were girls,
and 164 (2%) had unknown sex. We found no evidence of an effect of interventions on BMI Z score at age 24 months
(+6 months; mean difference —0-01 [95% CI —0-08 to 0-05]; high certainty evidence, 12=0-01; n=6505; 2623 missing).
Findings were robust to prespecified sensitivity analyses (eg, different analysis methods and missing data), and we
found no evidence of differential intervention| effects for prespecified subgroups including priority populations and
trial-level factors.
UselessPp>

Interpretation These findings indicate that examined parent-focused behavioural interventions are insufficient to
prevent obesity at age 24 months (x6 months). This evidence highlights a need to re-think childhood obesity
prevention approaches.

Funding Australian National Health and Medical Research Council.
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healthy autheegarian purenting style
Behavious tangeted: food peovision and
parent feeding peactices, movement
practices, and sheep health practices (n=137)
NewZesbnd 200917 Randoerly Iedividual Women aged >16 years. Began during pregr Group 1 (food %) al care: first 4-week ght at
(Taplor etal assigned: 802 Before 34 weeky gestation:  enched by age cth mixof adgrovpbased  midwite home visits 2ge 6, 12, and
20178 Elgbie 802 peeterm infants bom before o i healthy 24 months and
365 weeks exchaded eating, | Q andage  egh BMIatage
3.4.7.9.12 and 18 menths ne234) (ne214) 24 months
Grawp 2 (sheep): two home visits (antenatal
and 3 woeks) tamgeting peevention of skep
problems, as well a3 2 deep treatment
™209)
Group 3: (food activity and breastieeding,
and sleep)
‘.&‘Moumuln:mm
movernent peactices, and sleep health
pexctices (e 210)
NewZedand 201216  Randoemly Indivadual Lo ged Began during peeg Eaty ids: btation Usual Well Child care, usually  BMIat age
(Taylor etal assigned: 206 216 years, before 34 weeks'  ended by age 12 months. conmitant support (three face-to-face 6-7 home or ciric visits 12months.
2017 Ehgibile 206 gestation who. sersions and two essons, (from age 6 weels to
comenunicate in Engleh or 1060 min each age 6 months and 2yeaes) froen a trained
Te Reo Maor; pretess th face-to- heakth peofs 01)
infants exduded 55, 7.and 9 mceths)
food prowision, and pacent feeding
peatices (n=105)
Noeway (felle 201521 Randomly Indridanl Parents and their chid sged  Becgan ot age 6 monthe, ath Usial cave tocal  Chid eating
etal 20099 assigned: 533 35 months. ended by age 12 months seven monthly shoet video dips (3-5 min) clink with behaviour, food
Elghie533 dre whant foeding and consultations at (hdd age 6, intake, meaktime
appropriate baby food meipes. 8,10, and 12months. routines and
Behavioun targeted food provision and (269 maternal feedng
pacent feeding practices (nw269) practices
Noeway 201215 Randomly Indrvidual Parents and their Began in the first Gmonths;  Two 4h & ding groups d ik Food intake
Dvedy etal assigned: 110 46 moeth- cid e 1y a0 6 g for 290 6,15, and
200 Eigbie 110 attending selected public epare nutrith d varied deh b de food fi 24 months
Bealth dines delivered and nfanits (ne54)
Manters student
Behavioun trgeted food provision and
pacent feeding practices (n=56)
Nosway(Roed 201622 Randoesly Individkad tnfants close to age egan in the first dgtoddien eHealth trite  Usaal o Chid dhet gl
etal 200" assigred: 208 12 monthsand ore of ther eh; ended by age dides (2-4 e hild health ) and food varkty,
Elgbie: 237 parents ch assessed atage
haalthy food and exting environments, 18 moeths and
redpes, dscussion forum, information about 24 months.
food and beverages, phs 20 weeldy emals
with link to new lessons.
Betnioun targeted food peoviscn and
pavent feeding practices (ne148)

(Table 1 continues on rext page)




Dates Sample size” Unit of Control Primary outcome
randomisation
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Sweden (Déving 2008-15  Randomdy Ouster(chMd  First-timve mothers and their B first Nne group (11 months), Ususal cave: regibar age- BV and waist
«al 2006 asigned 1369 healthcare  chidren (aged 12 months; ended by age decdual (age 8- monthe and checkups of erbererce of
Elighle: 1248 centres) Q thy dat 8 th 1,152, 3, and 4 years), two indivichal Swedish dhiid health cheldren at age
<hid health-case contres sesionn (age 25 yoses and services (ne768) Qyearsandthee
35 years) delivered by rurse foousing on methers
heakthy food physical activity
Behaviours food peovision and
pasent feeding paxtices nd movement
practices (n=601)
UK(Byantetal 201719  Randomly Chster Pasertsce othercanersand  Begas he fest 8 Ith, Exercise, Nuteiticn forthe  Waiting st contral (ne70)  Feasibibty and
2020y saned: 117 chikdr - chidaged i years ended g proy i BMIZ scom
ighle: 28 contres) 6 mcethnto Syeaes after 8 weeks oght weekly 2§ hsessions delvered in
M-tomugmzf&pmud
pasent feeding paxtices and movernent
penctices (ne47)
USA(Messito 201220 Randomly ndwidual Latna mothers with Eegan Starting Early Program 15 semons, 1 preatal 9
et 4 20200 assgned: 533 ended by age 36 ths rtrition practices and
Highle: 533 pregnancy, fluent in English postpartum) and 13 grovp one chidbith o material infant
o1 Spanih (9902.2,4,6,9,22, 15,18 20.24,27, 30,and  beeastonding cans, - foedng
andsapport = " andpeslianic istsaspi N
.d-m-n:wm(m, Pediatrks
guidelines (ne267)
USAPavletdl 201223 Randomly Indwidual Ful term singleton in. qanwesa the f mpormive p g four b by ety BVIZ score
08y assgned: 291 bom to primiparcus. 6 months ended by age researchnueses (age 3, 16, 28 and 40weels)  interventicn (n146) age Jyears
Eligble: 291 mothers 36 months. and anewal tesearch a0
Jyean, focused on feeding, sheep, interactive
play, and emotionregulation
moverner practioes, nd steep health
pextices (A=145)
USA(Sanders  2030-14  Randomly Cunter(tiad  lefiets presenting for Regan at age 2 month ? y Aacebo: inpury tage of
etal 2020)* assgned: 865 sites) 2-monthwell-vld check-  ended by age 18 months. roviewed dietary, physical acthity, sleep, and chekdren with
Elighle: 865 up, whose caregiver could dice f d edh. The njry h
speak Spanish or English for ders.on health ogam by cbesity atage
etect infant feeding Anelier e o Jyens
food " P 06)
movenent practices, and sheep health
pexctices (n=459)
Other by (ne14)
Belarus (Kramer  1996-58  Randomly Chster (hospital  Fulk ingh . Began at birth; ended by Breastfeeding promotion and support Usial cave (ne8181) Ereastfeeding
etal 2000 assgned: 17046 and assoclated  weighing at heast 25009 age 12 months. accoeding to the WHO's Baby Friendly (amyand
Bighie: 17046 outpatiest andthes healthy mothen o follow-up duration),
k) who intended to breastfeed visits gutrointestinal
peactioes (n=8865) repiratory tract
infection and
atoplc ecema
dungthe fr
12 menths of e

(Tabile 1 contirmes on next page)




Dates Sample size” Unitof Control Primary eutcome
(Continued from peevicus page)
Brazil Sangali 200810 Randoenly Custer 9 hew  Beganduring pregr teeding 8. of  Usualcare (363) xclumive
etal 2020)% asgned: 715 (health-care thirdtrimetorattending  endedby age 24 months  foods, healthy eating and healthy sating Beeastfeeding at
Eigible: 715 certre) eakh centres. habits, basedonthe Ten Steps for Healthy age 4rmonths.
predomisantly serving low- Foodng guideine
iecome famdies Beby geted: infant feods
food provision and parent feedng
peactices (v 73)
UK (Lachman  2013-15 Randomly Individuad Parents %) - fi Baby oy al care growp had th The change
etal 2018)" anigned: 669 and thek infants (aged Gmonths endedbyage  freding 9 to the WHO b of infant
Egible: 669 214 wesksjwho were 6 months fox enengy by d ! dyweight SO
foenwda-fed theee 30- fi fa Bt foemuk Srombirth
290 2 4 and 6 monthn) and twe 15-20-emin  mik feeding and infast w0age
telephone calls (at age 3 months and health (n-329) 12 months.
Smeaths) and leaflets (at age 2 months and
A montha) bvelved componnnts on
motivation, setting gouks and actions, and
Behavicun targeted: infant froding
peactices (n+340)
UK(&Eachan 201214 Randomly Indviduad gr th d Healthy and el L i care (rm61) hd
etal 2016y avigned: 120 + ty endedby age hs  Eady smed i bodyweight at
Eigible: 120 225 ky/erv) at 10-12 weeks” promote heakhy eating and habits, and age 12 meeths
gestation and infants from oh
Birth 12 group sessions (six anterwtal and
six postnatal) the intervention was.
groups (White British and South Adan ceign
wormen)
and movement practices (n=59)
USA (delaMaye 2018-19  Randoenly Iendovidad Mother-child dyads envolled B ended A Healthyy faenibes America of
etal 2015)" aigned: 0 inh Tl 6 hs d I 2 mothers, aateof
Egible: 50 programmes-- inchuded b y h weight ganof
mothers facing poverty, 6 months) (weekdy, up 10 age infants, asd
housing instability, lack of Behavicurs targeted: food provision and 2-Syears)—a culturally waist
sexial and materd support, f o e of
lack of trarsportation, and pactices (e 30) strengthen pacent-chid mothes
limited education and relationshigs, i
literacy development, and brk to
community
resources (m20)
USA(Fiksetal  2004-35  Randomly Indiidusd g Beganduring pregs y infant gowthasd  Pasents Feasbibty
2007)" assigned &7 ght y endedby age nth: i
Bgible: 85 225 ky/en’), Medicaid and hs) and 11 online  schedul
insured. and who owned a Group activities (ty duntilage  primary care visits for thelr
9 months) infant, and 1o attend
[’ : f Children's ospital of
movernent peaxtices, and sleep heakth Phiadedphia Care
pactices (n-43) Network (n=42)




Dates. Sample size* Unitof Control Primary outcome
randoesisation
(Cortinued from previcen page)
USA(Uisaces 201618 Randomly Indwidal i Began during pregnancy Early Childhy Reduction J Exclusve
etal 2019)" assigned: 39 pregrant women who ended by age 6 months Ruraly ble P breastfeednn
Bligible 39 intended to breastfeed their n By di of Weemen, frombirth o ag
infants Arsi e Infants, and Children 6 monts.
(@0 min). min). hospital & 19)
winit (30 min) postpartuen horme visit
(40 min), thi,
20 min)
USA(Palackos  2016-16  Randomly Block Caregivers of healthy term gan withn the fe iy s (for 4 months) . o
etal 218y assigned: 202 infants aged O-2months 2 d after . q the feeding 9 dedby  sent, relating to general for-length
Eigible: 202 partiipating in the WiIC 4months W infant’s health (6+100) percersle
Program n Puerto Rco and geted infart feeding
Hawaid and food pesvision and pasent freding
pactices (n102)
USA(Padetal 200609  Randomiy Individual Mother-newborn baby Began 2-Jweeks after bisth;  SUMTIME b (2-Jweeks after 41 Weight for.
001 assigned: 160 dyads, pamiparces, ended by age 6 months. birth and at age 4-6 months) lensgeh percentide
Eligible 160 singleton, and gestational Geoup 1 (intoduc tion 10 solids): isstruction atage 1year
9e23qweeks on delyy of complernentacy foods and
Wuﬂ,’u:nbhui
and food peovison and pasrent feeding
pactices (e 38)
Goup gh
akermate strategies to feeding as an +
-d:hwwrwmm-m
Group 3 (socthe/skep and introduction to
sl both Growp 1 aned Growp 2
and shoep health peactices (ne42)
USA (Rybak 202122 Randomly Indevidual Mothers of ingleton nfants  Began at 1moath wellchild  Astrengths d g A Feasibilty
etal 200 assigned: 65 bom >2500 g at Visit ended at 6. month and
Eigible 65 -2 weeks gustation,  wellchid visit ting durteg inf; | parenting
Englsh-speaking and gowth and reguliti fe (retenticn and
attending a primary cace 9 well-child andlevelof provides, but  adherence)
practice pimardy serving vhits (atage 1,2, 4,and 6 helgn ofic active
groupsandiow: " oy
income populations. cwes for bunger, fulless, and distress, intesvention related to
erphusiving non feedieg soothing infant feeding. seep, and
fange feeding and  regud an
soep promating behavicurs
and sheep health practices=33)

(Table 1 continues on next page)




Dates Sarmple size* Unitof viod Control Prienary outcore
randomisation
(Contirued from previous page)
USA(Stowgh 2018201 Randoenly Indivichad Pareots and infantsborn 3t Began atagedmonths:  Healthy has theee indin Participants and thew Wesght for-
etal 2018; asigned: 34 »3Bweeks’ gestation, above  ended by age 9 months o P . and skl parents length L
NCT03597061) Ehgitie: 32 10th percertide of length- aring pocive feeding ch and post- appetite
foeweight, and aged introduction of heakthy foods treatment period study regulation, and
2-3months fant Wity to assess study fruitand
fe L feeding they d vegetable varkety
practices (ne16) intervereion (ne16) atage 3 months.
and 9months
USA(Thoomon 201316 Randomly Indnidhasl egran st Beganduring pregnancy.  Parents s goup Parertts 25 Teachen Maternal
etal 2018)° asigred: 82 18years of age, <19 weeks  ended by age 12 months. d the enhanced h
Eigitie: 54 pregrant and their infant activity ich f ptional group
from birth, residing ina rural he family 9 Teachers . gt
regon with high ates of th o weight e gun,
infargs wahlow > d early chidhy ty  networkfor famiies, which  retention, dietay
birtweicht, preterm p based on social P et irnake, and
infants, child poverty, and ogr ty change; of child
chilhood overmeight/ thly nh from impeove i
obesity gestational month 4 to age 12 months parenting early detection of  dhetary at age
" Fus ) 12 meaths
fi fi prevent dbuse, and increase
practioes (ne24) N
USA (Trak- 200315 Randomly gh Began during pregrancy Health empowerment programme: individual P iith bealth !
Fellermeier et al assigned: 31 cbesity, singleton pregnancy  ended 6 days after birth visits, two visits (prenatal at ascund 16 weely  advice about dental nd  bodpweight gaie
019)° Ehgithe: 31 «16 weeks’ gestation and and 27 weeks’ gestation); group session, child safety (n+16)
thew infant from bith, s 2 sessions (starting 1-2 weeks after
residing in Puerto Rico ats rring every 2weeks); ard
telephone calls, sbe 30 min calls (monthly)
movement peactices, and skep bealth
practices (n=15)
USA (Wasser 200317 Randomy dn and Began Ly peer ok Attention Ifants’ mean
«tal2020)" ansiged: 430 Hrpani ded by age 12 months  (peerutal 28 weeks’ gestation and antenatd  matermal advice on injery  weight- for-
ighie 429 Black mothers envolled at atagel 3 6 9, and 12 monthsk and prevention (ne214) length Z wore.
28weeks’ pregruncy muternal and study partner advice age 15 months
mm&s-ﬂhl&t
practices (n=215)
eriey N
¥ it ed6 Of these, 28 par




Trials  Participants Intervention*  Control*t Effect estimate Heterogeneity, GRADE

(95%CI) T (95% PI)

Primary outcome

BMI Z score at age 24 months 17 6505 071(1-08) 072(105) Mean difference 001 High

(£6 months) -0-01 (-0-08 to 0-05) (-017to 014)

Key secondary outcomes

Duration of exclusive breastfeeding 5 1653 12-22(9:32); 1069 (8-86); Hazard ratio 0-86 001 Moderate
assessed at age 6 months 13(10to13) 12(869t013)¢  (074t01-00) (0-65t01-14)

(£2 months), weeks

Vegetable intake per day at age 12 4616 11718(9006)  107-48(8409)  Meandifference311 000 Moderate
24 months (£6 months), g (-0-64 10 6-85) (-0-64 10 6-85)

Screen time per day at age 9 3650 5958 (69-98) 7236 (69-98)  Meandifference-9-60 000 Moderate
24 months (6 months), min (-1372t0-5.47) (-1372t0-5.47)

Physical activity per day at age 1 314 25259 (137-46) 276:60(15013) Meandifference-24-14 NA Very low
24 months (+6 months), min (-57-17 to 8-90)

Combined sleep duration per night 10 3839 12:68(1.53) 12:69(1:57) Mean difference 006 0002 Moderate
and day at age 24 months (-002t00-15) (-006t0018)

(£6 months), h

Parent feeding practices, control 2 545 81/269(30%) 91/276(33%)  Risk ratio 0-90 000 Low
(restriction) score =3 at age (072t0113) (072t0113)

24 months (6 months)§
Data are n, n/N (%), mean (SD), or median (IQR), unless otherwise specified. GRADE=Grading of dations A Devel d Evaluation. NA=not
applicable. Pl=prediction interval. m-.m.mmmmmmmwmqmmm trials, the approxi thod was

used to avoid unit-of-analysis that can be introduced wh mhmmgmhmmm'wmmhﬁs
thus survival median with 95% Cl is reported. SEvent defined as regular use of feeding practice—ie, domain score of at least 3.

Table 2: Primary and key secondary outcomes




Intervention Control Weight  Mean difference (95% CI)
Mean (SD) Total Mean(SD) Total
Campbelletal 2013% (Australia)  10(09) 237 10(1) 231 — 7.90%  006(-013t00.24)
Campbell et al 20165 (Australia) 10(09) 187 049() 190 -—.— 754%  014(-006t0033)
Daniels et al 2013% (Australia) 07(1) 246 08(1) 274 —.—+ 896% -014(-031t00.03)
Wen et al 20125 (Australia) 05(15) 238 07(11) 221 o= - 557%  -023(-04710001)
Wen et al 20229 A (Australia) 09(1) 2116 10(11) 237 — 561%  -003(-027t0021)
Wen et al 2022% B (Australia) 10012) 260 10(11) 237 —a— 541%  000(-024t0025)
Morandi et al 2019% (Italy) 02(1) 251 02(11) 216 . 374% 001(-030t00-31)
Karssen et al 2021% (Nethedands)  06(0-8) 45 02(11) 44 i——&———  240%  040(000t0080) Studies Participants  Pooled interaction effect
Taylor et al 20177 A (New Zealand) 09(1) 176 08(09) 178 —i—.— 467%  014(-013t00.41) (95%Cl)
Taylor et al 201725 B (New Zealand) 07(09) 162 08(09) 178 —a— 479%  -009(-036t0017) Birthweight, 100g 16 6222 0:01(0-00t0 0-02)
Tayloretal 201729 C (New Zealand) 07 (09) 167 08(09) 178 —— 495%  -0.05(-031t0021) Gestational age at birth, weeks 7 3751 0.02 (-0-01100.06)
Taylor et al 201765 (New Zealand)  0-4 (1) 88  02(1) 78 ——— 361%  016(-015t0048) Matemal BMI, kg/m? 15 6025 -0.00 (-002t0 0-01)
Helle et al 2019* (Norway) 04(12) 69 04(09) 48 + 242% -000(-040t0039) Weighted standardised household income* 6 2301 014 (-0-07 10 0-36)
Overby et al 2017% (Norway) 0(15) 41 04(09) 24 «— 091%  -052(-120t0015) O : l ST 5
Roed et al 2021 (Norway) 05() 36 03(14) 28 —— = 120%  021(-037t0079) ""’, s :,; A A e A e b
Déring et al 2016 (Sweden) 06(09) 448 07(09) 698 _.:_ 1149%  -007 (-020t0006) and BMI Z score across all levels of the covariate (eg, the intervention increases BMI Z score by 0.01 for every 100-g
Bryant etal 2021 (UK) 11(12) n 12012 13 < + 040%  -014(-117to0-88) increase in birthweight). A result is statistically sk ifthe 95% Cl of the pooled interaction effect does not
Messito et al 2020% (USA) 10(13) 188 11(12) 170 —_— 511%  -014(-039t0012) include 0. For each participant, weighted standardised household income was calculated as the difference between
Paul et al 2018% (USA) 04() 123 07() 120 s 519%  -021(-046t0004) e e e S I L) e e L i
Sanders et al 2021% (USA) 09(1) 307 07(1) 239 —e B13%  016(-003t0034) e I e
Adjusted two-stage random effects model ('=0-01, 95% prediction interval -0-17 to 0-14) <& 100.0%  -0.01(-0.08 to 0.05)
Adjusted two-stage fixed effects model L 3 -0-02(-0-07 to 0-04) Table 3: Subgroup analyses by individual-level characteristics for the primary outcome of BMIZ score at
Adjusted two-stage random effects model USE'ESS> Y -002(-008100.04) age 24 months (or within 6 months either side), continuous individual-level factors
I T ; U 1
-10 -05 0 05 10
“——— P
Favours intervention Favours control
Mean difference
Figure 2: Forest plot for the primary outcome of BMIZ score at age 24 ths (or within 6 ths either side)

There are two muiti-arm trials: Wen and colleagues™ (2022) and Taylor and colleagues® (2017). Each group is indicated by A, B, or C after the study name. The black
squares capture the intervention effect estimate. The 95% Cls around this estimate are represented by the black line. Lines with arrows indicate Cls that extend
beyond the scale of the plot. The adjusted two-stage random effects model (bolded) presents the primary analysis. € is the variance of the between-study effects. The
prediction interval represents the range within which the treatment effect in a future trial from a similar population is expected to fall. The adjusted two-stage fixed
effects model and the adjusted one-stage random effects model are sensitivity analyses.



Studies Participants  Floating subgroup-specific

Pooled interaction effect

intervention effect (95%Cl)  (95%Cl)

Any formal childcare attendance at age 0-12 months
No
Yes
Any formal childcare attendance at age 12-24 months
No
Yes
Partner status
In a partnership (married, de facto, or living with partner)
Single (single, divorced, or widowed)
Parity or first-time parent
First-time parent
Already has at least one other child
Parent or carer immigration status
Primary parent or carer born in trial country
Primary parent or carer born outside trial country
Infant sex
Male
Female
Ambiguous or other
Carer education
Low education
High-school graduate
Non- ly tertiary
University graduate or postgraduate
Carer employment
Any employment (including paid leave)

Unemployed (indudes retired, student without employment,

unpaid leave, home duties, or charity work)

For categorical subgroups, the pooled interaction is the difference in i
BMI Z score by owhm'dMamummudmmmdohmamo A result is statistically significant if the 95% Cl of the pooled interaction effect

incomplete university

4 1335

4 1156 -0-05 (-0-20to 0-09) (reference)

4 179 008 (-0-4810064) 014 (-0-4810075)

4 1025

4 266 -0:02 (-037t0 0-34) (reference)

4 759 -0-08 (-0-24 10 0:07) -007 (-0-43t0 0-29)

13 4714

13 4418 -0.01(-008t0 0.07) (reference)

12 296 -020(-0-4810 007) -019 (-0-48t0 0-09)

12 5330

12 421 -0.05(-0-13t0 0-03) (reference)

8 1109 006 (-010t0 0-22) 011 (-0-07 t0 030)

7 3636

7 2512 001(-011t0013) (reference)

7 1124 -0-02 (-0-21t0 0-18) -0-03 (-0:30t0 0-25)

17 6505

17 3287 001 (-0:07t0 0-10) (reference)

17 318 -0:04 (-012to 0-04) -0.05 (016 to 0-05)

0 0

12 4848

9 414 009 (-0-26 10 0-44) 011 (-0-24 0 0-46)

12 994 002 (-0121t0 0-16) 003 (-0-13t00-20)

10 776 -0-04 (-018t0 0-11) -002 (-019 t0 016)

12 2664 -0-02 (-0-10t0 0-06) (reference)

15 5598

15 2738 003 (-0-07 t0 0-12) (reference)

15 2860 -0-04 (-013t0 0-06) -0.06 (-019t0 0-06)
and ref bgroup (eg. the i ion reduces

does not include zero. Floating subgroup-specific effects can be interp asthe i effect that is specific to their respective subgroup (eg. the
intervention reduces BMI Z score by 0-01 for those with a partner and by 0-20 for those without a partner. If the pooled interaction effect is not significant, the subgroup-
specific i effects are not interpreted as lly different.

Studies  Participants Test of subgroup p value

differences, x*
Setting (home, community, or combination) 17 6505 057 075
In-person delivery (yes or no) 7 6505 0.96 033
Intervention mode (individual, group, orboth) 17 6505 347 018
Intervention onset (antenatal or postnatal) 17 6505 032 057

Data are n, unless otherwise indicated.

Table 5: Subgroup analyses of trial-level characteristics for the primary outcome of BMI Z score at age
24 months (or within 6 months either side), categorical trial-level characteristics

Studies  Participants Meta-regression slope

estimate (95%Cl)

Intervention duration, h 15 6263
Development of country, human development 17 6505
index

Intervention end, months 15 6239
Data are n, unless otherwise indicated.

~0-010 (-0-023 to 0-004)

-070(-6:43t05:04)

0-0005 (-0-0056 to 0-0066)

Table 6: Subgroup analyses of trial-level characteristics for the primary outcome of BMI Z score at age

24 months (£6 months), continuous trial-level characteristics

Table 4: Subgroup analyses by individual-level characteristics for the primary outcome of BMI Z score at age 24 months (6 months), categorical

individual-level subgroups




Research in context

Evidence before this study

Although there have been several reviews of trials of childhood
obesity prevention, few have focused on infancy, and many are
narrative. A Cochrane review of obesity prevention
interventions in children aged 0-18 years found that combined
diet and physical activity interventions led to a small reduction
in BMI Z score in children aged 0-5 years (mean difference
-0.07 [95% CI -0-14 to -0.01]). However, this review was
limited by reliance on published aggregate data, precluding
outcome harmonisation and in-depth subgroup analyses.
Updates to this review only examined interventions in age
groups older than 2 years. The Early Prevention of Obesity in
Children (EPOCH) Collaboration did an individual participant
data prospective meta-analysis of four Australian and

New Zealand randomised controlled trials. The authors found
that parent-focused behavioural interventions for the
prevention of early childhood obesity resulted in a small
reduction in BMI Z score at age 18-24 months, compared with
usual care (-0-12 SDs [95% Cl -0-22 to -0-02]). However, this
difference was no longer statistically significant when
accounting for missing data, and there was insufficient power
for subgroup analyses. More studies in a global context were
needed to confirm this finding and explore differential effects
across key subgroups, including priority populations susceptible
to obesity (eg, individuals with lower education or income
levels and immigrants), with sufficient statistical power.

We searched databases and trial registries (MEDLINE, Embase,
CENTRAL, CINAHL, Psycinfo, ClinicalTrials.gov, and WHO
International Clinical Trials Registry Platform) from inception
up to Sept 30, 2024, without language restrictions, to identify
randomised controlled trials investigating the effectiveness of
obesity prevention interventions commencing antenatally or
during infancy. The search strategy included terms related to
weight (eg, “obes*”, “overweight”, “body mass index”, and
“adiposity”); behavioural interventions (eg, “behavio?r*”,

“diet*”, “physical activity”, “sleep”, and “feeding”); children,
parents, and families (eg, “child”, “infan*", “pregnan**,
“prenatal’, and “parent$”); and study design

(eg, “randomiged").

Added value of this study

This is the largest systematic review with an individual
participant data meta-analysis in the field to date, including
31 trials set across ten countries with 28 825 participants.

0f 18 eligible completed trials that assessed our primary
outcome (BMIZ score at age 24 months [+6 months]), we
obtained individual participant data for 17 (94%), including
9128 participants (97% of 9383 eligible participants). We used
rigorous data checking, harmonisation, and integrity and risk-
of-bias assessments enhanced by the availability of individual
participant data and collaboration with trial representatives to
create a global dataset. Access to original data enhanced
statistical power and enabled advanced and complex analyses,
including examination of important obesity-susceptible
subgroups. The resulting high-quality TOPCHILD dataset
provided robust evidence to address our research questions.
Here we report findings for the primary outcome, BMI Z score,
and for 33 prespecified secondary anthropometric and

behavioural outcomes.
Uselessp>
Implications of all the available evidence

This large individual participant data meta-analysis provides
evidence that existing approaches to parent-focused
behavioural interventions delivered up to 12 months of age are
insufficient to affect BMI Z score at age 24 months

(or within 6 months either side) or key obesity-related
behavioural outcomes covering diet, feeding, physical activity,
sleep, and parenting. These findings underscore the need to
rethink current behavioural approaches to prevent obesity in
early childhood.



Noncommunicable diseases (NCDs) are illnesses that are not transmissible from person to person, typically characterized by
long-term health consequences and often linked to lifestyle and environmental factors. The leading NCDs worldwide include
cardiovascular diseases, cancers, chronic respiratory diseases, and diabetes, which collectively cause the majority of global
deaths. Key risk factors for NCDs are tobacco use, unhealthy diets, physical inactivity, harmful alcohol use, and air pollution,
and many NCDs, like heart disease and type 2 diabetes, can be prevented

Cardio- Chronic
vascular respiratory
diseases diseases

. r Diabetes




Benchmarking progress in non-communicable diseases:
a global analysis of cause-specific mortality from 2001
to 2019

Summary

Background Non-communicable diseases (NCDs) have received substantial policy attention globally and in most
countries. Our aim was to quantify how much NCD mortality changed from 2010 to 2019 in different countries,
especially compared with the preceding decade and with the best-performing country in each region, and the specific
NCD causes of death that contributed to change.

Methods We used data on NCD mortality by sex, age group, and underlying cause of death for 185 countries and
territories from the 2021 WHO Global Health Estimates. Our primary outcome was the probability of dying from an
NCD between birth and age 80 years in the absence of competing causes of death, and was calculated using age-
specific death rates from NCDs and lifetable methods. We calculated change in the probability of death as the
difference between values in the final and first year of each period (2001-10 and 2010-19). For 51 countries with high-
quality mortality data and 12 countries with large populations within their region, we used the Horiuchi method of
decomposition to calculate how much specific causes of death and 5-yealr age groups contributed towards: (1) increases
or decreases in NCD mortality from 2010 to 2019; (2) improvements or deteriorations compared with the preceding
decade (2001-10); and (3) differences from the country that had the largest reduction in each region.



Findings From 2010 to 2019, the probability of dying from an NCD between birth and age 80 years decreased in
152 (82%) of 185 countries for females and in 147 (79%) countries for males; it increased in the remaining
33 (18%) countries for females and 38 (21%) countries for males. The countries where NCD mortality declined for
females accounted for 72% of the world female population in 2019, and those where NCD mortality declined for males
accounted for 73% of the world male population. NCD mortality declined in all high-income western countries, with
Denmark experiencing the largest decline for both sexes and the USA experiencing the smallest decline. Among the
largest countries in other regions, NCD mortality declined for both sexes in China, Egypt, Nigeria, Russia, and Brazil,
and increased for both sexes in India and Papua New Guinea. On average, females in countries in the central Asia,
Middle East and north Africa region had the greatest reduction in NCD mortality followed by those in central and
eastern Europe. For males, the largest reductipn was among countries in central and eastern Europe, followed by those
in central Asia, Middle East and north Africa. The smallest declines were those in the Pacific Island nations. Circulatory
diseases were the greatest contributors to declines in NCD mortality from 2010 to 2019 in most countries, with some
cancers (eg, stomach and colorectal cancers for both sexes, cervical and breast cancers for females, and lung and prostate
cancers for males) also contributing towards lower NCD mortality in 2019 than in 2010 in many countries.
Neuropsychiatric conditions and pancreatic and liver cancers contributed towards higher NCD mortality from 2010
to 2019 in most countries. In some countries, NCD mortality in working and older (=65 years) ages changed in the same
direction leading to large overall declines or increases; in others, it changed in opposite directions, diminishing the
magnitude of the overall change. In 75 (41%) of 185 countries for females and in 73 (39%) countries for males, the
change in NCD mortality from 2010 to 2019 was an improvement (ie, larger decline, smaller increase, or reversal of an
increase) compared with the change from 2001 to 2010. These countries accounted for 29% and 63% of the world
female and male population, respectively, and included both sexes in Russia and Egypt, and males in China, India, and
Brazil. Decadal changes saw a deterioration (ie, smaller decline, larger increase, or reversal of a decline) in the remaining
110 (59%) countries for females and 112 (61%) countries for males, including in both sexes in the USA, Nigeria, and
Papua New Guinea, and females in China, India, and Brazil. Change from 2010 to 2019 saw deterioration in direction
or size compared with the preceding decade for both sexes in most high-income western countries, most countries in
Latin America and the Caribbean, and in east and southeast Asia, and for females in south Asia. There was a decadal
improvement in the direction or size of change for many countries in central and eastern Europe (eg, Russia) and
central Asia, and in parts of the Middle East and north Africa. Improvements or deteriorations in the direction or size of
change in NCD mortality between the two decades resulted from multiple NCD causes of death. Among causes of
death, the decline in mortality from circulatory diseases was smaller from 2010 to 2019 than from 2001 to 2010 in most
countries, except in countries in central and eastern Europe and some countries in central Asia, where these declines
were larger from 2010 to 2019 than from 2001 to 2010. Change in lung cancer saw a decadal improvement in many
countries, especially for males, and many other cancers saw a mix of improvement and deterioration.

Interpretation From 2010 to 2019, NCD mortality declined in four of every five countries in the world. These
improvements were not as large as the preceding decade for most countries, driven by smaller declines in mortality
from multiple NCDs.
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Figure 1: G h in the direction or size of change
frovnzoxotozms:onvamdwlthﬁom)oouomoforfemals
Estimates are shown for all ¢ ies and territories in eight reporting regions.

Countries are divided into three categories of changes observed across

two timeframes (2001-10 and 2010-19). Within each of the three categories,
countries are ordered by percentage point change from 2010 to 2019 (ie, the
first country listed in each category had the largest decrease or smallest increase
from 2010 to 2019 within its category). Fot the esumaled pfobdnllbes and
change in probabilities with uncertainty Is see the (pp 44-53).
For results based on cancers, cardi vlar di d\ronk. P y
diseases, and diabetes in ages 30-70 years see the appendix (pp 13-14).
NCD=non-communicable disease.

Panel 1: Key findings

NCD mortality declined in approximately 80% of the
world’s countries, where more than 70% of the world
population resided, from 2010 to 2019

In approximately 60% of countries, the decline from 2010
t0 2019 was smaller than it had been in the preceding
decade or there was a reversal of the earlier decline

Within all regions, there were substantial performance
gaps between the regional frontrunner and other
countries in terms of how much NCD mortality declined
from 2010 to 2019

National performance in reducing NCD mortality

from 2010 to 2019 was rarely dominated by one NCD
and often resulted from a combination of changes in
multiple NCDs

In some countries, NCD mortality in working and older ages
changed in the same direction, leading to large overall
declines or increases; in others, it changed in opposite
directions, diminishing the magnitude of the overall change



Figure 2: C ies showing imp nts in the direction or size of change
from 2010 to 2019 compared with from 2001 to 2010 for males

Estimates are shown for all countries and territories in eight reporting regions.
Countries are divided into three categories of changes observed across

two timeframes (2001-10 and 2010-19). Within each of the three categories,
countries are ordered by percentage point change from 2010 to 2019 (ie, the
first country listed in each category had the largest decrease or smallest increase
from 2010 to 2019 within its category). For the estimated probabilities and
change in probabilities with uncertainty intervals see the appendix (pp 44-53).

For results based cardi ular diseases, chronic respiratory
diseases, and diabetes in ages 30-70 years see the appendix (pp 13-14).
NCD~non-communicable disease.
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Change in probability of dying from an
NCDb. birth and age 80y
(percentage points)
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Central African Republic Very low 657 621 635 36 14
North Macedonia Medaum 535 491 505 44 14
Malaw Very low 5.4 518 536 -6 18
Niger Very low 521 507 526 -14 18
Cabo Verde Low 387 358 377 -29 19
Veneruck High 368 333 353 -35 20
India Very low 467 466 487 02 21
Peru Medum 297 281 307 -16 26
Saint Vincent and the Grenadines | High 460 410 453 -50 43
Antigua and Barbuda Medum 436 401 447 -36 47
South Sudan Very low 40 444 514 -26 70
Faster increase from 2010 to 2019 compared with from 2001 to 2010
Philippines Medium f9 1 468 22 27
Tarzania Very low 86 a8 466 02 28

B Central Asia Middle East [ Eastand southeast Asia [ Latin America and B South Asia
and north Africa the Caribbean

I Central and eastern Europe [ High-incomewestern [l Pacific sland nations [ Sub-Saharan Africa

Figure 3: Countries showing deteriorations in the direction or size of change from 2010 to 2019 compared
with from 2001 to 2010 for females

Estimates are shown for all countries and territories in eight reporting regions. Countries are divided into

three categories of changes observed across two timeframes (2001-10 and 2010-19). Within each of the

three categories, countries are ordered by percentage point change from 2010 to 2019 (ie, the first country listed
in each category had the largest decrease or smallest increase from 2010 to 2019 within its category). For the
estimated probabilities and change in probabilities with uncertainty intervals see the appendix (pp 44-53). For
results based on cancers, cardiovascular diseases, chronic respiratory diseases, and diabetes in ages 30-70 years see
the appendix (pp 13-14). NCD=non-communicable disease.
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Figure 5: Probability of dying from an NCD between birth and age 80 years in 2019 and change in probability from 2010 to 2019

For change from 2010 to 2019, green indicates a decline in NCD mortality and red indicates an increase. The density plot alongside each map shows the smoothed distribution of estimates across
countries. Countries and territories with no mortality estimates are shown in grey. For the estimated probabilities and change in probabilities with uncertainty intervals see the appendix (pp 44-53).
For results based on cancers, cardiovascular diseases, chronic respiratory diseases, and diabetes in ages 30-70 years see the appendix (pp 54-55). NCD=non-communicable disease.



High-income Latin America East and Central and Sub-SaharanAfrica  Pacific sland nations

western and the Caribbean southeast Asia eastern Europe

1

!

Probablity of dying from an NCD between birth and age 80 years (%)

S & £S5 F OF F OF S OF F OSF £ OF © ©F 5 P
Year

Figure 6: Change in NCD mortality from 2001 to 2019
Each line connects the probability of dying between birth and age 80 years from an NCD for 2001, 2010, and 2019 for one country. For each country, the difference in level between consecutive pairs
ofyears respectively represents change over the intervals from 2001 to 2010 and from 2010 to 2019. Mnmmﬁs:mam:mmm-mommngwumn
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i in ages 30-70years see the appendix (pp 56-57). NCD=non- icable disease. High-i AUS-Australia, AUT-Austria, BEL-Belgium,

CAN-M CHE=Switzerland, CYP=Cyprus, DEU=Germany, DNK=Denmark, ESP=Spain, FIN=Fintand, FRA~France, GBR=United Kingdom, GRC=Greece, IRL=lreland, ISL=keland, ISR=Israel, [TA=Italy,
LUX-Luxembourg, MLT-Malta, NLD-Netherlands, NOR-Norway, NZL-New Zealand, PRT-Portugal, SWE-Sweden, USA-United States of America. Latin America and the Caribbean: ARG-Argentina,
ATG=Antigua and Barbuda, BHS«=The Bahamas, BLZ~Belize, BOL~Bolivia, BRA«Brazil, BRB-Barbados, CHL=Chile, COL=Colombia, CRI=Costa Rica, CUB=Cuba, DOM=Domi Rep ECU=Ecuadk
GRD-Grenada, GTM~Guatemala, GUY-Guyana, HND-Honduras, HTI-Haiti, JAM-Jamaica, LCA-Saint Luda, MEX-Mexico, NIC-Nicaragua, PAN-Panama, PER-Peru, PRI-Puerto Rico, PRY-Paraguay,
SLV=El Satvador, SUR=Surii TTO=Trinidad and Tobago, URY=Uruguay, VCT=Saint Vincent and the Grenadines, VEN=Venezuela. East and southeast Asia: BRN=Brunei, CHN=China, IDN=Indonesia,
JPN-Japan, KHM-Cambodia, KOR-South Korea, LAO-Laos, MMR-Myanmar, MYS-Malaysia, PHL~Philippines, PRK-North Korea, SGP-Singapore, THA-Thailand, TLS~Timor-Leste, TWN-Taiwan,
VNM=Viet Nam. Central and eastem Europe: ALB=Albania, BGR=Bulgaria, BIH=Bosnia and Herzegovina, BLR=Belarus, CZE«Czechia, EST=Estonia, HRV=Croatia, HUN=Hungary, LTU=Lithuania,
LVA-Latvia, MDA-Moldova, MKD-North Macedonia, MNE-Montenegro, POL-Poland, ROU-Romania, RUS-Russia, SRB-Serbia, SVK-Slovakia, SVN=-Slovenia, UKR-Ukraine, South Asia:
AFG=Afghani BGD«Bangladesh, BTN«Bhutan, IND=India, LKA=Sri Lanka, NPL«Nepal, PAK«Pakistan. Central Asia, Middle East and north Africa: ARE«United Arab Emirates, ARM=Armenia,
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Sub-Saharan Africa: AGO=Angola, BDI=Burundi, BEN=Benin, BFA~Burkina Faso, BWA~Botswana, CAF-Central African Republic, CIV-Cote o ivoire, (MR- Cameroon, COD=DR Congo, COG=Congo
(Brazzaville), COM-Comoros, CPV=Cabo Verde, DJI-Djibouti, ERI-Eritrea, ETH«Ethiopia, GAB«Gabon, GHA«Ghana, GIN-Guinea, GMB-The Gambia, GNB-Guinea- Bissau, GNQ-Eq ial Guinea,
KEN=Kerya, LBR=Liberia, LSO=Lesotho, MDG=Madagascar, MLI=Mali, MOZ~M: ique, MRT=Mauritania, MUS=Mauritius, MWI=Malawi, NAM=Namibia, NER=Niger, NGA=Nigeria, RWA=Rwanda,
SDN-Sudan, SEN-Senegal, SLE-Sierra Leone, SOM-Somalia, SSD-South Sudan, STP-S530 Tomé and Principe, SWZ-Eswatini, SYC-Seychelles, TCD-Chad, TGO-Togo, TZA-Tanzania, UGA-Uganda,
ZAF=South Africa, ZMB=Zambia, ZWE=Zimbabwe. Pacific Istand nations: FJl=Fiji, FSM=Fi States of Micronesia, KIR=Kiribati, PNG=Papua New Guinea, SLB=Solomon Istands, TON=Tonga,
VUT-Vanuatu, WSM-Samoa.
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Panel 2: Country case studies*

Varying performance in high-i ri
Females and males in the USA had the smallest declines in the
probability of dying from a non-communicable disease (NCD)
bqueaomﬁunmowmgdww»m

had the

decade. Among cancers, mortality from lung cancer, which
declined in the USA, increasad in German females from 2010
0 2019 to a larger extent than in most other high-income
western countries.
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h of
d some of

largest slowdowns in NCD ity declin wpared with the

I with the USA and Germany, Norway and Sweden
had two of the largest declines in the probability of dying from
mnmwmqebymmmocomo,-ddmw

Top ety Ere dacdi

first decade of the millennium, reaching near-stagnation in the
case of males in the USA.

In the USA, NCD mortality declined in most age groups
from 201010 2019 but increased in ages 20-45 years, a rare.
N s 3 s Fovamosal

ty litthe intheir
with the preceding decade. Thtmmdm-ndwmn
Norway and Sweden arose from a few factors. In these
countries, NCD mortality generally declined throughout
working and older ages from 2010 to 2019. In some adolescent
and working age groups, there was an acceleration of NCD

age groups, reg whether MMMBHMRMN&M«W
i d from 2010 to 2019, the change: deteri proge ’—“"USAMWMMZD
IS . The com of small of dasth contsiiurtad b thi I
ducti lity in older ages and its " risein  NCD mortality in Norway and Sweden. There were a few
young aduits and working ages underdies the USA's particularly ions, for example Alzheimer disease and other
poor perf g high-i ’ d and p. ic and liver for one or both

Epidemiologically, the poor performance of the USA from 2010
mmgmhmuadummmﬁlydéﬁ\g
P which ffset by the

1 dael " o

in cancers and

sexes. Although the decline in mortality from some causes of
death was smaller than in the previous decade, the extent of
slowdown in Norway and Sweden was less pronounced than in
the USA and and was comp d for by the

MMMWMMam h

((m)dﬂndfmnmmms. most of these declines
mmnlnlhanhpvndingmummnudm
o ki
wmmuhwdtdmﬁmmommmfmn
the preceding decade, but did not compensate for the
deterioration in changes over time for other causes of death.

Albrhoi 4 A other di T T

of declines in mortality from lung, colorectal,
Mmmdmﬂmmmtm

diabs and it< kidn
24

Progress at low levels of NCD mortality in east Asia

In 2010, Japan had the | bability of dying from an NCD
between birth and age 80 years for both sexes (appendix

PP 15-16). South Korea akso had very low NCD mortality

A ;l.__‘.y fix "-—ley

upmmmnmmukymmmomm

-‘dnwmddlodmwmﬁc
wrhich include dn e (il e ot
mwhumnmwnm
WMMNMMMM
innudmﬁwmlowms"‘ in the previ

han that of all high-i ries for both sexes.
NCD mortality in Japan and South Korea continued to decine
from 2010 to 2019. While the declines in NCD mortality
from 2010 to 2019 in Japan and South Korea were smaller than
mﬂnpmuﬁgd«adtfammwwm

or d fi an increase.

In G NCD lity declined from 2010 to 2019 from
adnlnamwloqeso”usmlamﬂsaqd
Myunmdﬁs-ﬁmwhohdnmlmkm

the USA, these ch d with the
mdedehnmagemhmdmd
death, ci dis had

South Korea' o hat of any

high-in Th i sned dencki g
ty- The

lh&tthbﬁnﬂtﬂiynmmmwmmd
ible even at low
mw.hms,mmmwnmwufu
fermales and third lowest for males in the probability of dying
from an NCD between birth and age 80 years, and South Korea
ked k in the world for females and fourth lowest in the

auﬂa&uhhmﬂa&nw
memoﬁmb/ﬂnd«immmm

world for males.
Japan and South Korea achieved redk i lity in

ler from 2010 to 2019 dwith th every age group from adolescence up to age 80 years for both
previous decade. Furth in ey sexes, and in most causes of death from 2010 to 2019. For
showed geatrdeteroration ovs i in Gemany thanin  exampl,mrtalfty fom ive cances, whichincreasedin most
the USA: in both SEsiEs e g g S N high TR
mortality from 2010 to 2019, but less than in the previous mw“ R P T R R S

(Panel 2 continued from previous page)

Unlike Chile, Jamaica and Peru had increases in NCD mortality
from 2010 to 2019. These increases resulted from a rise in
mortality from most NCD causes of death, including most
cardiometabolic and renal diseases and many cancers, in both
countries for males and in Peru for females. Both countries had
experienced a decline in NCD mortality from 2001 to 2010, and
saw a reversal from 2010 to 2019, with a particularly large

swing from reduction to increase among males in Jamaica. This
was the result of a deterioration of trends (ie, larger increase,
smaller decline, or a reversal from a decline to an increase) for
most NCD causes of death from the first to the second decade
of the millennium.

*Countries In case stud lected from the
of death in figures 7-9.

used for analysis of specific NCD causes
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(Figure 8 continues on next page)



: - |
IR .m;ﬁﬁﬁ:: ,
(T T T Y T T T o T T T T -~
_ , il el ]
! - |
E o :
= ISR PR _=ln. thile

[TTTTTTTE

PP

(LI T

DT DT HIT

e

TIITTTITIT] | o

UNEEERENEN
B “----wa

g fngs

v

oy o g e
s by 02 g gy

B

- g oy n—

n oy s 1y

R L e ]

B e R s )

Rl St

g gt

v gy

- m

S | P

1]

U IR

T P i
el

PR

(Figure 9 contires on next page)



Research in context

Evidence before this study

We searched MEDLINE (via PubMed) for articles published from
database inception up to May 1, 2025, with no language
restrictions, using the following search terms:
(“Noncommunicable Diseases"[MAJR] OR “NCD"[Title/
Abstract] OR “Non-communicable disease*“[Title/Abstract])
AND (“Mortality"[MAJR] OR “Probability of Death"[Title/
Abstract] OR “Death rate**[Title/Abstract])

AND (*Trend*“[Title/Abstract] OR “Change*"[Title/Abstract])
AND (“Global Health"[mh] OR “Country”[Title/Abstract]

OR “Countries”[Title/Abstract] OR “National"[Title/Abstract]
OR “Global"[Title/Abstract] OR “Population-based"[Title/
Abstract]) NOT (Comment{ptyp] OR Editorial[ptyp]

OR Letter[ptyp] OR Case Reports[ptyp]). We identified studies
that reported changes over time in non-communicable

disease (NCD) mortality using national vital registration data or
multicountry and global estimates of mortality. These studies
used several metrics to measure NCD mortality. Most of these
studies analysed one country or focused on one NCD or a group
of related NCDs, and some were only at one point in time. Few
evaluated contributions of different causes of death or age
groups to changes in overall NCD mortality. Two previous NCD
Countdown 2030 papers reported change in NCD mortality
from 2010 to 2016. One of these attributed changes in NCD
mortality to broad groups of causes of deaths (eg, all circulatory
diseases and all cancers). The other used simulation analysis to
calculate how much NCD mortality would decline if deaths
from different conditions changed at the same rate as inwell
performing countries. The primary outcome of these analyses
excluded deaths outside the age range of 30-70years or from
causes other than cardiovascular diseases, cancers, diabetes,

and chronic respiratory diseases. Some papers from the Global
Burden of Diseases, Injuries and Risk Factors Study reported
mortality for NCD causes of death alongside other (non-NCD)
conditions. We did not identify any global study that
systematically compared recent trends in NCD mortality with
those in preceding decades or benchmarked country-level
changes against comparator countries, especially with
attribution to specific NCD causes of death.

Added value of this study

To our knowledge, this is the first analysis not only to report
change in NCD mortality at the national level across time for all
countries but also to benchmark national performance against
each country’s own historical performance and against regional
best performers. We systematically attributed change in overall
NCD mortality, and its variations between time periods and
countries, to specific causes of death and age groups.

Implications of all the available evidence

NCD mortality has improved for most countries, with
heterogeneous magnitudes of change across the world. Many
countries showed a slowdown or reversal of progress earlier in
the millennium. Performance in reducing NCD mortality was
rarely dominated by one NCD cause of death, and often
resulted from a combination of changes in multiple diseases.
Many NCDs with well established interventions and with large
declines in the first decade of the millennium saw a slowdown
or reversal of their decline after 2010. These patterns point
towards underinvestment in and underutilisation of effective
interventions that were rolled out late in the 20th century, or
towards these interventions not reaching people most in need.



Typhoid fever is a life-threatening infection caused by the bacterium Salmonella Typhi. It is usually
spread through contaminated food or water. Once Salmonella Typhi bacteria are ingested, they
multiply and spread into the bloodstream.

TYPHOID
FEVER

white coating
on the tongue

enlarged liver
and spleen

ulcers
_inthe
_intestine




Enteric (typhoid and paratyphoid) fever

Enteric fever, caused by the human-restricted bacteria Salmonella enterica serovar Typhi (typhoid) and Salmonella enterica
serovar Paratyphi A, B, and C (paratyphoid), affects persons residing in, or travelling from, areas lacking safe water,
sanitation, and hygiene infrastructure. Transmission is by the faecal-oral route. A gradual fever onset over 3-7 days
with malaise, headache, and myalgia is typical. Symptoms can be altered by previous antimicrobial use. Life-
threatening complications can arise in the second week of untreated illness. Differentiation from other febrile
illnesses is challenging. Blood or bone marrow culture remain reference standard diagnostic methods, despite the
low sensitivity of blood culture. Azithromycin, ciprofloxacin (excepting cases originating in south Asia due to drug
resistance), or ceftriaxone are recommended treatment options for both typhoid and paratyphoid; however, choice
should be guided by local resistance patterns. Ciprofloxacin-resistant and ceftriaxone-resistant typhoid is common in
Pakistan. Three vaccine types are available for prevention of typhoid disease, including the newer, more effective

typhoid Vi-conjugate vaccines. Vaccination as well as water, sanitation, and hygiene measures are cornerstones of
prevention.



Panel 1: Terminology and definitions

Definitions of drug resistance patterns

Multidrug resistant: resistant to chloramphenicol,
amoxycillin, and trimethoprim-sulphamethoxazole
Fluoroquinolone non-susceptible: reduced susceptibility
to ciprofloxacin (minimum inhibitory concentration
>0-06 mg/L); resistance to nalidixic acid or pefloxacin is a
marker

Extensively drug resistant: resistant to chloramphenicol,
amoxycillin, trimethoprim-sulphamethoxazole,
ciprofloxacin, and ceftriaxone

WHO case definitions

Acute typhoid fever: laboratory confirmation by culture or
molecular methods of Salmonella enterica serotype Typhi
(S Typhi) or detection of S Typhi DNA from a normally
sterile site

Relapse of typhoid fever: laboratory confirmation of

S Typhi from a normally sterile site within 1 month of
completing an appropriate course of antimicrobial
treatment and resolution of symptoms

Chronic typhoid carrier: evidence of shedding of S Typhi
(positive stool culture or PCR) at least 12 months after
finishing an appropriate course of antimicrobial
treatment and the resolution of symptoms following a
laboratory-confirmed episode of acute disease or

two stool samples 12 months apart positive for S Typhi
Convalescent carrier: evidence of shedding of S Typhi
(positive stool culture or PCR) 1-12 months after finishing
an appropriate course of antimicrobial treatment and the
resolution of symptoms following a laboratory-confirmed
episode of acute typhoid fever

Suspected case of typhoid: fever for at least 3 out of

7 consecutive days in an endemic area or following travel
from an endemic area, or fever for a least 3 out of

7 consecutive days within 28 days of being in household
contact with a confirmed case of typhoid fever
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Figure 1: Age-standardised incidence and mortality of enteric fever
Age-standardised incidence (panel A) and mortality (panel B) of enteric fever in 75 endemic countries, per data
from 2021. Reproduced from Piovani et al,* by permission of the authors.
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‘ « Poor appetite « Febrile seizures
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intestine epithelium and Peyer's L
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bone marrow) via lymph and » Myocarditis
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i « Abdominal pain » Endocarditis
Systemicintracellolar infection of Gall bladder colonised by bacteria. :A, lbd°'"'"a' B
the reticuloendothelial system. Bacteria pass via bile back into the 233
After incubation period, |_» smallintestine. Basis for «Vomiting Renal
secondary bacteraemia and onset convalescent and chronic faecal +Anorexia « Cystitis
of symptoms shedding « Constipation « Nephritis
‘ ‘ . Diarrhpea i « Acute kidney injury
« Intestinal perforation
Persistent bacteraemia leading to Secondary exposure of Peyer’s « Gastrointestinal bleeding
systemic symptoms and high patch to bacteria can lead to
fever necrosis, bleeding, and Haematological
perforation with peritonitis « Anaemia
J Liver, spleen, and gall bladder « Thrombocytopenia
Figure 2: Stages in the pathophysiology of enteric fever + Hepatosplenomegaly » Disseminated intravascular
« Hepatitis coagulation
« Jaundice
« Cholecystitis
« Chronic faecal carriage
Other
« Rose spots
« Septic arthritis
» Osteomyelitis
« Focal abscess (eg, parotitis,
brain, spleen, and kidney)
Figure 3: Typhoid-related intestinal perforation and diseased gall bladder

(A) A single perforation in the terminal ileum of a child in Viet Nam seen at
laparotomy due to typhoid fever infection. (B) Diseased gall bladd d Figure 4: Signs, symptoms, and complications in enteric fever

from a Nepalese patient with chronic faecal carriage; Salmonella enterica serovar Common signs and symptoms in black, complications in red.
Typhiwas isolated from the gall bladder contents. ECG.eIe(tro(ardiogram_



Panel 2: Clinical case

A male health-care worker in India, aged 34 years and
previously well, presented to a hospital in south India with

5 days of fever up to 39°C, rigors, myalgia, and anorexia.
There was no history of abdominal pain, nausea, vomiting,
diarrhoea, cough, dyspnoea, altered sensorium, seizure, or
focal neurological deficits. He had no recent travel and had
not consumed street food. His temperature on admission
was 37-7°C, pulse 110 beats per minute, blood pressure
110/80 mm Hg, respiratory rate 20 breaths per minute, and
Glasgow Coma Scale score of 15. Systems examination was
normal, with the exception of a coated tongue. The patient
was admitted, started on empirical treatment with 1 g of
azithromycin once daily and intravenous paracetamol. His
laboratory testing reported C-reactive protein of 92-5 mg/L
(normal range <5 mg/L) and normal complete blood count,
liver transaminases, urea, and creatinine. Rapid diagnostic
tests for scrub typhus, malaria, microfilariae, and dengue
were negative. A chest x-ray and abdominal pelvic ultrasound
were normal. His blood culture was positive after 14 hwith a
Gram-negative bacillus seen on microscopy; the isolate was
subsequently confirmed to be Salmonella enterica serovar
Typhi, susceptible to azithromycin and ceftriaxone and
resistant to ciprofloxacin. The patient continued with
azithromycin and remained febrile until day 4 of admission.
Azithromycin was continued for a total of 7 days, at which
point the patient was discharged having made a full recovery.

First-line treatment

Alternative treatment

Uncomplicated enteric fever
Unknown susceptibility Azithromycin, 20 mg/kg per day,
7-10days
Fully susceptible Ciprofloxacin, 20 mg/kgperday,  Chloramphenicol®, 50-75 mg/kg per
7-10days day, 14-21 days; amoxicillin,
75-100 mglkg perday 14-21days;
thoxazolet,
8—40 mgﬂ(g perday$ 14-21 days;
cefixime, 20 mg/kg per day,
7-14 days; ofloxacin 10-15 mg/kg
per day, 7-10 days; levofloxacin
10-15 mg/kg per day, 7-10 days
Multidrug resistant§ Ciprofloxacin, 20 mg/kg perday,  Cefixime, 20 mg/kg per day,
7-10days 7-14 days; azithromycin, 20 mg/kg
per day, 7-10 days; ofloxacin
10-15 mg/kg per day, 7-10 days;
levofloxacin 10-15 mg/kg per day,
7-10 days
Fluoroquinolone non- Azithromycin, 20 mg/kg perday, -
susceptibleq] 7-10days
Extensively drug resistant]| Azithromycin, 20 mg/kg per day,
7-10days
Severe ric fever requiring p. | treatment** t1
Unknown susceptibility Ceftriaxone, 50-75 mg/kg per day, -
10-14 days
Fully susceptible Ciprofloxacini$, 20 mg/kg per Ceftriaxone, 50-75 mg/kg per day,
day, 10-14 days 10-14 days
Multidrug resistant§ Ciprofloxacini4, 20 mg/kg per Ceftriaxone, 50-75 mg/kg per day,
day, 10-14 days 10-14 days
Fluoroquinolone non- Ceftriaxone, 50-75 mg/kg perday, Azithromycin§s, 20 mg/kg per day,
susceptibley] 10-14 days 10-14 days
Extensively drug resistant|| Meropenem, 60 mg/kgperday,  AzithromycinSs, 20 mg/kg per day,
10-14 days 10-14 days
Culture and susceptibility result often unavailable; empirical shoukd be based on regional knowledge of
susceptibility p *Can cause bone ppression, oral route prefe e,
alugtrexnomandmphmwamy notsuiubledmng, g ovfov*“ g m-uzyeuxtamylng

o chlk N

thoprim and 40 mg/kg sul

| ammyciin, trimeﬁ\opvin-

sulphamethoxazole. ‘Nowumepubbwq;mﬂmxn(nﬁdmcxldw ot_r by
dnsktesung”lﬂsastantw P anmyalm, imett iph ! flaxacin, and

i **Ini rforati i wmumrmrmwmmmwnd
baaemﬁlnm!yphod'r i ‘by“' btundation, coma, or shock) d can be beneficial,
one 3 mg/kg dosed infused i ly over 30 min, followed by eight doses of 1 mg/kg every 6 h.
$$0floxacin and levofloxacin are effective alternatives. §§Consider combini P with azith C

e

Table 1: Antimicrobial treatment options for enteric (typhoid and paratyphoid) fever




Mechanismandtype  Doseand Eligible persons Protective efficacy*
route
Ty21a Live attenvated, Ty2  3or4oral Age =6 years; 43% (30-55) at
strain of S Typhi doses on immunocompetent  1-Syearst
alternatedayst non-pregnant
Vi-PS Purified Vi capsular Single Age =2 years 58% (44-69) at
polysaccharide of Ty2  injection 1-3yearsi
S Typhi strain
TCV (Vi-TT) Subunit, Vi capsular Single Age 6 months to 83% (77-88) at
polysaccharide linked  injection 65 years 1-2 years§;
to tetanus toxoid 78% (66-86) at
4 yearsy[;
54% (13-76) at
3-Syears||
TCV (Vi-DT) Subunit Vi capsular Single Age 6 months to Pre-approval based
polysaccharide linked  injection 45years on immunogenicity
to diphtheria toxoid data**
TV Subunit Vi capsular Single Age 6 months to Pre-approval based
(Vi-CRM,,;) polysaccharide linked  injection 45years on immunogenicity
to CRM,,, data**

S Typhi=Salmonella enterica serotype Typhi. *Data are percentage (95% Cl). tCanada and the USA recommend a
4-capsule course. $Systematic review and meta-analysis, calculated as: (1- risk ratio) x 100%.* §Randomised controlled
trials and adjusted cluster randomised controlled trial, calculated as: (1-incidence rate ratio) x100%.° iRandomised
controlled trial in children in Malawi.™ ||Extrapolated medium-term efficacy from a cluster randomised controlled trial
in Bangladesh.* * *WHO prequalified vaccines.”™

Table 2: Current prequalified vaccines for typhoid fever

Conclusions

Case management of enteric fever remains challenging.
Current diagnostic tests for acute enteric fever do not
have the diagnostic accuracy to be reliably used at the
point of care, resulting in overuse of antimicrobials and
empiric treatment.®* A cheap, reliable, and accurate
enteric fever diagnostic would provide a step change in
treatment and disease control.'? There is a looming
threat of further antimicrobial resistance, and steps to
prepare with data on the efficacy of alternative
antimicrobials for treatment are needed.” " Effective
antimicrobial treatments are needed that cure
symptoms but also stop shedding of bacteria in faeces
that drives onward transmission.? Considering the
high level of adaptation of these bacteria to a narrow
niche, with humans the only natural host and
reservoir,” the deployment of typhoid conjugate
vaccines, strengthening of WASH infrastructure,
development of accurate point of care diagnostics,
provision of effective antimicrobial regimens, and novel
approaches to the detection and treatment of chronic
carriers, could make the elimination of enteric fever an
achievable goal.'®



An oncolytic virus is a virus, naturally occurring or genetically modified, that selectively infects and destroys
cancer cells while leaving healthy cells unharmed. This process, known as oncolysis, triggers an immune
response against the tumor cells, acting as an "in situ" or tumor vaccine. Oncolytic viruses can be used in
conjunction with other cancer therapies, and their ability to deliver therapeutic agents or stimulate the immune
system makes them a promising approach in cancer treatment.

DELIVERY CANCER SPREAD IMMUNE TCELL DISEASE
Virus infects KILLING ..Virus progeny is ACTIVATION BOOSTING CONTROL
cancer cells ...causing released, enabling ...released tumor ..triggering a cellular ..T cells kill distant/
and replicates... cancer cells to the infection to antigens are presented anti-tumor immune uninfected tumor cells
burst (lysis)... propagate... to immune cells... response... resulting in tumor

clearance...
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Oncolytic viruses as anticancer agents: clinical progress and
remaining challenges

Immunotherapy has transformed the treatment of cancer, yet many patients do not have response or lasting benefit.
Strategies to overcome resistance remain of crucial importance. Oncolytic viruses offer a promising approach, with
the unique ability to selectively replicate within (and to destroy) cancer cells, remodel the immunosuppressive
tumour microenvironment, and stimulate antitumour immunity. Interest in the potential of oncolytic viruses has
grown steadily over the past two decades, fuelled by advances in cancer immunology and viral engineering.
However, clinical translation has not kept pace, and although a plethora of promising new constructs have entered
clinical testing, several barriers continue to restrict widespread clinical implementation. This Therapeutics
paper highlights key milestones in oncolytic virus clinical development, discusses the challenges that remain, and,
through clinical reflection, considers how future research might be streamlined to achieve meaningful benefit for
patients.
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Redirecting T cells
Oncol ding bispecific T-cell engagers
S =
lndnﬁlgm'l'eds lphnmmwv Engineered anticancer
{ / -l-l-“mg Oncolytic viruses in combination
(q'u;,) with transferred
anticancer T cells such as CART cells

viral
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and APC
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Figure 2: Antiviral versus antitumour immunity—redirecting the antiviral immune response

Oncolytic viruses are, primarily, viruses rather than inert immunotherapeutic agents. To generate a response within a tumour there is a delicate balance between the
M&hmmrspomeagﬂmﬂnvimmmmw The antiviral response is heavily evolved and efficient and often occurs quickly to facilitate pathogen
dearance. Itis iated with often i inant viral antigens, rapid expansion of (D4 and CD8 T cells and initiation of a B-cell or antibody response.
Antitumour immunity classically occurs more slowly, is often associated with subdominant tumour antigens (many of which are tolerised, self-antigens) and escape
variants. There is frequent T-cell exhaustion within the tumour mic i and trafficking and systemic expansion might be less efficient than viral immunity.
Tl'uemelementsofoverhwhunnmrdmmmm@tpmmdmwﬁdd&aﬂuabmmhﬁgdwukﬁ
T-cell re-educati g. Several strategies aim to exploit the more effective
nmour-cdlkllingThseWMMW“(M&MMMWT«lmaWB)MdMﬂwMQIn
vaccine strategies, that use the oncolytic virus-inflamed tumour microenvironment for more effective priming. APC=antigen-presenting cells. BITE=bispecific T-cell
engager. CAF=cancer associated fibroblasts. CAR=chimeric antigen receptors. DAMP=damage-associated molecular patterns. MHC=major histocompatibility
complex. PAMP=pathogen-assodiated molecular patterns. TCR=T-cell receptor. TME=tumour microenvironment.




Delivery Backbone Modifications

T-VEC Intratumoural HSV-1 ICP34.5 deletion; ICP47 deletion; GM-CSF insertion

Teserpaturev Intratumoural HSV-1 ICP34.5 deletion; ICP47 deletion; ICP6 inactivation

RP1 Intratumoural HSV-1 ICP34.5 deletion; ICP47 deletion; GM-CSF insertion; GALV
insertion

RP2 Intratumoural HSV-1 ICP34.5 deletion; ICP47 deletion; GM-CSF insertion; GALV
insertion; encodes CTLA-4

CAN-3110 Intratumoural HSV-1 Retains one copy of ICP34.5 under control of nestin
promoter

T3011 Intratumoural HSV-1 One copy of ICP34.5 deleted; retains ICP47; IL12 and anti-
PD-1 monoclonal antibody insertion

CAN-2409 Intratumoural Replication-defective adenovirus  Encodes HSV-thymidine kinase

Nadofaragene firadenovec Intravesical Replication-defective adenovirus  DeliversIFNa2b

Cretostimogene grenadorepvec  Intravesical Adenovirus (AdS) Promoter for viral replication under control of E2F; GM-
CSFinsertion

Tasadenoturev Intratumoural Adenovirus (AdS) RGD insertion; E1A deletion

Igrelimogene litadenorepvec Intratumoural or intravenous  Adenovirus (chimericAdS-Ad3)  Modified fibre protein to avoid neutralisation; encodes
TNF and IL-2

CAdVEC Intratumoural Adenovirus and HD-Ad Encodes IL-12 and anti-PD-L1 antibody

Vocimagene amiretropvec Intratumoural Replication-competent Encodesyeast cytosine deaminase (prodrug activating)

retrovirus

Pelareorep Intratumoural Reovirus Unmodified

Pexastimogene devacirepvec  Intratumoural Vaccinia virus Thymidine kinase gene-inactivated; GM-CSF insertion

H-1 parvovirus Intratumoural or intravenous  Parvovirus Unmodified

Ad3=ade ype 3.AdS serotype 5. HD-Ad=helper-dependent adenoviral vectors. HSV-1=herpes simplex virus type 1. T-VEC=talimogene laherparepvec.

Table 1: Examples of viral agents under clinical development




Panel 1: Clinical considerations—lessons learned from the approval of talimogene
laherparepvec and beyond

Treatment earlier in the course of disease

Subgroup analysis of the OPTiM phase 3 study evaluating talimogene laherparepvec
(T-VEC) in advanced melanoma showed that 92% of patients with complete response
had earlier stage disease (stage lllb to stage IVM1a vs stage IVM1b or IVM1c), providing
rationale for the use of oncolytic viruses earlier in the disease course.** Clinically,
adenoviral vector nadofaragene firadenovec (Adstiladrin; Ferring Pharmaceuticals,
Bridgewater, NJ, USA) has been approved for the treatment of early non-muscle invasive
bladder cancer, and neoadjuvant T-VEC has shown promise in melanoma and triple
negative breast cancer, with several other neoadjuvant oncolytic virus studies underway.
With well documented safety and tolerability, including in combination with
chemotherapy and immunotherapy (which are now established pillars of neoadjuvant
therapy), further evaluation of the efficacy of oncolytic viruses in early stage disease is
warranted.

Treatment for patients at high risk of therapeutic morbidity

The approval of T-VEC has enabled real-word studies evaluating oncolytic virotherapy in
patients who would conventionally not be represented intrial cohorts (eg, advanced age
or significant comorbidities). Therapeutic regimens such as dual immune checkpoint
inhibitors are associated with substantial morbidity, and older age (age >75 years), or
poor Eastern Cooperative Oncology Group performance status (>2) are negative
prognostic indicators. Real-world studies of T-VEC have shown safety in older cohorts
(eg, median age 83)” with low rates of adverse events, and case reports have shown
safety of T-VEC in patients with heart and renal transplants. Oncolytic herpes simplex
virus-1 RP1 was also shown to be well tolerated in recipients of solid organ transplants
with advanced cutaneous malignancies. Oncolytic viruses could therefore be an appealing
therapeutic option for those with comorbidities, older age, or poor performance status.

Consideration of dose scheduling and choice of combination

T-VEC did not show clinical benefit in combination with anti-PD-1 agent pembrolizumab
in the phase 3 MASTERKEY-265 study, despite promise in early-phase studies.! This (and
other trials of immune checkpoint inhibitors in combination with oncolytic viruses)
highlighted the potential importance of dose scheduling. In this study, agents were
delivered concomitantly, whereas previous early-phase trials used a sequential approach.
Few preclinical studies (and no clinical studies) have evaluated scheduling comparisons;
however, concomitant therapy could favour a dominant viral response, or lead to
inhibitory inflammation. Optimal scheduling is also a consideration for incorporation of
immunomodulatory transgenes, leading to expression at the same time in the same
biological space. Further, MASTERKEY-265 opted for a combination with pembrolizumab
(anti-PD-1), while T-VEC in combination with ipilimumab had also shown promise ina
comparative phase 2 study versus ipilimumab alone. The right immune checkpoint
inhibitor in the right context remains to be elucidated, and a focus on deeper translational
understanding of complex combinations within early phase studies will be imperative to
streamline effective clinical translation.

Viral agent Approvallocation (year)  App Registry studies
Andtbacka et al Talimogene laherparepvec  USA (2015); Europe (2015);  Unresectable stage llib to Phase 3; DRR 19-3% (57 of 295 patients) for
(2015).* (T-VEC) and Israel (2017) stage IV melanoma T-VEC vs 1.4% (2 of 141 patients) for GM-CSF
Andtbacka et al (unadjusted odds ratio 16-6; 95% O
(2019)* 4.0-69-2; p<0-0001); ORR 31.5% for T-VECws

Todoetal (2022)* Teserpaturev Japan (2021) Refractory high-grade glioma

Boorjian et al Nadofaragene firadenovec USA (2022) BCG-non-responsive NMIBC
(2021)% (Adstiladrin)

CRecomph pomse. DRR=durable resp

survival,

6.4% for GM-CSF; median 05 23-3 months
(95% C119-5-29-6) vs 18-9 months for
GM-CSF (95% (116-0-237)

Phase 2; median PFS 4.7 months (95% CI
3:3-6-1); 1-year survival 84.2%

(16 of 19 patients, 95% 1 60-4-966);
median 0S 202 months (95% €1 16-8-23.6)

Phase 3; CR 53.4% (55 of 103 patients) at
3 months; maintained in 25 (45:5%) of
55 patients at 12 months

Table 2: T-VEC and beyond—viral agents approved since 2015
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cell carriage
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Figure 3: Oncolytic viruses in combination with other treatment modalities

Oncolytic viruses do not have universal therapeutic potency as single agents; however, they are well tolerated, with
non-overlapping side-effects, and have diverse effects on the tumour microenvironment, making them an
appealing addition to the therapeutic armoury when used in combination with other treatments. Combinatorial
strategies currently under investigation include immunotherapy, conventional chemotherapy, cancer vaccines, cell
therapy, and targeted therapy. More research is needed, including translational mechanistic readouts from clinical
trials of combinations, to evaluate where oncolytic viruses as a tool might be applied most effectively. With broad
and ever-complex combinations, questions such as scheduling become of paramount importance, and testing this
huge variety of constructs, combinations, and schedules in a clinical setting remains a challenge.



Agent Phase Disease setting Key autcoemes.
Oncolytic virsses as monotherapies
v
Serveret 4 (20098 TNEC 2 Stage Ik to stage NM1C melanoma ORRwars 268 (1 at 1year 9%
for betareen 7 monthn and 31 months.
Andtbacka et o TVEC 3 Stage i to IV metinoma m-lsn(vdmp-nqhnumumuwmu
(2005) Andtbacka 166 !S‘OIO“I;M
tapony” mMIIu'VK 6.4% for GM-CSF:
(5% 01195296) v 38 "’DS!OMOHR
median teve 10 (R was 8 6 months
Stahileetal (2022)°  TVEC Meta Stage b0 stage IV mebnoma h?.hmwn:manammdmmmo
analysis %5 (18100 C141-82: foe stage
(gt tage CRwars 4% (siwod a2
prevany o% (120135 Qs all stoches had
Severe adverse events (grade 3-4)
Durmewe ot 4 TVEC 2 Neoadjvant reuctablestageto  pCRWas 17.1% for TYEC 76 2-year RFS wan 29 5% for TVEC v 16 5% for
(o0 stage VML melanoma S 8% Q Jyears: resporee
mmwmm
Tedoet M(2022)"  Teserpaturer w High-geade ghoma 3 73 menths (95% (16.2-15. Bday
Ve ]
Ungetal 023"  CAN-3110 1 Recument ghoblustoma Single arm, m- 41 patients; median 05 was 13 6 months (95% €1 7.8-14.9);
A95157)w7 8
Adenoven
Klazssen (20247* Cretostimogene: 3 BOG unvesponsive Ngh dsk non musde (R wan 75.2% (75 0f 102 patients) at any time in the study
grenadosepvec Invanive bladder cancer
Boogjlanet ¥ e 3 [ Rwas 53 Jmontt,
ony Bladder cancer 55% (2555
‘was the Mot common grade 3or grade 4 TRAE (2 of 157 patients)
van Rtten ot & Taadetotorey 1 Recument gcblntoma mm—nmmmmosummmum
(022 057 years) 05 »6 3% (s of
25 years and another &t 75 yean
Rephcation competent retrovies
Cloughesy et 3 Vodkmagene 203 High-grade ghoma 7 Py
020y AeetronepVes
Broviees
Savoon et ¥ Pelveorep 1 Prien 7 T g
(2038 expression and PD-3-FOL1 ads.
Vaconkavins
Sancn et ¥ Pexa-Vec Bulogual . 22% (two of
o~ eadpont bere
fewon
Oncolytic virunes In combination therapy
(heckpoint dockade
Rbwsetal (200)* TVECphs » Advanced melanoma ORSwas 6% (1301 21 patheonts), CRwas J3% (7 0f 21 pathents); response wis.

Chesney et & (2023 TVECphn

Chesney et al
QoiB*

Harriogton et &
Qo
Robert et 8 (2024)"

TVEC phos piimumaty

TVECphs

peembeoinumab
TVECphon
pembeoknuma

Stage 110 1o stage M1 melnoms

Stage I 10 stage IV meancma

assockted with IFNY gene expeession, PO-L1 expeession, and (D8 nfitration was.
cheated ater seatment

48.6% (168 of 346

ol

grade 3 or highes
9

£1.3% (14300 346
3% (143

18% (180f

18 2% patients in

ORRwas 39% (38

atel

o higher TRAE in45% y
had iplesurab skone

PRwis 13.9% (5 of 36
e 3 was et pursied

3 moeths (95% €1 205 8

progrestion following aduant By )

R 38%
950 C102-320) 533%
5% 01 26.6-78 7, 46 7% (recurrence »6 months after adprant antiPO.1;
SSRAN 3734

95%C101-196) 67% (xquired reststancet.
% i F01

Agent Phase Disease setting Key outcomes
(Continued from previous page)
Wongetal (2025)°  RP1 phos nivolumab 12 PD-1 refractory melanoma =140 patients; ORR was 32-9% (5% (1 25-2-41-3): (Rwas 15.0%; median
duration of response 337 months; 05 at 2 years 63-3% (95% 1536-71.5)
Narssiri et al (2023)*  Tasadenoturev s 12 Rearent glioblastoma =49 patients: ORR was 10 4% (95% (1 4.2-20.7): 05 at 12 months was
pembrolirumab 52.7%: median 0S5 was 12.5 months (95% (1401-69.2)
Sccoetal (2023)°  RP2 plus nivolumab 1 Refractory uveal mefanoma ORR was 28 6% (4 of 14 patients); y pr istorical
sdies P - similar cohort
Gytokines
Jietal (20230 301 L2 1 ORR was 1% (six of 55 patients); no dose limiting toi effects; grade 3 or higher
and anti-PD-1 monodional TRAE In 2.2% (two of 90 patients)
antibody)
Santos et al (20230 igeelimogene 1 Advanced sold tumours. Disease control in 22% (two of nine patients). including PR in 11% (ome of
Ktadenorepvec (encoding nine patients)
L-2andTNF)
(hemotherapy or radiotherapy
Amoid et al (2023)*  Palareceep phs. 12 Pancreatic cancer ORR was 62% (eight of 13 patients). confirmed OR 53%
gemitabine-nab-
padlitaxe in combination
with atezolrumab
Soliman et al T-VEC 1) 2 stage Il cestage M triple  pCR rate was 45-9%: 2-year disease-free rate was 8%
(2023 chemotherapy negative breast cancer
Clark et al (2025)  Palarecrep phos paclitacel 2 Hormone receptor positive breast w(xsmhmnummmmmwm
and avelumab canxer group, and theee
mmwwmk 25 6.4 months
121 months (paciitaxel plus palaceceep). and 5-8 months (pacitacel plus
palareorep plus avelumab), ORR was 20% (three of 15 patients in pacitaxel group).
31% (five of 16 patients P group). and 14% (two of
14 patients s
Candel Theapeutics  CAN-2409 plus 2 1 28-8 monthsin p apy v
(2024)% vatacyclovir pius p ductal 125 months
chemoradiotherapy
Monga et ¥ (2021)*  T-VECp Wor2 dj s0ft tissue sarcoma No dose- q effects: prog (2 P
radiation therapy
9 P 1 Difuse intrinsi poeti 178
Lamayaet al (2022)"  radiotherapy Mm#ﬂ}llmﬂ
Towmonde et al Pexastimogens 2 Scoma E systemi pat peogr free at
o2y devacirepvec phus 6 months; tumon shrinkage on MBI in 75% (nine of 12 patients)
Targeted agents
Abou-Alfact Pexastimogene 3 127 months (95% (1 9.89-14 95) in patients who had
(023" devacirepvec plus combination thesapy vs 140 months (94% €1 11.01-18 00) in patients who had
soeafenid soeafenib akone. early study ty; 53:7% (117 of
8 pati ch apy vs 355%
770t 217 pa =TT
Cell carriage
Fareset A (2021)"  Adenowieus AdS NSC- 1 after o colls: median PFS was 505 months; median 05 was
PALS-pk7 resection; treatment with radiotherapy I&Qnmnh&(mdum
and temozclomide was initiated within
10-14 days
AV DRR-durabl HE. ORR: o5 ey s PFS. Fie 3




Panel 2: Optimising patient selection: Tumour subtype
and biomarkers—patient selection

Predicting which patients will have dramatic and durable
responses to oncolytic virus therapy remains a challenge.
However, subgroup analysis of clinical trials is beginning to
elucidate select populations who might benefit. This warrants
further trials based on individualised tumour phenotype
rather than broad cancer type, with deep, translational
readouts to aid biomarker discovery and patient selection.
For example, patients with head and neck melanoma were
seen to have greater benefit with talimogene laherparepvec
therapy than the overall study cohort,*** and patients with
IDH1 mutant high-grade glioma had a higher rate of
response to vocimagene amiretrorepvec (Toca 511) than
patients with IDH1 wild type high-grade glioma.” Interferon
signalling defects have also been associated with resistance
to checkpoint therapy, but susceptibility to oncolytic viruses
such as herpes simplex virus-1 and vesicular stomatitis virus
in preclinical models.*”More research is needed to
understand mechanisms of response and resistance to begin
to better stratify patient selection.

Conclusions and future directions
Despite considerable challenges over the last two decades,
oncolytic viruses continue to offer considerable promise
to the field of oncology. Established and emerging data
from the use of T-VEC, along with other virus platforms
and encoded transgenes, are providing new insights into
patient response, and the number of strategies under
development is growing exponentially. Oncolytic viruses
continue to be safe and well tolerated, and there is
increasing evidence to support their application in
particular settings, including in earlier-stage disease.
Methods for seamlessly integrating basket-style trial
design into the evaluation of novel agents has been
proposed in other settings and could help shorten
oncolytic virus clinical timelines. However, this should
proceed alongside a preclinical and translational
commitment to deeper understanding of the biology of
viral therapies in patients. Thus, future careful
integration of artificial intelligence, machine learning,
and biomarker modelling will be helpful in the analysis
of multiomic, longitudinal translational data from
clinical trials, to enable construction of cross-tumour
biomarker classifiers which might lead towards adaptive
personalisation = of  virotherapy-based  treatment
schedules.



Solid-state hydrogen storage

involves binding hydrogen within a solid material, such as metal hydrides, carbonaceous materials, or metal-organic
frameworks (MOFs), rather than compressing it as a gas or liquefying it. This method offers enhanced safety by
eliminating the risk of leaks, high hydrogen storage density through volumetric packing of individual hydrogen atoms,
and the potential for lower energy consumption and simpler infrastructure compared to conventional methods. The

stored hydrogen can be released by altering temperature and pressure, allowing for a reversible process with broad
applications in transportation, energy, and beyond

Hydrogen Refueling Stations On-Board Vehicular Ein Hydridion ist ein negativ geladenes
Wasserstoffion mit der Formel H~, das ein
zusatzliches Elektron zu einem neutrale
Wasserstoffatom aufgenommen hat. Es
ist ein starkes Reduktionsmittel und — Ngeecton
findet sich hauptséchlich in ionischen s .

Hydriden, die durch die Reaktion von

Wasserstoff mit stark elektropositiven PR
Metallen wie Natrium oder Kalium
o gebildet werden. Beispiele flir ionische —
Solid-State Hydrogen Hydride sind Natriumhydrid (NaH) und
Storage ' ) Kaliumhydrid (KH).
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A solid electrolyte is a solid-state material, like a
polymer, oxide, or sulfide, that conducts ions while being
an electron insulator and a mechanical separator.

primarily hampered by a lack of safe and compact hydrogen
storage. Hydrogen is often stored as compressed gas or
cryogenic liquid, which requires high pressures or extremely
low temperatures. Metal hydrides—compounds in which
hydrogen is chemically bonded to solid metallic or intermetallic
hosts—can store hydrogen with a high volumetric density. The
inherent thermodynamic stability of these solidstate storage
compounds provides safety but also requires impractically high
temperatures for hydrogen release. Hirose et al. report an
approach that electrochemically “pumps” hydrogen in the form
of hydride ions (H—) through a solid electrolyte into or out of a
metal hydride. This elegantly circumvents the requirement of
high temperature to free hydrogen from the metal hydride,
offering a pathway to harness high-capacity hydrogen storage
under practical release conditions.

The Nernst equation—a central formula for calculating
electrochemical cell potential under a given condition—also
illustrates how a small voltage equates to many orders of
magnitude change in hydrogen gas pressure, generating a large
driving force for hydrogen exchange



Hirose et al. developed a solid electrolyte by compositional
tuning of a pseudo-ternary system in which barium, calcium,
and sodium atoms form a compound with hydrogen atoms.
This electrolyte exhibited good hydride ion conductivity (~2
x 10-5 S/cm) at room temperature, low electronic
conductivity (1.3 x 10-9 S/cm), and stability over a suitably
wide voltage range. The hydride-conducting electrolyte was
sandwiched between a hydrogen-storage electrode and a
counter electrode that delivered hydrogen gas to a reservoir
(see the figure). This solid-state electrolyte could reversibly
insert and extract hydride ions into and out of a diverse
array of metal hydrides (such as TiH2, MgH2, NaAlH4,
LiAlH4, NaBH4, and NaH) at moderate temperatures (60° to
100°C). Notably, magnesium hydride and sodium aluminum
hydride electrodes achieved reversible hydrogen adsorption
capacities that are close to their theoretical values,
maximizing the full storage potential offered by these
materials. At 90°C, the electrochemical cell with a
magnesium hydride electrode achieved reversible hydrogen
storage over 10 cycles (charge and discharge) at >99% of
theoretical capacity (~2020 mA-hour/g), although at rather
low charge and discharge rates. This achievement
demonstrates the feasibility of the electrochemical approach
to metal hydride hydrogen storage.

Electrochemical delivery of hydrogen

Metal hydrides can store hydrogen safely with a large volumetric density,
but their inherent stability requires impractically high temperatures to

release the stored hydrogen for use. A solid-state electrolyte can
reversibly insert or extract hydrogen from the hydride at moderate
temperatures (60° to 100°C) under an electric potential.

Solid
electrolyte
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electrode

Metal hydride
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Hydrogen gas is driven across the solid
electrolyte as hydride ions, which are inserted
into the metal hydride electrode for storage.



Hydride ions are extracted from the
metal hydride electrode and then combine to
form hydrogen gas at the counter electrode.

The study of Hirose et al. opens new directions to overcome the
impractically high temperature requirements imposed by high-capacity
metal hydride—based hydrogen-storage systems. Magnesium hydride
has a theoretical gravimetric hydrogen-storage capacity (the amount of
hydrogen that can be held per total mass) of 7.6 wt %, and much of this
capacity was successfully accessed. However, the overall
electrochemical cell configuration achieved a capacity of only 0.11 wt
%. This is due, in part, to the thick, heavy solid-electrolyte layer (~450
um) and a low active material ratio (20 wt % metal hydride) in the
electrode. Furthermore, Hirose et al. acknowledged that voids in the
cold-pressed solid electrolyte permit hydrogen-gas crossover. This
leakage leads to a mixed storage mechanism in which the desired
electrochemical hydride-ion insertion occurs simultaneously with an
uncontrolled thermochemical reaction between the permeated
hydrogen gas and the magnesium hydride electrode. The energy
efficiency of the electrochemical system is also presently lower than
that of thermal methods. The device of Hirose et al. required an energy
input of ~81 kJ/mol, which is higher than that for optimized thermal
desorption of hydrogen (~72 kl/mol). The authors note that further
engineering of the constituent materials and the electrochemical device
(such as by decreasing the electrolyte thickness) could substantially
reduce the voltage needed for charging, potentially decreasing the
energy requirement down to ~45 kJ/mol, which is considerably lower
than that for thermal-based metal hydride storage.



High-capacity, reversible hydrogen
storage using H™-conducting solid
electrolytes

Hydrogen absorption and desorption in solids are pivotal
reactions involved in batteries and hydrogen storage devices.
However, conventional thermodynamic and electrochemical
hydrogen storage using high-capacity materials suffers from
high hydrogen-desorption temperatures and instability of
electrolytes. In this work, we explored electrochemical hydride
ion (H")-driven hydrogen storage and developed a solid
electrolyte, anti-a-Agl-type Ba, .Ca, ,cNa, ,cH, o, which exhibits
excellent H™ conductivity and electrochemlcal stability. this
electrolyte is compatible with several metal-hydrogen
electrodes, such as titanim hydride and magnesium hydride
(MgH.), allowing for high-capacity, reversible hydrogen storage
at low temperatures. Specifically, Mg-H, cells operating as
hydrogen storage devices (Mg + H, 2 MgH,) achieved a
reversible capacity of 2030 milliampere hours per gram at 90°C,
offering safe and efficient hydrogen electricity conversion and

hydrogen storage devices.
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Fig. 1. Structural analysis of the BaH,-CaH,-NaH system. (A) XRD
patterns of BaH, (blue) and Ba,, ;Ca,, ,Na,  H, .. (red).(B) Formation
diagram of the cubic Im3m (red circles) and orthorhombic Pame (blue
triangles) phases in the BaH,-CaH,-NaH system. Arb. u., arbitrary units.
() Heat map of the logarithm of ionic conductivity (o) at 50°Cin the
BaH,-CaH,-NaH pseud. y diagram. (D) Refined crystal structure of
Ba, [Ca, N3, (D, ... The green, blue, yellow, and gray spheres
correspond to the Ba, Ca, Na, and D atoms, respectively. (E) Coordinati
of M (Ba, ,Ca, ,\Na, ,) toward D(6b) in DM6 octahedra and D{12d) in
DM4 hedra. (F) Three-di isosurface plots of the probability
density of hydrogen in the 4 x 4 x 4 supercell obtained through MPNN-
MD simulations at 600 K. The isosurface of 1 x 107 A is depicted in
yellow. The heat maps displayed on the lattice sections illustrate the
probability densities ranging from 1 x 10~ to 5 x 10-* A3, (G) Contour
plots showing hydrogen probability density at 2 = 0.75 in the cross-
section obtained through MPNN-MD lations. The o and t symbol
denote the octahedral (6b) and hedral (124d) sites, respectively. The
probability densities are presented on a log scale from 1072 to 10 A3,
with contour plot intervals of 0.5 In logarithmic scale. (H and 1) Hydrogen

igr trajectories obtained through MPNN-MD simulations at 400 K.
Hydrogen atoms were visualized using a white-red color gradient
G ponding to elapsed lation time (4.




Iry this simple, science-backed
trick to fall asleep faster

I struggle with getting good sleep. What can I do about it?

Try heating up your feet at night with one of these methods:

e Take a warm bath or shower.
» Do a quick foot soak in warm water.

» Wear socks to sleep.

Warming the extremities before bed has been shown to help people fall

asleep more quickly. * It does so as well as many over-the-counter

sleep aids.



Decades of studies have confirmed this effect. An oft-cited 1999 study
published in Nature found that the degree of dilation of the blood
vessels in the feet, such as occurs when we wear warm socks, was the
best predictor of how quickly people would fall asleep — more so than

melatonin levels or even how “sleepy” the subjects felt.

And a randomized controlled trial of 46 men over the age of 60 found
that warming the feet in the bath one hour before bedtime every night
for six weeks resulted in improvements in how quickly the men fell
asleep and how long they slept. These findings have been supported by
multiple additional studies in older adults.

If you do opt for a full-on warm bath or shower, a 2019 meta-analysis

found that doing so even for as little as 10 minutes one or two hours
before bed helped people fall asleep about nine minutes quicker and
boosted sleep efficiency — that is, the time of objectively measured sleep
compared to time spent in bed.



