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

| o
Klinische Forschung

Experimental and Clinical'Research Center(ECRC) von MDC und
Charité

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


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

A 63-year-old woman with psoriatic arthritis
involving her knees presented for evaluation of
9-months of pain in the left knee. Physical
examination was notable for a nontender,
palpable mass in the left popliteal fossa. Point-
of-care musculoskeletal ultrasonography is
shown. What is the most likely diagnosis?

Cruciate ligament cyst

Deep vein thrombosis

A diagnosis of a popliteal synovial cyst — also known as a Pes anserine bursitis

Baker’s cyst — was made. This results when synovial fluid

from the knee joint flows into and accumulates in the . Popliteal synovial cyst (Baker’s Cyst)
gastrocnemius—semimembranosus bursa. Baker’s cysts are

associated with underlying joint disorders, including Pseudothrombophlebitis

osteoarthritis, traumatic injury, or inflammatory arthritis
(as in this case). Imaging is not always required to make
the diagnosis but may help rule out other conditions.



After atrial fibrillation (AF) ablation, oral anticoagulation (OAC) is typically continued for at
least two months in all patients to prevent clots due to post-procedure inflammation, with the
decision for long-term OAC depending on the individual's stroke risk (CHA2DS2-VASc score)

Catheter Ablation
For Atrial Fibrillation

IR

(Normal

ﬂ

- LAl
(0@ 14 |
-]

Diagnostic
catheter
RF Generator



https://www.google.com/search?q=atrial+fibrillation+%28AF%29+ablation&oq=anticoagulation+after+AF+ablation&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIKCAEQABgTGBYYHjIHCAIQABjvBTIHCAMQABjvBTIHCAQQABjvBTIHCAUQABjvBdIBCTEyNjM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjegMK8mqCSAxUkhv0HHc9ONQQQgK4QegQIARAB
https://www.google.com/search?q=CHA2DS2-VASc&oq=anticoagulation+after+AF+ablation&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIKCAEQABgTGBYYHjIHCAIQABjvBTIHCAMQABjvBTIHCAQQABjvBTIHCAUQABjvBdIBCTEyNjM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjegMK8mqCSAxUkhv0HHc9ONQQQgK4QegQIARAD
https://www.google.com/search?q=CHA2DS2-VASc&oq=anticoagulation+after+AF+ablation&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIKCAEQABgTGBYYHjIHCAIQABjvBTIHCAMQABjvBTIHCAQQABjvBTIHCAUQABjvBdIBCTEyNjM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjegMK8mqCSAxUkhv0HHc9ONQQQgK4QegQIARAD
https://www.google.com/search?q=CHA2DS2-VASc&oq=anticoagulation+after+AF+ablation&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIKCAEQABgTGBYYHjIHCAIQABjvBTIHCAMQABjvBTIHCAQQABjvBTIHCAUQABjvBdIBCTEyNjM1ajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjegMK8mqCSAxUkhv0HHc9ONQQQgK4QegQIARAD

Antithrombotic Therapy after Successful Catheter
Ablation for Atrial Fibrillation

Whether successful catheter ablation for atrial
fibrillation eliminates the need for long-term oral
anticoagulant therapy is unknown. We conducted an
international, open-label, randomized, blinded-

outcome-assessment trial involving 1284 patients YTy oy
who had undergone successful catheter ablation for - =
atrial fibrillation at least 1 year earlier and had a i

CHA,DS,-VASc score (scores range from 0 to 9, with ,“sg'j

higher scores indicating a higher risk of stroke) of 1
or more (or 22 for women or for patients in whom
vascular disease was a risk factor). Patients were Stroke, Systemic Embolism, or New Covert Embolic Stroke
randomly assigned to receive either aspirin (at a
dose of 70 to 120 mg daily, depending on availability
in the local jurisdiction) or rivaroxaban (at a dose of

0.8

15 mg) and followed for 3 years. Magnetic resonance .
imaging (MRI) of the head was performed after
enrollment and at 3 years. The primary outcome was Fatalor Major leeding

a composite of stroke, systemic embolism, or new
covert embolic stroke (defined by >1 new infarct A
measuring 215 mm on MRI) at 3 years. - L

= -



Catheter ablation is an established therapy for the treatment of atrial fibrillation and is
superior to medical therapy in reducing the recurrence and burden of atrial fibrillation. A
low burden of atrial fibrillation has been associated with a decreased risk of stroke, but it
is unclear whether successful catheter ablation reduces the risk of stroke enough that the
risk—benefit ratio does not support the need for oral anticoagulant therapy. Consequently,
current guidelines state that anticoagulation should be continued indefinitely after atrial
fibrillation ablation on the basis of the patient’s stroke risk profile and not the apparent
success of the procedure. These recommendations are based on evidence from small,
nonrandomized studies.

The risks and benefits of ongoing anticoagulation after successful atrial fibrillation ablation
remain unclear. The purpose of this trial was to evaluate whether ongoing anticoagulation
with rivaroxaban would be superior to aspirin for the prevention of stroke, systemic
embolism, and covert embolic stroke in patients with risk factors for stroke who had
undergone successful catheter ablation for atrial fibrillation.



Patients

Eligible patients had undergone successful catheter ablation for nonvalvular atrial fibrillation at
least 1 year before enrollment. A successful ablation procedure was defined by no clinical
evidence of any atrial arrhythmia and no atrial arrhythmia lasting longer than 30 seconds on at
least one 24-hour Holter monitor study between 2 and 6 months after the ablation procedure
and on at least one 24-hour Holter monitor study at any time after 6 months after the ablation
procedure.

Interventions

Patients were randomly assigned in a 1:1 ratio to receive either aspirin at a dose of 70 to 120 mg
daily (depending on availability in the local jurisdiction) or rivaroxaban at a dose of 15 mg daily.
Aspirin was chosen because, although it may provide minimal benefit for a reduction in the risk
of stroke in patients with atrial fibrillation who have a very low risk of stroke, it may provide
greater benefit in patients with a higher stroke risk. Rivaroxaban at a dose of 15 mg has
pharmacokinetic properties that are similar to those of the 20-mg dose but with a lower
bleeding risk, and the 15-mg dose has been evaluated in other trials.

Outcomes

The primary outcome was a composite of stroke, systemic embolism, or new covert embolic
stroke detected by MRI of the head at 3 years. Covert embolic stroke was defined by at least one
new cerebral infarct measuring at least 15 mm that was detected between the baseline MRI and
the MRI at 3 years.



Characteristic

Demographics

Age —yr

Male sex — no. (%)

Atrial fibrillation history

Median time since first atrial fibrillation ablation

(IQR) —mo
Median time since most recent atrial fibrillation ablation
(IQR) — mo

Total no. of ablations for atrial fibrillation or atrial
tachyarrhythmia — no. (%)

1
2
23
Type of atrial fibrillation — no. (%)
Paroxysmal
Persistent
Long-standing persistent
Total HAS-BLED scoref
Coexisting conditions
Hypertension — (%)
Diabetes — (%)
Stroke — (%)
Ischemic
Hemorrhagic
Uncertain
Transient ischemic attack — (%)
Coronary artery disease — (%)
Ischemic cardiomyopathy — (%)
Nonischemic cardiomyopathy — (%)
Peripheral vascular disease — (%)
Clinically significant carotid artery disease — (%)
CHA DS -VASc score]:
Mean
Distribution — no. (%)
1
2
3
=4
Echocardiographyf
Ejection fraction — %
Left ventricular function — no. (%)
Normal
Abnormal
Mild impairment
Moderate impairment
Severe impairment

Left atrial diameter — mm¢q

ravaroxavan

(N=641)

66.327.1
458 (71.5)

193 (13.9-35.7)

16.4 (13.4-25.2)

484 (75.5)
133 (20.7)
24 3.7)

431 (67.2)
204 (31.8)
6(0.9)
1.420.9

442 (69.0)
96 (15.0)

7(L1)
0
3(05)
18 (2.8)
74 (11.5)
9(1.4)
15 (23)
9(1.4)
2(03)

22211

194 (303)
241 (37.6)
138 (21.5)
68 (10.6)

61.8£7.1

476 (99.2)
4(08)
4(08)

0
]
4072160

AspIrn

(N=643)

66.327.6
459 (71.4)

193 (14.2-31.

16.5 (13.6-25.

504 (78.4)
105 (16.3)
34 (5.3)

421 (65.5)
212 (33.0)
10 (1.6)
13:08

434 (67.5)
77 12.0)

17 (2.6)
2(03)
6(09)

25 (3.9)

68 (10.6)
6(09)

20 (3.1)
9(1.4)
4(0.6)

2.2:1.1

196 (30.5)
243 (37.8)
127 (19.3)

77 (12.0)

61.5£7.3

453 (97.8)
10 (2.2)
6(13)
3(06)
1(0:2)

40.4219.2

M

Primary and Secondary Efficacy Outcomes.

Outcome

Primary composite outcome: stroke, systemic
embolism, or new covert embolic stroke

No. of patients (%)
Annualized rate — events per 100 patient-yr
Components of primary outcome
All stroke
No. of patients (%)
Annualized rate — events per 100 patient.yr
Systemic embolism
No. of patients (%)
Annualized rate — events per 100 patient.yr
New covert embolic stroke
No. of patients (%)
Annualized rate — events per 100 patient-yr
Other secondary outcomes
All stroke or systemic embolism
No. of patients (%)
Annualized rate — events per 100 patient-yr
Transient ischemic attack
No. of patients (%)
Annualized rate — events per 100 patient-yr

Rivaroxaban Aspirin Relative Risk
(N=641) (N=643) (95% CI)
5 (0.8) 9(1.4) 0.56 (0.19 to 1.65)
0.31 0.66 -
5 (0.8) 7(L]) 0.72 (0.23 to0 2.25)
031 058
0 0 —
0 0 —
0 2(03) 0
0 0.08 —
5(0.8) 7(11) 0.72 (0.23 to 2.25)
0.29 0.58 —
1(0.2) 5(0.8) 0.20 (0.02t0 1.71)
0.05 0.26 -

Absolute Risk
Difference
(95% CI)f

06 (-181005)¢

03 (-14100.7)

0.3 (-0.7t00.1)

0.3 (-14100.7)

06 (-1.4100.1)

CHADS2 - VASc Score

>P<YOoO>PIo

Congestive Heart Failure

Hypertension (>140/90 mmHg)
Age>75

Diabetes Mellitus

Prior TIA or stroke

Vascular disease (M, aortic plaque etc)
Age 65-74

Sc | Sex category (Female = 1 pt)

PR R NRNR R




Safety Outcomes.
OQutcome

Primary composite safety outcome: fatal bleeding or
major bleeding

Secondary safety outcomes
Fatal bleeding
Major bleeding
Intracranial bleeding
Gastrointestinal bleeding
Other major bleeding
Minor bleeding
Clinically relevant nonmajor bleeding
Composite of major bleeding or minor bleeding
Death from any cause

Endpoint and Safety are both P=NS

'(N =641) (.Nw: 643)

no. of patients (%)

10 (1.6) 4(0.6)
0 0
10 (1.6) 4(0.6)
5(0.8) 1(0.2)
3(0.5) 2(0.3)
2(03) 1(0.2)
74 (11.5) 20 (3.1)
35 (5.5) 10 (1.6)
83 (12.9) 23 (3.6)
10 (1.6) 7(L1)

(95% Cl)

2.51 (0.79-7.95)

2.51 (0.79-7.95)
5.02 (0.59-42.81)
1.50 (0.25-8.97)
2.01 (0.18-22.07)
3.71 (2.29-6.01)
3.51 (1.75-7.03)
3.62 (2.31-5.67)
1.43 (0.55-3.74)

Cumulative Incidence (%)

100
90- "
80 Relative risk, 0.72 (95% Cl, 0.23-2.25)
70 34
60—
2_
50
40— 1- Aspirin
!
30+ Rivaroxaban
20— 0 T T T T T 1
0 6 12 18 24 30 36
10
0 | | I I I 1
0 6 12 18 24 30 36

Follow-up (mo)



Catheter Ablation

Catheter Ablation

Catheter Ablation

-
: j nticoagulant

£ 3

Continued indefinitely
in patients at risk
for stroke

Rivaroxaban

Prevention of adverse events
in this population

1284 Adults

Undergone successful
ablation for nonvalvular
atrial fibrillation

at least 1 year earlier

At risk for stroke

CHA,DS,-VASc score

>1, or >2 for women and for
patients in whom vascular
disease was a risk factor

Rivaroxaban

15 mg daily 70-120 mg daily
N=641 N=643

PRIMARY OUTCOME

Composite of Stroke, Systemic Embolism, or
New Covert Embolic Stroke (detected by MRI)

)
Absolute risk diff p age p 9 , -1.8 t0 0.5); P=0.28
100+

NOT SIGNIFICANT

1.4%

) 0.8% -
0

Rivaroxaban Aspirin

Percentage of Patients

PRIMARY SAFETY OUTCOME
Composite of Fatal Bleeding
or Major Bleeding
At 3 Years
51 ( Cl,0.79 to 7.95)

NOT SIGNIFICANT

1.6%

1 - 0.6%
0

Rivaroxaban Aspirin

Percentage of Patients

NOT SIGNIFICANT

Lower incidence of stroke,
systemic embolism, or new
covert embolic stroke




Melanoma and Checkpoint inhibition
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Nivolumab for Resected Stage III or IV Melanoma at
9 Years

Patients

In the CheckMate 238 trial, patients with resected stage
[1IB—C or stage IV melanoma who were treated with
nivolumab had longer recurrence-free survival than
those who received ipilimumab. Data were needed on

Nivolumab Ipilimumab

longer-term survival. We randomly assigned patients in

a 1:1 ratio to receive an intravenous infusion of D D
nivolumab (at a dose of 3 mg per kilogram of body

weight every 2 weeks) or ipilimumab (at a dose of 10 N=d53 NdS)

mg per kilogram every 3 weeks for four doses, then
every 12 weeks) for up to 1 year or until disease

Recurrence-free Survival at 9 Years

recurrence or the occurrence of unacceptable toxic | 6L
effects. Randomization was stratified according to % e
disease stage and status with respect to programmed

cell death ligand 1. The primary end point was
recurrence-free survival; secondary end points included
overall and distant metastasis—free survival and safety.

Overall Survival at 9 Years

69 65

Nivoluma Ipilimumat



Adjuvant systemic treatment of patients with high-risk resectable stage Ill or IV
melanoma with nivolumab, pembrolizumab, ipilimumab, or dabrafenib plus trametinib
in patients with BRAF mutations has improved recurrence-free survival and is now a
recommended standard of care. Data from the primary analysis of the CheckMate 238
trial involving patients with stage IlIB—C or IV resected melanoma showed that adjuvant
nivolumab was superior to ipilimumab with respect to recurrence-free survival and
distant metastasis—free survival; nivolumab also had a more favorable safety profile.
Further analyses showed that longer recurrence-free and distant metastasis—free
survival with nivolumab was maintained in most clinically relevant subgroups of patients,
particularly in those with either stage llIB or IlIC disease and regardless of BRAF
mutational status.

Here, we provide the final results from CheckMate 238, with a minimum follow-up of 9
years, including updated post hoc analyses and a new competing-risk analysis for the
probability of death from melanoma. In addition, we evaluated the effect of the timing
of drug administration on survival and safety on the basis of evidence suggesting that
circadian timing can have an effect on the efficacy of immunotherapy.



End Points and Assessments

The primary end point was recurrence-free survival in the intention-to-treat population.
According to an amendment to the protocol (available with the full text of this article at
NEJM.org), follow-up was extended beyond 5 years, but surveillance scans were not
required after 60 months; recurrence-free survival beyond the 60-month database lock
was assessed by means of investigator reports of disease recurrence or a new primary
lesion. For patients who did not have disease recurrence or a new primary lesion or did
not start subsequent therapy, data regarding recurrence-free survival were censored at
their last follow-up visit.

Follow-up was extended beyond 5 years, but surveillance scans were not required after
60 months; recurrence-free survival beyond the 60-month database lock was assessed
according to the investigator report of disease recurrence or a new primary lesion.
Confirmation questions about the absence of new recurrence were added to the
survival follow-up case-report form after the 60-month follow-up period. For patients
who did not have disease recurrence or a new primary lesion or did not start
subsequent therapy, data regarding recurrence-free survival were censored at their last
follow-up visit.
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No new late adverse
events were reported

Number of Months

Longer-term follow-up was needed
to assess survival outcomes Nivolumab




Hepatitis D (auch Hepatitis Delta genannt) ist die schwerste Form der chronischen
Virushepatitis und betrifft weltweit etwa 15 bis 20 Millionen Menschen. Das Hepatitis-D-Virus
(HDV) ist ein unvollstandiges RNA-Virus, das fir seine Vermehrung zwingend das
Oberflachenprotein des Hepatitis-B-Virus (HBV) bendtigt. Eine Infektion kann daher nur
gemeinsam mit oder nach einer bestehenden Hepatitis-B-Infektion auftreten.

Hepatitis Delta Virus
The Most Severe Form of Viral Hepatitis

large HDAg

HDV
genome

small HDAg
prenyl group




A Phase 2 Trial of Tobevibart plus Elebsiran in

Hepatitis D

Both tobevibart (a monoclonal antibody) and
elebsiran (a small interfering RNA) target hepatitis
B virus surface antigen (HBsAg). Their efficacy and

safety in the treatment of chronic hepatitis D virus

(HDV) infection are unknown. In this ongoing,
phase 2, open-label trial, we randomly assigned
participants to receive tobevibart plus elebsiran
every 4 weeks or tobevibart monotherapy every 2
weeks. The primary end point was a combined
response, defined by an HDV RNA level below the
limit of detection or a decrease in the HDV RNA
level of at least 2 logo IU per milliliter from
baseline (virologic response) and normalization of
the alanine aminotransferase (ALT) level, at week
24,

Participants

Tobevibart + Elebsiran Tobevibart Monotherapy
300 mg + 200 mg 300 mg every 2 weeks
every 4 weeks

,‘ ;

N=32 N=33

Combined Response
[ Tobevibart + elebsiran M Tobevibart monotherapy

70
5 56 ol
47
5
8
24 weeks 48 weeks

Adverse Events lhrough Week 48
W Tobeviba

T
g lm 25 24

Chills

f Participants



Hepatitis D virus (HDV), also known as hepatitis delta virus, is a satellite RNA virus that requires hepatitis B virus
(HBV) surface antigen (HBsAg) for entry and propagation within hepatocytes. Globally, HDV infection affects
approximately 12 million persons. Chronic HDV infection, the most severe form of chronic viral hepatitis, is
associated with increased risks of cirrhosis, hepatocellular carcinoma, and death and has limited treatment options.
Bulevirtide, an entry inhibitor that reduces viral spreading, is available in some regions and is the only agent
approved by the European Medicines Agency for long-term treatment of HDV. Finite therapy with pegylated
interferon (peginterferon) alfa is recommend in the European Association for the Study of the Liver guidelines;
however, it has limited efficacy and is contraindicated in many patients owing to side effects. In the MYR 301 trial,
12% of participants who received bulevirtide at a dose of 2 mg per day had undetectable HDV RNA (also known as
target not detected, or TND; no amplification during reverse-transcriptase—polymerase-chain-reaction [RT-PCR]
assay) at week 48 despite either an undetectable HDV RNA level or a decrease in the HDV RNA level of at least 2
logyo U per milliliter in 71% of participants. In addition, bulevirtide requires daily subcutaneous injections, has
minimal effect on HBsAg, and is associated with a high risk of relapse after the end of treatment.

Studies of bulevirtide led to an improved understanding of the on-treatment responses associated with long-term
control of HDV infection. Findings from these studies suggest that the most relevant goal of therapy is complete viral
suppression, as indicated by undetectable HDV RNA.

Tobevibart and elebsiran have complementary mechanisms of action. Tobevibart is a broadly neutralizing anti-
HBsAg monoclonal antibody that neutralizes HBV and HDV and blocks viral entry into hepatocytes. Elebsiran is a
small interfering RNA (siRNA) that targets HBV messenger RNA and reduces HBsAg production. The ongoing phase 2
SOLSTICE trial is evaluating the efficacy and safety of tobevibart alone or combined with elebsiran for up to 192
weeks in participants with chronic HDV infection. Here, we report results through week 48, a key time point for
evaluating HDV therapies.



Farks Cohort 1a
= , b=
Participants without Elebsiran, 200 mg subcutaneously once every 4 wk

Cirrhosis
HDV RNA >500 1U/ml
ALT >ULN; ALT <5xULN

— Assignment
Cohort 1b

(N=6)

Tobevibart, 300 mg subcutaneously once every 4 wk

T T ]
Day 1 Week 12 Week 192
Enter follow-up, End of
enter maintenance phase, treatment
or transition to cohort 2¢
rollover after 3 doses

Part 2 of monotherapy

Cohort 2b
(N=10, including 1 participant with cirrhosis)
Tobevibart, 300 mg subcutaneously once every 4 wk

Participants without

Cirrhosis and Those |——»
with Cirrhosis
(CTP class A)

HDV RNA >500 1U/ml

ALT >ULN; ALT <5xULN Cohort 2c Rollover

(N =21, all without cirrhosis)
Tobevibart, 300 mg+elebsiran, 200 mg subcutaneously once every 4 wk

1
Week 192

I T
Day 1 Week 24
Assess primary efficacy end point End of
Participants from cohort 2b treatment

could transition to cohort 2c
rollover after week 24

Part 3
Cohort 2¢

Participants without
Cirrhosis and Those
with Cirrhosis
(CTP class A)

HDV RNA >500 IU/ml
ALT >ULN; ALT <5xULN

(N=32, including 18 participants with cirrhosis)
Tobevibart, 300 mg+elebsiran, 200 mg subcutaneously once every 4 wk

-Randomization

(1:1 ratio) Cohort 3

(N=33, including 15 participants with cirrhosis)

Tobevibart, 300 mg subcutaneously once every 2 wk

1
Week 192

T T
Day 1 Week 24
Assess primary efficacy end point End of
Participants from cohort 3 treatment

could transition to cohort 2c
rollover after week 24

Overview of Trial Design.

The SOLSTICE trial was conducted in three
parts. In part 1 (cohorts 1a and 1b),
participants without cirrhosis (those with liver
stiffness of <12 kPa or a liver biopsy showing
no cirrhosis [Metavir stage FO through F3]
within 12 months before screening and a
platelet count of >150,000 cells per cubic
millimeter) were assigned to receive either
elebsiran at a dose of 200 mg subcutaneously
(cohort 1a) or tobevibart at a dose of 300 mg
subcutaneously every 4 weeks (cohort 1b) up t
week 12. Participants who did not have a
combined response (hepatitis D virus [HDV]
RNA level below the limit of detection or a
decrease in the HDV RNA level of 22 log;o IU
per milliliter [virologic response] and
normalization of the alanine aminotransferase
[ALT] level) at week 12 could transition to
tobevibart plus elebsiran (cohort 2c rollover) ¢
enter follow-up. Participants who had a
combined response at week 12 could enter a
maintenance phase in which the dose of
tobevibart or elebsiran monotherapy was
reduced to every 8 weeks. In part 2,
participants without cirrhosis received
tobevibart at a dose of 300 mg subcutaneously
every 4 weeks (cohort 2b) for up to 192 weeks.
Participants without a decrease in the HDV
RNA level of at least 1 logyo IU per milliliter at
week 24 could transition to tobevibart plus
elebsiran (cohort 2c rollover). Cohort 2¢
rollover is ongoing; the cohort comprises
participants receiving tobevibart plus elebsirar
who transitioned from any monotherapy

cohort. The figure reflects cohort 2c rollover at

the week 48 time point of part 3. In part 3,
participants were randomly assigned in a 1:1
ratio to receive either tobevibart (300 mg) plus
elebsiran (200 mg) subcutaneously every 4
weeks (cohort 2c) or tobevibart (300 mg)
subcutaneously every 2 weeks (cohort 3).
Participants from cohort 3 who did not have a
decrease in the HDV RNA level of at least 1
logyg IU per milliliter at week 24 could
transition to tobevibart plus elebsiran every 4
weeks (cohort 2c rollover). These cohorts
included both participants without cirrhosis
and those with compensated cirrhosis (Child—
Turcotte-Pugh [CTP] class A; liver stiffness of
=12 kPa or a liver biopsy showing cirrhosis
[Metavir stage F4] within 12 months before
screening and a platelet count of >90,000 cells
per cubic millimeter). The primary end point
was a combined response at week 24. The trial
includes an interventional treatment period of
up to 192 weeks. Participant replacement was
allowed according to the protocol to ensure an
adequate sample size for descriptive analysis.
Part 3 also includes cohort 5, which includes
participants without cirrhosis with a baseline
hepatitis B virus surface antigen level of less
than 10,000 IU per milliliter and liver stiffness
of less than 8 kPa. Participants in this cohort
received elebsiran at a dose of 200 mg every 4
weeks up to week 12 and then transitioned to
cohort 2c rollover. At the time of this report,
not all participants in cohort 5 had completed
the three planned doses of elebsiran. ULN

denotes upper limit of the normal range.



Assessments

To quantify serum HDV RNA, the RoboGene HDV DNA quantification kit, version 2.0 (Roboscreen Diagnostics), was
used on the Roche LightCycler 480 Instrument Il after manual RNA extraction with the INSTANT Virus RNA/DNA Kit
(Analytik Jena) on a 400-pl sample. The RoboGene assay has a limit of detection of 14 IU per milliliter and a lower
limit of quantification of 63 IU per milliliter. An HDV RNA level below the limit of detection or below the lower limit
of quantification includes all values below the threshold and undetectable HDV RNA (target not detected, or TND;
no amplification during RT-PCR assay). Normalization of the ALT level was defined as an ALT level below the upper
limit of the normal range (40 IU per milliliter in men and 33 IU per milliliter in women). HBsAg was measured with
the use of the Roche Elecsys HBsAg Il assay, with a lower limit of quantification of 0.05 IU per milliliter. Safety
assessments included documentation of adverse events (those that emerged or worsened on or after the date of
the start of the trial drug up to 30 days after permanent discontinuation of the trial drug), serious adverse events,
and clinical laboratory measurements.

End Points

The primary efficacy end point was a combined response, defined by an HDV RNA level below the limit of
detection or a decrease in the HDV RNA level of at least 2 log,, IU per milliliter from baseline (virologic response)
and normalization of the ALT level, at week 24 in cohort 2c (excluding cohort 2c rollover) and cohort 3. The primary
safety end point was the evaluation of adverse events and serious adverse events. Secondary end points included
a combined response at weeks 12 and 48 and a virologic response, an HDV RNA level below the limit of detection,
an HDV RNA level below the lower limit of quantification, undetectable HDV RNA, and normalization of the ALT
level at weeks 12, 24, and 48. Undetectable HDV RNA is highlighted as a key virologic end point in regulatory
guidance.22 The change from baseline in the HBsAg level was an exploratory end point.


https://www.nejm.org/doi/full/10.1056/NEJMoa2508827

Characteristic
Age —yr
Male sex — no. (%)
Race —no. (%)
White
Asian
Black
Other
Body-mass indexi:
Mean
<30 — no. (%)
Cirrhosis — no. (%)§
Liver stiffness — kPa
Serum HDV RNA level — log,; IU/ml
HDV genotype — no. (%)9
1
S
HBeAg not detected — no. (%)
Serum HBsAg level — log, 1U/ml
Serum HBV DNA level — log,; 1U/ml
ALT level — U/liter
Concomitant NA therapy — no. (%)
Tenofovir disoproxil fumarate
Tenofovir disoproxil
Entecavir

Previously exposed to agent with HDV
activity — no. (%)

Interferon alfa
Bulevirtide
Lonafarnib
Other

Tobevibart
plus Elebsiran
Every 4 Wk
(N=32)

42+8
18 (56)

25 (78)
2(6)
4(12)
1(3)

27+4
26 (81)
18 (56)
13.5+7.3
5.7+1.2

31 (97)
1(3)
29 (91)
3.7:0.6
0.7£0.7
83+47
32 (100)
10 (31)
11 (34)
11 (34)
17 (53)

16 (50)
4(12)
2(s)
2(8)

Tobevibart
Every 2 Wk
(N=33)

45+9
16 (48)

28 (85)
1(3)
2(6)
2(6)

264
26 (79)
15 (45)
13.5+8.7
5.6x1.1

32(97)
1(3)
25 (76)
3.7+0.8
0.7+0.8
76+59
33 (100)
9(27)
12 (36)
13 (39)
18 (55)

14 (42)
6 (18)
309
1(3)

Primary and Key Secondary End Points.

Response

Combined responsef

No. of participants

Percentage of participants (95% C1)

According to cirrhosis status — no./total no. (%)
Present
Absent

Undetectable HDV RNA%

No. of participants

Percentage of participants (95% Cl)

According to cirrhosis status — no.ftotal no. (%)
Present
Absent

HDV RNA level below LOD or decrease of =2 log,,
1U/ml from baseline

No. of participants

Percentage of participants (95% Cl)

According to cirrhosis status — no./total no. (%)
Present
Absent

Normalization of ALT level

No. of participants

Percentage of participants (95% Cl)

According to cirrhosis status — no./total no. (%)
Present
Absent

HBsAg level <10 1U/ml

No. (%)

According to cirrhosis status — no./total no. (%)
Present
Absent

Week 24
Tobevibart
plus Elebsiran

Every 4 Wk
(N=32)

15
47 (29-65)

8/18 (44)
7/14 (50)

13
41 (24-59)

9/18 (50)
4/14 (29)

32
100 (89-100)

18/18 (100)
14/14 (100)

15
47 (29-65)

8/18 (44)
7/14 (50)

28 (88)

14/18 (78)
14/14 (100)

Tobevibart
Every 2 Wk
(N=33)

23
70 (51-84)

10/15 (67)
13/18 (72)

10
30 (16-49)

415 (27)
6/18 (33)

27
82 (65-93)

13/15 (87)
14/18 (78)

25
76 (58-89)

10/15 (67)
15/18 (83)

7(21)

415 (27)
3/18 (17)

Week 48
Tobevibart
plus Elebsiran

Every 4 Wk
(N=32)

18
56 (38-74)

10/18 (56)
814 (57)

21
66 (47-81)

13/18 (72)
8/14 (57)

3
97 (84-100)

17/18 (94)
14/14 (100)

18
56 (38-74)

10/18 (56)
8/14 (57)

29 (91)

15/18 (83)
14/14 (100)

Tobevibart
Every2 Wk
(N=33)

20
61 (42-77)

10/15 (67)
10/18 (56)

16
48 (31-67)

6/15 (40)
10/18 (56)

26
79 (61-91)

12/15 (80)
14/18 (78)

20
61 (42-77)

10/15 (67)
10/18 (56)

7(21)

415 (27)
3/18 (17)




Summary of Safety Assessments
in Participants through Week 48.

Tobevibart
plus Elebsiran Tobevibart
Every 4 Wk Every 2 Wk
Event (N=32) (N=33)

no. of participants (%)

Any adverse event 26 (81) 31 (94)
Grade 1 or 2: mild or moderate 26 (81) 29 (88)
Grade 3: severe 0 1(3)T
Grade 4: life-threatening 0 1(3)%

Adverse events in >10% of participants in

either group

Chills 8 (25) 8 (24)
Influenza-like illness 8 (25) 10 (30)
Pyrexia 7 (22) 3(9)

Headache 6 (19) 7 (21)
Fatigue 2(6) 4(12)
Myalgia 2 (6) 8 (24)
Dizziness 103) 4(12)
Nausea 1(3) 4(12)

Treatment-related adverse event 23 (72) 26 (79)
Related to elebsiran 22 (69) —
Related to tobevibart 22 (69) 25 (76)

Any serious adverse event 0 13)7

Influenza-like symptoms§ 22 (69) 24 (73)

Injection-site reaction 3(9) 1(3)

Adverse event leading to interruption 0 1(3)

of trial drug

Adverse event leading to discontinuation 0 3919

of trial drug

Adverse event leading to death 0 0

Grade 3 or 4 laboratory abnormalities: 3(9) 5 (15)

neutrophil count <1000/mm?

A HDV RNA Responses

Percentage of Participants

100+
90
80
70+
60+
504
40
304
20
104
0-

Virologic Response:

Tobevibart every

Tobevibart+elebsiran

2 wk (N=33) every 4 wk (N=32)
Undetectable HDV RNA: Tobevibart every Tobevibart+elebsiran
2 wk (N=33) every 4 wk (N=32)
T T T T
12 24 36 48
Week

B Normalization of ALT Level

Percentage of Participants

100+
90
80
70+
60+
504
40
304
20
104

0-

Tobevibart every 2 wk
(N=33) (N=32)

Tobevibart+elebsiran every 4 wk

12 24
Week

36 48

HDV RNA Responses and Normalization of
ALT Level over Time among Participants Who
Received Tobevibart plus Elebsiran or
Tobevibart Monotherapy.

Participants were randomly assigned to receive
either tobevibart plus elebsiran every 4 weeks
(cohort 2c) or tobevibart every 2 weeks (cohort
3) through subcutaneous administration. Panel
A shows the percentage of participants who
had a virologic response, which was defined as
an HDV RNA level below the limit of detection
or a decrease in the HDV RNA level of at least
2 logyp U per milliliter from baseline (open
symbols), and the percentage of participants
who had undetectable HDV RNA (also known
as target not detected, or TND; no
amplification during reverse-transcriptase—
polymerase-chain-reaction assay) (closed
symbols) over time for both cohorts. The assay
used to measure HDV RNA had a lower limit of
quantification of 63 IU per milliliter and a limit
of detection of 14 IU per milliliter. Panel B
shows the percentage of participants with
normalization of the ALT level, which was
defined as an ALT level below the ULN (40 1U
per milliliter in men and 33 U per milliliter in

women).



Pati ith Chi icH itis D Vi Infecti SECONDARY END POINT
atients witl ronic Hepatitis irus Infection 300 mg of Tobevibart 300 mg of Tobevibart
+ monotherapy Combined Response

200 mg of Elebsiran at Week 48

Increased risk of
¢ Cirrhosis

Percentage of Participants

* Hepatocellular carcinoma
* Death

Every 4 weeks

N=32

PRIMARY END POINT ADVERSE EVENTS q q q - = q
Patients with Chronic Hepatitis D Virus Infection

Combined Response
Hepatitis D virus RNA level below the limit of detection
or decrease in the hepatitis D virus RNA level of at least
2 log,, IU per milliliter from baseline
and normalization of the alanine aminotransferase level

Most adverse events were mild or
moderate across treatment groups
Hepatitis B virus

surface antigen
and normalized alanine

aminotransferase levels
@ Efficacy and safety through at least 24 weeks

PRIMARY END POINT ADVERSE EVENTS

Combined Response Influenza-like lliness Chills
at Week 24

¢ Ongoing
* Phase 2
* Randomized

* Open-label

¢ Multicenter

65 Adults with
chronic HDV infection

(with or without
compensated cirrhosis)

Percentage of Participants
Percentage of Participants




Triple-Negative Breast Cancer

¥

OncoDaily

Patients with triple-negative breast cancer (TNBC) do not strictly have to be PD-L1 positive (often referred to as
PD-1/PD-L1 status) to receive nivolumab, but they are significantly more likely to benefit if they are. Studies
show higher response rates and longer survival in PD-L1 positive TNBC, although some PD-L1 negative patients
may still derive benefit.



Sacituzumab Govitecan plus Pembrolizumab for

Advanced Triple-Negative Breast Cancer

Triple-negative breast cancer is an aggressive
breast cancer subtype, and there remains an
unmet need to improve outcomes in patients with
previously untreated, programmed death ligand 1
(PD-L1)—positive, locally advanced unresectable or
metastatic triple-negative breast cancer. In this
phase 3, open-label, international trial, we
randomly assigned patients in a 1:1 ratio to receive
sacituzumab govitecan plus pembrolizumab or
chemotherapy plus pembrolizumab. The primary
end point was progression-free survival as assessed
by blinded independent central review. Secondary
end points included overall survival, objective
response (complete or partial response) and
duration of response as assessed by blinded
independent central review, and safety.

Patients

N=221

Adverse Events
of Grade 3 or Higher

Adverse Events Leading
to Discontinuation



Approximately 40% of cases of triple-negative breast cancer are programmed death ligand 1 (PD-L1)—positive. The
preferred treatment option for patients with previously untreated, PD-L1—positive, metastatic triple-negative breast
cancer is the programmed cell death protein 1 (PD-1) immune checkpoint inhibitor pembrolizumab with
chemotherapy, on the basis of the phase 3 KEYNOTE-355 trial in which pembrolizumab plus chemotherapy (taxanes
or gemcitabine—carboplatin) resulted in significantly longer progression-free survival than chemotherapy alone
(median, 9.7 months vs. 5.6 months), as well as longer overall survival (median, 23.0 months vs. 16.1 months),
among patients whose tumors expressed PD-L1 (combined positive score, 210; the combined positive score is the
number of PD-L1-staining tumor cells, lymphocytes, and macrophages divided by the total number of viable tumor
cells, multiplied by 100). Despite the improvement achieved with this treatment combination, an opportunity to
further improve outcomes in earlier treatment lines for patients with PD-L1—positive metastatic triple-negative
breast cancer exists, because approximately half of patients with metastatic triple-negative breast cancer do not
receive treatment beyond first-line therapy.

Sacituzumab govitecan is a trophoblast cell-surface antigen 2 (Trop-2)—directed antibody—drug conjugate composed
of a humanized anti—Trop-2 monoclonal antibody attached to the topoisomerase | inhibitor SN-38 through a
hydrolyzable linker. Sacituzumab govitecan is approved in multiple countries for the treatment of persons with
metastatic triple-negative breast cancer after at least two previous systemic therapies (at least one in the context of
metastatic disease) on the basis of the phase 3 ASCENT trial, which showed significant improvements in
progression-free and overall survival with sacituzumab govitecan as compared with chemotherapy. Here, we report
the primary results from the ASCENT-04/KEYNOTE-D19 trial of sacituzumab govitecan plus pembrolizumab as
compared with chemotherapy plus pembrolizumab in patients with previously untreated, locally advanced
unresectable or metastatic triple-negative breast cancer whose tumors express PD-L1.



Patients

We conducted this phase 3, open-label, randomized trial at 186 sites in 28 countries. We enrolled adults
with locally advanced unresectable or metastatic triple-negative breast cancer with no previous therapy
for advanced disease and whose tumors were PD-L1—positive (combined positive score, 210). Both triple-
negative status (<1% of tumor cells positive for estrogen receptor or progesterone receptor and a HER2
immunohistochemistry [IHC] result of 0, 1+, or 2+ with negative in situ hybridization) and PD-L1
expression (assessed with the PD-L1 IHC 22C3 pharmDx assay.

Trial Design and Treatments

Eligible patients were randomly assigned in a 1:1 ratio to receive sacituzumab govitecan at a dose of 10
mg per kilogram of body weight intravenously on days 1 and 8 and pembrolizumab at a dose of 200 mg
intravenously on day 1 of 21-day cycles or chemotherapy of the physician’s choice (paclitaxel at a dose of
90 mg per square meter of body-surface area or nanoparticle albumin-bound paclitaxel at a dose of 100
mg per square meter on days 1, 8, and 15 of 28-day cycles or gemcitabine at a dose of 1000 mg per
square meter plus carboplatin at a dose targeting an area under the concentration—time curve of 2 mg
per milliliter per minute on days 1 and 8 of 21-day cycles, administered intravenously) and
pembrolizumab at a dose of 200 mg on day 1 of 21-day cycles.

End Points and Assessments

The primary end point was progression-free survival, defined as the time from the date of randomization
to the date of disease progression or death (whichever occurred first), as assessed by blinded
independent central review. Key secondary end points included overall survival and objective response.



Chemotherapy plus
e

P, " Banabeall

plus |
Characteristic (N=221) (N=222)
Median age (range) — yr 54 (23-88) 55 (27-82)
Age =65 yr — no. (%) 58 (26) 57 (26)
Female sex — no. (%) 221 (100) 222 (100) ey . .
e Additional Efficacy End Points.
White 139 (63) 118 (53)
Asian 43 (19) 63 (28)
American Indian or Alaska Native 14 (6) 13 (6) S |. b Govil Ch herapy plus
plus Pembroli i Pembroli +
Black 13 (6) 11(5) Variable (N=221) (N=222)
. Olhe;‘or nof specified — 12 (5) 17 (8) N P 53 6
eographic region — no. ; .
Canada, the United States, or western Europe 85 (38) 85 (38) Mef’m" overal survivali{953 €)== mo NR (25.6°NR) NRI(NRENR)
Rest of the world 136 (62) 137 (62) Objective response (95% Cl) — % 60 (53-66) 53 (46-60)
ECOG performance-status score — no. (%)§ S!raliﬁe:‘;df: (rga;i;vésl.)chemolherapy plus pembroli- 1.3 (0.9-1.9)
0 156 (71 154 (69)
1 6 :29; 67 :30; Best overall response — no. (%)
PD-L1-positive status — no. (%)§ 221 (100) 222 (100) c°"fpl'"° response 28(13) 18 (8)
Disease status — no. (%)] Partial response 104 (47) 100 (45)
Metastatic at initial diagnosis 75 (34) 75 (34) Stable disease 70 (32) 70 (32)
Recurrent within 6-12 mo after completion of curative-intent 40 (18) 40 (18) For =6 mo 23 (10) 29 (13)
treatment Progressive disease 9(4) 26 (12)
R >12 mo after P of curative-intent 106 (48) 107 (48) N i 06) 8 (4)
Metastatic site — no. (%)
Vymph nodes o 159 (72) 154 (69) Median time to response (range) — mox 1.9 (1.0-9.3) 19(1.1-114)
g 11 (50) 95 (43) Median duration of response (95% Cl) — mos 16.5 (12.7-19.5) 9.2 (7.6-113)
Liver 55 (25) 57 (26)
Bone 61 (28) 45 (20)
Brain 8(4) 6(3)
Other* 81 (37) 71 (32)
Previous anti-PD-1 or anti-PD-L1 therapy — no. (%) 171 9(4) 11 (5) . . .
Chemotherapy receved duringtial — no. (¥) £ Common chemotherapies for triple negative breast cancer
Taxane — 113 (51) . . . .
v s b = i may include an anthracycline such as Adriamycin,

alkylating agents such as cyclophosphamide, and a taxane,
such as Taxol or Taxotere. Fluorouracil (5FU) may be given
as well.



Percentage ot Patients Alive and Free
from Disease Progression

63 (95% c1, 56-69)

72 (95% Cl, 65-77)

48 (95% Cl, 41-56)

Median
Progression-free
No.of No. of Survival
Patients Events (95% CI)
mo
SG+Pembrolizumab 221 109 11.2 (9.3-16.7)
Chemotherapy+Pembrolizumab 222 140 7.8 (7.3-9.3)

Stratified hazard ratio for disease
progression or death, 0.65
(95% Cl, 0.51 to 0.84)

SG+pembrolizumab AL

| Chemotherapy+pembrolizumab

P- JH B

Months

16

T
18

T T T
20 22 24 26

Kaplan—Meier Estimate of Progression-free
Survival.

Progression-free survival was assessed by
blinded independent central review among all
the patients who had undergone
randomization. The two-sided P value was
derived from a stratified log-rank test. SG
denotes sacituzumab govitecan.

Median Progression-free Survival Unstratified Hazard Ratio for Diseas

Subgroup No. of Patients (95% Cl) or Death (95% Cl)
SG+ Chemotherapy+ SG+ Chemotherapy+
mo
Intention-to-treat population 221 22 112 (93-167) 7.8 (73-93) —e—i |
Age :
<65 yr 163 165 113 (93-168) 7.5 (7.0-9.2) —e—i !
=65 yr 58 57 1L1(75-NR) 93 (7.3-13.2) ————i
ECOG performance-status score
0 156 154 129(9.3-168) 87 (7.3-9.9) —e—i |
=1 65 67 9.2(7.5-183) 7.5 (5.6-9.3) —
Geographic region |
Canada, the United States, or wester Europe 85 85 117 (7.5-19.4) 7.4 (5.7-9.9) —e—i
Rest of the world 136 137 112 (93-167) 8.4 (7.4-93) —e—i|
Disease status :
Metastatic at initial diagnosis 75 75 81(7.3-186) 7.7 (6.1-11.9) —e—i
Recurrent, 6-12 mo after completion of curative-intent treatment 40 40 9.9(5.7-168) 7.2 (4.4-9.1) o
Recurrent, >12 mo after completion of curative-intent treatment 106 107 16.6 (1LO-NR) 8.7 (7.3-10.8) —e—i |
Previous anti-PD-1 or anti-PD-L1 therapy
Yes 9 1 75 (09-NR) 6.6 (2.1-NR) L ———
No 212 211 117 (93-168) 7.8 (7.4-93) —e—i !
Chemotherapy selected before randomization ]
Taxane 116 114 111 (86-167) 92 (7.2-12.9) —o
Gemcitabine-carboplatin 105 108 113(9.2-212) 7.4 (69-9.0) —e—i !
Race :
White 139 118 1L1(92-212) 7.7 (6.9-10.8) —e—i!
Asian 23 63 167 (75-NR) 87 (7.2-9.9) —————t
Other 35 28 113 (7.4-166) 6.0 (3.8-7.5) e
History of liver metastasis :
Yes 55 57 73(55-93) 56 (5.4-8.5) —o—
No 166 165 166 (111-212) 9.0 (7.4-9.9) —e—i !
History of brain metastasis H
Yes 3 6 5.7(0.5-NR) 3.7 (13-NR) I —
No 213 216 117(9.3-168) 8.4 (7.4-93) —e—i |
Menopausal status :
Premenopausal 81 7 9.3 (7.4-194) 7.4 (5.6-9.3) —e—i!
Postmenopausal 140 145 129(9.3-183) 8.4 (7.4-108) —e—i!

r T + T
0.12 0.25 0.50 1.00 2.00

SG+Pembrolizumab Chemothera
Better Better

Subgroup Analysis of Progression-free Survival.

Progression-free survival was assessed by
blinded independent central review among all
the patients who had undergone
randomization. Hazard ratios and 95%
confidence intervals were estimated with the
use of an unstratified Cox proportional-hazards
model. Analyses for stratification factors were
conducted with the use of values from the
interactive voice-response or Web-response
system. Eastern Cooperative Oncology Group
(ECOQ) performance-status scores range from
0 to 5, with higher scores indicating greater
disability. Although patients were included in
the stratified subgroups with respect to disease
status at the values listed in the figure,
according to the clinical database the
distribution of patients was as follows: in the
group assigned to receive sacituzumab
govitecan plus pembrolizumab, 74 patients had
disease that was metastatic at initial diagnosis,
39 had disease that had recurred within 6 to 12
months after treatment, and 108 had disease
that had recurred more than 12 months after
treatment; in the group assigned to receive
chemotherapy plus pembrolizumab, 74 had
disease that was metastatic at initial diagnosis,
48 had disease that had recurred within 6 to 12
months after treatment, and 100 had disease
that had recurred more than 12 months after
treatment. Although 20 patients were included
in the stratified subgroup for previous
exposure to anti-programmed cell death
protein 1 (PD-1) or anti-programmed death
ligand 1 (PD-L1) therapy (on the basis of
investigator selection of “yes” at enrollment in
the trial in the interactive voice-response or
Web-response system), only 6 patients were
later determined to have actually received
previous treatment with anti—-PD-1 or anti—PD-
L1 agents according to the clinical database (3
in each treatment group). Race was reported by
the patients. NR denotes not reached.



Triple-negative Progression-free Survival Median Duration of Response
breast cancer
= Median Progression-free Survival

® 443 Patients Stratified hazard ratio for disease progression
Programmed or death, 0.65 (95% Cl, 0.51-0.84); P<0.001

giath ligand 1 ¢ Previously untreated
\ Sacituzumab Govitecan +
Pembrolizumab 16.5 mo

11.2mo

¢ PD-L1-positive
(95% Cl, 12.7-19.5)
4 ¢ Locally advanced i
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metastatic

9.2 mo
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Physiological cardiac pacing (CPP) is any form of pacing designed to restore or preserve the
natural synchrony of the heart's contraction.
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REVIEW ARTICLE

Physiologic Pacing in Heart Failure

Summary

Cardiac physiologic pacing, also known as cardiac resynchronization therapy, is indicated
in patients with heart failure, reduced left ventricular ejection fraction (LVEF) of 50% or
less, and either a high (or anticipated high) ventricular pacing burden or a wide QRS
complex. Traditionally, physiologic pacing has been achieved with biventricular pacing
with a right ventricular lead and a coronary sinus branch lead. Randomized trials involving
more than 10,000 patients with heart failure have shown clinical, exercise, and quality-of-
life benefits associated with biventricular pacing, as well as improved LVEF and reduced
mitral regurgitation and ventricular volumes. These benefits are greatest in patients with
left bundle-branch block and a QRS duration of 150 msec or longer. Recent studies
support targeting the His bundle or left bundle branch as an alternative cardiac
physiologic pacing strategy. Ongoing randomized trials are expected to more clearly
define the comparative efficacy and safety of conduction system pacing as compared with
biventricular pacing.



Biventricular Pacing for Cardiac Physiologic Pacing

The human conduction system ensures that mechanical contractions of the heart maintain
atrioventricular, intraventricular, and interventricular synchrony. When activation of the right and left
ventricles is dyssynchronous, with left bundle-branch block or pacing of the right ventricular
myocardium, left ventricular function may decrease. This decrease in function is more likely to occur in
patients who already have reduced left ventricular systolic function. The primary approach to
overcoming left ventricular dyssynchrony in patients with heart failure with reduced ejection fraction has
been biventricular pacing, with a lead introduced through the coronary sinus into a lateral or
posterolateral coronary sinus venous branch to capture the epicardium. Alternatively, when placement
of the left ventricular lead through the coronary sinus is not possible, a lead may be placed directly on
the left ventricular epicardium during an open or thoracoscopic surgical procedure. Biventricular pacing
achieves its salutary effect by synchronizing the activation of the right ventricular endocardium with that
of the left ventricular epicardium by means of a pacing or implantable cardioverter—defibrillator (ICD)
lead placed in the right ventricle, which results in reverse ventricular remodeling. Activation proceeds
from cell to cell in the myocardium without directly engaging the conduction system, resulting in a fusion
of the electrical wavefronts from stimulation of the right ventricle and left ventricle. Challenges to
successful biventricular pacing include a lack of appropriate target vessels in the coronary sinus in which
to place leads, lead dislodgement, lateral myocardial scarring, and differential benefit relative to both
QRS morphologic features and QRS duration. Device algorithms have been developed to optimize pacing
by fusing intrinsic conduction down the right bundle branch with pacing from the coronary sinus lead.



Lead Configurations.

Shown are the lead configurations for His
bundle pacing (HBP), left bundle-branch
pacing (LBBP), biventricular pacing, His
bundle-branch-optimized cardiac
resynchronization therapy (HOT-CRT), and left
bundle-branch-optimized cardiac
resynchronization therapy (LOT-CRT). AV
denotes atrioventricular, CS coronary sinus,
RVP right ventricular pacing, and SA sinoatrial
node.



KEY POINTS

Physiologic Pacing in Heart Failure

« Cardiac physiologic pacing can be achieved with biventricular pacing with a right
ventricular lead and coronary sinus lead or conduction system pacing by way of the
His bundle or left bundle branch. It is indicated in patients with heart failure, left
ventricular ejection fraction (LVEF) of 50% or less, and high or anticipated high
ventricular pacing burden and left ventricular resynchronization in patients with a
wide QRS complex.

« Randomized trials of biventricular pacing in more than 10,000 patients with heart
failure have shown improved LVEF, reduced mitral regurgitation and left ventricular
volumes, enhanced quality of life and exercise capacity, fewer hospitalizations for
heart failure, and improved survival. The greatest benefit is seen in patients who
have a left bundle-branch block with a QRS duration of 150 msec or longer, whereas
biventricular pacing may be of negligible benefit when the QRS duration is 130
msec or less.

« Retrospective studies suggest that conduction system pacing may offer benefits
equal to or greater than biventricular pacing. Ongoing randomized trials will clarify
the relative efficacy and safety of cardiac physiologic pacing as compared with
biventricular pacing.



Trials of Cardiac Physiologic Pacing with Biventricular Pacing.

NYHA U888 or
Trial Typeor Comparison  Class LVEF  SRorAF QRS veo Primary End Point Primary End-Peint Results
* e %
Early triaks
MUSTIC-SR (48 patients)  Siegleblind, cross- n 35 SR >150 87 6MWT, peak VO, LVEF,  Improved peak VO, LVEF, NYHA
e NYHA lass, QOL MR 5, QOL MR
CRT on or off
MUSTIC AF (43 patients)'t Sisgle-blind crossover " %35 As =200 NA  6MWT, peak VO, QOL  Improved SMWT, QOL
CRT on or off
MIRACLE (453 patients)'  CRT vs. medical care v 35 SR 2130 NA  6moQOL NYHAlass, Improved QOL, NYHA class, 6MWT
eMwT
PATH.CHF (41 patients)®  Siegle blind, cross- Y 35 SR >120 97 VO, QOL 6MWT, LVEF, Teend towaed an improvement in all
over NYHA dlass priemary and seccedary end points
CRY on or off with BIVP
MIRACLE ICD (369 pa-  Double-blind, parallel NIV =35 SR =130 94 6moQOL NYHAdass, Improved QOL, NYHA class, EMWT
tieets)* <controlled, ICD EMWT
vs. CRT
CRT on or off
CONTAX €D (490 pa- 1CO vs. CRT v =35 SR 2120 46 At6mo,death fromany  Decreased HF progression; improved
tients) CRY on or o cause, hospralzation  peak VO, NYMA class, QOL. LV
for HF, and VT o VF velumes
requiring device inter-
wention
MIRACLE ICO 11 (186 pa-  1CD vs. CRT, double ] %35 SR =130 234 VO, NYHAchss, QOL,  Nochange in extrcise capacity. im-
[ Blind, parallel- MW, LV volumes, proved LV volomes, LVEF, and
controlled and LVEF at 6 me; composite dlinkcal responses
CRT onor off composite cheical
response
Large RCTs.
COMPANION (1520 pa-  Three groups: KD ", =35 SR 2120 36 Death from any cause or  Both CRT and ICD with CRT better
tients) " with CRT, CRT hospitalization for any than optimal medical therapy
without ICD, or cause alone
optienal medical
therapy
CARE-HF (813 patients)*  CRT vs.optimal medi- I, IV 35 SR =120 95  Deathfrom any cause or  CRT better than optimal medical
al theeapy unplanned cardiovas-  therapy
cular hospitalization
MADIT-CRT (1820 pa- 1CO with CRT vs. ICD L 30 SR a3 705 Death from any cause CRT bette edical
tiemts) alone HF events therapy
RAFT (1798 patients)*  ICOwith BIVPvs. KD 11l %30 SRorAF 2120 72 Deathfromany CRT & not
alone hospitalization for HF  reduce HF events
REVERSE (610 patieats)!’  CRT with ICD if LVEF L 40 SR 20 €05 HF dlinical scoeecom-  Chinical composite sceee better with
235% posite CRT (with or without ICD)
CRY alone if LVEF
2)6% and <40%
CRT on or off over
12mo
RCTs in MF, QRS 5120 to.
130 msec
NARROW.CRT (120pa:  CRT and ICD vs. DDO " =35 SR <120 NA MF dlinikcal compos CRT b MF chincal
tients) "y and ICD response compasite response
LESSER-EARTH (85 pa- CRT or ICD Nonef 35 SR <120 NA du-  CRT did not imps
tients) CRT onor off ration with VO, QOL. iy, sympeoms, QOL of reverse LV
reverse LV remodeling  remadeling
EchoCRT (809 pa- CRT or ICD ", =35 SR 5130 NA  Deathfromanycauseor  CRT did not decrease martabty o MF
tients) 11 CRT on or off HF hospitakzation hosgitalzaticn
RethinQ (172 patients)”  CRT or ICD " <38 SR 5130 NA VO, at6mo CRT did not improve VO,
CRT on or off
ESTEEM-CRY (68 pa- CRT or ICO " B SR 130 NA  Hemodynamics (LV CRY did not improve hemodynamics
tienes) ¥ CRT on or off d»-a:;lmnonm at the time of implastation, long:
time of i i or
204 chronc exercise reverse remodeling
performance. echo-
determined reverse
remodeling
RCT of MF prevention, sub-
stantial RV pacing.
BLOCK MF (691 patients)” Pacemaker indicated =" =50 SRorAf NA NA Death from any cause, BIVP reduced mortality and morbid-
for AV block WF.elated urgent ity, improved clieical cutcomes,
Double-blind random- care,orsl5% increase  QOL, HF symptoens
izaticn 1o BIVP oe in LVESI
IfLVEF 535%, pa-
tients r
aswgred to ICD
with BIVP or with:
ount BIvP §



A Right Ventricular Pacing

B His Bundle Pacing
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His Bundle Pacing Shown on
Electrocardiogram (ECG).

Panel A shows an ECG of right ventricular
pacing with a paced QRS duration (QRSd) of
190 msec. In this patient, who had complete
heart block at baseline and a left ventricular
ejection fraction (LVEF) of 60 to 65%, pacing-
induced cardiomyopathy developed, leading to
a LVEF of 35 to 40% with 100% right ventricular
pacing. Panel B shows an ECG of His bundle
pacing with a paced QRSd of 82 msec.
Upgrading the patient’s pacemaker to a His
bundle pacemaker improved the LVEF to a
range of 60 to 65%.



Trials and Studies of Conduction System Pacing for Cardiac Physiologic Pacing.

Trial TypeorComparison  NYMAChss  LVEF  SRorAF Qs 8BS Primary End Points  Primary End-Poiet Resuks
% e %
Early Trials
Lustgartenetal. 29 Randomized crossover. [ <40 E 138-186 96 QOL NYHAdass, No differences between HisBP
pasients)” EIVP vs. HisBP 3t 6 mo EMWT, LVEF and BIVP
with crossover and 12-
mo
HisSYNC (41pa-  Singleblinded crossover, IV 35 & >120 70 LVEF,LVESV.NYHA  Highcrossover rate, no iffer-
terts)" Mis CRT vs. BIV CRT class, QOLat6and  ences
12mo
His-Alternative (50 pa- Single-blinded crossover, 111V, 35 SR >130(women) 5140 100 QRS NYHAdass, No diffecences based on inten-
tents)* His CRY vs. BV CRT (men) GUWT, LVEF, LVESV,  tiono-treat analysis
success of implanting
 His bundie lead at
6mo
LBBRRESYNC (40ps- Nonischemic cardiommy- - 40 s® a0 100 6o LVEF, LVESV. Impecwed LVEF in L8BP.CRT
tieets)™ ‘opathy and L8 NT-pco NP, NYHA
LBSPCRT vs. BIV-CRT, class, GMWT, QRS
segleblinded dunation
LEVELAT (0pa-  Singleblinded. random- NA <5 SR 10882150 97 LVactivationtime, No differences
tents)* ized, BIV.CRT vs. CSP (ronL886) LVESV. MF hospital.
atic 216 mo
ALTERNATIVEAF (S0 Randomized, crossoner, =% <40 A 51200 8888 NA  LVEF,LVEDD,NYMA  Improved LVEF with His8P
pasents)” persistent AF sher class, BNP, QOL at
AVNA o HisBP vs. 2000
BVP
HOPEHF (167ps  Randomized, crossoner v =40 Y #1400¢ R8BS Peak VO, QOL LVEF  No diffecerces in peak VO,
tieets)© 16 mo, HsBP vs. no or LVEF: improversent
pacing. PR 2200ms QOL with HisP
Observational Studies
Vijayaraman etal. (677 Obsenvationsl twocenter 111V 5 = =120 52 Death from any cause ce  Greaser reducticein HF bos-
paents)™ study., BIVP . CSP, unplanned CV hosgs  pitalization with CSPin all
mean follow-up of 2 talization patients and patients with
mo LBB, better LVEF and rar-
towes QRS duration with
csp
Diazetal 371pa-  Observational muticenter  [LiV 53540 s® =20 51 HFhospitazationand  Highes LVEF and fewer HF
teets)® study, BIVP vs. LBBAP, Seath from any cause;  hospitalizations with CSP
mean follow-up of 1.3 NYHA class, £CG
mo
Vijsyaraman etal.  Observational 1S-censer. - 35 & 2120 61 Death from any cause oe Greaser reduction in composite
LCLAS (1778 pa- intemational study; MF hospitakzation of death from any cause
tents)* BIVP vs. LBBAP. mean and HF hospitalzation
follow-wp of 36 mo. with LBBAP in all patients
and patients with L8B
freater LVEF improveme:
and narrower QRS duration
with LBBAP
Merweg etal, LCLAS  Propensity.matched, ob- [ <35 = 2120 61 VIorVF.newonsetAF Lower incidence of sustained
(1414 patients)® servational, 15-center, VT o VF and new-onset AF
intermational study, with LBBAP than with BVP
BIVP vs. LBBAP, mean
follow-wp of
Zhoetal 2595a-  Obsenvational two-center v <50 SR >10with LBES, 63 Death from any cause or Greaser reduction in pei
tients)™ study, BIVP vs. LBBP 2150 with no. HF hospitakaation or  endpoint events with LBBP
20d LVSP, mean follow. L8BE and LVEF ECGmeasuees of LV than with BIVP oe LVS®;
wpol288mo 535% o ad- remodeling death from amy cause
vanced AVR and higher with LVSP than with
LVEF <50% BV
jayaramanctal.  Observationsl M-centerin- IV 3%-50 SR >120with LBBB or 33 Desth from amy cause or  Greaser reduction in composite
FCLAS (1004 pa ternational study, BIVP expected RVP HF hospitakaation of death from any cause
tents)” V. CSP (MisBP and 0% and HF hospitalaation
LBEAP), mean follow- with CSP
wpof49mo
Osgoing Trals
LEAP (470 patients) LS9 vs. RVP NA 40 SRAF 2ndor Srd AVB or NA Lhosph  Envolling:
atvial arshythewia hization for HE, and
with slow VR: ex- decline in LVEF by
pected VP >20% >10%
OptimPacieg LBSPvs. RV - 35 SRAF  2ndocdréAVblock  NA G bos, Eneclling: “*»
et or persistent o talization for HF, and
permanent AF PiCM
with VR <50 bpm
LEFT HF (1280 B8P v, RVP NA >3 SR Mighdegree AVE NA  Combined CVdeath, HF  Envolling: Jomo follow-vp
15 and anticipated events, and increase
RVP >90% in LVESV by 15%
PROTECT.MF HisBP or LBBP . RVP NA B SRAF M€ Envolling: 78.mo follow-up
2600 patients)
paceg indca- events
tion, or AF with
show ventricular
e, or
AV node sblation
Leftvs. Left RCT HisBP or LBBP vs. BIVP. NA 50 SRAF aici NA G edHF  Envclling:
136 patients) pated RVP >40%. hospitalization
or upgradeto
CRT due to RV




A LBBB-Induced Cardiomyopathy
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Left Bundle-Branch Pacing Shown on ECG.

Panel A shows baseline ECG findings in a
patient with left bundle-branch block (LBBB)-
induced cardiomyopathy (QRSd, 138 msec)
with an LVEF of 30 to 35%. Panel B shows an
ECG from the same patient with left bundle-
branch pacing and a paced QRSd of 86 msec.
With left bundle-branch pacing, the LVEF
improved to 50 to 54%. Right bundle-branch
morphologic features in lead V; indicate either
left bundle-branch pacing or left ventricular
septal pacing. Additional pacing maneuvers are
performed to distinguish between left bundle-
branch pacing and left ventricular septal
pacing. In this case, left bundle-branch pacing

was confirmed.



Clinical Considerations for the Treatment of Patients with Physiologic-Pacing Devices

Heart-Failure and Electrophysiology Clinics

A multidisciplinary approach to cardiac physiologic pacing, which involves collaborative efforts in combined heart-
failure and electrophysiology clinics, promotes guideline-directed medical therapy and the selection of
appropriate physiologic pacing strategies. This integrated-care model has been associated with improved patient
outcomes, including enhanced quality of care, increased patient engagement, improved medication safety,
reduced hospitalization rates, and decreased mortality.

Magnetic Resonance Imaging (MRI)

MRI conditionality (manufacturer-defined conditions under which a pacing device is safe in the setting of an MRI)
is important, given the frequent use of MRI scanning in multiple clinical situations. Some leads and pacing
systems used for conduction system pacing are labeled as MRI conditional. Ongoing clinical trials are expected to
provide sufficient safety data that will lead to the MRI-conditional labeling of multiple leads and pacing systems.
Lead Extraction

Experience with lead extraction is growing. Leads used for conduction system pacing can either be lumenless (not
stylet driven because there is no inner lumen) or stylet driven. In one study, the success of lead extractions for
lumenless leads was reported to be 100%, although there were retained distal fragments in 1% of the patients. It
is reassuring that minor complications occurred in only 2.1% of the patients. Extraction of ICD or pacemaker leads
becomes more difficult the longer the leads are implanted. Given the relatively recent emergence of conduction
system pacing leads, dwell time is short, with a mean (£SD) of 22£26 months. There are limited data on extraction
of stylet-driven leads implanted in either the His or left bundle-branch positions.



Future Directions

Physiologic pacing is a dynamic field with ongoing developments on multiple fronts. The role of
biventricular pacing is well established for the treatment of patients with abnormal cardiac function and
conduction system disease and is supported by multiple large randomized trials with clinically relevant
end points, including mortality. The body of evidence is rapidly increasing for conduction system pacing,
with special emphasis on left bundle-branch pacing. Ongoing randomized clinical trials will establish the
relative efficacy and safety of conduction system pacing as compared with biventricular pacing. If the
two pacing strategies are equivalent, other factors may play a role in making the appropriate choice.

His bundle pacing and left bundle-branch pacing involve a simpler system and shorter procedural times
for implantation than biventricular pacing, with potential downstream favorable consequences that
include reduced cost, lower radiation dose, lower contrast dose, and increased battery life. Reduced
costs may further be derived from less-expensive generators and fewer or less-expensive leads. CRT ICD
or pacemaker generators (intended for use with biventricular pacing) are much more expensive than an
ICD alone or pacemakers without CRT capability — the type of generators used for conduction system
pacing. Also, pacing leads are less expensive than the coronary-sinus left ventricular leads used in
biventricular pacing systems. In addition, because the His bundle pacing or left bundle-branch pacing
lead provides the dual functions of pacing and cardiac resynchronization, only one lead, rather than the
two needed for biventricular pacing, is needed. Furthermore, conduction system pacing will probably
replace traditional right-ventricular pacing for indications of symptomatic sinus-node dysfunction and
atrioventricular block.



Pneumocystis jirovecii Pneumonia

A 60-year-old man with recently diagnosed human immunodeficiency virus (HIV) infection

presented to the infectious diseases clinic with a 10-day history of fever, dry cough, and
shortness of breath. Treatment for HIV infection had not yet been started. His respiratory rate
was 32 breaths per minute, heart rate 120 beats per minute, blood pressure 105/75 mm Hg,
and oxygen saturation 89% while he was breathing ambient air. The physical examination
revealed cyanosis of the lips but no abnormalities on lung auscultation. A chest radiograph
showed diffuse interstitial infiltrates. Computed tomography of the chest showed diffuse
nodules and ground-glass opacities with thickened interlobular septa (Panel A). Laboratory
studies were notable for a CD4 count of 56 cells per microliter (reference range, 550 to 1440),
HIV load of 76,200 copies per milliliter (reference value, <20) and elevated 1,3-f3-D-glucan and
lactate dehydrogenase levels. Gomori methenamine silver staining of bronchoalveolar lavage
fluid showed multiple round structures with thick walls (Panel B), a finding consistent with
the cystic form of the fungus Pneumocystis jirovecii. Metagenomic sequencing of the
bronchoalveolar lavage fluid confirmed the diagnosis of P. jirovecii pneumonia. Treatment with
trimethoprim-sulfamethoxazole and methylprednisolone was started. Nine days after
presentation, the patient died of progressive respiratory failure.

Prurigo Pigmentosa

A previously healthy 20-year-old man presented to the dermatology clinic with a 4-week

history of an itchy rash on his upper chest and shoulders. Two months before presentation,
he had started a carbohydrate-restricted ketogenic diet for weight loss. Physical examination
was notable for symmetric, erythematous papules and underlying reticulated
hyperpigmentation on the upper chest (Panels A and B [close-up view]), anterior neck (Panel
A), and shoulders (Panels C and D show the right and left shoulders, respectively). Striae were
also seen on the lower abdomen. Histopathological analysis of a skin-biopsy specimen
obtained from the left side of the chest revealed spongiosis with perivascular lymphocytic
infiltrates in the dermis. Direct immunofluorescence was negative for IgA, IgE, IgG, IgM, C3,
and fibrinogen. A diagnosis of prurigo pigmentosa — also known as keto rash — was made.
Prurigo pigmentosa is an inflammatory dermatosis that manifests as pruritic, erythematous
papules on the chest, back, or neck that may progress to a reticular pattern over time. It has
been associated with ketosis in the context of ketogenic diets, diabetes mellitus, and fasting.
A biopsy is not required if the diagnosis can be made on the basis of clinical features.
Treatment involves tetracycline therapy and resolution of ketosis. The patient was advised to
stop his ketogenic diet and was given a 2-week course of oral doxycycline. At 1 week of follow-
up, the rash had abated.



Case 3-2026: A 58-Year-Old Woman with Diplopia
and Fever

A 58-year-old woman was admitted to this hospital because of diplopia and fever.

Three weeks before the current presentation, the patient underwent lumbar
hemilaminectomy, facetectomy, and foraminotomy on the left side, with excision of a
herniated disk and decompression of the nerve root, at another hospital. On postoperative
day 1, back pain increased substantially, and oxycodone was prescribed. Owing to the back
pain, which did not abate after oxycodone treatment, and the development of left leg pain
with resultant limited mobility, prednisone was prescribed on postoperative day 3.

On postoperative day 4, the patient was readmitted to the other hospital. The blood levels of
glucose and electrolytes were normal, as were the results of tests of kidney function; other
laboratory test results are shown in Table 1. Magnetic resonance imaging (MRI) of the lumbar
spine, performed after the administration of intravenous contrast material, reportedly showed
postsurgical changes and an epidural fluid collection, measuring 16 mm in diameter, on the
left side at the level of the fifth lumbar vertebra; a radiograph of the left leg was reportedly
normal, and ultrasonography showed no deep venous thrombosis in the legs. Treatment with
intravenous dexamethasone and oral acetaminophen, cyclobenzaprine, celecoxib, gabapentin,
hydromorphone, and tramadol was administered.


https://www.nejm.org/doi/full/10.1056/NEJMcpc2412529

Seven days before the current presentation,
leg pain persisted, and the patient noticed a
new erythematous rash on her legs, chest,
buttocks, back, and cheeks. She contacted
her primary care physician and reported that
the rash had started as hives and had then
become “welts.” The tympanic temperature
measured by the patient at home was
39.1°C, and she was instructed by her
primary care physician to take
diphenhydramine and ibuprofen and to stop
taking all other medications except
gabapentin.

Six days later, the patient was evaluated by
her primary care physician, who prescribed
oral doxycycline for a presumed skin
infection. The next day, fever recurred, the
right eyelid became swollen and painful with
motion, and horizontal diplopia developed.
The patient presented to the emergency
department of this hospital.

Approximately 2 Wk
Reference Range, before the Current Reference Range, On Initial
Adults, Presentation, Adults, Evaluation,
Variable Other Hospital Other Hospital This Hospital® This Hospital

Hemoglobin (g/dl) 12.0-16.0 12.1 12.0-16.0 10.6
Hematocrit (%) 36.0-46.0 35.2 36.0-46.0 318

White-cell count (per pl) 4000-11,000 11,790 4500-11,000 6530
Platelet count (per ul) 150,000-350,000 434,000 150,000-400,000 200,000
’ Erythrocyte sedimentation rate — — 0-30 95
(mm/hr)
* C-reactive protein (mg/liter) — — 0.0-8.0 117.8

On evaluation in the emergency department, the patient
reported ongoing leg pain and fever but no chills or
diaphoresis, although she recalled that she had had 3
days of chills and body aches before the lumbar surgery.
Aside from diplopia, which decreased with covering one
eye, she did not report worsening visual acuity or
changes in color vision. She had no hearing loss, sinus or
ear symptoms, headache, neck stiffness, weakness, falls,
or paresthesia (except for chronic numbness in the toes
of the left foot). She reported a persistent erythematous
rash on her legs. She had no weight change,
photosensitivity associated with the rash, oral or genital
ulcers, Raynaud’s phenomenon, jaw claudication,
dysphagia, lightheadedness, dyspnea, or chest pain. No
pulmonary, gastroenterologic, or genitourinary
symptoms were present.



Medical history included lumbar spondylosis and disk protrusion with radiculopathy, type 2 diabetes
mellitus, hypertension, hyperlipidemia, coronary artery disease, colonic polyps, obstructive sleep
apnea, asthma, allergic rhinitis, eczema, anxiety, and periodic limb movement disorder. Medications
included gabapentin, aspirin, rosuvastatin, losartan, hydrochlorothiazide, and sertraline, as well as
clonazepam as needed. Amoxicillin had caused lip swelling, and lisinopril had caused a cough. The
patient had received vaccinations against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2).

The patient worked in education and lived in a coastal suburban area of eastern Massachusetts with her
husband and dog. She frequently walked her dog in a wooded area. Recent travel included a trip to
Europe; she had had no specific animal, food, or insect exposures. She occasionally drank wine and did
not use tobacco or other substances. Her family history included hyperlipidemia and coronary artery
disease in her father, mother, and brother. Her father also had diabetes and diverticulosis, and her
maternal grandmother had had breast cancer.

Ophthalmologic examination revealed right esotropia, which was worse with attempted abduction, and
slight ptosis, with the right pupil slightly smaller than the left pupil. No conjunctival erythema or scleral
icterus was present. The remainder of the neurologic examination, including evaluation of other cranial-
nerve function, strength, sensation, reflexes, and coordination, was normal. The lumbar surgical-
incision site was well-approximated and clean, without drainage or fluctuance. Confluent erythematous
macules, measuring approximately 5 cm in diameter overall, were present on the right lower leg and
buttocks, without palpable purpura. There was no palpable lymphadenopathy.



Clinical Photographs.

The incision site of lumbar hemilaminectomy,
which had been performed 3 weeks before the
current presentation, is shown (Panel A). On
arrival at the emergency department, the
patient had confluent erythematous macules
on the right lower leg (Panel B) and buttocks
(not shown).

k!

The blood levels of electrolytes, glucose, albumin, globulin, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, and creatine kinase were normal, as were the white-cell
count and differential count and the results of tests of kidney function; other laboratory test results
are shown in. Tests for SARS-CoV-2, influenza A and B viruses, human immunodeficiency virus types 1
and 2, and hepatitis C virus antibodies were negative. Urinalysis was normal. A chest radiograph was
normal. Computed tomographic (CT) angiography of the head and neck, performed after the
administration of intravenous contrast material, showed no intracranial vascular abnormality. MRI of
the head, performed after the administration of intravenous contrast material, showed no infarct or
mass, but enhancement was noted along cranial nerves lll, V, VI, and VIl on the right side. Treatment
with intravenous acyclovir and oral doxycycline, acetaminophen, ibuprofen, and diazepam was
administered. The patient was admitted to the neurology unit of this hospital. Diagnostic tests were
performed, and management decisions were made.



Autoimmune or inflammatory disease

Systemic rheumatic (sarcoidosis, ANCA-associated vasculitis, 1gG4-
related disease, Sjogren’s syndrome, systemic lupus erythemato-
sus, or Behcet’s disease)

Neurologic (multiple sclerosis, Guillain-Barré syndrome, neuromyelitis
optica, or Tolosa—Hunt syndrome)

Cancer (perineural spread of tumor cells, metastatic disease, primary nerve
tumors, or lymphoma)
> Infection

P Bacterial (typical bacterial infection [e.g., with staphylococcus or strepto-
coccus species), brucellosis, tuberculosis, listeria infection, syphi-
lis, Lyme disease, or Borrelia miyamotoi infection)

P Viral

Herpesvirus infection (varicella-zoster virus infection, herpes simplex
virus type 1 infection, or Epstein—Barr virus infection)

Arbovirus infection (West Nile virus infection, Powassan virus infec-
MRIGHHE Keatiand:Heck: tion, eastern equine encephalitis, or western equine encephalitis)

Gadolinium-enhanced axial (Panels A, B, and
C) and coronal (Panel D) T1-weighted images
of the head and neck show smooth Other condition (a physiologic finding in a healthy person, ophthalmoplegia,
silisncementalongieranial nenesIE(Panelay migraine, ischemia, surgery, head trauma, or radiation exposure)
arrow), V (Panel B, arrow), VI (Panel C, arrow),

and VIl (Panel D, arrow) on the right side.

P Fungal (cryptococcal infection, aspergillosis, or mucormycosis)



Discussant

Multiple aspects of this case suggest Lyme disease. Lyme disease is a tickborne infection caused by the spirochete B.
burgdorferi. Lyme disease is endemic in the northeastern United States, where this patient resides, and she probably had tick
exposures through frequent dog walking. A single expanding erythema migrans rash is the initial clinical sign of the disease in
many patients, occurring within days to several weeks after a tick bite. This patient did not recall a tick bite or an initial
erythema migrans rash, but the absence of those findings does not rule out the diagnosis of Lyme disease. Erythema migrans
may be accompanied by flulike symptoms, headache, and malaise. Infection may then disseminate and cause further skin
lesions, including a rash with multiple erythema migrans lesions, which could explain the rash this patient described on her
legs, chest, buttocks, back, and cheeks. Disseminated infection can also cause neurologic, cardiac, and joint disease.
Neurologic involvement occurs in 15% of cases of Lyme disease. Lyme neuroborreliosis is characterized by lymphocytic
meningitis, painful radiculitis, and cranial neuropathies. Approximately 43% of persons with Lyme neuroborreliosis have
cranial-nerve involvement, most commonly with cranial nerve VII, followed by cranial nerve lll. Facial palsy is the most
common manifestation of Lyme neuroborreliosis in the United States. Bannwarth’s syndrome, a subset of Lyme
neuroborreliosis that is more common in Europe than in the United States, involves a triad of painful radiculopathy,
cerebrospinal fluid (CSF) lymphocytic pleocytosis, and cranial neuritis. Although this patient’s leg pain may be related to recent
surgery or worsening of previous nerve-root compression, the description could be consistent with radiculitis. Some patients
with Lyme neuroborreliosis may have multiple nerve palsies or radiographic enhancement, as was seen in this patient; cranial-
nerve enhancement may also be clinically occult.

Although the month of presentation was not included in the case history provided, | inquired specifically and learned that the
patient presented in July, the peak month of onset of neurologic manifestations of Lyme disease. | think that the most likely
diagnosis is Lyme neuroborreliosis. The diagnostic test of choice would be serologic testing for antibodies against B.
burgdorferi. If a lumbar puncture was performed, CSF antibody testing could be performed to ultimately determine the CSF-

serum antibody index.



Diagnostic Testing

The major diagnostic tests for Lyme disease detect antibody responses to B. burgdorferi. The standard
two-tiered approach first measures IgM and IgG responses to B. burgdorferi, either separately or together,
with an enzyme immunoassay, usually with the use of a B. burgdorferi whole-cell sonicate. Then, in
samples with an equivocal or positive response, Western blot (or line blot) analysis for IgM and IgG is
performed. However, a positive IgM response alone should be used only to support the diagnosis of Lyme
disease during the first month of infection; after that time, patients usually have an IgG response, which is
more specific than an IgM response.

The Food and Drug Administration has approved a modified two-tiered approach involving two enzyme
immunoassays that each determine IgM and IgG responses to different B. burgdorferi antigens. The
modified approach is more sensitive than the standard two-tiered approach during early infection.
However, the standard two-tiered approach provides more information and therefore may be helpful in
more complicated cases even in patients with early disease (such as the patient in this case), as well as in
patients with late disease. CSF testing must account for the passive transfer of 1gG across the blood—brain
barrier. Therefore, concomitant serum and CSF samples are needed to test for IgG against B. burgdorferi,
and the results are adjusted on the basis of total IgG levels in both types of samples. In this patient,
serologic testing was performed with the use of the modified approach, which showed positive IgM and
lgG responses to B. burgdorferi, as is typically seen in patients with acute Lyme neuroborreliosis.

Final Diagnosis

Lyme neuroborreliosis and coinfection with Babesia microti.



A sedentary lifestyle—defined as excessive sitting or low energy expenditure—
significantly increases the risk of premature death, with risks comparable to smoking or
obesity. Sitting for over eight hours a day without exercise raises mortality risk by nearly
38%, with 1 in 6 deaths attributed to inactivity. It doubles the risk of cardiovascular
disease, diabetes, and obesity.




Deaths potentially averted by small changes in physical
activity and sedentary time: an individual participant data
meta-analysis of prospective cohort studies

Summary

Background The effects of small, realistic changes in physical activity and sedentary behaviour on population-level
mortality are unclear. We aimed to estimate the proportion of deaths preventable by 5-min and 10-min incremental
increases in moderate-to-vigorous intensity physical activity (MVPA) and 30-min and 60-min reductions in daily
sedentary time.

Methods We did an individual participant data meta-analysis of prospective cohort studies. We included studies with
device-measured physical activity and sedentary time. We estimated the proportion of deaths prevented (potential
impact fractions; PIFs) by changes in (1) the approximately 20% least active participants (high-risk approach) and (2)
all participants except the approximately 20% most active (population-based approach). We calculated PIFs from
adjusted hazard ratios estimated for 5-min and 10-min increases in MVPA and 30-min and 60-min reductions in
sedentary time from observed levels across the activity distribution.

Findings We included seven cohorts from Norway, Sweden, and the USA (n=40327; 4895 deaths). Data from the UK
Biobank (n=94719; 3487 deaths) were analysed separately. A 5-min/day increase in MVPA in the least active
participants might prevent 6-0% (95% CI 4-3-7-4) of all deaths. A similar increase in MVPA in all participants
except the most active might prevent 10-0% (6-3-13-4) of all deaths. Reducing sedentary time by 30 min/day might
prevent 3-0% (2-0-4-1) of all deaths in the high-risk approach and 7-3% (4-8-9- 6) in the population-based approach.
Results from the UK Biobank were of a smaller magnitude but still substantial—eg, reducing sedentary time by
30 min/day in all except the most active participants was associated with preventing 4-5% (2-8-6-1) of total deaths.

Interpretation Small and realistic increases in MVPA of 5 min/day might prevent up to 6% of all deaths in a high-risk
approach and 10% of all deaths in population-based approach. Reducing sedentary time by 30 min/day might prevent
a smaller, but still meaningful, proportion of deaths in the two risk scenarios.



ABC (n=719), Sweden*

HAI (n=4271), Swedent

NHANES (n=3871), USA%

REGARDS (n=7276), USAS

Women Men Women Men Women Men Women Men

Participants 399 (55-5%) 320 (445%) 2172 (50-9%) 2099 (49-1%)  1958(50-6%) 1913 (49-4%) 3964 (54-5%) 3312 (45-5%)
Deaths 31(7-8%) 47 (14-7%) 33 (1:5%) 58 (2:8%) 524 (26-8%) 617 (32:3%) 729 (18:4%) 918 (27-7%)
Follow-up time, years 14-3(17) 13.9(23) 3-8(1-9) 39(19) 13-5(33) 12.9(3-8) 9-9(32) 96 (33)
Age, years 54-6 (9-1) 55.5(9-1) 70-4(0-2) 70-4(03) 60-6 (12-9) 605 (12-9) 682(87) 69-8(8:3)
Age =60 years 117(293%) 103(322%)  2172(100%) 2099 (100%)  1020(521%) 984 (51:4%) 3298 (832%) 2945 (88-9%)
Sedentary time, min/day 509(961)  529(103) 550 (827) 563 (85-8) 498 (112) 511(125) 693 (82-2) 689 (83-6)
Total physical activity, min/day 369 (101) 365 (110) 293 (74-5) 284 (78-6) 341(101) 343 (111) 148 (71-8) 161 (76-4)
Light-intensity physical activity, min/day 340(89-9)  330(96.9) 263 (68-4) 249 (71.9) 327(94-2) 320(99-6) 141 (66-8) 151(69-9)
Moderate-to-vigorous intensity physical 29-6(31-6) 35-0 (30-6) 30-4 (24-0) 34-4(26-4) 13-9 (16:5) 23:6 (24-8) 6-7 (11-6) 10-0 (15-2)
activity, min/day
BMI, kg/m? 25-6 (3-9) 26:0(29) 263 (4-6) 267 (37) 29-1(6-6) 283(53) 288(6-3) 283 (4-7)
BMI >30 kg/m? 51(12:8%)  30(9-4%) 403 (18-6%)  351(16:7%) 735 (37-5%) 575(301%) 1453 (36:7%) 968 (29-2%)
Smoking

Never 164 (411%) 126 (39-4%) 1077 (49-6%) 959 (457%)  1159(592%)  681(35-6%)  2272(57-3%) 1350 (40-8%)

Former 121(303%)  131(40-9%) 034 (43-0%) 1016 (48-4%) 497 (25-4%) 808 (422%)  1277(32:2%) 1619 (48-9%)

Current 114(286%)  63(19-7%) 161 (7-4%) 124 (5-9%) 302(154%) 424 (22:2%) 415(105%) 343 (10-4%)
Education

Primary 120(301%)  117(36:6%)  266(122%) 391 (18:6%) 529(27:0%)  577(30-2%) 255 (6-4%) 172 (5:2%)

High school 145(363%) 117 (36-6%) 890 (41:0%)  831(39:6%) 515(263%) 440 (23-0%) 2069 (52:2%) 1489 (45-0%)

University 134(33:6%)  86(269%) 1016 (46:8%) 877 (41-8%) 014 (467%) 896 (46-8%) 1640 (414%) 1651 (49-8%)
History of cardiovascular disease 6 (1.5%) 22(6-9%) 120 (5:5%) 333 (15:9%) 255 (13-0%) 339(17:7%) 336 (8:5%) 553 (16:7%)
History of cancerq] 12 (3:0%) 8 (2:5%) 816 (376%)  481(22:9%) 255(130%) 216 (11:3%) 222 (12:1%)|| 314 (145%)||
Diabetes] 9(2:3%) 11 (3-4%) 130 (6:0%) 226 (10-8%) 269(137%)  271(142%) 505(127%) 482 (14-6%)

Data are n (%) or mean (SD). ABC=Activity, Behaviour, Change. HAI=Healthy Aging Initiative. NHANES=National Health and Nutrition Examination Survey. REGARDS=Reasons for Geographical and Racial
Differences in Stroke. *ActiGraph 7164 (lower back). tActiGraph GT3X+ (right hip). +ActiGraph 7164 (right hip). SActical (right hip). qIBinary variables (yes or no). ||Percentages calculated out of 1836 women

and 2172 men with non-missing observations.

Table 1: Descriptive characteristics of the ABC, HAI, NHANES, and REGARDS cohorts




WHS (n=16316), USA*

NNPAS (n=2208), Norwayt

Tromse study (5666), Norway+

UK Biobank Study (94 719), UKS

Women Men  Women Men Women Men Women Men

Participants 16316 (100%) 0 1168 (52:9%) 1040 (471%) 3025(534%)  2641(46:6%) 53449 (56-4%) 41270 (43-6%)
Deaths 1584 (9:7%) 37 (32%) 77 (7-4%) 97 (3:2%) 143 (5-4%) 1414 (2-6%) 2073 (5-0%)
Follow-up time, years 8.8 (1-6) 9-0(07) 8-8 (1:0) 7-1(0-:5) 7-0(0-7) 8-0(0-8) 7-9(0-9)
Age, years 72:0(57) 55.8(11.0) 571(107) 62:9 (103) 63-4(101) 618 (7.7) 630 (79)
Age =60 years 16316 (100%) 415 (35-5%) 418 (40-2%) 2066 (683%) 1895 (71-8%) 32209 (60-3%) 27327 (66-2%)
Sedentary time, min/day 503 (103) 548 (83-2) 579 (86-8) 714 (82:0) 727 (89-6) 547 (104) 586 (111)
Total physical activity, min/day 388 (101) 337(83-0) 314 (88-4) 327(831) 312(88-8) 360 (102) 325 (105)
Light-intensity physical activity, min/day 353(87-3) 303 (757) 277 (80-6) 299(757) 280 (78-5) 325(95-9) 276 (94-7)
Moderate-to-vigorous intensity physical 35-3(29-8) 337(23:4) 37-2(26-5) 27-9 (22-0) 31-4(25-4) 35-2(30:0) 49-6 (38-5)
activity, min/day
BMI, kg/m? 262 (5:0) 25-1(4-2) 26-4(3-4) 26-8 (47) 277 (3-9) 26-3(4-8) 273 (4-0)
BMI 230 kg/m? 3186 (19-5%) 136 (11-6%) 136 (13-1%) 643 (21:3%) 623 (23-6%) 0721(182%) 8602 (20-8%)
Smoking

Never 8242 (50-5%) 535 (45-8%) 451 (43-4%) 1222(40-4%) 1002 (37:9%) 32602(610%) 21602 (52:3%)

Former 7506 (46-0%) 397 (34-0%) 426 (41:0%) 1421 (47-0%) 1350 (51-1%) 17713(331%) 16307 (39-5%)

Current 568 (3-5%) 236 (202%) 163 (157%) 382(12:6%) 289 (10-9%) 3134 (5-9%) 3361 (8:1%)
Education

Primary 0 199 (17-0%) 185 (17-8%) 932 (30-8%) 678 (25:7%) 4229 (7-9%) 3598 (8:7%)

High school 8105 (49-7%) 443 (37-9%) 408 (39-2%) 800 (26-4%) 801 (30-3%) 26544 (497%) 19152 (46-4%)

University 8211 (50-3%) 526 (45-0%) 447 (43-0%) 1293 (427%) 1162 (44-0%) 22676 (42:4%) 18520 (44-9%)
History of cardiovascular diseaseq] 680 (4-2%) 55 (4:7%) 118 (11-3%) 206 (6-8%) 403 (15-3%) 1690 (3-2%) 3529 (8-6%)
History of cancerd] 1931 (11-8%) 76 (6:5%) 68 (6:5%) 300 (9-9%) 286 (10-8%) 7565(142%) 4119 (10-0%)
Diabetes{] 1482 (91%) 35 (3-0%) 65 (6-3%) 164 (5-4%) 184 (7:0%) 1283 (2-4%) 1963 (4-8%)

Data are n (%) or mean (SD). NNPAS=Norwegian National Physical Activity Survey. WHS=Women’s Health Study. *ActiGraph GT3X+ (right hip). tActiGraph GT1M (right hip). $ActiGraph wGT3X-BT (right hip).

SAXxivity AX3 (wrist). q[Binary variables (yes or no).

Table 2: Descriptive characteristics of the WHS, NNPAS, Tromsg study, and UK Biobank Study cohorts
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Figure 1: MVPA and mortality risk in the accelerometer consortium

Figure shows results of meta-analysis of seven studies. HRs for mortality for 5-min/day (eg, the HR for a 5-min/day increase from 1 min/day to 6 min/day [red arrow];
A) and 10-min/day (eg, the HR fora 10-min/day increase from 1 min/day to 11 min/day [red arrow]; B) increases in MVPA from observed level. Percentage PIF for
5-min/day (eg, a 5/min/day increase in MVPA in those who accumulated <2 min/day of MVPA was associated with 3-6% of preventable deaths [red arrow], and a
S-min increase among those accumulating 2-4 min of MVPA per day was associated with 1-4% of preventable deaths [red arrow]; C) and 10-min/day increase in
MVPA from observed level (D). Bar charts show distribution and percentages of participants. All results are based on fully adjusted models (age, sex, accelerometer
wear-time, BMI, smoking, education, cardiovascular disease, cancer, and diabetes). HR=hazard ratio. MVPA=moderate-to-vigorous-intensity physical activity.
PIF=population impact fraction.
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Figure 2: Sedentary time and mortality risk in the accelerometer consortium
Figure shows results of meta-analysis of six studies. HRs for mortality for 30-min/day (A) and 60-min/day (B) decrease in sedentary time from observed level.

Percentage PIF for 30-min/day (C) and 60 min/day (D) decrease in sedentary time from observed level. Bar charts show distribution and percentages of participants.
All results are based on fully adjusted models (age, sex, accelerometer wear-time, BMI, smoking, education, cardiovascular disease, cancer, and diabetes). HR=hazard
ratio. MVPA=moderate-to-vigorous-intensity physical activity. PIF=population impact fraction.
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Figure 3: MVPA and mortality risk in the UK Biobank Study
HRs for mortality for 5-min/day (A) and 10-min/day (B) increase in MVPA from observed level. Percentage PIF for 5-min/day (C) and 10-min/day (D) increase in
MVPA from observed level. Bar charts show distribution and percentages of participants. All results are based on fully adjusted models (age, sex, accelerometer wear-
time, BMI, smoking, education, cardiovascular disease, cancer, and diabetes). HR=hazard ratio. MVPA=moderate-to-vigorous-intensity physical activity.

PIF=population impact fraction.
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Figure 4: Sedentary time and mortality risk in the UK Biobank Study
HRs for mortality for 30-min/day (A) and 60-min/day (B) decrease in sedentary time from observed level. Percentage PIF for 30-min/day (C) and 60-min/day (D)
decrease in sedentary time from observed level. Bar charts show distribution and percentages of participants. All results are based on fully adjusted models (age, sex,
accelerometer wear-time, BMI, smoking, education, cardiovascular disease, cancer, and diabetes). HR=hazard ratio. PIF=population impact fraction.




High-risk approach*

Population approacht

Moderate-to-vigorous intensity physical activity, 5-min/day increase

Accelerometer consortium

UK Biobank Study

Moderate-to-vigorous intensity physical activity, 10-min/day increase
8-8% (7-0-10-4)

Accelerometer consortium
UK Biobank Study

6-0% (4-3-7-4)
22% (1-6-2-7)

3.9% (3-0-4-7)

Light-intensity physical activity, 30-min/day increase

Accelerometer consortium
UK Biobank Study

3:3% (2:4-4-1)
2:8% (23-32)

Light-intensity physical activity, 60-min/day increase

Accelerometer consortium

UK Biobank Study

Sedentary time, 30-min/day decrease
Accelerometer consortium

UK Biobank Study

Sedentary time, 60-min/day decrease
Accelerometer consortium

UK Biobank Study

Total physical activity, 30-min/day increase
Accelerometer consortium

UK Biobank Study

Total physical activity, 60-min/day increase
Accelerometer consortium

UK Biobank Study

5:5% (4-0-6.7)
47% (3:9-5:3)

3.0% (2:0-4-1)
2:5% (2:1-2:9)

5:5% (3-9-6-9)
46% (3-8-53)

3-4% (2:5-4-2)
2:5% (2:2-2:9)

5.5% (4-1-6-8)
4-4% (3-8-5.0)

10-0% (6-3-13-4)
3-6% (2-4-4-8)

14-9% (9-7-19-3)
62% (4:0-8-2)

5-4% (2:2-8-3)
4-0% (2:2-57)

8-9% (3-1-13-8)
6-0% (27-9-2)

7:3% (4-8-9-6)
45% (2:8-6-1)

12:6% (8-4-16-4)
7-6% (4-4-10-6)

61% (3-1-89)
45% (2:8-6-1)

10-6% (57-14-9)
7:2% (4-0-10-1)

Results are based on meta-analysis of seven (or six; the REGARDS study is only included in the meta-analysis for
moderate-to-vigorous intensity physical activity) studies in the accelerometer consortium and a separate analysis of
the UK Biobank Study. PIF=potential impact fraction. REGARDS=Reasons for Geographical and Racial Differences in
Stroke. *Cumulative PIF calculated for the approximately 20% least active participants. tCumulative PIF calculated for
all participants except the approximately 20% most active participants.

Table 3: Cumulative PIF (95% Cl) for changes in moderate and vigorous physical activity, light physical
activity, sedentary time, and total physical activity




Research in context

Evidence before this study

Estimates of the population attributable fraction, which represent
the theoretical number of deaths averted if all individuals
currently not meeting WHO's physical activity recommendations
became active by meeting recommendations, have several major
methodological limitations. These include overlooking the health
benefits that can be achieved by increasing physical activity even
below the WHO-recommended level, and relying on self-reported
physical activity data, which are prone to biases. We searched
PubMed and Google Scholar from database inception to

Aug 15, 2024, using the terms “physical activity”, “mortality”, and
“population attributable fraction” and found two articles
estimating the number of deaths that are potentially averted by
increasing levels of device-measured physical activity. One study
was restricted to individuals with prevalent cardiovascular
diseases, and the other used a small sample from a single US
cohort. Therefore, it remains uncertain how minor, yet potentially
more achievable, population-level increases in physical activity or
decreases in sedentary time might affect the proportion of
preventable deaths.

Added value of this study
Our results are derived from the observed physical activity
levels and the non-linear dose-response associations between

physical activity and sedentary time with risk of mortality. This
approach extends previous observations that were based on a
theoretical elimination of physical inactivity estimated from
self-reported data. Access to individual participant data
allowed us to use continuous minute-by-minute, device-
measured physical activity and sedentary time data,
harmonising exposures, covariates, and statistical analyses
across cohorts, using consistent inclusion criteria, and
minimised loss of information and power.

Implications of all the available evidence

Considering that it is unlikely for all individuals to achieve the
WHO physical activity recommendation of 150 min of
moderate-to-vigorous-intensity physical activity (MVPA)
weekly, our data underscore the large impact of realistic and
achievable behaviour changes on population health. If the least
active 80% of participants had increased MVPA by 5 min/day or
reduced sedentary time by 30 min/day, 10% and 7% of all
deaths, respectively, might have been avoided during the
follow-up period.



Vaccine hesitancy is defined by the World Health Organization (WHO) as a delay in
acceptance or refusal of vaccines despite the availability of vaccination services. It is
recognized as one of the top 10 threats to global health.

Key Influencing Factors

eMisinformation and Social Media: The rapid spread of debunked
claims—such as the false link between the MMR vaccine and autism—is
amplified by digital platforms, creating an "infodemic" that fuels
skepticism.

eDemographics: As of 2026, research shows that younger individuals
(18-34) often express higher hesitancy, partly due to lower perceived
risk of severe illness. Women have also reported higher concern
regarding side effects like fertility, which have been scientifically
disproven.

eSocioeconomic Status: While higher education often promotes vaccine
acceptance, it can also lead to increased "calculation" or questioning of
medical authority. Conversely, economic deprivation is a consistent
predictor of lower uptake due to limited access and lower trust in
institutions.

eHistorical and Cultural Context: Historical medical injustices (e.g., the
Tuskegee Syphilis Study) and religious beliefs regarding vaccine
ingredients (e.g., porcine gelatin) significantly impact specific
communities.



https://www.who.int/news/item/18-08-2015-vaccine-hesitancy-a-growing-challenge-for-immunization-programmes

Profiling vaccine attitudes and subsequent uptake in
1.1 million people in England: a nationwide cohort study

Summary

Background Despite highly effective vaccines against SARS-CoV-2, COVID-19 vaccine hesitancy persisted in some
populations in England during the pandemic, with rates and motivations for hesitancy varying by demographic
group. Addressing the drivers of vaccine hesitancy through targeted interventions in hesitant groups is a public
health priority for better and more rapid control of disease spread. We aimed to characterise the determinants and
subtypes of vaccine hesitancy and identify more persistent forms of hesitancy via analysis of vaccine uptake in a large
cross-sectional cohort with linked National Health Service (NHS) data.

Methods We conducted an initial cross-sectional analysis of vaccine hesitancy at baseline, followed by a longitudinal
analysis of vaccine uptake in the hesitant cohort. We analysed survey data from the Real-time Assessment of
Community Transmission (REACT) studies, which monitored the prevalence of SARS-CoV-2 in England during the
COVID-19 pandemic at regular intervals from May 1, 2020, to March| 31, 2022, in random samples of the population.
Participants self-reported detailed sociodemographic information, vaccination status, and attitudes towards
vaccination. Participants were classified as hesitant if they reported that they had refused, planned to refuse, or had
not yet decided whether to receive the COVID-19 vaccine. Participants who said they were unvaccinated when NHS
records showed that they had been vaccinated were excluded from further analysis. The primary outcome of the
cross-sectional analysis was vaccine hesitancy. Longitudinal analysis of vaccine uptake was done in participants in the
hesitant cohort who consented to the use of linked NHS vaccination records to track their vaccination history after the
survey, with post-survey vaccination as the outcome. Consensus clustering was used to categorise reasons for vaccine
hesitancy, and cross-sectional and longitudinal analyses used logistic regression models to identify demographic
predictors of vaccine hesitancy and subsequent vaccination.



Findings Our analyses included 1137927 adults (aged 18 years and older) surveyed between Jan 6, 2021, and
March 31, 2022. Across the whole study period, 37982 (3-3%) participants indicated some form of vaccine hesitancy.
Hesitancy rates peaked at 8-0% in early 2021, subsequently decreasing to a low of 1-1% at the start of 2022, and
increasing to 2-2% in early 2022. Of the 24229 participants who indicated hesitancy and consented to NHS data
linkage, 15744 (65-0%) went on to receive one or more vaccinations. Cluster analysis identified eight stable categories
of vaccine hesitancy, including concerns about effectiveness and side-effects, perception of low risk from COVID-19
and mistrust of vaccine developers, and fear of vaccines and reactions. The most prevalent categories of hesitancy,
related to effectiveness and health concerns, declined substantially over the roll-out period and were not strongly
associated with the likelihood of later vaccination. Some forms of hesitancy, primarily related to low trust, low risk
perception, and general anti-vaccine sentiment, were more resistant, rebounded in 2022, and were strongly associated
with a lower likelihood of subsequent vaccination.

Interpretation Our findings suggest that most COVID-19 vaccine hesitancy was rooted in concrete concerns that can
be addressed and successfully overcome with time and increasing availability of information. These findings should
help future vaccination roll-outs to encourage vaccine acceptance.

Funding UK National Institute for Health and Care Research, UK Research and Innovation, and the UK Department
of Health and Social Care.
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vaccine due to blood clot
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Figure 1: Daily SARS-CoV-2 positive tests recorded in England from Jan 1, 2021, to March 31, 2022, and percentage of study population reporting vaccine hesitancy

The plot shows the numbers of SARS-CoV-2 positive tests by variant (right-hand y-axis; shaded and colour-coded plot area; data from the UK Health Security Agency*and GISAID via covariants.org,”
with major processing by Our World in Data) and percentage of study participants reporting hesitancy (right y axis; black error bars and dotted joining lines); error bars denote 95% Cls. REACT-1* and
REACT-2* fieldwork periods are denoted by shaded grey areas. Milestones in the UK vaccine roll-out and notable publications and events relating to vaccine safety and effectiveness are shown in
annotations.?** MHRA=UK Medicines and Healthcare products Regulatory Agency.
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(Figure 2 continues in next page) study
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Figure 4: Prevalence of reasons for vaccine hesitancy in

The percentages of respondents with hesitancy were calculated using the numbers of individuals who selected a particular reason for hesitancy divided by the number
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40

[ Cluster G: Pregnant or breastfeeding or prefer not to say

See how well vaccine works

Worried about long-term

[ Cluster H: Other response or doses limited

Worried about side-effects

Difficult to get to vaccination

Worried about travel to

health effects centre vaccination centre
© 304 0-04- 015+ .
8 .
23S
gLe 003
fsf 7
£33 002
£33 -
5865 10 *
Sg8 0
§ 3 001
g .,
o4 0 o oo sen
L— T T L —
COVID-19 impactis COVID-19 is not a personal risk Don'ttrust vaccine developers
exaggerated
© . .
& _ 04 . .
g3e 06
SE%u 03
Z 8t
5% 4] 02-
Sgg
sa8 02+ 01
2
$
& 0 o .

Worried about feeling ill Against vaccines in general

Reason for hesitancy as a
percentage of all
respondents (%)

Bad reaction to previous
vaccines

020+
015

010+

0154

0104

Do not think the vaccine
will work for me

025
020

015 . °

If others get vaccinated, | Worried vaccine will give me
don't needto CovID-19

Reason for hesitancy as a
percentage of all
respondents (%)

Already had COVID-19,
vaccination not needed

Prefer not to say

204

Doses limited, others need the
vaccine more

Reason for hesitancy as a
percentage of all
respondents (%)

Other

0.9+

06

W S
& \"’Q

Date

Figure 5: Change in prevalence of reasons for hesitancy over time in all 1137 927 participants
Reported reasons for hesitancy are shown as a percentage of all respondents, by survey week, grouped by hesitancy reason cluster. Weighted generalised additive models were fitted to show trends

(model specifications are provided in the appendix [p 6]). Shaded areas show 95% Cis. Point size indicates the number of people reporting each reason for hesitancy each week (from 0 t0 5072).
Variable scales have been used in the y-axes to facilitate visualisation of trajectories at different hesitancy prevalences.
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(Figure 6 continues on next page) Education. IMD=Index of Multiple Deprivation. “Weakened immune system or reduced ability to deal with infections.



Research in context

Evidence before this study

A PubMed search for (“vaccine”[Title] OR “vaccination”[Title])
AND (“hesitancy”[Title] OR “attitude”[Title]) OR “Vaccine
hesitancy”[MeSH Terms] OR “Vaccine acceptance”[MeSH
Terms] from database inception to June 16, 2025, without
language restrictions, returned 3689 papers. Of these,

2044 mentioned COVID-19 or SARS-CoV-2 in the title.
Estimates showed that the prevalence of COVID-19 vaccine
hesitancy in the UK changed over time from as high as31% in
March, 2020, to as low as 4% in early 2022. Established
psychological predicates of COVID-19 vaccine hesitancy include
low trust in institutions and experts, concerns over side-effects,
perception of COVID-19 as being low risk, and lack of
information.

Added value of this study
To the best of our knowledge, no previous research has linked
COVID-19 vaccine attitudes before vaccination with

subsequent vaccination behaviour. Our analyses leveraged
longitudinal survey data from participants in the Real-time
Assessment of Community Transmission studies, in whom
vaccine sentiment at enrolment could be compared with
subsequent vaccination history from linkage data. Our results
show that specific types of hesitancy, generally relating to
concerns over vaccine effectiveness and health consequences,
were more prevalent in the early phase of the vaccine roll-out.
Individuals expressing these types of hesitancy were more likely
to go on to be vaccinated than those expressing hesitancy
stemming from low trust, perception of COVID-19 as being low
risk, or general anti-vaccine sentiment.

Implications of all the available evidence

Our results provide a data-driven characterisation of the main
types of vaccine hesitancy and a first quantitative exploration
of their potential for reversibility. The findings will help inform
the targeting and messaging for future vaccination roll-outs.



Head and neck cancer refers to a group of malignancies that usually begin in the
squamous cells lining the moist mucosal surfaces of the head and neck, such as the
mouth, throat, and voice box. It is estimated that more than 71,000 individuals in the US

were diagnosed with these cancers in 2024.

Head & Neck
Cancer

—Pharynx




Nivolumab added to cisplatin and radiotherapy versus
cisplatin and radiotherapy alone after surgery for people
with squamous cell carcinoma of the head and neck at a high
risk of relapse (GORTEC 2018-01 NIVOPOST-OP):

a randomised, open-label, phase 3 trial

Summary

Background Postoperative cisplatin and radiotherapy is the standard of care for high-risk resected locally advanced
squamous cell carcinoma of the head and neck (LA-SCCHN). The NIVOPOST-OP trial aimed to assess the efficacy
and safety of programmed death 1 blockade by nivolumab added to cisplatin and radiotherapy in this setting.

Methods This open-label, phase 3 trial evaluated adding nivolumab to cisplatin and radiotherapy after surgery for
LA-SCCHN with high-risk pathological features. The main inclusion criteria were age 19-74 years, an Eastern
Cooperative Oncology Group performance status 0-1, squamous cell carcinoma of the oral cavity, oropharynx, larynx,
or hypopharynx resected with macroscopic complete resection, and at least one high-risk pathological feature: nodal
extracapsular extension, microscopically positive margins, four or more cervical nodal involvements without
extracapsular extension, and multiple perineural invasions. 680 participants recruited in 82 sites across six countries
(France, Spain, Poland, Belgium, Greece, and Switzerland) were randomly assigned 1:1 to receive cisplatin and
radiotherapy (66 Gy, cisplatin 100 mg/m? intravenously once every 3 weeks, for three cycles); or nivolumab 240 mg
intravenously, followed by cisplatin and radiotherapy with three cycles of concomitant nivolumab 360 mg once every
3 weeks, and six cycles of adjuvant nivolumab 480 mg once every 4 weeks. The primary endpoint was disease-free
survival as per investigator assessment in the intention-to-treat population. 230 disease-free survival events (relapses
or deaths) were required to detect a hazard ratio of 0-65 with 0-05 two-sided a error, with 90% power. The trial is
registered at ClinicalTrials.gov (NCT03576417) and is active, but not recruiting.




Findings The 680 patients were recruited from Oct 15, 2018, to July 3, 2024. The analysis was based on 666 participants
randomly assigned until the cutoff date (April 30, 2024), at which point the required number of events was reached
(median follow-up 30-3 months). Disease-free survival was significantly improved with nivolumab, cisplatin, and
radiotherapy versus cisplatin and radiotherapy alone, irrespective of programmed death ligand 1 expression (HR 0-76;
95% CI 0-60-0-98; stratified log-rank test p value=0-034). There was an increase in the rate of participants with
treatment-related grade 4 adverse events with nivolumab, cisplatin, and radiotherapy compared with cisplatin and
radiotherapy (30 [10%)] of 312 vs 16 [5%] of 306). Treatment-related deaths occurred in two participants in each group.

Interpretation Nivolumab added to cisplatin and radiotherapy in high-risk resected LA-SCCHN improves disease-free

survival with moderate toxic effect increase, and can be proposed as a new standard treatment.

Funding Groupe Oncologie Radiotherapie Tete Et Cou (GORTEC) and Bristol Myers Squibb.



| 845 patients screened ‘
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| 680 individuals randomly assigned ‘

14 randomly assigned after data cutoff (April 30, 2024),
not analysed (7 in each treatment group)

(April 30, 2024)
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666 randomly assigned until data cutoff ‘

334 cisplatin and radiotherapy group
radiotherapy group

332 nivolumab, cisplatin, and ‘

12 not eligible according to the 2019
version* of the protocol (kept in

16 not eligible according to the
currentversion* of the protocol

analysis) (kept in analysis)
5 oropharyngeal cancer p16 1aged 18 years
P hAJCC 4oropharyngeal cancer p16

stage | or l and tobacco
consumption of <20 pack-years

positive with AJCC pathological
stage | or Il and tobacco

5 not free of disease consumption of <20 pack-years
1 hearing loss 7 not free of disease
1 other malignancy within the 1 no factor of high risk of relapse

last 3years 1 hearing loss

14 not eligible at time of random 1 evaluation by the geriatric
assignment but eligible according screening tool G8 suggesting
to the current version* of the that the participant might be

protocol (kept in analysis) frail (G8 score=14) and no
3 oropharyngeal cancer p16 additional geriatric evaluation
! positive with AJCC pathological [ was done
stage Il and tobacco 1delay of radiotherapy start to

consumption of 220 pack-years

4 delay of radiotherapy start from 18 not eligible at time of random
8 weeks to <10 weeks after assignment but eligible according
surgery tothe current version* of the

6 serum albumin <35 g/L protocol (kept in analysis)

1alanine aminotransferase 8 delay of radiotherapy start from
upper limit of normal from »2:0 >8 weeks to <10 weeks
to<2:5 2 delay of radiotherapy start and
serum albumin <35 g/L

6 serum albumin <35 g/L

1 alanine aminotransferase upper
limit of normal from >2-0to
<25

1 haemoglobin from =9 g/dL to
<10g/dL

>10 weeks after surgery

7 still receiving treatment of 9 still receiving treatment of
concomitant phase at the cutoff lead-in or concomitant phases at
date excluded from treatment the cutoff date excluded from

description treatment description

327 evaluable treatment data
21 no study treatment received

323 evaluable treatment data
11 no study treatment received
9 received only the first administration
of nivolumab
260 started maintenance of 317
participants with sufficient follow-up

i 5

334 analysis of disease-free survival
(intention-to-treat analysis)

306 analysis of acute adverse events
(exclusion of 21 participants with no
study treatment among the 327 with
evaluable treatment data)

332 analysis of disease-free survival
(intention-to-treat analysis)

312 analysis of acute adverse events
(exclusion of 11 participants with no
study treatment among the 323 with
evaluable treatment data)

Cisplatin and Nivolumab, cisplatin,
ioth (n=334) and radi
(n=332)

Age, years
Median, IQR 9 (53-64) 59 (53-65)
Range 2274 1874
Sex
Female 77 (23%) 82 (25%)
Male 257 (77%) 250 (75%)
Eastern Cooperative Oncology Group performance status
o 168 (50%) 169 (51%)
1 166 (50%) 163 (49%)
Smoking status
Never smoked 64(19%) 45(14%)
Former smoker 109 (33%) 108 (33%)
Current smoker 161(48%) 179 (54%)
Number of pack-years in former or current smokers
Median, IQR 40 (25-45) 40 (25-50)
Range 1150 1-150
Site of cancer and p16 status
Oral cavity 193 (58%) 192 (58%)
Hypopharynx 40 (12%) 43(13%)
Larynx 41(12%) 40 (12%)
Oropharyngeal cancer p16 negative 43(13%) 41(12%)
Oropharyngeal cancer p16 positive 17 (5%) 16 (5%)
Pathological stage
I 3(1%) 3(1%)
U 8(2%) 9(3%)
in 46 (14%) 44(13%)
IVa 117 (35%) 128 (39%)
b 160 (48%) 148 (45%)
Pathological factors of a high risk of relapse*
Node with extracapsular extensiont 213 (64%) 205 (62%)
Positive margins 183 (55%) 203 (61%)
Multiple perineural invasions 188 (56%) 182 (55%)
Four or more involved nodes without extracapsular 44(13%) 42 (13%)
extension
Combination of factors of a high risk of relapse
Extracapsular extension and positive margins 100 (30%) 109 (33%)
Extracapsular extension or positive margins 196 (59%) 190 (57%)
No extracapsular extension, no positive margins, but 38 (11%) 32(10%)
multiple perineural invasion or four or more involved
nodes
No factor of high risk of relapse 0 1
PD-L1 combined positive score§
Negative 34/308 (11%) 44/313 (14%)
1-19 141/308 (46%) 157/313 (50%)
220 133/308 (43%) 113/313 (36%)

Data are median (IQR), range, or n (%). PD-L1=programmed death ligand 1. *One participant in the nivolumab plus cisplatin

plus radi group had jical factors of a high risk of relap fiteria violation). tMissing in
one participant of the cisplatin plus group. This participa gins. $Missing in

h idi inthe cisplatin plus radi group (p gins, nodal extension, and more
than four involved nodes) and two in the nivolumab plus cisplatin group i i

pos g
nodal extracapsular extension, and more than four involved nodes and the other had four involved nodes, no extracapsular
extension, and negative margins). SPD-L1 combined positive scorewas not evaluated in 44 (7%) participants: 26 (8%) in
the cisplatin plus radiotherapy group and 18 (5%) in the nivolumab plus cisplatin plus radiotherapy group.

Cisplatin and Nivolumab, cisplatin, and

herapy (n=334) radiotherapy (n=332)
Number of participants with disease-free survival 140 112
event
Type of first event
Local relapse alone 30 15
Regional relapse alone 20 12
Locoregional relapse 11 12
Distant relapse alone 40 37
Combined locoregional and distant relapse 22 16
Death as first event 17 20
Disease-free survival
3-year rate 52.5% (46-2-58-4) 63-1% (57-0-687)
Stratified” HR of disease-free survival event 1 076 (0-60-0-98)
Cumulative incidence of locoregional relapse alone
3-year rate 19-8% (15:3-24-6) 12.9% (93-17-2)
Stratified* subdistribution HR of locoregional 1 0-63(0-42-0-94)
relapse alone
Cumulative incidence of distant relapse alone
3-year rate 132% (9-6-17-5) 12:6% (9-0-16-8)
Stratified* subdistribution HR of distant relapse il 0.95 (0-61-1-48)

alone

Cumulative incidence of combined locoregional and distant relapse
3-year rate 7:6% (4-9-11-1) 57%(34-8-8)
Stratified* subdistribution HR of locoregional and 1 0.74 (039-1-41)
distant relapse

Cumulative incidence of death as first event

3-year rate 6:9% (41-107) 57% (33-9-0)
Stratified* subdistribution HR of death as first il 120 (0-63-2-28)
event

Dataare n, rate (95% Cl), or HR (95% Cl). HR=hazard ratio. *Stratified for p16 status (oropharyngeal cancer p16
positive vs oropharyngeal cancer p16 negative and non-oropharyngeal cancer).

Table 2: Disease-free survival analysis

Table 1: Characteristics of the participants at baseline

104 — Cisplatin and radiotherapy
— Nivolumab, cisplatin, and radiotherapy
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12 24 36 48 60
e Time since randomisation (months)
(censored)
Cisplatin and radiotherapy 334 (0) 178 (47) 112 (92) 66(132) 35(160) 10 (184)
Nivolumab, cisplatin, and 332 (0) 188 (60) 130 (102) 88 (141) 42(181) 16 (204)
radiotherapy

Figure 2: Kaplan-Meier
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Cisplatinand Nivolumab, cisplatin, Crude HR (95% Cl) Stratified* HR (95% Cl)
radiotherapy and radiotherapy
n Events n Events
Age (years)
<65 266 113 249 82 —e 071(054-0-95) 071(0:54-0-95)
265 68 27 83 30 —_— 095 (0-56-1-59) 095 (0-56-1-61)
Sex
Female 77 28 8 28 — 0-88 (0-52-1-49) 088 (0-52-1-49)
Male 2%7 112 250 84 —a— 074(056-0:98) 074 (0-56-0-98)
Smoking status
Current smoker 161 70 179 61 —— 072 (0-51-1.02) 072 (0-51-1.02)
Former smoker 109 47 108 38 — 0-80(0-52-1-22) 077 (0:50-1-18)
Never smoker 64 23 45 13 — 0-82 (0-41-1-61) 077 (0-39-1-52)
Alcohol consumption
Current 83 36 87 21 — 053 (0-31-0-90) 051(0-30-0-87)
Former 141 62 150 62 . 0.92 (0-64-1:30) 0.92(0-65-131)
Never 10 42 95 29 [ ——— 076 (0-48-1-23) 076 (0-47-1-22)
Performance score
Eastern Cooperative Oncology Group 0 168 60 169 46 — 076 (052-112) 076 (0-52-112)
Eastern Cooperative Oncology Group 1 166 80 163 66 — 075 (0-54-1:04) 075 (0:54-1:05)
Haemoglobin
<lower limit of normal 195 88 201 76 —a—t 075 (0-56-1:03) 075 (0.55-1-02)
=lower limit of normal 139 52 31 36 — 076 (0-49-116) 076 (0-49-116)
Tumour site
Hypopharynx 40 24 8 13 e — 0-44(0:22-088) 044 (0-22-088)
Larynx a 17 40 15 1.00 (0-50-2-00) 1.00 (0-50-2-00)
Oropharynx 60 24 57 24 —. 0.97 (0-55-1.71) 0-94(0-53-1-66)
Oral cavity 193 75 192 60 —a 0-75(0-54-1-06) 0-75(0-53-1:05)
Siteand p16 status
Non-oropharyngeal cancer 274 116 275 88 - 073 (0:55-0-96)
Oropharyngeal cancer p16 negative 8 18 a1 18 — 0-87 (0-45-1.70)
Oropharyngeal cancer p16 positive 17 6 16 6 > 113 (036-3-51)
pathological stage
Hil 5 17 56 14 _— 0-81(0:40-1-64) 0-81(0-40-1-64)
v 277 123 276 98 e 076 (0-58-0-99) 076 (0-58-0-99)
PD-L1 combined positive score
<1 34 14 44 16 —_— 0.92 (0-45-1:88) 085 (0-42-175)
2110 <20 141 69 157 57 —a— 065 (0-46-0-92) 064 (0-45-0-91)
220 133 45 13 35 L | 0-91(0-58-1-41) 0-88 (0-56-1:37)
Unknown 26 12 18 4 < 059 (0-19-1:83) 059 (0-19-1-83)
Multiple perineural invasion
No 145 57 148 50 — 0-88 (0-60-1-29) 088 (0-60-1:28)
Yes 188 83 182 61 —a 0-67 (0-48-0-94) 0-67 (0-48-0-94)
Number of involved nodes without extracapsular extension
<4 290 113 290 90 —a 075 (0-57-0-99) 075(0-57-0-99)
24 44 27 42 22 —_— 0-89 (0-50-1-56) 078 (0-44-1:38)
Nodal extracapsular extension
No 120 39 127 30 —a 064 (0-40-1-04) 064 (0-40-1-03)
Yes 213 100 205 82 —el 085 (0-64-114) 085 (0-64-114)
Positive margins
No 151 62 129 39 —a— 0-68 (0-46-1-02) 0-68 (0-45-1-02)
Yes 183 78 203 73 i 0-83(0-60-1-14) 082 (0-60-1-13)
All patients 334 140 332 112 ——— 077 (0-60-0-98) 076 (0-60-0-98)
— T T 1
02 04 07 10 15 20
Favours nivolumab, cisplatin, and radiotherapy ~ Favours cisplatin and radiotherapy

Figure 3: Subgroup analysis of disease-free survival
Crude HRs are represented in the forest plot. *HRs are stratified for p16 status (p16-positive oropharyngeal cancer vs p16-negative oropharyngeal cancer and non-oropharyngeal cancer). HR=hazard
ratio. PD-L1=programmed death ligand 1.




Cisplatin and radiotherapy (n=306)

Nivolumab, cisplatin, and radiotherapy (n=312)

Any grade Grade 3-5 Grade 3 Grade 4 Grade 5 Any grade Grade 3-5 Grade 3 Grade 4 Grade 5
Treatment-related adverse events
Any 304 (99%) 211 (69%) 209 (68%) 16 (5%) 2 (1%) 301 (96%) 230 (74%) 227 (73%) 30 (10%) 2 (1%)
Serious 59 (19%) 48 (16%) 45 (15%) 4 (1%) 2 (1%) 104 (33%) 91 (29%) 84 (27%) 14 (4%) 2 (1%)
Nivolumab-related adverse events
Any NA NA NA NA NA 213 (68%) 64 (21%) 58 (19%) 6 (2%) 2 (1%)
Leading to nivolumab NA NA NA NA NA 25 (8%) 14 (4%) 12 (4%) 2 (1%) 0
discontinuation
Serious NA NA NA NA NA 32 (10%) 25 (8%) 21 (7%) 3(1%) 2 (1%)
Cisplatin-related adverse events
Any 291 (95%) 157 (51%) 154 (50%) 16 (5%) 2 (1%) 286 (92%) 176 (56%) 168 (54%) 27 (9%) 1(<1%)
Leading to cisplatin 54 (18%) 37 (12%) 34 (11%) 4 (1%) 0 65 (21%) 49 (16%) 41 (13%) 10 (3%) 0
discontinuation
Serious 54 (18%) 44 (14%) 41 (13%) 4 (1%) 2 (1%) 75 (24%) 68 (22%) 58 (19%) 13 (4%) 1(<1%)
Radiotherapy-related adverse events
Any 297 (97%) 156 (51%) 156 (51%) 2 (1%) 0 294 (94%) 161(52%) 159 (51%) 9 (3%) 0
Serious 18 (6%) 12 (4%) 12 (4%) 1(<1%) 0 39 (13%) 30 (10%) 28 (9%) 4 (1%) 0

Since the same adverse events can be related to several treatments (nivolumab, cisplatin, and radiotherapy), the number of participants with treatment-related adverse events is not the sum of participants with
adverse events related to nivolumab, cisplatin, and radiotherapy. N/A=not applicable.

Table 3: Number of participants with adverse events and serious adverse events (all periods together)




Research in context

Evidence before this study

To identify evidence before the NIVOPOST-OP trial

(initiated 2018), we searched PubMed, and American Society of
Clinical Oncology and European Society For Medical Oncology
abstracts published between Jan 1, 2015, and June 1, 2025, in
English, for randomised trials on immunotherapy and
radiotherapy in locally advanced head and neck squamous cell
carcinoma (LA-SCCHN). Search terms used were “head and neck
squamous cell carcinoma,” “locally advanced,”
“immunotherapy,” “radiotherapy,” "PD-1/PD-L1 inhibitors,”
and “randomized trial”.

Head and neck cancers are the 6th most common type of
cancer worldwide, consisting mostly of LA-SCCHN. A large
proportion of LA-SCCHN are treated by surgery and the
standard postoperative treatment for high-risk resected
LA-SCCHN was established in 2004 with postoperative
cisplatin-based chemoradiotherapy. The magnitude of the
benefit due to the addition of concomitant chemotherapy to
postoperative radiotherapy is illustrated in the meta-analysis
MACH-NC based on updated individual patient data, with a
9% improvement in 3-year disease-free survival. However,
despite this combination of surgery followed by postoperative
cisplatin-based chemotherapy, recurrence still occurs in
40-45% of people, showing an unmet clinical need.

Programmed death 1 (PD-1) inhibitors are effective treatments
in SCCHN and have been established as the standard-of-care in
the recurrent or metastatic setting (eg, in the CheckMate 141
and KEYNOTE-0438 studies), but randomised phase 2-3 trials
have not reached their efficacy endpoint in the locally advanced
setting (eg, in the GORTEC 2015-01 PembroRad, NRG-HN004,
JAVELIN Head and Neck 100, GORTEC 2017-01 REACH,
KEYNOTE-412, and IMvoke010 studies).

In 2018, when NIVOPOST-OP (NCT03576417) was initiated,
arandomised phase 3 trial evaluating the addition of both

neoadjuvant and adjuvant pembrolizumab to standard-of-care
for people with resectable LA-SCCHN (KEYNOTE-689,
NCT03765918) began concurrently with our study.

Added value of this study

To our knowledge, NIVOPOST-OP is the first large-scale
randomised, phase 3 trial, evaluating the addition of anti-PD-1
nivolumab (concomitant and adjuvant) to the standard-of-care
postoperative radiotherapy and concomitant cisplatin-based
chemotherapy in high-risk resected LA-SCCHN. The benefit of
adding nivolumab to cisplatin-based chemotherapy (HR of
disease-free survival events 0-76; an increase of 10-6% in the
3-year disease-free survival rate) is similar to that of
concomitant chemotherapy added to postoperative
radiotherapy (hazard ratio 0-78; an increase of 9% in the 3-year
event-free survival rate). The benefit of adding nivolumab was
obtained along with a moderate increase in toxicity, with no
increase in toxic deaths, indicating a favourable risk to benefit
ratio.

Implications of all the available evidence

NIVOPOST-OP provides strong evidence that adding nivolumab
to postoperative radiotherapy and concomitant cisplatin-based
chemotherapy significantly improves disease-free survival in
high-risk resected LA-SCCHN, addressing a 20-year therapeutic
gap since radiotherapy and concomitant cisplatin-based
chemotherapy became standard. Unlike previous LA-SCCHN
trials with negative results, NIVOPOST-OP highlights the
efficacy of PD-1 inhibition in the postoperative setting. Its
favorable risk-benefit profile supports adopting nivolumab plus
radiotherapy and concomitant cisplatin-based chemotherapy
as a new standard of care, offering a strategy to reduce
recurrence.



In der Behandlung des EGFR-mutierten nicht-kleinzelligen Lungenkarzinoms (NSCLC) wurden
bis zum Jahr 2026 bedeutende Fortschritte erzielt. Die Therapie hat sich von einer reinen
Monotherapie hin zu personalisierten Kombinationsansitzen entwickelt, die das Uberleben

signifikant verlangern.

1. Diagnostik und Mutationen

Die molekulare Testung ist der Standard fur alle NSCLC-
Stadien (I-IV).

eHaufige Mutationen: Rund 90 % der Falle entfallen auf die
,klassischen” aktivierenden Mutationen: Exon-19-
Deletionen und die L858R-Punktmutation (Exon 21).
ePravalenz: In Europa tragen etwa 10-14 % der NSCLC-
Patienten diese Mutationen, in asiatischen Populationen bis
zu 50 %.

eMethoden: Neben der Gewebebiopsie hat die Liquid
Biopsy (ctDNA) an Bedeutung gewonnen, insbesondere zur
Uberwachung von Resistenzen und bei Patienten mit
unzureichendem Tumorgewebe.

Kinase

Cytoplasm

T790M Mutation

erlotinib gefitinib afatinib




Savolitinib plus osimertinib versus chemotherapy for
advanced, EGFR mutation-positive, MET-amplified non-
small-cell lung cancer in China (SACHI): interim analysis of a
multicentre, open-label, phase 3 randomised controlled trial

Summary

Background Savolitinib combined with osimertinib is a potential novel therapy for patients with EGFR mutation-
positive non-small-cell lung cancer (NSCLC) harbouring MET amplification after progression on EGFR tyrosine
kinase inhibitor (TKI) therapy. We aimed to evaluate the efficacy and safety of savolitinib—osimertinib versus standard
of care platinum-based doublet chemotherapy in this patient population.

Methods SACHI was a multicentre, randomised, active-controlled, open-label, phase 3 trial conducted across
68 Chinese hospitals. Eligible adults with locally advanced or metastatic EGFR mutation-positive NSCLC and MET
amplification after EGFR TKI failure were randomly assigned (1:1) to once daily oral savolitinib—osimertinib or
intravenous chemotherapy (pemetrexed plus either cisplatin or carboplatin), both in 21-day cycles. Central
randomisation was implemented through an interactive web-response system with stratification based on the
presence of brain metastases, previous exposure to third-generation EGFR TKIs, and EGFR mutation subtype, using
a mixed block-size methodology. The primary endpoint, investigator-assessed progression-free survival (PFS)
per Response Evaluation Criteria in Solid Tumours version 1.1, was tested using a hierarchical procedure: first in the
third-generation EGFR TKI-naive population, and if positive, the intention-to-treat (ITT) population. Safety analysis
was performed in all patients who received at least one dose of the study treatment. Interim analysis data cutoff was
Aug 30, 2024. This study is registered with ClinicalTrials.gov (NCT05015608) and is complete.




Findings Between Oct 15, 2021, and Aug 30, 2024, 211 patients were enrolled, 106 were randomly assigned to
savolitinib—osimertinib and 105 were randomly assigned to chemotherapy, including 137 (65%) of 211 who were
third-generation EGFR TKI-naive (69 in the savolitinib—osimertinib group; 68 in the chemotherapy group). In
106 patients in the savolitinib—osimertinib group, the median age was 59-4 years (IQR 54-3-65-8), 62 (58%) were
female, and 44 (42%) were male. In 105 patients in the chemotherapy group, the median age was 61-9 years
(IQR 56-3-69-1), 55 (52%) were female, and 50 (48%) were male. All participants were Asian. Median PFS was
significantly prolonged with savolitinib—osimertinib versus chemotherapy in the third-generation EGFR TKl-naive
(9-8 months [95% CI 6-9-12-5] vs 5-4 months [4-2-6-0]; hazard ratio 0-34 [0-21-0-56]; p<0-0001) and ITT
populations (8-2 months [6-9-11-2] vs 4-5 months [3-0-5-4]; 0-34 [0-23-0-49]; p<0-0001). Grade 3 or worse
treatment-emergent adverse events occurred in the same proportion of patients in both groups who received the
study drugs (60 [57%] of 106 patients in the savolitinib—osimertinib group and 55 [57%] of 96 patients in the
chemotherapy group).

Interpretation The savolitinib—osimertinib combination improved PFS versus chemotherapy in patients with EGFR
mutation-positive, MET-amplified NSCLC that had progressed on EGFR TKI therapy, while maintaining a favourable
tolerability profile. This regimen offers a potential oral treatment option for this biomarker-selected population.



1059 patients assessed for eligibility

10 evaluation ongoing
838 ineligible
396 no MET amplification
120 T790M positive
72 did not meet eligibility criteria
46 patient withdrawal
3 deaths
201 other*

211 enrolled (137 of whom were
third-generation EGFR TKI-naive)

‘ 211 randomised

v

v

106 assigned savolitinib-osimertinib
(69 of whom were third-generation
EGFRTKI-naive)

105 assigned chemotherapy
(68 of whom were third-generation
EGFR TKI-naive)

4}{ 9 declined to receive treatment

v

106 received at least one study drug

| | 96 received at least one study drug

5 deaths

68 discontinued treatment
46 disease progressiont
7 adverse events
7 patient or guardian decision

3 investigator decision

77 discontinued treatment
64 disease progression
8 patient or guardian decision
2 adverse events
2 investigator decision
1 new anti-tumour treatment

39 treatment ongoingt

| 19 treatment ongoing

v

v

106 included in ITT analysis
69 included in third-generation
EGFRTKI-naive population
106 included in the safety analysis set

105 included in ITT analysis
68 included in third-generation
EGFR TKI-naive population
96 included in the safety analysis set

Figure 1: Study profile

ITT=intention-to-treat. TKI=tyrosine kinase inhibitor. *No tissue samples or samples disqualified for testing

(n=95); MET copy number of at least 5 and less than 10 for third-generation EGFR TKI-treated population (n=54);
and patient did not fulfil all inclusion and exclusion criteria (n=52). One patient discontinued savolitinib only so is
included in discontinued treatment (savolitinib) and treatment ongoing (osimertinib).

itinil tinib Chemotk
(n=106) (n=105)

Age, years 594 (54:3-65-8) 619 (56:3-69-1)
Sex
Male 44 (42%) 50 (48%)
Female 62 (58%) 55 (52%)
Race
Asian 106 (100%) 105 (100%)
Bodyweight, kg 600 (52:0-67-0) 60-0 (55-0-68-1)
<50 19 (18%) 8 (8%)
250 87 (82%) 97 (92%)
ECOG performance score
o 28 (26%) 27 (26%)
1 78 (74%) 78 (74%)
Pathological diagnosis
Adenocarcinoma 105 (99%) 105 (100%)
Other 1(1%)* 0
Time from diagnosis to 17-2(10-4-30-9) 147 (9-9-24-5)
randomisation, months
Type of EGFR mutation
Exon 19 deletion 40 (38%) 40 (38%)
L858R 55 (52%) 53 (50%)
Othert 11(10%) 12 (11%)
MET amplification 106 (100%) 105 (100%)
detected by central
laboratory
Brain metastasis
Yes 39(37%) 41(39%)
No 67 (63%) 64 (61%)
Liver metastasis
Yes 11 (10%) 15 (14%)
No 95 (90%) 90 (86%)
Previous first-line EGFRTKI 106 (100%) 105 (100%)
First generation or 69 (65%) 68 (65%)
second generation
Icotinib 28/69 (41%) 33/68 (49%)
Gefitinib 20/69 (29%) 17/68 (25%)
Afatinib 14/69 (20%) 11/68 (16%)
Dacomitinib 5/69 (7%) 7/68 (10%)
Erlotinib 3/69 (4%) 0
Third generation 37 (35%) 37 (35%)
Osimertinib 23/37 (62%) 29/37 (78%)
Aumolertinib 9/37 (24%) 5/37 (14%)
Furmonertinib 2/37 (5%) 3137 (8%)
Rezivertinib 3137 (8%) 0

Data are median (IQR), n (%), or n/N (%). ECOG=Eastern Cooperative Oncology
Group. TKI ine kinase inhibitor. NSCLC: Il-cell lung cancer.

*This patient was diagnosed with NSCLC without a specific pathological type,
‘which was recorded as a major protocol deviation. tOther EGFR mutations
included G719X (four patients in the savolitinib-osimertinib group vs four
patients in the chemotherapy group), L861Q (two patients vs four patients),
G719X and 5768 (one patient vs two patients), L833V and H835L (two patients
vs zero patients), 7681 (one patient vs zero patients), G719X and L833V/

(one patient s zero patients), G719X and L861Q (zero patients vs one patient),
and G719X and 5768l (zero patients vs one patient).

Table 1: Summary of patient baseline demographic and disease
characteristics in the intention-to-treat population




Third-generation EGFR TKI-naive population

Intention-to-treat population

Savolitinib-  Chemotherapy HR(95%Cl) OR(95%Cl) pvalue Savolitinib-  Chemotherapy HR(95%Cl) OR(95%Cl) pvalue
osimertinib  (n=68) osimertinib ~ (n=105)
(n=69) (n=106)

Primary endpoint

Progression-free survival (INV), months 9-8 54 0-34 <0-0001 8-2 4.5 0-34 <0-0001
(6:9-125)  (42-6.0) (0-21-0-56) (6:9-112)  (3-0-5-4) (0-23-0-49)

Progression-free survival rate at 71% 40% 67% 32%

6 months (58-81) (27-54) (56-76) (22-42)

Secondary endpoints

Progression-free survival (IRC), months 82 5.7 0-47 0-0017 72 42 0-40 <0-0001
(6-8-11-1) (4-2-7-0) (0-29-076) (57-11-1) (4-0-57) (0-28-0-59)

Progression-free survival rate at 65% 48% 60% 35%

6 months (51-76) (33-61) (49-69) (24-46)

Objective response rate (INV) 39 26 215 0-030 62 36 274 0-0004
(57%, 44-68)  (38%, 27-51) (1-02-4-53) (58%, 49-68) (34%, 25-44) (1-50-4-98)

Objective response rate (IRC) 46 26 324 0-0009 67 38 3-05 <0-0001
(67%, 54-78)  (38%, 27-51) (1-52-6-88) (63%, 53-72)  (36%, 27-46) (1-66-5-48)

Disease control rate (INV) 63 46 5.03 0-0006 94 70 4-00 0-0001
(91%, 82-97) (68%, 55-78) (1.76-16-02) (89%, 81-94) (67%, 57-76) (1-81-8-82)

Disease control rate (IRC) 60 52 2.04 0-11 91 76 235 0.015
(87%,77-94)  (76%, 65-86) (0-77-5-66) (86%,78-92) (72%, 63-81) (111-5-06)

Duration of response (INV), months 8-8 41 8-4 32
(5-9-11.9) (2-8-55) (59-111) (2-8-4-2)

Duration of response (IRC), months 8-2 43 9.7 43
(56-11.9)  (2:8-5:3) (58-12:4)  (2:8-51)

Time to response (INV), months 14 21 14 15
(14-1-4) (1-4-2-9) (1-4-1-4) (14-2:8)

Time to response (IRC), months 1-4 1.6 1-4 1.5
(1-4-1-4) (1-4-2-8) (1-4-1-4) (1-4-1-6)

Data are median (95% Cl), % (95% Cl), or n (%, 95% Cl), unless otherwise stated. The widths of the Cls have not been adjusted for multiplicity and should not be used to infer definitive treatment effects.
HR=hazard ratio. INV=investigator assessed. IRC=independent review committee assessed. OR=odds ratio. TKI=tyrosine kinase inhibitor.

Table 2: Summary of primary and secondary efficacy findings in the third-generation EGFR TKI-naive and intention-to-treat populations
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+ Censored
— Savolitinib-osimertinib
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Number at risk
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Chemotherapy 68 43
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Figure 2: Kaplan-Meier plots of i
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(A) Third-generation EGFR TKI-naive population. (B) Intention-to-treat population. (C) Third-generation EGFR
TKI-treated population. HR=hazard ratio. TKi=tyrosine kinase inhibitor.

free survival

Overall

Sex

Male

Female

Age at randomisation
<65 years

=65 years

Baseline ECOG performance score
0

1

Smoking status

Current or previous smoker
Non-smoker (never)
Current tumour stage
1B or l1IC

IV, IVA, or IVB

Brain metastases

Yes

No

Liver metastases

Yes

No

Number of metastasis sites
<3

=3

Type of EGFR mutations
Exon 19 deletion

L858R

Other

MET copy number
>5and <10

=10

40/69

14/30
26/39

31/48
9/21

12/19
28/50

8/18
32/51

0/1
40/68

16/24
24/45

6/8
34/61

9/21
31/47

12/24
21/34
7/m

15/26
25/43

Chemotherapy HR (95% Cl)
Number of events/at risk
44/68 i 0-32(0-20-0-53)
25/33 Fo—1 025 (0-12-0-54)
19/35 | 0-39 (0-20-0-76)
29/40 [ 0-39 (0-22-0-68)
15/28 e 0-19 (0-07-0-56)
12/19 re— 018 (0-06-0-49)
32/49 I 039 (0-22-0-69)
13/17 H— 0-13 (0-03-0-46)
31/51 i 036 (0-21-0-63)

3/6
41/62 i 034(021-0'55)
18/24 . 0-41(0-19-0-88)
26/44 e 031(0-16-057)

8/8 -— 0-18 (0-04-0-88)
36/60 e 0-35 (0-21-0-60)
15/21 —a— 029 (0-11-073)
26/41 i 0-34 (0-19-0-63)
20/25 i 032 (0:14-0-71)
19/32 1 030 (0-15-0-59)

5/11 b ! 0-66 (0-18-2-47)
21/35 - 0-34 (0-16-0.74)
23/33 - 0-32 (0-17-0-60)

I T 1
-1 0 1 2 3
“— —>

Favours Favours
savolitinib-osimertinib - chemotherapy

(Figure 3 continues on next page)



Assessed by investigator Assessed by independent review committee

Savolitinib- Chemotherapy HR(95%Cl) OR(95%Cl)  pvalue Savolitinib- Chemotherapy HR(95%Cl) OR(95%Cl)  pvalue

osimertinib (n=37) osimertinib (n=37)
(n=37) (n=37)

Progression-free survival, months 6-9 3:0 0-32 . <0-0001 6-9 3-0 0-32 . <0-0001
(42-97) (27-4-6) (0-18-0-57) (43-111) (27-41) (0-18-0-58)

Progression-free survival rate at 59% 18% - - - 52% 15%

6 months (41-74) (7-33) (34-67) (5-29)

Objective response rate 23 10 - 4-46 0-0025 21 12 - 273 0-0390
(62%, 45-78)  (27%, 14-44) (1-50-13-31) (57%,39-73)  (32%, 18-50) (0-95-7-74)

Disease control rate 31 24 .- 2-86 0-062 31 24 . 2:91 0-058
(84%, 68-94)  (65%, 47-80) (0-84-10-36) (84%, 68-94)  (65%, 47-80) (0-85-10-81)

Duration of response, months 8-2 3.0 . . . 9.7 34
(5-3-12-4) (0-9-4-1) (4-2-14-8) (1:3-5-7)

Time to response, months 1-4 1-4 = - = 1-4 1.4
(1-4-1-4) (12-15) (1-4-1-4) (13-15)

Data are median (95% Cl), % (95% Cl), or n (%, 95% Cl). The widths of the Cls have not been adjusted for multiplicity and should not be used to infer definitive treatment effects. Subgroup analyses were not
stratified. HR=hazard ratio. OR=o0dds ratio. TKI=tyrosine kinase inhibitor.

Table 3: Efficacy summary in third-generation EGFR TKl-treated population




Savolitinib-

osimertinib (n=106)

Chemotherapy (n=96)

Anygrade  Grade =3 Anygrade  Grade =3

Any treatment-emergent adverse event 104 (98%) 60 (57%) 92 (96%) 55 (57%)

Any serious adverse event 40 (38%) 27 (28%)

Leading to discontinuation of any study drug 9 (8%) 8 (8%)

Leading to discontinuation of two study drugs 5(5%) 1(1%)

Leading to interruption of any study drug 54 (51%) 40 (42%)

Leading to dose reduction of any study drug 38 (36%) 25 (26%)

Death within treatment cycles 11 (10%)* 7 (7%)

Treatment-emergent adverse events by preferred termf
White blood cell count decreased 52(49%) 7(7%) 51(53%) 12 (13%)
Nausea 51(48%) 36 (38%) 2 (2%)
Vomiting 47 (44%)  1(1%) 18 (19%) 2(2%)
Anaemia 43(41%) 4 (4%) 70 (73%) 22 (23%)
Neutrophil count decreased 43 (41%) 15 (14%) 57 (59%) 25 (26%)
Hypoalbuminaemia 40 (38%) 16 (17%) 0
Decreased appetite 39 (37%)  1(1%) 27 (28%) 1(1%)
Oedema peripheral 38 (36%) 1(1%) 0
Platelet count decreased 35(33%)  4(4%) 29 (30%) 8 (8%)
Alanine aminotransferase increased 30(28%)  7(7%) 36 (38%) 3(3%)
Aspartate aminotransferase increased 30(28%) 6 (6%) 35(36%) 0
Blood creatinine increased 26 (25%) 9(9%) 1(1%)
Pyrexia 25(24%)  1(1%) 6 (6%) 0
Weight decreased 24(23%) O 13 (14%) 0
Hypocalcaemia 23(22%)  1(1%) 4 (4%) 0
Diarrhoea 22(21%)  1(1%) 5(5%) 0
Hypokalaemia 22(21%)  3(3%) 15 (16%) 3(3%)
Amylase increased 20 (19%) 2 (2%) 0
Constipation 20 (19%) 23 (24%) 1(1%)
Lymphocyte count decreased 20 (19%) 4 (4%) 8 (8%) 3(3%)
Blood lactate dehydrogenase increased 19 (18%) o0 9(9%) 0
Rash 19(18%) 2 (2%) 2(2%) 0

(Table 4 continues on next page)

Savolitinib- Chemotherapy (n=96)
osimertinib (n=106)

Any grade  Grade >3 Any grade Grade =3

(Continued from previous page)

Urinary tract infection 19(18%) O 6 (6%) 1(1%)
COVID-19 18 (17%) 2 (2%) 11 (11%) 0
Blood creatine phosphokinase increased 17 (16%)  3(3%) 1(1%) 0
Dizziness 14(13%) O 11 (11%) 1(1%)
Headache 14 (13%) 0 7 (7%) 0
Upper respiratory tract infection 14 (13%)  1(1%) 4 (4%) 0
Hyperuricaemia 13(12%) O 3(3%) 0
Mouth ulceration 13(12%) © 2 (2%) 0
Electrocardiogram QT prolonged 12 (11%)  2(2%) 1(1%) 0
Hyponatraemia 12 (11%) 4 (4%) 9 (9%) 0
Paronychia 12(11%) O 0 0
Pneumonia 12 (11%) 6 (6%) 10 (10%) 6 (6%)
Asthenia 11(10%)  1(1%) 13 (14%) 2(2%)
Arthralgia 11(10%) O 5(5%) 0
Fatigue 11(10%) O 7 (7%) 2 (2%)
Hyperglycaemia 11(10%)  1(1%) 8 (8%) 0
Hypoesthesia 11(10%) O 9 (9%) 0
Cough 10(9%) 0 10 (10%) 0
Malaise 10(9%) O 10 (10%) 0
Gamma glutamyltransferase increased 9 (8%) 0 11 (11%) 2 (2%)
Leukopenia 7 (7%) 1(1%) 11 (11%) 1(1%)

Patients with more than one treatment-emergent adverse event within a particular preferred term were counted only
once for that preferred term. *Two deaths were considered by the investigator to be related to the study treatment.
tReported in 210% of patients in either group.

Table 4: Overview of treatment-emergent adverse events in the safety analysis set




Research in context

Evidence before this study

PubMed was searched from database inception to

April 21, 2025, using the search terms “((lung cancer)

AND (EGFR)) AND (MET)", filtered for clinical trials and then
sorted to capture articles reporting on EGFR tyrosine kinase
inhibitor (TKI) MET combination treatments for patients with
advanced, MET-amplified, EGFR mutation-positive non-small-
cell lung cancer (NSCLC) with progression after EGFR TKI
therapy. An additional search of the American Society of Clinical
Oncology (ASCO) abstracts database was conducted using the
same search terms and time frame. These searches yielded a
total of 12 relevant articles and eight ASCO abstracts describing
findings from 13 distinct clinical trials, all published since 2013.
All clinical trials were early phase (1, 1b, or 2),

and predominantly single-arm, open-label, and global studies;
three were randomised. The patient populations of the studies
were highly heterogeneous with respect to the previous EGFR
TKI treatment and line of therapy associated with treatment
failure, the method of identifying MET expression status

(ie, gene dysregulation vs immunohistochemistry-based
tumour cell MET protein expression), and requirement for
MET mutation as a study entry criterion. Patients with

MET amplification or MET tumour tissue overexpression with
progression after first-line EGFR TKI were the focus of just
three studies (NCT02099058, NCT03940703 [INSIGHT 2],
and NCT03778229 [SAVANNAH]). Of the three randomised
trials, one compared erlotinib with or without emibetuzumab
in patients with acquired resistance to erlotinib (any line of
therapy) and tumour MET overexpression. A second compared
erlotinib with or without onartuzumab in patients with
recurrent NSCLC who had two or three previous lines of therapy.
Although neither EGFR nor MET dysregulation were required at
baseline, findings were analysed separately according to MET
immunohistochemistry expression and EGFR mutation status.
The third trial was a randomised subset of the SAVANNAH trial

that evaluated outcomes with savolitinib with or without
osimertinib, overall and according to the presence of brain
metastases. The absence of evidence comparing study drug
combinations with standard of care in this field highlights the
need for efficacious and well-tolerated options to address
resistance to EGFR TKI therapy, which invariably develops in
patients with EGFR mutation-positive NSCLC.

Added value of this study

The protocol-specified interim analysis of the SACHI study met
its primary endpoint of statistically significant prolongation of
investigator-assessed progression-free survival (PFS) with
savolitinib in combination with osimertinib versus
chemotherapy in Chinese patients with EGFR mutation-positive
NSCLC and MET amplification after failure of first-line EGFR TKI,
in both the third-generation EGFR TKI-naive and intention-to-
treat populations. As a result, an independent data monitoring
committee recommended termination of study enrolment for
superior efficacy. Savolitinib plus osimertinib also showed
improvements in independent review committee-assessed PFS
and tumour response versus chemotherapy in both analysis
populations, and conferred efficacy benefits in patients with
previous first-line third-generation EGFR TKI exposure.

The safety profile of savolitinib plus osimertinib was well
tolerated and similar to that reported in early-phase studies and
with proportionately fewer haematological adverse events than
observed with chemotherapy.

Implications of all the available evidence

SACH]I is the first randomised phase 3 trial to support the
efficacy of MET inhibition in patients with acquired MET
amplification after progression on previous EGFR TKIs.
Savolitinib plus osimertinib has potential to provide an oral
treatment option that directly targets MET amplification-
mediated resistance, which occurs in about a fifth of patients
with EGFR mutation-positive NSCLC treated with EGFR TKs.



In 2026, healthcare in India is a massive, multi-tiered system undergoing rapid digital and
structural transformation to achieve universal coverage. It is characterized by a significant
divide between public and private sectors, as well as between urban and rural access.

Healthcare Structure & Delivery
ePublic Sector: Primarily tax-funded and free for all residents at
government facilities. It follows a three-tier model:
ePrimary: Over 200,000 Ayushman Arogya
Mandirs (formerly Health & Wellness Centres) provide
localized screening and basic care.
eSecondary: Community Health Centres (CHCs) and Sub-
District Hospitals.
eTertiary: Medical Colleges and AIIMS institutions providing
specialized care.
ePrivate Sector: Dominates the market, providing roughly 70% of
outpatient and 58% of inpatient care. Major corporate chains
include Apollo, Fortis, Manipal, and Max Healthcare.
2. Major Government Schemes
e Ayushman Bharat (PM-JAY): The world's largest government-
funded health insurance scheme, providing up to X5 lakh
(56,000) per family annually for secondary and tertiary care to
over 550 million vulnerable citizens.



https://www.aiims.edu/
https://www.fortishealthcare.com/
https://www.manipalhospitals.com/

The Lancet Commission on a citizen-centred health system

for India

Executive summary

India stands at a pivotal moment in its journey towards
universal health coverage—a crucial component of the
government’s Viksit Bharat vision to elevate it to the status
of a developed country by 2047, 100 years since its
formation as an independent nation. At this juncture,
there is unprecedented political will for reform and
sustained economic growth, creating a window of
opportunity to advance transformative change and for
India to leapfrog to a new health-care paradigm: a
universal, citizen-centred, and technology-driven system
that dissociates affluence from access to high-quality,
comprehensive health care. The Lancet Commission on a
citizen-centred health system for India was established in
December, 2020, to identify the reforms needed to realise
this vision. Our analyses are rooted in the lived
experiences, expectations, and preferences of the people
of India and guided by the principle that they enjoy a
universal, fundamental, and inalienable Right to Health,
and that the government must be accountable for
financing and operating the public sector and stewarding
both the public and private sectors. To this end, the
Commission engaged a diverse spectrum of expertise and
drew systematically upon existing and new research to
arrive at our recommendations.

A citizen-centred health system

Reform action 1: enable meaningful citizen engagement by
firmly building the health system upon people’s participation
The existing platforms of local government and civil society
collectives must be strengthened with financial investments
and capacity strengthening. Citizen participation should
include access to adequate and timely information about
entitlements, their health system’s performance, how and
where to seek care, and available recourse when rights are
denied. It should also enable citizens to engage in health-
promoting behaviours; share care experiences in ways that
meaningfully inform priority-setting, governance, and
purchasing decisions; and access to robust grievance
redressal mechanisms, including a citizen-led complaints
ombudsman. The health system must commit to
addressing inequities arising from social determinants of
health by prioritising the most vulnerable, integrating
social ~services within health-care settings, and
implementing regulations and grievance mechanisms
against discriminatory practices.



Progress and challenges on the road to universal health coverage

Recognising achievements while confronting inequities and
emerging challenges

India has achieved remarkable improvements in life expectancy,
maternal and child survival, and the control of infectious
diseases. At the same time, progress has been uneven across
States and districts, income groups, geographies, marginalised
castes, tribes, and genders. Additionally, the rapid rise of non-
communicable diseases accompanying population ageing,
mental health conditions, antimicrobial resistance, and climate
change present formidable health system challenges.

Expanding access while strengthening quality

Large-scale government initiatives, such as the Ayushman
Bharat Pradhan Mantri Jan Arogya Yojana (AB-PMJAY),
Ayushman Arogya Mandirs, the Ayushman Bharat Digital
Mission, the e-Sanjeevani telemedicine platform, deployment
of multiple cadres of medical and allied health professionals,
and the establishment of new tertiary hospitals and medical
colleges across the country, together with a vibrant private
sector, have expanded coverage and are reshaping the delivery
of care. India has achieved self-sufficiency in essential medicines
and diagnostics through both public and private sector
manufacturing and delivery, while nurturing a growing
domestic biotech and medical technology industry. Yet, uneven
care quality limits the value of expanded access and has resulted
in low-value care. The conceptualisation and implementation
of comprehensive primary health care have fallen short of
meeting people’s needs. Without care coordination, citizens are
left to fend for themselves and obtain discontinuous care of
uncertain quality from a myriad of providers, often at expensive
hospitals rather than primary health-care facilities,
undermining continuity, equity, and efficiency.

Increasing spending bolstered by the need for greater
efficiency

Government spending on health has risen in absolute terms
and is increasing in several States, with particularly strong
growth during the COVID-19 pandemic. However, health
expenditure, as a share of gross domestic product, remains low
and has not grown in line with India’s overall economic growth.
Fragmented budgets, their suboptimal allocation, inefficient

utilisation, and rigid financing mechanisms have constrained
system responsiveness and weakened institutional capacities,
especially at decentralised levels. The predominance of line-
item budgets (in the public sector) and fee-for-service (in the
private sector) as payment methods has limited the health
system'’s flexibility to tailor services to population needs and
promote rational care.

Enhancing financial protection

Financial risk protection has improved over the past decade,
with expansions in affordable care and insurance coverage
through the AB-PMJAY (covering 600 million people) and its
State-level counterparts. However, insurance schemes are
focused on hospitalisation, overlooking outpatient and chronic
care. Consequently, out-of-pocket expenditure, driven by the
costs of medication and diagnostics, remains a leading cause of
financial hardship, especially for lower-income groups.

Building on citizen engagement and community action for
health

India has pioneered models of community engagement.

The National Health Mission (2013) and the National Health
Policy (2017) have emphasised people’s participation in
universal health coverage through ongoing initiatives such as
the Accredited Social Health Activist programme and
Community Action for Health. The success of these initiatives
can be reinforced by continued efforts to address information
asymmetries and power imbalances and enhance
accountability through citizens’ engagement in governing
health.

Effecting better regulations and responsive governance

The government's digital e-governance tools and digital public
infrastructure offer opportunities to strengthen accountability
and trust, but require scaling-up and alignment with citizen
priorities. Despite an array of health regulations covering
payers, providers, and patients’ rights, limited State capacity for
oversight and enforcement, regulatory capture, and misaligned
incentives have reduced their effectiveness. Shortfalls in timely
and reliable health system data and weak health research
networks are barriers to responsive governance.

Guiding principles of this Commission

Several guiding principles underscore our reimagination of
the health system:

A transition from a facility-centric, reactive, and fragmented
delivery system focused on specific diseases towards a
comprehensive, coordinated, citizen-centred health system
A transition from citizens being passive recipients of
services to becoming active agents with rights who are
engaged in the health system

Atransition from focusing merely on physical access to
health-care services to ensuring high-quality health care
that treats everybody with respect and dignity

A transition from centralised governance to decentralised,
citizen-centric governance informed by robust,
comprehensive, and timely data that report local
population-level outcomes

A transition from providing weight to only professional
qualifications to emphasising provider competencies,
values, and motivations, and empowering frontline
workers and practitioners of Indian systems of medicine
(eg, Ayurveda, Yoga, Unani, Siddha, and Homeopathy)

To responsibly and ethically leverage the power of
innovative technology to support the reimagined health
system and deliver citizen-centred care

To explicitly acknowledge rights and health equity as a
core value of universal health coverage and the reduction
of inequities as a measure of progress across universal
health coverage goals
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Figure 1: UHC, index-based terciles in India and districts sampled in the Citizens’ Survey (2023)
UHC =universal health coverage performance at the district level.



MotlurVillage House
Devanahalli, Bengaluru

Rohini,

I'm thrilled about my job in
Devanahalli but a bit concerned about my
health since we had regular check-ups at
PHC, Wayanad.

Noworries Krishnan!

Ifound a reimagined PHC with a
[skilled health-care worker named Rajini.
She'sinvited us to the Sakre camp
held every weekend.

see many neighbours at the
camp. Plenty of seats are

Great to

available, and it's so

tis impressive to see
volunteers efficiently taking

bloodsamples for check-ups from
their portable testing boxes.

comfortable.

Padascan done here

Good morning sir, would yo
rmit me to take a
blood samfle foryour
check-up?

be uploaded digitally, with your
consent, to your private digilocker
\via ABDM*, and Rajini will access to
quide you further based on
them

Krishnan sir, With your consent I
accessed your previous records from
Wayanad entered by Ashiya. They indicate a
BMI of 32 and high blood pressure. Todag blood test
shows a HbA™ of 6-4 and sugar of 188 mg/dL.
'AI-DSS flagged you as pre-diabetic an
recommends a fresh cardiovascular
disease check-up.

Move the probe towards.
theleftside of the
chestand hold. Then
Tothe centre

As it's been a while since
you underwent these tests for
cardiovascular disease assessment in
Wayanad, we need to do them
agai

Inoticea
slight limp. Let's do a Padascan
to check for diabetic
neuropathy.

Pada means foot in Sanskrit

Itis
nerve damage due to
diabetes. | don't mean to
scare you, but every 18-20

seconds, an Indian undergoes

limb amputation due to diabetic
foot. It is preventable if
caught early.

We'll monitor your blood sugar
using Al-DSS. If needed, we'll do an
advanced scan at KIER to create a digital
twin of your foot for designing
personalised shoes to prevent ulcers
and wound infections.

%
Z1—2
Check-up room J— (F1—7

Thanks

for making us aware of

diabetic neuropathy. What
happens if | do have it?

If we detect advanced diabetic
neuropathy, you will receive an
electronic prescription for pai
medicine from Dr Pravin at KIER.
That electronic prescription can
be used at any pharmacy.

isorders.

it's incredible how technology
and preventive care are coming
together to address health

Indeed, Krishnan.

And it's heartening to see how the
reimagined PHC model is spreading across
the country, making health-care accessible

oall.

Figure 21: A patient’s journey in a reimagined primary health care-focused system
This cartoon is the third in a series of three cartoons created as part of the Commission’s deliberations to show how different kinds of technologies might provide a more citizen-centred approach to
health care. It is based on an experiment in progress with a team of interdisciplinary stakeholders to build a replicable and reimagined primary health centre in a rural village in north Bengalury, India.
Each cartoon in the series reflects a different condition or disease and different actors. These cartoons are not designed to be an ideal or a recommendation; they are prototypes that aim to elicit more
concrete and useful reflections and reactions that can envision what a patient'’s journey might look like in the future. The cartoons are suggestive of the potential of certain types of innovation. Some
of these innovations are already available, some can be developed relatively easily, and others are more complex. The target audience for these cartoons is the same as that for the report—stakeholders
and decision makers in the health system who are mostly English readers. However, if it is useful, these resources can be translated into multiple languages. The first two cartoons are available at

https://www.artparl

KIER=Karnataka Institute for Endocrinology Research. *ABDM provides key digital public infrastructure for India’s health systems.

/reimagine-health. PHC=primary health centre. ABDM=Ayushman Bharat Digital Mission. HbA, =glycated haemoglobin. Al-DSS=artificial intelligence decision-support system.




Many of our proposed reform actions have already been
initiated by Central or State government policies, and
their inclusion herein is an endorsement of these policies
and an acknowledgment that the challenge lies in their
effective implementation. However, some of our reform

actions are potentially more transformative. Thus, we
expect that some of our reforms might not be palatable or
even feasible for specific jurisdictions at this moment in
time. We recognise that vested interests, conflicting
ideologies, political considerations, and governance and
implementation capacities are considerable barriers to
successful reforms. Thus, high-level political commitment
is indispensable to the successful realisation of the goal of
UHC. Moreover, major public policy decisions should be
(even if often not so) the result of iterative processes of
discourse with the relevant stakeholders*”® and through a
continuing learning process resulting from pilots of
innovative actions and the scaling-up of these actions. In
the spirit of positioning this report as the final output of a
Commission focused on citizen-centred care, our
recommendations will require extensive consultations
with civil society and health system actors across the
country to assess their feasibility, acceptability, scalability,
and risks, followed by iterative cycles of implementation
and evaluation. With determined political leadership
leveraging broad-based support from diverse stakeholders,
India can transform its health system to better serve all its
citizens, setting the stage for a sustainable and resilient
future.



Thrombozyten (Blutplattchen) sind kleine Zellfragmente im Blut, die fiir die Blutstillung
unerlasslich sind, indem sie sich bei GefalRverletzungen anlagern, verklumpen und ein
Gerinnsel bilden, um Blutungen zu stoppen. Sie entstehen im Knochenmark und werden im
kleinen Blutbild bestimmt; sowohl zu wenige (Thrombozytopenie, erhohtes Blutungsrisiko)
als auch zu viele (Thrombozytose, erhohtes Thromboserisiko) konnen zu Problemen fihren.
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Tethered platelets in severe
infection

Platelets are cell fragments that plug leaks in blood
vessels, preventing bleeding. However, they also form
clots that impede blood flow (thrombosis) and increase
inflammation. Activated platelets, which can bind to each
other, and hyporesponsive platelets, which do not form
clots, are detected in patients with acute severe infections,
such as COVID-19 and sepsis. How to uncouple the
protective and harmful proinflammatory functions of
platelets is a therapeutic dilemma. Kusch et al. report the
formation of platelet-derived integrin and tetraspanin-
enriched tethers (PITTs) in patients with severe infections.
PITTs, which are enriched in specific platelet proteins,
remain anchored to the blood vessel wall (endothelium)
and promote neutrophil recruitment, inflammation, and
tissue damage, whereas the main platelet body shears off
and reenters circulation in a hyporesponsive state. PITTs
may contribute to blood clotting, immune dysregulation,
and bleeding complications that characterize severe
infections.



At sites of vascular injury, expression of thrombotic and
inflammatory molecules drives platelet recruitment.
Platelets switch from a sentinel to an effector (activated)
function through their rolling on exposed
subendothelium, firm adhesion and activation, secretion
of thromboxane A2 and adenosine diphosphate (which
activate and recruit more platelets), release of granule
contents, exposure of phosphatidylserine on their
surface (which supports coagulation), and aggregation.
This latter step is driven by switching integrin allbb3,
the most abundant platelet surface receptor protein,
from a resting to an activated state.

Neutrophil extracellular traps—weblike structures
composed of DNA, histones, and antimicrobial proteins
that trap and kill harmful bacteria—provide a scaffold for
platelets and coagulation factors in pathogenic clots,
exacerbating clotting and amplifying inflammation.
Besides forming clots, activated and procoagulant
platelets bind to immune cells and modulate their
functions—including recruitment, activation, and
extracellular trap formation—in animal models and in
patients with inflammatory diseases and severe
infections such as COVID-19 and sepsis.

In severe infection, platelet activation can be driven
by stimuli such as thrombotic agonists, endotoxins,
cytokines, damage-associated molecular patterns,
and immune complexes that are produced as part of
the host response to pathogens. Platelets from
patients with COVID-19 are often hyporesponsive,
with reduced allbpB3 expression and decreased
reactivity to thrombotic stimuli in ex vivo assays,
characteristics that are associated with worse
disease outcomes. This phenotype is often attributed
to exhaustion (when repeatedly stimulated platelets
lose their capacity to respond), receptor
desensitization (when receptors at the surface of the
platelet become hyporesponsive) after sustained

activation, or receptor shedding.
allbB3
(Alpha-llb Beta-3), auch bekannt als Glykoprotein lib/Illa

(Gpllb/1lla), ist ein Rezeptor flr Fibrinogen und den von-Willebrand-
Faktor, der auf der Oberfldche von Blutplattchen (Thrombozyten)
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Platelet-derived integrin and tetraspanin-enriched tethers (PITTs)

Inflammation Acute severe infection
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NET, neutrophil extracellular trap; PITT, platelet-derived integrin- and tetraspanin-enriched tether; VWF, von Willebrand factor.

PITTs in infection

Heterogeneous blood clots rich in activated and procoagulant platelets, fibrin, and red blood cells form on the
endothelium of blood vessels at sites of inflammation and infection. Activated platelets support neutrophil
recruitment and activation, and the formation of NETs, which are webs of DNA, histones, and antimicrobial
proteins that trap and kill harmful bacteria. In acute severe infection, platelets can also adhere to VWF and fibrin
at sites of inflammation, in a process that is blood-flow dependent. Two platelet proteins, the integrin allf3 and
the tetraspanin CD9, cluster on tethers called PITTs on the endothelium and on neutrophils. The main body of
the platelet detaches and reenters the circulation in a hyporesponsive state, which might increase bleeding risk.



Kusch et al. observed that blood smears from patients
with COVID-19 and sepsis, but not those from patients
with uncomplicated infection and healthy controls,
contained platelet-derived elongated structures that
they called PITTs. Using a microfluidic flow chamber
approach in which human blood flow on a substrate
mimics how platelets are recruited in blood vessels, as
well as mice treated with an antibody that promotes
platelet depletion, the authors observed that PITT
formation was blood-flow dependent and that it required
platelet adhesion and tethering but not classic
activation. PITT formation occurred upon platelet
adhesion to specific immobilized substrates, von
Willebrand factor (VWF) and fibrin, which are abundant
at sites of vascular injury and inflammation. PITTs
lacked classic platelet receptors and activation markers
and were enriched in integrin allbB3 in its resting state
and in tetraspanin CD9, a small membrane protein
linked to the organization and regulation of integrin-
dependent platelet activation. This concentration of
allbB3 and CD9 in PITTs decreases their abundance on
the surface of the parent platelet body, which reenters
the circulation with reduced reactivity. This effect
potentially contributes to the bleeding complications
that are associated with severe infection.

In hemostasis, platelets seem to be a
homogeneous cell population with a fairly uniform
behavior, but this assumption is less tenable for
inflammation, especially during severe infection,
when platelets and their progenitors,
megakaryocytes, undergo reprogramming and
diversification. Whether all platelets generate PITTs
or whether PITTs arise from specific subpopulations
is unclear. Furthermore, do PITTs aid pathogen
clearance while also promoting
thromboinflammation and organ dysfunction in
severe infection and, if so, by which mechanism?
The frequency of PITT formation in vivo is also
unknown. Because inhibition or deficiency in VWF,
fibrin, or allbB3 has effects on both thrombosis and
inflammation, the importance of PITTs in
thromboinflammation remains unclear. Answering
these questions will require defining the molecular
machinery that governs the formation of PITTs and
their inflammatory activity. This will reveal whether
PITTs are realistic candidates for new anti-
inflammatory therapies and whether they can be
targeted to restore platelet dysfunction in severe
infections, which often cause both thrombotic and
bleeding complications.



Nonactivated platelets release integrin-and tetraspanin-enriched tethers (PITTS) to promote
thrombo-inflammation. Circulating platelets can use their principal adhesion receptor, integrin allb33,
to switch between hemostatic and thrombo-inflammatory programs. At sites of vascular injury, classical
activation triggers inside-out signaling of allbf3, promoting fibrinogen binding, platelet adhesion, and
thrombus formation. Under thromboinflammatory conditions, nonactivated platelets generate PITTs that
can attach to leukocytes and endothelial cells, exacerbating inflammation, whereas the platelet body
detaches in a state partially depleted of allbf33. Rest., resting; act., activated.
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(abscheuliche)
The abhorrent power of the
photograph of a 5-year-old held
by ICE

A viral image of 5-year-old Liam Conejo Ramos shows the boy in a blue
knit hat with white bunny ears and pompoms, standing with a blank

look on his face, staring at the back of a truck. Liam and his father were

captured by Immigration and Customs Enforcement officers in

Minnesota on Tuesday, and both are now detained in San Antonio, more

than 1,200 miles from Liam’s home, his school, his friends and most of
his family.
School officials in Minnesota say that the prekindergarten student was
used “as bait” by ICE, in an apparent attempt to gain access to the adults

inside the private house where he once lived. That act, the use of a boy
too young to understand the political game in which he became a pawn,
mirrors in a perverse and deeply disturbing way the power of the
photograph. The photograph stirs empathy and compassion, the same
emotions that ICE agents apparently used to entice adults into making

themselves vulnerable to capture.



