Extended Data Figure Legends
Extended Data Fig 1. Response onset and duration for each patient.
The clinical courses of each patient in Mn2+ group (a) and placebo group (b) are illustrated in this swimmer plot, including the best response, on- or off-treatment status, alive or death status.

Extended Data Fig 2. MRI or CT scans of 3 patients with CR in the Mn2+ group.
Three patients in the Mn2+ group achieved complete and durable responses. Magnetic resonance imaging (MRI) (UPN34 & 53) or computed tomography (CT) (UPN37) were performed at baseline, post-treatment and follow-up.

Extended Data Fig 3. Exploratory subgroup analyses: Objective response.
Objective response (ORR) was defined as the percentage of patients with at least 1 efficacy assessment who achieved a complete or partial response (CR/PR) per RECIST v1.1. Difference in ORR was calculated as Mn2+ minus placebo. a) The comparison was not performed for subgroups where the total number of two arms was ≤ 10 patients. b) The risk ratio was not calculated because no patient was benefit from the treatment of the placebo arm.

Extended Data Fig 4. Exploratory subgroup analyses: Progression-free survival.
Progression-free survival (PFS) was defined as the time from the date of randomization until investigator-assessed progressive disease [PD] or death, whichever occurred first. a) The comparison was not performed for subgroups where the total number of two arms was ≤ 10 patients.

Extended Data Fig 5. Exploratory subgroup analyses: Overall survival.
Overall survival (OS) was defined as the time from the date of randomization until the date of death or last known to be alive. a) The comparison was not performed for subgroups where the total number of two arms was ≤ 10 patients.

Extended Data Fig 6. FACT-O score of patient-reported outcomes.
Abbreviations: FACT-O, Functional Assessment of Cancer Therapy-Ovarian Cancer; SEM, standard error of mean.

Extended Data Fig 7. Liver-iron-overload-like MRI images of 2 patients in the Mn2+ group.

Extended Data Fig 8. Manganese and cytokine analysis of each patient.
Concentration of blood Mn2+ and cytokine following treatment in patients by clinical response. Responders defined as patients with objective response; Non-responders represent patients with SD or PD as best of response. Each dot denotes a sample and each line denotes a patient. The comparisons between pre- and post-treatment were performed with the pairing t test. *P < 0.05; **P <0.01; ***P <0.001; ****P <0.0001.

Extended Data Fig 9. ScRNA-seq analysis of PBMCs.
a, Uniform manifold and approximation projection (UMAP) plot of all PBMCs of 3 typical patients colored by the cluster. b, dot plot of the marker gene expression of the 19 clusters. c, heatmap of the indicator gene expression of the 3 monocyte subsets. d to g, the GO (d) and pathway (e to h) analysis of the upregulated genes for the exhausted T (d, e, f) and γδ T (g, h) cells post Mn2+-based treatment.


Extended Data Table
Extended Data Table 1. Objective Response and Second Efficacy End Points
	
	Mn+nPP+P (n=55)
	Placebo+nPP+P (n=29)
	P-value
	RR/HR† (95% CI)

	Best overall response
	
	
	
	

	CR
	3 (5.5)
	0
	——
	——

	PR
	31 (56.3)
	4 (13.8)
	
	

	SD
	17 (30.9)
	20 (69.0)
	
	

	PD
	4 (7.3)
	5 (17.2)
	
	

	ORR (CR+PR)
	
	
	
	

	No. (%)
	34 (61.8)
	4 (13.8)
	<0.0001 
	0.223 (0.088-0.567)

	95% CI
	48.1-73.9
	5.1-32.5
	
	

	DCR (CR+PR+SD)
	
	
	
	

	No. (%)
	51 (92.7)
	24 (82.8)
	0.1510
	0.892 (0.744-1.071)

	95% CI
	81.8-97.3
	63.7-92.9
	
	

	CA-125 response‡
	
	
	<0.0001
	0.389 (0.216-0.698)

	No./Total evaluable No. (%)
	42/51 (82.4%)
	8/25 (32.0%)
	
	

	95% CI
	69.1-91.6
	15.0-53.5
	
	

	PFS
	
	
	
	

	Median (M)
	9.8
	3.9
	<0.0001
	0.335 (0.205-0.549)

	95% CI
	6.6-15.9
	3.0-4.7
	
	

	DOR
	
	
	0.0396
	0.336 (0.113-0.998)

	median (M)
	14.9
	1.8
	
	

	95% CI
	7.2-20.3
	0.6-NE
	
	

	OS
	
	
	
	

	median (M)
	21.4
	7.9
	<0.0001
	0.320 (0.179-0.570)

	95% CI
	16.1-29.9
	6.7-11.2
	
	


Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate; CA-125, cancer antigen 125 assay; PFS, progression-free survival; DOR, duration of response; OS, overall survival; RR, risk ratio; HR, hazard ratio.
†A risk ratio is reported for response rate, and a hazard ratio is for duration of time.
‡CA-125 response was defined as reduction in CA-125 levels of ≥ 50% from baseline, confirmed and maintained for at least 28 days.

