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Table 1: Summarised results of studies evaluating efficacy of pre-erythrocytic vaccine candidates

	Author
 (Study design)
	Study Population
	Vaccine Candidate 
	Per Protocol Vaccine Dosing Regimen
	Malaria Exposure
	Observation period following malaria exposure
	Vaccinees included in per-protocol efficacy analysis
	Marker (s) Used to Assess Efficacy
	Reported Vaccine Efficacy

	Epstein et al. 2011
(Phase I/II open-label, dose escalating randomized control trial (RCT))
	Healthy, malaria-naive adults aged 18 to 50
	PfSPZ
	Group 1: 7.5x103PfSPZ/dose x 4 at 4 wk intervals
	CHMI performed 3 weeks following final PfSPZ dose
	Up to 6 months
	n = 11
	Absence of parasitaemia/time to parasitaemia
	No volunteers protected. No delay in time to parasitaemia. No statistical analysis provided

	
	
	
	Group 2: 3x104 PfSPZ/dose x 4 at 4 wk intervals
	
	
	n = 16
	Absence of parasitaemia/time to parasitaemia
	2 of 16 volunteers protected with no delay in time to parasitaemia for remaining 14. No statistical analysis reported

	
	
	
	Group 4: 1.35x105 PfSPZ/dose x 6. First 4 at 4 wk intervals, and last two at 4 wk intervals 12 wks following 4th dose
	
	
	n = 17
	Absence of parasitaemia/time to parasitaemia
	No volunteers protected or delay in time to parasitaemia.  No statistical analysis provided

	
	
	
	Group 3: 1.35x105 PfSPZ/dose x 4 at 4 wk intervals
	No P. falciparum challenge
	-
	-
	-
	-

	Ewer et al. 2013
(Phase IIa open-label RCT)
	Healthy, malaria-naive adults aged 18-50. 
	Group 1: ChAd63-MVA ME-TRAP Prime Boost
	ChAd63 ME-TRAP 5x1010 vector particle (vp)intramuscularly (i.m) followed by MVA ME-TRAP 2x108 plaque forming units (pfu) intradermally (i.d) 56 days later
	CHMI
	~ 77 days
	n = 14
	1. Delay to patent parasitaemia
	36% (5 of 14 vaccinees) demonstrated parasitaemia > 2 days later than unvaccinated controls  (95% CI 7.0 - 64.4%, P = 0.008)

	
	
	
	
	
	
	
	2. 1 - Relative Risk of acquiring P.falciparum
	21.4% (3 of 14 vaccinees) demonstrated sterile protection  (95% CI, 3.2-46.0%) 

	
	
	Group 2: ChAd63 ME-TRAP Alone
	Single dose ChAd63 ME-TRAP 5x1010 vp i.m
	
	~ 42 days
	n = 10
	1. Delay to patent parasitaemia
	No significant efficacy. No statistical analysis

	
	
	
	
	
	
	
	2. 1-Relative Risk of acquiring P.falciparum
	No significant efficacy. No statistical analysis

	Hodgson et al. 2015
(Phase I/IIa open-label RCT)
	Healthy, malaria-naive men and non-pregnant women aged 18-45. 
	Group 1: ChAd63-MVA CS Prime Boost
	5x1010 vp ChAd63-CS administered i.m on day 0 with 2x108  pfu MVA booster dose administered i.m on day 56
	CHMI performed 3 weeks following receipt of MVA boost
	Maximum 90 days
	n = 15
	Development of sterile protection within protocol-specified end point
	1 of 15 vaccinees was protected. No statistically significant efficacy (p=0.18)

	
	
	
	
	
	
	
	Delay to patent parasitaemia
	 3 of 15 showed delay to parasitaemia but with no statistical significance (p=0.18)

	
	
	
	
	
	
	
	Reduction of hepatic parasite burden when measured 7.5 days following CHMI
	Parasite burden reduced by 69-79% after first blood-stage replication cycle  (p = 0.08). No statistical significance in burden reduction.

	
	
	Group 2:  ChAd63-MVA ME-TRAP Prime Boost
	5x1010 vp ChAd63-ME-TRAP vaccines administered i.m on day 0 with 2x108  pfu MVA booster dose administered i.m on day 56
	
	
	n = 15
	Development of sterile protection within protocol-specified end point
	2 of 15 vaccinees were protected. No statistically significant efficacy (p=0.09)

	
	
	
	
	
	
	
	Delay to patent parasitaemia
	 5 of 15 vaccinees showed delay to parasitaemia. No statistical significance (p = 0.09)

	
	
	
	
	
	
	
	Reduction of hepatic parasite burden when measured 7.5 days following CHMI
	Parasite burden reduced by 79-84% after first blood-stage replication cycle  (p = 0.01). 

	Ogwang et al. 2015
(Phase I/II single-blind RCT)
	Adult males aged 18 - 50 from Kilifi County, Kenya
	ChAd63 MVA ME-TRAP Prime Boost
	5x1010 vp i.m ChAd63 ME-TRAP administered on day 0 followed by 2x108 pfu i.m MVA ME-TRAP administered on day 56
	Environmental
	56 days
	n = 61
	Negative Status for P. falciparum
	On cox regression analysis,  67% vaccine efficacy (95% CI, 33-83%; p = 0.002)

	
	
	
	
	
	56 days
	
	Parasitemia > 10 parasites/ml
	On cox regression analysis, 82% vaccine efficacy (95% CI, 46-94%; p = 0.002)

	Richie et al. 2012 
(Phase I/II open-label RCT)
	Healthy, malaria naive adults.
	MuStDO5
	Four cohorts of 8 vaccinees were given 2.5mg i.m MuStDO5 with escalating doses of GM-CSF at 0 ug, 20 ug, 100 ug, and 500 ug for cohorts 1-4 respectively. Doses at weeks 0, 4 and 8.
	CHMI performed 18 days following final vaccine dose
	Not specified
	n = 31
	Absence of parasitaemia/time to parasitaemia
	No statistically significant delay to time to patent parasitaemia between cohorts (p=0.52, Wilcoxon) or between immunised volunteers and infectivity controls (p=0.32 Mann-Whitney

	RTS,S Clinical Trials Partnership 2015
(Phase III triple-blind RCT)
	Infants age 6-12 weeks
	RTS,S/AS01 with RTS,S/AS01 booster
	R3R Group: RTS,S/AS01 was administered i.m at months 0, 1 and 2 followed by a booster dose of RTS,S/AS01 at month 20. 
R3C Group: A comparator group received the initial 3 doses of RTS,S using identical schedule to R3R but received control booster instead of RTS,S booster.
	Environmental
	Median follow-up after dose 1 for R3R = 37.8 months
	n = 2180*
	Incidence of clinical malaria
	25.9% (95% CI, 19.9 - 31.5%) efficacy against all clinical malaria episodes in R3R group. 
18.3% (95% CI, 11.7 - 24.4%)  efficacy against all clinical malaria episodes in R3C group.
17.3% (95% CI, -9.4 - 37.5%) efficacy against episode of severe malaria in R3R
10.3% (95% Ci, -17.9 - 31.8) efficacy against episode of severe malaria in R3C.

	
	Children age 5 to 17 months
	
	
	
	Median follow-up after dose 1 for R3R =  48.1 months
	n = 2976*
	Incidence of clinical malaria
	36.3% (95% CI, 31.8 - 40.5%) efficacy against all clinical malaria episodes in R3R group. 
28.3% (95% CI, 23.3 - 32.0%) efficacy against all clinical malaria episodes in R3C group.
32.2% (95% CI, 13.7- 46.9%) efficacy against episode of severe malaria in R3R
1.1% (95% CI, - 9.4 - 37.5%) efficacy against episode of severe malaria in R3C.

	RTS,S Clinical Trials Partnership 2012
(Phase III double-blind RCT)
	Infants age 6-12 weeks from 11 field sites in Africa
	RTS,S/AS01
	RTS,S/AS01 was administered i.m at months 0, 1 and 2
	Environmental
	1 year following receipt of third vaccine dose
	n = 6003*
	Incidence of clinical malaria
	31.3% (95% CI, 23.6 - 38.3%) efficacy against first or only episode of clinical malaria. Efficacy higher at beginning then at end of observation period (p < 0.001).
32.9% (95% CI, 26.3 - 38.8%) efficacy against all clinical malaria episodes
36.6% (95% CI, 4.6 - 57.7%) efficacy against severe malaria

	RTS,S Clinical Trials Partnership 2011
(Phase III double-blind RCT)
	Children aged 5- 17 months from 11 field sites in Africa
	RTS,S/AS01
	RTS,S/AS01 was administered i.m at months 0, 1 and 2
	Environmental
	1 year following receipt of third vaccine dose
	n = 4296*
	Incidence of clinical malaria
	55.8% HR (95% CI, 50.6 - 60.4) efficacy against first or only episode of clinical malaria. Efficacy higher at beginning then at end of observation period (p < 0.001).
55.1% (95% CI, 50.5 - 59.3%) efficacy against all clinical malaria episodes
47.3% (95% CI, 22.4 - 64.2%) efficacy against severe malaria

	Seder et al. 2013
Phase I open-label RCT)
	Healthy, malaria naive adults age 18 - 45 
	PfSPZ
	7.5x103 PfSPZ intravenously (i.v) x 6 at weeks 0, 4, 12, 16, 20 , 24
	CHMI performed 3 weeks following last vaccine dose
	28 days if qPCR continued to  test negative for P. falciparum infection. 
	n = 2
	Absence of parasitaemia
Vaccine efficacy defined as 1-relative risk of acquiring P. falciparum infection
	No significant efficacy.

	
	
	
	7.5x103 PfSPZ i.v x 4 weeks 0, 4, 8, 12
	
	
	n = 3
	
	No significant efficacy

	
	
	
	3.0x104 PfSPZ i.v  x 6 at weeks 0, 4, 8, 12, 16, 20
	
	
	n = 2
	
	No significant efficacy

	
	
	
	3.0x104 PfSPZ i.v  x 4 at weeks 0, 4, 8, 12
	
	
	n = 9
	
	11% (95% CI not provided)

	
	
	
	1.35x105 PfSPZ i.v  x 5 at weeks 0, 4, 8, 12, 19
	
	
	n = 6
	
	100%, (95% CI not provided)

	
	
	
	1.35x105 PfSPZ i.v  x 4 at weeks 0, 4, 8, 12
	
	
	n = 9
	
	60% (95% CI not provided)


Table 2: Summarized results of studies evaluating efficacy of blood stage vaccine candidates

	Author
 (Study design)
	Study Population
	Vaccine Candidate 
	Per-Protocol Vaccine Dosing Regimen
	Malaria Exposure
	Observation period following malaria exposure
	Vaccinees included in per-protocol efficacy analysis
	Marker(s) Used to Assess Efficacy
	Reported Vaccine Efficacy

	Ogutu et al 2009 
(Phase IIb RCT)
	Healthy children aged 12- 47 months from Kombewa Division in Kenya
	FMP1/AS02
	50 ug FMP1/AS02 x 3 doses administered at month 0, 1 and 2.
	Environmental
	6 months
	n = 374
	Time to first clinical episode of P. falciparum malaria
	5.1% (95% CI, -26 - 28%; p = 0.7). No statistically significant vaccine efficacy

	Payne et al. 2015 (Abstract only)
(Phase I/IIa open-label, non-randomized clinical trial)
	Healthy, malaria-naive adults aged 18-45.
	FMP2.1/AS01B
	FMP2.1/AS01B administered at days 0, 28 and 56. 
	CHMI performed 2 weeks following receipt of final vaccine dose
	Not specified in unpublished abstract received from primary author
	n = 12
	in vivo parasite multiplication rate (PMR)  (modelled from qPCR)
	Mean PMR in vaccinees = 10.32 (95% CI, 8.97 - 11.67)
Mean PMR in controls = 10.31 (95% CI, 9.00 - 11.62)
No statistically significant difference. 

	Sagara et al. 2009
(Phase II double-blind RCT)
	Healthy children 2 - 3 years old from Bancoumara, Mali.
	AMA1-C1/Alhydrogel
	AMA1-C1 administered i.m at day 0 and at day 28
	Environmental
	52 weeks following receipt of first vaccine dose
	n = 300
	Rate of parasitaemia/day at risk
	No significant efficacy was demonstrated for either the primary endpoint (p = 0.67) or the secondary endpoint (p = 0.34)

	
	
	
	
	
	
	
	Incidence of clinical malaria
	

	Sheehy et al. 2012
(Phase I/IIa open-label, non-randomized clinical trial)
	Healthy, malaria-naive males and non pregnant females aged 18-50.
	Group 1: ChAd63-MVA AMA1 prime boost
	5x1010 vp i.m ChAd63 MSP1 followed 8 wks later with 1.25x108 pfu i.m MVA MSP1
	CHMI performed 14 - 18 days following MVA boost
	~ 21 days
	n = 9
	Absence of parasitaemia/time to parasitaemia
	No vaccinees protected. No statistically significant delay in time to patent parasitaemia compared to control (p=0.28)

	
	
	Group 2: ChAd63-MVA MSP1 prime boost
	5x1010 vp i.m ChAd63 MSP1 followed 8 wks later with 2x108 pfu i.m MVA MSP1
	
	
	n = 8
	
	No vaccinees protected. No statistically significant delay in time to patent parasitaemia compared to control (p=0.13)

	
	
	Group 3: ChAd63-MVA AMA1+MSP1 prime boost
	5x1010 vp i.m ChAd63 MSP1 and 5x1010 vp ChAd63 AMA1 followed 8 wks later with 2x108 pfu i.m MVA MSP1 and 1.25x108 pfu i/m MVA AMA1
	
	
	n = 9
	
	1 out of 9 (11.1%) fully protected. Overall efficacy was not statistically significant  (p = 0.071)

	Sirima et al. 2011
(Phase IIb, double-blinded, dose escalating RCT)
	Burkinabe children ages 12 - 24 months
	MSP3-LSP
	15 ug MSP3-LSP x 3 administered at days 0, 28 and 56
	Environmental
	One year following initial vaccine dose
	n = 15
	Incidence of clinical malaria
	Incidence rate of 1.2 cases per 100 days compared to 5.3 cases per 100 days in control group. Vaccine demonstrated modest protection (p = 0.01). No specific efficacy value reported.

	
	
	
	30 ug MSP3-LSP x 3 administered at days 0, 28 and 56
	
	
	n = 15
	
	Incidence rate of 1.9 cases per 100 days compared to 5.3 cases per 100 days in control group. Vaccine demonstrated modest protection (p = 0.01).  No specific efficacy value reported.

	Spring et al. 2009
(Phase I/IIa RCT)
	Healthy, malaria-naive adults aged 18-50.
	AMA-1/AS01A
	0.5 ug AMA-1 in 0.5ml AS01A i.m x 3 at 1-month intervals
	CHMI performed ~ 2 weeks following final vaccine dose (~ Day 70)
	4 weeks
	n = 16
	Development of parasitaemia and time to parasitaemia using light microscopy after malaria challenge
	All vaccinees developed parasitaemia. No statistically significant delay in time to parasitaemia. Vaccine efficacy 0%.
AMA-1/AS01A did demonstrate by PCR a statistically significant reduction in parasite burden following pre-erythrocytic stage (p = 0.0002)

	
	
	AMA1/AS01B
	0.5 ug AMA-1 in 0.5ml AS01B i.m x 3 at 1-month intervals
	
	
	
	
	

	Thera et al. 2011
(Phase I/IIa double blind RCT)
	Malian children aged 1 to 6 years.
	FMP2.1/AS02A 
	3 x 50 ug FMP2.1 in 0.5 ml AS02A doses i.m at 1 month intervals
	Environmental
	6 months
	n = 377*
	Efficacy against clinical episode of malaria, unadjusted for strain specificity
	On cox regression analysis 17.4% (HR 0.83, 95% CI, 0.63 - 1.09; p = 0.18)

	
	
	
	
	
	
	
	Efficacy against multiple clinical episodes
	20% (HR 0.8, 95% CI, 0.63 - 1.02; p = 0.07)

	
	
	
	
	
	
	
	Efficacy against clinical malaria adjusted for P. falciparum strain with vaccine-type AMA1
	64.3% (HR 0.36, 95% CI, 0.08 - 0.86; p = 0.03)

	
	
	
	
	
	
	
	Median individual cumulative AUC for parasite density
	97,700 parasites/mm3 for vaccinees vs. 308,600 parasites/mm3 for controls in per-protocol analysis (p = 0.01)


Table 3: Summarized results of studies evaluating efficacy of multi-stage vaccine candidates

	Author
 (Study design)
	Study Population
	Vaccine Candidate 
	Per-Protocol Vaccine Dosing Regimen
	Malaria Exposure
	Observation period following malaria exposure
	Vaccinees included in per-protocol efficacy analysis
	Marker(s) Used to Assess Efficacy
	Measured Vaccine Efficacy (VE)

	Chuang et al. 2013 
(Phase 1, open label, RCT)
	Healthy, malaria-naive age 18 - 50
	NMRC-M3V-D/Ad-PfCA prime boost
	 DNA CS/AMA1 prime administered at weeks 0, 4 and 8, followed by Ad boost at week 24
	CHMI performed 4 weeks following Ad boost
	12 days
	n = 15
	Absence of parasitaemia by qPCR
	4 of 15 vaccinees were protected following CHMI (26.6%). No significant delay to parasitaemia compared to control. No statistical analysis provided.

	Sheehy et al. 2012
(Phase I/IIa open-label, non-RCT)
	Healthy, malaria-naive males and non pregnant females aged 18-50.
	Group 4: ChAd63-MVA MSP1 + ME-TRAP prime boost
	5x1010 vp i.m ChAd63 MSP1 and 5x1010 vp ChAd63 ME-TRAP followed 8 wks later with 2x108 pfu i.m MVA MSP1 and 2x108 pfu i.m MVA ME-TRAP
	CHMI performed 14 - 18 days following MVA boost
	~ 21 days
	n = 10
	Absence of parasitaemia/time to parasitaemia
	No vaccinees protected. No statistically significant delay in time to patent parasitaemia compared to control

	Tamminga et al. 2013
(Phase I, open-label non RCT)
	Healthy malaria-naive adults aged 18 - 50.
	NMRC-M3V-Ad-PfCA
	Single 2x1010 particle units/dose i.m
	CHMI performed 4 weeks following vaccine administration
	48 weeks
	 n = 18
	Absence of parasitaemia
	All vaccinees developed parasitaemia with statistically no significant delay in time to parasitaemia (Log Rank Test, p = 0.49)

	Tamminga et al. 2011 
(Phase I/IIa RCT)
	Healthy, malaria-naive adults aged 18-50. 
	NMRC-M3V-Ad-PfC
	1x1010 pu dose NMRC-M3V-Ad-PfC x 2 with 15 weeks between doses
	CHMI performed 3 weeks following receipt of second dose
	Final study visit 1 year following second vaccine dose
	n = 11
	Blood smear positive for parasitaemia
	All vaccinees developed parasitaemia with no statistically significant delay to patent parasitaemia (p = 0.46)

	Thompson et al. 2008
(Phase I/IIa RCT)
	Healthy malaria naive adults aged 18 - 50 years
	Group 1: PEV3A
	0.5 ml PEV3A formulation i.m. x 3 at week 0, 4, and 8.
	CHMI  ~ 2 weeks (day 70) following final vaccine dose
	~ 9 weeks 
	n = 12
	Time to parasitemia based on blood-smear analysis and PCR
	No volunteers developed sterile immunity. No statistically significant delay in time to parasitaemia in either group compared to controls (p = 0.65).

	
	
	Group 2: FP9/MVA ME-TRAP prime boost with PEV3A
	Combination of 0.5 ml PEV3A formulation i.m with 1x108 pu FP9 ME-TRAP i.d. at weeks 0 and 4, followed by 1.5x108 pfu MVA ME-TRAP at week 8.
	
	
	n = 12
	
	



