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 15 

Abstract 16 

Cholesterol esterification proteins Sterol-O acyltransferases (SOAT) 1 and 2 are emerging 17 

prognostic markers in many cancers. These enzymes utilise fatty acids conjugated to 18 

coenzyme A to esterify cholesterol. Cholesterol esterification is tightly regulated and enables 19 

formation of lipid droplets that act as storage organelles for lipid soluble vitamins and 20 

minerals, and as cholesterol reservoirs. In cancer, this provides rapid access to cholesterol to 21 

maintain continual synthesis of the plasma membrane. In this systematic review and meta-22 

mailto:j.l.thorne@leeds.ac.uk


analysis, we summarise the current depth of understanding of the role of this metabolic 23 

pathway in pan-cancer development. A systematic search of PubMed, Scopus, Web of 24 

Science, and Cochrane Library for preclinical studies identified eight studies where cholesteryl 25 

ester concentrations were compared between tumour and adjacent-normal tissue, and 24 26 

studies where cholesterol esterification was blocked by pharmacological or genetic 27 

approaches. Tumour tissue had a significantly greater concentration of cholesteryl esters than 28 

non-tumour tissue (p<0.0001). Pharmacological or genetic inhibition of SOAT was associated 29 

with significantly smaller tumours of all types (p≤0.002). SOAT inhibition increased tumour 30 

apoptosis (p=0.007), CD8+ lymphocyte infiltration and cytotoxicity (p≤0.05), and reduced 31 

proliferation (p=0.0003) and metastasis (p<0.0001). Significant risk of publication bias was 32 

found and may have contributed to a 32% overestimation of the meta-analysed effect size. 33 

Avasimibe, the most frequently used SOAT inhibitor, was effective at doses equivalent to 34 

those previously reported to be safe and tolerable in humans. This work indicates that SOAT 35 

inhibition should be explored in clinical trials as an adjunct to existing anti-neoplastic agents. 36 

1. Introduction 37 

Esterification is a tightly regulated component of cholesterol homeostasis and enables 38 

cholesterol packaging into lipid droplets. Intra-cellular storage of cholesterol allows ready 39 

access to meet the high demand for de novo plasma membrane synthesis during the rapid 40 

proliferation of cells, for example during tumour growth. Several diseases are linked to 41 

cholesterol esterification including a range of neurological conditions, lipid disorders, and 42 

cancer. The synthesis of cholesteryl esters (CE) is catalysed by Sterol O-acyltransferase 1 and 43 

2 (SOAT1 and SOAT2), and Lecithin cholesterol acyltransferase (LCAT).  SOAT1 and SOAT2, 44 

utilise fatty acid-coenzyme A conjugates to preferentially generate oleoyl (Fig1A), and 45 

linoleoyl or palmitoyl CEs (Fig1B), respectively, and coenzyme A as a biproduct [1]. LCAT 46 

utilises phosphatidylcholine (lecithin) to produce oleoyl CEs [2] but instead of producing 47 

coenzyme A as a biproduct, as is the case for SOAT1 and SOAT2, lysophosphatidylcholine is 48 

the biproduct (Fig1C). SOAT1 is ubiquitously expressed in tissues while SOAT2 is restricted to 49 

small intestines and the liver [3] and LCAT is expressed in the liver and secreted into 50 

circulation in lipoprotein complexes [4, 5]. 51 



Esterification of cholesterol in tumours is beneficial for cancer growth and studies of SOAT1, 52 

SOAT2 and LCAT in humans indicate this metabolic process is deregulated in cancer. Elevated 53 

SOAT1 and SOAT2 expression in tumours has been linked to higher grade of breast [6] and 54 

renal [7] cancer, respectively, and high expression SOAT1 has also been linked to poor 55 

prognosis for patients with liver [8], glioma [9], pancreatic [10] and adrenocortical [11] 56 

cancers. Furthermore, increased intracellular lipid droplet content, indicative of cholesterol 57 

esterification, is associated with reduced overall survival [12] and elevated cholesteryl oleoyl 58 

ester levels have been proposed as a prognostic biomarker for prostate cancer [13]. 59 

Conversely, high LCAT expression is associated with improved prognosis for liver cancer 60 

patients [14] and is often lower in liver cancer than normal tissue in humans [15] and rat 61 

models [16-18]. At the molecular level, cholesteryl esters promote cancer proliferation and 62 

invasiveness [19] and thus SOATs were considered as promising targets and the anticancer 63 

action of natural SOAT inhibitors such as auraptene and bryonolic acid was elucidated [20, 64 

21]. Several small molecule inhibitors of cholesterol esterification have been explored in 65 

clinical trials for non-cancer related diseases providing an extensive understanding of their 66 

tolerability, toxicity and side-effect profiles. Avasimibe, first discovered in 1996 [22], is a dual 67 

SOAT1 and SOAT2 inhibitor [23, 24] and has been used in clinical trials for coronary 68 

atherosclerosis [25] and homozygous familial hypercholesterolemia [26]. Avasimin is human 69 

serum albumin encapsulated avasimibe that was developed to improve avasimibe solubility 70 

[27]. K-604 is a SOAT1 specific inhibitor [24] and has been tested for both safety and efficacy 71 

as a treatment against atherosclerosis (NCT00851500), however results from the trial have 72 

not been published. ATR-101 (Nevanimibe) is a SOAT1 specific inhibitor [28] that has been 73 

tested in a clinical trial against adrenocortical carcinoma (NCT01898715) [29] and Cushing’s 74 

syndrome (NCT03053271). Pactimibe also inhibits both SOAT1 and SOAT2 [23, 30], but a 75 

clinical trial (NCT00151788) administering 100 mg/day was terminated early due to a 76 

significant increase in major cardiovascular disease events [31]; pactimibe remains untested 77 

in pre-clinical cancer models. Drugs targeting CE synthesis that have been evaluated in clinical 78 

trials are summarised in Table 1.  79 

There is a significant body of research investigating cholesterol esterification in pre-clinical 80 

cancer models. Many of these studies utilise pharmacological or genetic inhibitors of SOAT to 81 

provide insight into the cellular and molecular role of the enzyme and propose repurposing 82 



SOAT inhibitors as cancer therapies. However, the pharmacological compounds remain 83 

underexplored in the clinical cancer setting and may be suitable for repurposing. This 84 

systematic review and meta-analysis summarises the evidence regarding cholesterol 85 

esterification enzymes as therapeutic targets in cancer and details the range of 86 

pharmacological approaches that are closest to clinical translation.  87 

2. Materials and Methods 88 

2.1 Search strategy 89 

The search strategy was applied to PubMed, SCOPUS, Web of Science and Cochrane Library, 90 

and records were retrieved up until April 2021; the strategy is registered in the PROSPERO 91 

database (CRD42020202409) with the following modifications: records evaluating sulfation 92 

and associated enzymes were excluded from the study. 93 

2.2 Study selection 94 

Titles and abstracts were screened against inclusion criteria; (i) original research, (ii) 95 

investigated cancer, (iii) assessed an in vivo pre-clinical animal model and (iv) modulated 96 

cholesterol esterification. Each abstract was assessed by two independent assessors and 97 

discrepancies resolved by a third member of the research team. All publications that satisfied 98 

the above criteria were included for qualitative assessment. 99 

2.3 Data extraction 100 

Publication that reported adequate data for quantitative assessment were included in the 101 

meta-analyses. Data were extracted in duplicate by two independent assessors and 102 

discrepancies resolved as a team. Mean values and measures of variance were extracted. Only 103 

data from test groups assessing either CE concentration, or enzyme expression/activity were 104 

extracted and studies reporting combination therapies or other enzymes such as SULT2b 105 

were excluded at this point. Where data was not available in the text, data was extracted 106 

from appropriate figures using WebPlotDigitizer (v4.2) by two independent assessors. Data 107 



regarding animals, study design, mechanism of SOAT disruption, cancer type and outcomes 108 

assessed were extracted.  109 

2.4 Statistical analysis 110 

Review Manager version 5.4 (The Nordic Cochrane Centre, Denmark, 2014) was used to 111 

perform meta-analyses. Where more than one treatment dose was measured in comparison 112 

to the control, the largest dose was used for meta-analysis. Where studies reported data as 113 

fold change relative to the starting volume, fold changes were normalised to tumour size at 114 

the initiation of the experiment by us to standardise study data. Tumour sizes were 115 

standardised to cm3 across studies. Mean difference was used where appropriate but where 116 

differed from the same outcome standardised mean difference (SMD) was used. SMD effect 117 

size is interpreted as mean difference relative to the variance observed in the comparison. 118 

Random effects model was used due to the anticipation of heterogeneity between studies 119 

due to expected differences in cancers assessed, animal models and mechanisms used to 120 

disrupt SOAT [32]. Heterogeneity was assessed using I2, with an I2 value >75% used as a 121 

marker for high heterogeneity between studies due to the anticipated large variation 122 

between study design for animal studies [33]. Evidence of publication bias was examined 123 

using funnel plots.  124 

2.5 Publication Bias 125 

When publication bias was apparent within funnel plots, a corrective overestimation value 126 

was determined with Duval and Tweedle’s trim and fill method using Comprehensive Meta 127 

Analyst version 3 (Biostat inc., USA, 2014). In cases where analyses exhibited an I2 value <25% 128 

or >75%, reasoning behind their heterogeneity, or lack of, was discussed.  129 

2.6 Risk of bias 130 

Risk of bias (ROB) was adapted from Cioccoloni et al., and allowed assessment of bias in 131 

experimental design, animal experiments, and immunoblotting [33]. Guidelines published in 132 

British Journal of Pharmacology [34, 35] and SYRCLE [36] were closely followed. 133 



3. Results 134 

3.1 Systematic search 135 

3.1.1 Records returned 136 

A systematic search strategy was applied to multiple databases, PubMed, SCOPUS, Web of 137 

Science, and the Cochrane Library, returning 847, 970, 847 and 20 records respectively; four 138 

additional records were identified during background reading. Following removal of 139 

duplicates there were 1543 unique records for screening. Abstract screening returned 76 140 

records that had evaluated inhibition of SOAT1, SOAT2, or LCAT (n=43) or where intra/inter-141 

tumoural CE concentrations were assessed (n=41). After full text screening, 24 records 142 

assessing pharmacological or genetic inhibition of cholesterol esterification enzymes were 143 

suitable for both qualitative and quantitative analyses. Thirteen studies on CE tumour 144 

concentrations were suitable for qualitative synthesis, of which ten were suitable for 145 

quantitative analysis. This information is summarised in Fig2A. 146 

3.1.2 Cancer sites 147 

All 46 comparisons within the 24 studies that were included in quantitative analysis of 148 

cholesterol esterification inhibition were mouse xenograft or allograft models assessing 149 

SOAT1 and/or SOAT2 inhibition. Of the 46 comparisons, 12 evaluated liver cancer, eight on 150 

skin cancer, seven on prostate cancer, six on pancreatic cancer, six on brain cancer, two on 151 

lung cancer, two on colorectal cancer, while breast cancer, bone cancer and leukaemia were 152 

each studied once (Fig2B). All comparisons that assessed SOAT1/2 inhibition were xenograft 153 

models. We found no records pertaining to LCAT inhibition or activation meeting our search 154 

criteria. Of the ten studies included in the quantitative analysis of cholesterol ester 155 

concentration in tumour and matched or non-matched normal tissue, six comparisons 156 

assessed liver cancer, two assessed testicular cancer, and one of each assessed breast, 157 

pancreatic and renal cancers. Seven were xenograft models, three were mutagen induced 158 

models and one was a radiation induced model of cancer.  159 



3.1.3 Interventions and dosing  160 

Five small molecule inhibitors, RNAi, and genetic knock-out were used across the studies. 161 

Avasimibe was the most commonly used drug and was administered at between 2 to 30 162 

mg/kg, typically at 15 mg/kg (16 times across 11 studies) but lower (2 mg/kg one study; 7.5 163 

mg/kg three studies) and higher (30 mg/kg two studies) concentrations were evaluated. 164 

Avasimin was used in four comparisons across two studies (75 mg/kg) with or without 165 

supplementation with 7.5 mg/kg avasimibe. K-604 was used twice in one study (30 g/cm3 166 

tumour); ATR-101 also once (1mg/g chow); Sandoz 58-035 (a dual SOAT1/2 inhibitor [37]) also 167 

once (15 mg/kg). Pyripyropene A, a SOAT2 specific inhibitor, was used in one study, twice. 168 

Pre-treatment of cancer cells with shRNA or siRNA before grafting was the second most 169 

common intervention targeting SOAT1, after avasimibe treatment. Three comparisons 170 

assessed genetic knockout of SOAT1, with one performing SOAT1 knockout in the animals’ T-171 

cells (Fig2C). Pre-treatment with siRNA against SOAT1 was performed in either cancer cells 172 

across six comparisons or CAR T-cells in one comparison. Pre-treatment of cancer cells with 173 

siRNA against SOAT2 was assessed in one comparison. Importantly, SOAT is also known as 174 

acyl-coenzyme A:cholesterol acyltransferase (ACAT) and has been confused in the literature 175 

previously with acetyl-coenzyme A acetyltransferase, also referred to as ACAT. To add further 176 

confusion, acetyl-coenzyme A acetyltransferase also has two isoforms, 1 and 2, mimicking 177 

that of SOAT1 and SOAT2. This confusion has led the use of improper reagents [38] and 178 

studies otherwise meeting our search criteria were excluded from our analyses for this 179 

reason. Several studies did not consider avasimibe’s broadly equivalent IC50 against both 180 

SOAT1 and SOAT2 (Table 2) and reports that their data are SOAT1 specific is erroneous [23, 181 

24]. Only one study tested SOAT2 specific inhibition using pyripyropene A.  182 

Drugs were administered by intraperitoneal injection (IP) in ten studies, intravenous (IV) in 183 

three studies, per oral (PO) in three studies, intragastric administration (IG) in two studies, 184 

and intratumoural (IT) and subcutaneously in one study each. Although avasimibe is an orally 185 

bioavailable drug [22], only two studies [39, 40] assessed tumour size following PO 186 

administration. Through this route 30 mg/kg avasimibe was effective against the bone cancer 187 

model, U2OS xenograft, leading to a 90% reduction in tumour volume, but a 15 mg/kg dose 188 

against the prostate cancer PC3 xenograft model was not effective.  189 



3.2 Cholesterol esters are concentrated in tumour tissue 190 

Eight studies compared CE concentrations in tumour and normal tissue from the same 191 

animals. These were largely evaluating liver cancer (n=6), with single studies each of testicular 192 

cell and renal cell carcinoma. CE concentrations were significantly higher in tumour tissue 193 

compared to non-tumour tissue from the same animal (SMD = 1.29; 95% CI: 0.68 to 1.90; I2 = 194 

31%; p < 0.0001; Fig3A). Van Heushen et al. found CE concentrations were no different 195 

between microsomal fractions derived from xenograft and non-tumour tissue [41]. Harry et 196 

al., found CE increased in each of three different hepatocellular carcinoma xenograft models 197 

(Table 3) [42] but this was not included in our meta-analysis as SD were not reported. 198 

Surprisingly, when comparing tumour tissue from tumour-bearing animals with normal tissue 199 

from control animals there was no significant difference in CE concentration (Fig3B; p > 0.05).  200 

3.3 SOAT promotes tumour growth  201 

We next evaluated the impact of inhibiting cholesterol esterification enzyme expression or 202 

activity on tumour development. Twenty-four studies reported 40 comparisons of SOAT 203 

inhibition versus control treatment. Twenty-seven out of 40 comparisons found that tumours 204 

were significantly smaller after SOAT inhibition or knock-down compared to controls. Our 205 

meta-analysis (40 comparisons, total number of animals = 555) demonstrated that 206 

impairment of SOAT activity and/or expression is strongly associated with reduced tumour 207 

size (Fig4). We found sufficient studies to analyse separately size of brain, liver, pancreas, 208 

prostate, and skin cancer. Several other studies assessing other cancers were identified but 209 

not in sufficient numbers for individual analyses. These were instead grouped as ‘other 210 

cancers’.  211 

3.3.1 Brain cancer 212 

Our systematic review identified four studies that explored SOAT inhibition in two brain 213 

cancer subtypes, glioblastoma [12, 43, 44] and adrenocortical cancer [45]. Glioblastoma is the 214 

most common primary malignant brain tumour, accounting for 48% of cases [46]. 215 

Adrenocortical carcinoma is a rare malignancy, with equally poor disease-free survival rates 216 

[47]. In all studies, SOAT inhibition led to a reduction in tumour size measured as either 217 



volume (cm3) or radiance (units of photons/seconds/cm2/units of solid angle or steradian, 218 

abbreviated to p/s) (SMD = -3.26; 95% CI: -4.53 to -1.99; I2 = 52%; p < 0.00001; Fig4A). In the 219 

U87 glioblastoma model, growth of xenografted cells was reduced using siSOAT1 [12] and 220 

avasimibe [43]. Liu et al. tested two doses of avasimibe (15 mg/kg and 30 mg/kg), but no dose 221 

response was observed with respect to either tumour volume or weight (Table 4). Avasimibe 222 

also impaired growth of LN229 xenografts, another glioblastoma model. Here the authors 223 

provided evidence that loss of the long non-coding RNA linc00339 mediated avasimibe’s anti-224 

tumour effects; linc00339 overexpression prevented the avasimibe-mediated growth 225 

inhibition (Table 4) [44]. In adrenocortical brain cancer, PO administration of ATR-101 was 226 

associated with significantly smaller H295R xenografts compared to controls (Table 4) [45].  227 

3.3.2 Liver cancer 228 

We identified nine experiments from two publications suitable for inclusion in quantitative 229 

analysis of SOAT inhibition in liver cancers [8, 48]. Liver cancer diagnoses, of which 80-90% 230 

are hepatocellular carcinoma, are the third most prevalent cause of cancer death in the world 231 

[49]. SOAT inhibition was associated with significantly smaller liver tumours (MD = -0.28; 95% 232 

CI: -0.47 to -0.1; I2 = 84%; p = 0.002; Fig4B). SOAT1 expression was measured in patient 233 

derived xenografts (PDX), and interestingly, avasimibe was most effective at reducing tumour 234 

volume in those expressing high levels of SOAT1; in PDXs with low SOAT1 expression tumour 235 

response was modest or absent [8]. In other liver models, notably xenograft of Huh7 or 236 

HepG2, inhibition of SOAT2 but not SOAT1 was associated with smaller tumour volumes. 237 

Intratumoural injection of K-604, a SOAT1 selective inhibitor, was not associated with smaller 238 

tumours, nor was siSOAT1 pre-treatment of Huh7 prior to implantation [48]. Instead siSOAT2 239 

of the Huh7 cells before transplant led to significantly smaller tumours than controls (Table 240 

4). Furthermore, Huh7 and HepG2 xenografts treated with Pyripyropene A, a selective SOAT2 241 

inhibitor, were also smaller than control xenografts [48]. This may be explained by expression 242 

levels; SOAT2 is expressed at higher levels than SOAT1 in HepG2 cells according to The Protein 243 

Atlas (Huh7 not available) [50, 51] and SOAT2 has been reported as frequently upregulated 244 

in hepatocellular carcinoma [52]. 245 



3.3.3 Pancreatic cancer 246 

Our systematic review identified six experiments performed in four publications [10, 53-55], 247 

all of which assessed tumour volume in pancreatic cancer. Pancreatic cancer is the 14th most 248 

common cancer in the world [49], with a 5-year survival rate of just 7% [56]. The mean 249 

difference between treatment and control groups was calculated and tumours in the SOAT 250 

inhibition groups were on average more than 0.5 cm3 smaller than control tumours (MD = -251 

0.56; 95% CI: -0.79 to -0.33; I2 = 85%; p < 0.0001; Fig4C). Zhao et al. produced chimeric antigen 252 

receptor T-cell (CAR-T) variants and injected into BxPC3 xenografts. In two siSOAT1 253 

knockdown experiments, tumour growth was slower relative to control, yet there was no 254 

change in CAR-T infiltration into the tumour. The authors concluded SOAT1 is required for 255 

CAR-T anti-tumour cytotoxicity but not tumour homing. Li et al. examined direct shRNA 256 

knockdown of SOAT1 in MIA PaCa-2 cells and reported 0.5cm3 smaller tumours relative to 257 

controls. In one instance, pre-treatment of xenografted cells with shSOAT1 fully suppressed 258 

tumour formation [54]. As no mean or SD was reported within this comparison due to 259 

absence of tumour at the final timepoint, a measure near zero was imputed (1x10-4 cm3) for 260 

the mean and SD to allow use in the meta-analysis. Avasimibe has also been tested in the 261 

pancreatic setting, and interestingly was found to be more effective at impairing MIA PaCa-2 262 

xenograft growth in a tumour placed subcutaneously [57] as opposed to within the pancreas 263 

[10].  264 

3.3.4 Prostate cancer 265 

Prostate cancer is the most common cancer affecting men in the world; nearly 1.5 million 266 

new cases are diagnosed each year [49]. Growth of preclinical prostate cancer models are 267 

significantly impaired by inhibition of cholesterol esterification (SMD = -1.78; 95% CI: -2.83 to 268 

-0.73; I2 = 76%; p = 0.0008; Fig4D). Three drugs were examined in three studies. The efficacy 269 

of PO avasimibe was lower than IV avasimin [39], and Sandoz was less efficacious than 270 

avasimibe [58]. Prostate cancer cells have recently been shown to be highly sensitive to loss 271 

of SOAT1. CaP cells that were pre-treated with shSOAT1 prior to xenografting grew into 272 

significantly smaller tumours than their control counterparts [59]. 273 



3.3.5 Skin cancer 274 

Skin cancers (melanoma and non-melanoma) are the third most prevalent cancer type in the 275 

world [49]. Tumour burden was significantly lower in models of skin cancer that had been 276 

treated with SOAT inhibitors across all four studies relevant for quantitative analysis [53, 60-277 

62] (SMD = -3.61; 95% CI: -4.55 to -2.67; I2 = 25%; p < 0.00001; Fig4E). SOAT1 was genetically 278 

knocked out of the T-cells of mice rather than in the implanted B16F10 cells and interestingly 279 

produced a similar standardised mean difference in tumour volume to systemic avasimibe 280 

treatment [62]. Furthermore, the introduction of T-cells and avasimibe to lymphodepleted 281 

mice led to significantly smaller tumours than treatment with avasimibe alone [61]. 282 

Interestingly, animals from this study were treated with just 2 mg/kg avasimibe, considerably 283 

lower than the doses we found reported in other studies of skin, or any other cancer type.  284 

3.3.6 Other cancers 285 

Seven other studies measured five other cancer types, finding tumours to be significantly 286 

smaller after systemic SOAT inhibition (p = 0.0002; Fig4F). Chronic myelogenous leukaemia 287 

(CML) was the only tumour type that did not respond to SOAT inhibition. Resistance to SOAT 288 

inhibition may be driven through the BCR-ABL translocation, which is very common in CML 289 

[63]. The BCR-ABL fusion activates multiple oncogenic signalling pathways including MAPK, 290 

AKT and MYC [64]. Interestingly, avasimibe treatment does decrease MAPK signalling, but 291 

changes in other pathways have not been reported [65].  292 

3.4 SOAT expression is associated with enhancement of cancer 293 

hallmarks 294 

3.4.1 Sustained proliferative signalling 295 

Tumour proliferative index provides information regarding the rate of tumour growth and can 296 

be measured by expression of Ki67 or PCNA, which are components of the cell cycle 297 

machinery, or via incorporation of synthetic nucleosides such as BrdU, which marks de novo 298 

DNA synthesis. SOAT inhibition was associated with significantly lower Ki67 positivity in 299 

cancer cells in four out of five studies (MD = -14.43; 95% CI: -22.32 to -6.55; I2 = 98%; p = 300 

0.0003; Fig5A) that included xenograft models of PC3 [27, 66] and LKR13 [67] cells and 301 



allograft models of B16F10 [61] cells treated with avasimibe or avasimin. Surprisingly, in the 302 

B16F10 allograft model treated with both avasimibe and T-cells, there is an increase in Ki67+ 303 

cancer cells. However, this treatment still induced a significant reduction in tumour volume, 304 

suggesting other mechanisms may have mediated tumour destruction [61]. ATR-101 did not 305 

alter Ki67 expression or BrdU incorporation in H295R xenografts despite this being associated 306 

with reduced tumour size [45] (Table 4).  307 

3.4.2 Resisting cell death 308 

The ability of cancers to resist apoptosis enhances tumour growth. Commonly, cell death is 309 

assessed through apoptosis assays such as the TUNEL+ assay, expression of apoptosis 310 

mediating proteins, or mitochondrial function assays. Across four comparisons from three 311 

studies, TUNEL+ staining was significantly enhanced by avasimibe or avasimin (SMD = 5.64; 312 

95% CI: 1.57 to 9.71; I2 = 83%; p = 0.007; Fig5B) in PC3 [27, 39, 66], PC3M [39], HCT116 [39] 313 

xenograft models. The same was found in H295R xenografts treated with ATR-101, suggesting 314 

that increased apoptosis rather than reduced proliferation is driving reduced tumour volume 315 

in this model [45]. Free cholesterol levels were also elevated in PC3 and HCT116 xenograft 316 

models undergoing apoptosis after avasimibe exposure [39].   317 

3.4.3 Evasion of immune detection  318 

The immune system’s anti-tumour response can be activated following detection of tumour 319 

antigens by CD8+ T-cells. High levels of cytotoxic T-cell infiltration into tumours indicates a 320 

good prognosis for patients with breast [68], colorectal [69], lung [70], skin [71] and prostate 321 

cancer [72]. However, if the invaded T-cell population is anergic they are unable to mount a 322 

sufficient cytotoxic response and anti-tumour efficacy is severely reduced [73]. Our meta-323 

analysis indicated that inhibition of SOAT was associated with increased CD3+CD8+ and CD8+ 324 

cytotoxic T lymphocytes (CTL) infiltration into the tumour (SMD = 1.12; 95% CI: 0.46 to 1.77; 325 

I2 = 0%; p = 0.0009; Fig6A). Not only did avasimibe treatment stimulate a time-dependent 326 

increase in CTL infiltration but the drug was also shown to impair efficiency of the 327 

immunosuppressive tumour environment through a decrease in the tumour’s CD4+ Tregs 328 

count [67]. As Tregs suppress CD8+ cell proliferation [74], this may explain why CD8+ cell 329 

infiltration increased. Treg infiltration was unaffected during a T-cell specific knockout of 330 

SOAT1 in a melanoma xenograft model [62] but CD8+ infiltration into tumour was induced at 331 



similar levels to avasimibe treatment, suggesting that disruption of cholesterol esterification 332 

in CD8+ cells alone is enough to induce increased infiltration, independently of systemic 333 

SOAT1 inhibition and the CD4+ Treg population.  334 

Not only did SOAT disruption drive increased numbers of CTLs in some tumours, but CTLs had 335 

enhanced cytotoxic capabilities. We assessed differences in a range of cytotoxic effector 336 

cytokines across all appropriate studies and found without exception they were higher in 337 

tumours where SOAT had been inhibited: TNFα (MD = 11.54; 95% CI: 5.08 to 18.01; I2 = 94%; 338 

p = 0.0005; Fig6B), IFNγ (MD = 8.10; 95% CI: 3.14 to 13.05; I2 = 84%; p = 0.001 Fig6C), and 339 

cytotoxic effector molecule, GzmB (MD = 3.67; 95% CI: -0.02 to 7.37; I2 = 97%; p = 0.05 Fig6D).  340 

3.4.4 Activating invasion and metastasis 341 

The ability of SOAT to drive metastatic colonisation was demonstrated in all four studies 342 

where metastasis was an endpoint (SMD = -2.21; 95% CI: -3.17 to -1.26; I2 = 57%; p < 0.00001; 343 

Fig7A). Avasimibe and avasimin supressed metastasis of breast cancer [75], pancreatic cancer 344 

[10], prostate cancer [66] and skin cancer [62] in the models. ShSOAT1 pre-treatment of MIA 345 

PaCa-2 pancreatic cancer xenografts reduced metastatic burden (lung metastasis x0.09, 346 

lymph metastasis x0.17) [10] and number of mice exhibiting metastatic lesions [54]. 347 

Furthermore, knockdown in MIA PaCa-2 xenograft cells reduced metastasis to the lung and 348 

lymph nodes. IV injection of LLC and B16F10 cells [62] paired with T-cell specific SOAT1 349 

knockout reduced the metastatic potential of both cell lines (Table 4). Metastasis potential 350 

after avasimibe was also analysed by Hao et al. who found that a relatively small dose (2 351 

mg/kg) was insufficient to reduce lung metastatic colonisation in lymphodepleted mice 352 

grafted IV with B16F10 cells [61]. Surprisingly, introduction of T-cells to this model lead to an 353 

increase in lung metastasis (Table 4). With the exception of this low dose study, SOAT activity 354 

in either tumour cells, T-cells, or both was associated with metastatic potential (Table 4). 355 

3.5 SOAT inhibition prolongs survival 356 

Collectively, activation of cancer hallmarks increases tumour burden and is a prognostic 357 

indicator. Preclinical studies are bounded by ethical considerations that take into account 358 

animal suffering, which increases with tumour burden. Different regulatory agencies have 359 



different requirements on such experimental methods and typically state that when tumours 360 

reach a certain size, or animals lose a predetermined proportion of body weight, animals must 361 

be sacrificed. We utilised these data to calculate a novel hazard ratio function that describes 362 

the risk of the animal being euthanised based on local ethical requirements related to tumour 363 

burden. Thirteen experiments from seven studies [12, 39, 53, 54, 60-62, 75] provided data 364 

suitable for this analysis. Animals in intervention groups where SOAT1 function or expression 365 

was inhibited had an 85% reduction in risk of being euthanised earlier than the planned end 366 

of experimental period (HR = 0.15; 95% CI: 0.08 to 0.28; I2 = 63%; p < 0.00001; Fig7B).  367 

3.6 Risk of bias analysis 368 

3.6.1 Study criteria 369 

The quality of data included in our meta-analyses was measured using a multi-point survey 370 

that recorded data on transparency, scientific rigour, ethical animal research, and 371 

experimental reproducibility (Fig8). Every record was assessed by at least two independent 372 

researchers. Notably, fewer than half the studies validated that SOAT inhibition had been 373 

effective (Fig8A). The majority of the studies scoring poorly on this metric used avasimibe, 374 

which is well characterised. This perhaps also explains the lack of reporting on dosage 375 

rationale, with most studies administering avasimibe at a dose of 15mg/kg (66% of avasimibe 376 

treatments). Reporting on selection bias was lacking throughout all studies assessing SOAT 377 

disruption, with just 54% reporting randomisation of animals into test groups, only one study 378 

reporting assessor blinding to animal groups and none reporting randomised selection of 379 

animals for assessment. Furthermore, of the studies that reported randomisation of groups, 380 

none reported their method of randomisation. Additionally, no studies reported rationale 381 

behind the size of study groups, with this issue noted in previous meta-analyses on pre-clinical 382 

models of cancer [33, 76]. Comparably, studies assessing CE content in tissue exhibited poorer 383 

reporting on our risk of bias survey (Fig8B), however this is likely due to the papers within this 384 

cohort being considerably older (average publication date = 1986) than those assessing SOAT 385 

interventions in pre-clinical models (average publication date = 2018). Outside of these 386 

notable findings, reporting on other criteria was adequate and thus, risk of bias for study 387 

design was considered to be low. However, the chances of bias introduced through 388 



immunoblotting and immunohistochemistry is perhaps greater (Fig8C), with several studies 389 

lacking clarity of reporting on controls, statistical methods, and antibody validation.  390 

3.6.2 Heterogeneity 391 

There was high heterogeneity between cancer types (I2 = 82%) and within subgroup analysis. 392 

Some of this may be explained by differential expression of SOAT between cell types. For 393 

example, Jiang et al., used PDXs from six hepatocellular carcinomas, three with “high” and 394 

three with “low” SOAT1 expression. Avasimibe treatment led to significant impairment of 395 

tumour growth in the high, but not low, expressing tumours. This single study was the main 396 

contributor to the high heterogeneity observed in the liver cancer subgroup (I2 = 84%). 397 

However, SOAT expression is not the sole cause of the high heterogeneity. The prostate 398 

cancer studies exhibited high heterogeneity (I2 = 76%) despite all but one study examining the 399 

same cell line and originating from the same research group. Brain (I2 = 52%) and skin (I2 = 400 

25%) cancers exhibit moderate to low levels of heterogeneity. When considering survival 401 

(section 3.5), despite the differences in cancer types and the range of methods utilised to 402 

modulate SOAT1 activity (drugs, RNAi, tumour to T-cell treatments) our analysis found only 403 

moderate heterogeneity (I2 = 63%).   404 

3.6.3 Publication Bias 405 

Visual inspection of funnel plot for meta-analysis of tumour size and assessment of survival 406 

both suggested publication bias (Fig8D+E). This is likely driven by differences in 407 

methodological design between cancers. However, given that no individual cancer 408 

assessment was adequately powered (i.e., ≥ 10 studies) for an independent assessment of 409 

publication bias, a trim and fill method was used to estimate the degree of possible effect size 410 

overestimation across all cancers due to the suspected publication bias. Trim and fill method 411 

suggested the effect of SOAT inhibition on cancer size may be overestimated by 33% (Fig8D) 412 

while assessment of survival may be overestimated by 18% (Fig8E). 413 

4. Discussion 414 

This meta-analysis of 37 publications unequivocally shows that in animal cancer models CEs 415 

are elevated in cancer relative to normal tissue and inhibiting their synthesis reduces tumour 416 



burden. Importantly, in intervention groups tumours were smaller, less likely to metastasise, 417 

had reduced proliferative index, higher levels of apoptosis, and were more susceptible to 418 

destruction by cytotoxic T lymphocytes. These findings were highly significant and held true 419 

across all cancer sites evaluated including brain, liver, pancreas, prostate and skin.  420 

Cholesterol plays a vital role in enabling efficient T-cell receptor clustering through its 421 

influence on membrane fluidity, leading to increased CTL activation. SOAT deficiency in CTLs 422 

leads to increased cholesterol content in the plasma membrane and enhanced T-cell receptor 423 

clustering, enhancing CTL cytotoxicity [61, 62].  Lei et al. proposed that enhanced cytotoxicity 424 

of CTLs is the primary driver of avasimibe’s anti-tumour effects [75]. Several lines of evidence 425 

support this. SOAT deficient T-cells exhibit enhanced cytotoxic potential against a variety of 426 

cancers in vivo and in vitro [55, 61, 62, 67, 75]. CD8+ cells pre-treated with avasimibe before 427 

B16F10 grafting led to higher levels of TNFα, IFNγ and GzmB [61] and complete eradication 428 

of tumour. Zhao et. al. found that siSOAT1 increased IFNγ expression in CAR-T cells and 429 

enhanced their cytotoxicity against MIA PaCa-2 xenografts [55]. In vitro cytotoxicity assays 430 

have also supported this hypothesis. SCC7 skin cancer cells are more susceptible to cytotoxic 431 

attack by CTLs if they are harvested from spleens of avasimibe exposed mice rather than from 432 

controls [60]. Moreover, CD8+ cells pre-treated with avasimibe and IV injected had greater 433 

cytotoxicity against B16F10 melanoma xenograft than mock pre-treated controls [61]. 434 

Furthermore, CTLs treated with SOAT1 specific inhibitor, K-604, induced greater EL-4 cell 435 

death than untreated CTLs [62]. This does not appear to be the case for all tumour types 436 

however, C26 colon cancer cells were considerably more resistant to CTL mediated cell death 437 

than B16F10 cells [53]. Pan et al. however, found that infiltrating T-cells exhibited no change 438 

in expression of cytotoxic markers or in ability to kill LKR13 cells after avasimibe exposure 439 

[67]. Interestingly, these cells express a KRAS mutant that is a key driver of T-cell immune 440 

checkpoint protein, PD-L1 [77], which drives T-cell exhaustion, and thus probably nullifies any 441 

effect from SOAT inhibition. Indeed, mutant KRAS inhibitors restored sensitivity to avasimibe 442 

and T-cell expression of TNFα, IFNγ and GzmB was increased in the dual treated cells [67]. 443 

CTLs are not the only anti-cancer mechanism likely to be at play. The xenograft data described 444 

here are gathered from nude mice that are broadly without T cells. A direct effect of SOAT 445 

inhibitors on tumour cells is also plausible. Cholesterol is not only esterified, but a range of 446 

enzymes can convert cholesterol into oxysterols by adding hydroxyl, keto, and epoxy moieties 447 



and avasimibe can generate reactive oxygen species [78] that also generate oxysterols. These 448 

oxysterols are anti-proliferative and pro-apoptotic in a range of cancer types [79]. SOAT1 and 449 

SOAT2 are both capable of esterifying oxysterols [1] and inhibition of SOAT2 leads to 450 

accumulation of 24-hydroxycholesterol and 26-hydroxycholesterol in Huh7 cells in vitro and 451 

in vivo [48]. Elevated oxysterol production within tumours may therefore explain the tumour 452 

suppressive effects of SOAT inhibition in the absence of a T-cell compartment. Interestingly, 453 

oxysterols also regulate T-cell function [80] so may act both directly on cancer cells and 454 

indirectly via the immune compartment. Consequently, these data suggest that SOAT may be 455 

acting to inhibit oxysterol’s anti-proliferative actions, and allowing cholesterol to be stored 456 

for use when needed and prevented from being converted into anti-proliferative oxysterols. 457 

However, the role of SOAT inhibition in regulating oxysterols was not considered in all but 458 

one [48] of the studies we found during our systematic searches. Measures of oxysterols 459 

should be considered vital in future work regarding SOAT inhibition in cancer.  460 

Elevated CE concentration in cells appears also to influence cellular signalling cascades. For 461 

example, SOAT inhibition reduces phosphorylation of AKT [57-59] and ERK [40, 54, 59] 462 

oncogenes. Elevated intra-cellular free cholesterol resulting from SOAT inhibition was 463 

thought to be the cause of AKT dephosphorylation in pancreatic cells owing to 464 

downregulation of SREBP1 and LDL-receptor [58]. Reduced SREBP1 expression caused by 465 

SOAT1 inhibition has been reported in other pancreatic cell lines [59] and in glioblastoma cell 466 

lines [12]. Interestingly, addition of LXR synthetic ligand, T0901317, to pancreatic cancer cells 467 

inhibits phosphorylation of AKT [81], supporting the hypothesis that SOAT inhibition releases 468 

oxysterols. Oni et al. suggesting that SOAT1 mediated esterification of cholesterol prevents 469 

the negative feedback of the mevalonate pathway normally induced by free cholesterol. Loss 470 

of feedback prolongs cholesterol synthesis and other products of the pathway such as 471 

isoprenoids are produced. Isoprenoids themselves drive oncogenic activity of ERK [54], Ras 472 

and other GTP-binding proteins [82, 83]. 473 

Inhibition of SOAT activity may be a useful anti-cancer therapy, but several caveats are clear.  474 

Avasimibe performs poorly against tumours when given orally [39]. An IV route of 475 

administration for avasimibe or the more bioavailable avasimin may be more appropriate. 476 

Furthermore, avasimibe stimulates CYP3A4 activity in primary human hepatocytes [84] and 477 

given this detoxification enzyme is responsible for the metabolism of many chemotherapy 478 



agents, it is unsuitable as a combination therapy. Surprisingly, we found no evidence that 479 

induction of CYP3A11 (the mouse homologue of CYP3A4) was tested for in any of the 24 pre-480 

clinical SOAT inhibition studies. This included five studies which examined and suggested 481 

SOAT inhibition should be performed alongside chemotherapy treatment [53, 57, 65, 67, 85]. 482 

SOAT inhibitors that do not activate CYP3A4 should be considered instead. For example, ATR-483 

101 has no reported modulation of CYP3A4 activity and has already been investigated in 484 

adrenocortical carcinoma in a clinical trial. However, this trial found that the maximum safe 485 

dose of ATR-101 did not reduce cancer progression [29]. K-604 has been assessed for 486 

atherosclerosis treatment (NCT00851500) but results are currently unpublished. 487 

Furthermore, despite the intention to investigate the role of all cholesterol esterification 488 

enzymes in pre-clinical models of cancer, there was an absence of eligible studies assessing 489 

LCAT. This meta-analysis therefore can’t draw conclusions regarding the contribution of all 490 

enzymes responsible for cholesteryl ester production within pre-clinical models of cancer. 491 

Our risk of bias analysis indicated a significant risk of publication bias. Effect size was found 492 

to be proportional to the number of animals in the study strongly suggesting papers were 493 

more likely to be published if a significant effect had been found. Typically, in the absence of 494 

publication bias, effect size is similar across studies albeit with wider error margins in smaller 495 

studies. Correction by trim and fill method indicated that SOAT inhibition of tumour size and 496 

animal survival is probably overestimated by around a third and a fifth respectively. A caveat 497 

of high heterogeneity between studies, which we observed (I2 = 71%), means the power to 498 

detect publication bias is reduced [86]. The trim and fill we performed may be skewed and 499 

the funnel plot asymmetry may result from inter-study differences rather than an under-500 

reporting of either non-significant findings or studies with unexpected results [86]. We also 501 

found poor reporting of randomisation and assessor blinding, which increase the risk of bias 502 

[87]. Nevertheless, the effect we observed was strong, was found in many different types of 503 

measurement, across nearly all studies and cancer types, that SOAT inhibition is certainly 504 

linked to reduced tumour burden. 505 

There are some limitations to this meta-analysis to highlight. Firstly, despite the value of pre-506 

clinical studies and the magnitude of publications, there is not a ‘best practise’ consensus for 507 

conducting pre-clinical meta-analyses. Therefore, our methods were informed by 508 

recommended guidelines [93, 94] rather than a standardised independent body, such as 509 



those for meta-analysing intervention studies (e.g., Cochrane). Secondly, we reported a high 510 

level of heterogeneity in our analyses which is likely due to (i) the narrow confidence intervals 511 

reported in preclinical studies and (ii) increased variability reported between preclinical 512 

studies due to differences in animal models, dosage, drug delivery method (e.g., oral vs. IV) 513 

which limit our ability to interpret the true effect size with confidence. For example, two 514 

studies assessed PO administration of avasimibe, which was shown to result in low 515 

bioavailability compared to IV administration [39]; neither study found changes in tumour 516 

size [39, 40]. Heterogeneity between studies was also caused by including studies that 517 

explored underlying biological mechanisms. For example, the differential response of low and 518 

high SOAT1 expressing tumours to SOAT inhibition [8] contributed to heterogeneity as these 519 

tumours had dramatically distinct responses to SOAT inhibition.  520 

The role of cholesterol and cholesterol modifying interventions in cancer risk and progression 521 

has remained controversial for several years. The World Cancer Research Fund (WCRF) 522 

remain unable definitively to include or exclude cholesterol in the aetiology of cancer [86], 523 

even now, more than 20 years after the International Agency for Research on Cancer (IARC) 524 

indicated that evidence is inadequate [87]. Drugs and dietary factors that reduce cholesterol 525 

levels also reduce the risk of developing and/or dying from cancer in some situations [88-90]. 526 

Cholesterol is widely utilised, both structurally in the plasma membrane, and as a precursor 527 

for an array of hormones, steroids, and vitamins. The data we have explored and summarised 528 

here indicate that shifting the balance of cholesterol and manipulating its metabolism can 529 

have important consequences on cancer growth in animal models, which is at least in part 530 

mediated via the immune system. The summary we provide here indicates that the range of 531 

pharmacological inhibitors of cholesterol esterification that have not yet been evaluated in 532 

the cancer setting, pose attractive opportunities for drug-repurposing and chemoprevention 533 

of cancer.  534 

 535 

 536 

 537 



Figure Legends 538 

Figure 1. Mechanisms of cholesterol esterification. (A) The preferred substrates and 539 

products of SOAT1. (B) The preferred substrates and products of SOAT2. (C) The preferred 540 

substrates and products of LCAT. Reaction specificities of SOAT1 and SOAT2 were determined 541 

in SOAT1 or SOAT2 expressing H5 cells [1]. Reaction specificities for LCAT were determined 542 

using LCAT isolated from human serum [4]. 543 

Figure 2. Study discovery and distribution. (A) PRISMA flow diagram showing searching, 544 

screening, eligibility and inclusion process. (B) Number of papers assessing different cancer 545 

types in SOAT inhibition studies. (C) Number of papers assessing different SOAT inhibiting 546 

treatments in SOAT inhibition studies.  547 

Figure 3. Cholesteryl ester concentration in tumour tissue and matched-normal tissue from 548 

control littermates. (A) Cholesteryl ester concentration in tumour tissue and matched-normal 549 

tissue from the same mouse. (B) Cholesteryl ester concentration in tumour tissue and 550 

matched-normal tissue from control littermates. Differences in cholesterol ester 551 

concentration between tissues is represented as a standardised mean difference. 552 

Figure 4. Change in tumour size following disruption of SOAT1. (A) Standardised mean 553 

difference in brain cancers. (B) Mean difference (cm3) in liver cancers. (C) Mean difference 554 

(cm3) in pancreatic cancers. (D) Standardised mean difference in prostate cancers. (E) 555 

Standardised mean difference in skin cancer. (F) Mean difference (cm3) in other cancers. * 556 

denotes modifications localized to CAR T-cells. # denotes modifications localized to T-cells. 557 

Figure 5. Forest plots showing changes in apoptosis and proliferation. (A) Mean difference 558 

(percentage Ki67+ cells) between experimental and control groups in tumour expression of 559 

Ki67. (B) Standardised mean difference between experimental and control groups in 560 

apoptotic cells in the tumour as measured by TUNEL+ stain assay. 561 

Figure 6. Forest plots of change in immune responses following disruption of SOAT. (A) 562 

Standardised mean difference between experimental and control in tumour infiltration of 563 

CD8+ cells. (B) Mean difference (percentage CD8+ cells) between experimental and control in 564 

TNFα expression in CD8+ cells. (C) Mean difference (percentage CD8+ cells) between 565 



experimental and control in IFNγ expression in CD8+ cells. (D) Mean difference (percentage 566 

CD8+ cells) between experimental and control in GzmB expression in CD8+ cells. # denotes 567 

modifications localized to T-cells. 568 

Figure 7. Forest plot showing changes in metastasis and risk of arrival at maximal tumour 569 

volume following disruption of SOAT. (A) Standardised mean difference between 570 

experimental and control number of metastases. (B) Differences shown as hazard ratios as 571 

calculated by Mantel-Haenszel between SOAT disruption test groups and control test groups. 572 

# denotes modifications localized to T-cells. 573 

Figure 8. Risk of experimental and publication bias. (A) Adherence scores for animal research 574 

in studies assessing SOAT inhibition. (B) Adherence scores for animal research in studies 575 

measuring cholesterol ester content in tissue. (C) Adherence scores for immunoblotting in 576 

studies assessing SOAT inhibition. (D) Funnel plot to detect publication bias within SOAT 577 

tumour metrics dataset with trim and fill method applied to assess overestimation of SMD. 578 

(E) Funnel plot to detect publication bias within survival dataset with overestimation of 579 

hazard ratio determined through trim and fill analysis. Open dots indicate observed studies 580 

and closed dots indicate missing studies. Open diamond indicates observed change and the 581 

closed diamond indicates change after missing studies are factored in.   582 
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Tables 591 

Table 1. SOAT inhibitors assessed in clinical trials.  592 

Drug Target NCT Reference Condition or disease Phase Outcomes 

Avasimibe 

(CI-1011) 

SOAT  [93] Short-term safety  Avasimibe was tolerated at 500 mg daily 

for 8 weeks. Avasimibe induced 

reductions in triglycerides and VLDL 

cholesterol.  

Avasimibe 

(CI-1011) 

SOAT NA [25] Atherosclerosis NA Avasimibe was tolerated at maximum 

dosage of 750 mg daily for 24 months. 

Avasimibe caused a moderate increase 

in LDL cholesterol and did not alter 

coronary atherosclerosis. 

Avasimibe 

(CI-1011) 

SOAT NA [26] Homozygous familial 

hypercholesterolemia 

NA Avasimibe monotherapy was tolerated 

at 750 mg for 6-weeks. Avasimibe did 

not induce any significant lipid changes.  

K-604 SOAT1 NCT00851500 Completed, 

no results 

published 

Atherosclerosis Phase 2 NA 

Nevanimibe 

(ATR-101) 

SOAT1 NCT01898715 [94] Adrenocortical 

carcinoma 

Phase 1 Nevanimibe was tolerated at up to 158.5 

mg for 5 weeks. No tumour response to 

treatment at any dosages. 

Nevanimibe 

(ATR-101) 

SOAT1 NCT02804178 [95] Congenital adrenal 

hyperplasia 

Phase 2 Nevanimibe was tolerated at 1000 mg 

twice daily for 2 weeks. Nevanimibe 

reduced 17-hydroxyprogesterone levels.  

Nevanimibe 

(ATR-101) 

SOAT1 NCT03669549 Terminated Congenital adrenal 

hyperplasia 

Phase 2 NA 

Nevanimibe 

(ATR-101) 

SOAT1 NCT03053271 Terminated Endogenous Cushing’s 
syndrome 

Phase 2 NA 

Pactimibe 

(CS-505) 

SOAT NCT00151788 [96] Familial 

hypercholesterolemia 

Phase 

2/3 

Pactimibe at a dosage of 100 mg 

increased low-density lipoprotein 

cholesterol. Pactimibe increased 

incidence of major cardiovascular 

events.  

Pactimibe 

(CS-505) 

SOAT NCT00185042 Completed, 

no results 

Coronary artery 

disease 

Phase 2 NA 

Pactimibe 

(CS-505) 

SOAT NCT00185146 Completed, 

no results 

published 

Atherosclerosis Phase 2 NA 
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Table 2. IC50 of SOAT inhibitors assessed in clinical or pre-clinical studies. Preferred isoform 599 

is indicated in bold if greater than 10-fold difference in IC50 has been reported. *SI (log) is 600 

log(IC50 for SOAT1/IC50 for SOAT2). 601 

Compound IC50 (μM) SI (Log) Ref. Sample studied 

SOAT1 SOAT2 

Avasimibe  

(CI-1011) 

23.5 9.2 +0.41 [23] Recombinant SOAT1 or SOAT2 

18.72 19.11 -0.01 [24] Microsomal fractions from CHO cells O/E either SOAT1 or SOAT2 

K-604  0.45 102.85 -2.35 [24] 
Microsomal fractions from CHO cells overexpressing either SOAT1 or 

SOAT2 

Nevanimibe 

(ATR-101) 
0.009 0.368 -1.61 [28] SOAT deficient-AC29 cells transfected with either SOAT1 or SOAT2 

Pyripyropene 

A  

>80 0.07 >+3.05 [97] CHO O/E either SOAT1 or SOAT2 

>30 0.06 >+2.70 [97] Microsomal fractions from CHO cells O/E either SOAT1 or SOAT2 

ND 0.19 ND [98] Microsomal fractions from liver samples of SOAT1-/- or SOAT2-/- mice 

Pactimibe  

(CS-505) 

4.9 3 +0.21 [23] Recombinant SOAT1 or SOAT2 

8.3 5.9 +0.15 [30] Recombinant SOAT1 or SOAT2 

Sandoz  

58-035  

0.2 NA [99] Microsomal fractions from rat liver 

0.019 NA [99] Microsomal fractions from rat adrenal 
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Table 3. Summary of extracted data from cholesteryl ester measurement studies. Italic entries were not included in meta-analysis to avoid double 603 

counting of controls. Abbreviations:  DEN = Diethylnitrosamine, T organoids = Xenografted tumour cells from KrasLSL-G12D/+; Trp53LSL-R172H/+; 604 

Pdx1-Cre mouse tumour. NR = not recorded. 605 

Article Cancer Model; Mouse strain; Sample size Duration Sample type Units 

Cholesteryl Ester Concentration  

Tumour mouse Control (tumour 

bearing) 

Control (non-tumour 

bearing) 

N Mean ± SD N Mean ± SD N Mean ± SD 

Barnard G. et al. 

1986 [100] 
Liver 

Xenograft: HTC 7288C; Buffalo and 

Sprague Dawley rat; 3-7/group 
10 weeks 

Intramuscular hepatoma, 

matched and non-matched 

liver 
μg/mg protein 

7 6.6 ± 4.9 (ns) 

7 2.9 ± 1.6 4 2.0 ± 1.6 
Subcutaneous hepatoma, 

matched and non-matched 

liver 

3 2.2± 1.7 (ns) 

Brown R. et al. 1975 

[101]  
Leukaemia 

Radiation: Gamma ray; C57BL/6J 

mice; 2-6/group 

3 days 
Irradiated thymus and non-

matched thymus mg/100g tissue 

(wet weight) 

2 1.7 ± 0.5 (ns) 
 

 

 

 

6 0.8 ± 0.6 

5 months 
Irradiated thymus and non-

matched thymus 
3 1.0 ± 0.3 (ns) 2 0.4 ± 0.1 

Erickson S. et al. 

1988 [102] 
Liver 

Xenograft: Morris Hepatoma 9108; 

ACI rat; 6-7/group 
3-5 weeks Tumour and matched liver μg/mg protein 

6 10.4 ± 8.1  7 2.1 ± 1.6   

Harry D. et al. 1971 

[42] 
Liver  

Xenograft: Morris Hepatoma 7787; 

Buffalo rat; 1/group 

7 days 

Tumour and matched liver 
μmol/g tissue 

(wet weight) 

1 3.8 (ns) 1 0.8 

14 days 1 5.7 (ns) 1 1.5 

21 days 1 4.2 (ns) 1 0.8 

Xenograft: Morris Hepatoma 7793; 

Buffalo rat; 1/group 

7 days 1 1.1 (ns) 1 3.4 

14 days 1 2.1 (ns) 1 3.4 

21 das 1 2.7 (ns) 1 0.8 

Xenograft: Morris Hepatoma 

7794A; Buffalo rat; 1/group 

3 days 1 2.4 (ns) 1 0.7 

7 days 1 4.0 (ns) 1 0.8 

14 days 1 9.3 (ns) 1 1.4 

21 days 1 9.4 (ns) 1 2.0 

Konishi H. et al. 1991 

[103] 
Testicular 

Xenograft: Leydig Cell; Fischer 

344/ DuCrj rat; 5/group 

18 months 

Tumour and matched testis 
mg/g tissue 

(wet weight) 

5 32.8 ± 1.1 (ns) 5 3.7 ± 0.4 

21 months 4 27.1 ± 1.2 (ns) 4 17.5 ± 1.0 

23 months 5 68.1 ± 6.0 (ns) 5 60.9 ± 5.6 

Olsson J. et al. 1991 

[104] 
Liver 

Mutagen: 2-acetylaminofluorene; 

Wistar rat; 8/group 

29 weeks 
Microsomal subfraction of liver 

nodule and non-matched liver 

μg/mg protein 

8 2.0 ± 0.6 

 

 

  

8 1.4 ± 0.4 

29 weeks 

Mitochondrial subfraction of 

liver nodule and non-matched 

liver 

8 0.5 ± 0.2 (ns) 8 0.3 ± 0.1 

29 weeks 
lysosomal subfraction of liver 

nodule and non-matched liver 
8 7.4 ± 2.2 8 3.3 ± 0.8 



Oni T. et al. 2020 

[54] 
Pancreatic 

Xenograft: T organoids*; C57BL/6J 

mice; 4/group 
NR 

Tumour and non-matched 

pancreas 
μg/mg protein 4 0.7 ± 0.7 (ns) 4 0.6 ± 0.2 

Van Heushen G. et 

al. 1983 [41] 

Liver 

 

Xenograft: Morris Hepatoma 7777; 

Buffalo rat; 2-3/group 
NR 

Microsomal fraction of tumour, 

matched liver & non-matched 

liver 

μg/mg protein 

3 3.5 ± 2.3 (ns) 2 0.6 ± 0.4 

4 2.1 ± 1.2 
Xenograft: Morris Hepatoma 

5123D; Buffalo rat; 2-3/group 
NR 3 3.6 ± 1.8 (ns) 2 3.5 ± 1.0 

Xenograft: Morris Hepatoma 7787; 

Buffalo rat; 3-4/group 
NR 4 1.2 ± 1.7 (ns) 3 0.9 ± 0.4 

Ruggieri S. et al. 

1979 [105] 
Liver 

Xenograft: Yoshida ascites 

hepatoma AH 130; Wistar rats; 10-

11/group 

7-10 days 
Tumour, matched liver and 

non-matched liver 

mg/g tissue 

(dry weight) 
10 2.1 ± 1.3 (ns) 11 1.3 ± 0.7 5 1.0 ± 0.5 

Ruggieri S. et al. 

1976 [106] 
Liver 

Xenograft: Yoshida ascites 

hepatoma AH 130; Wistar rats; 4-

5/group 

5 weeks 

 

Tumour, matched liver and 

non-matched liver 

mg/g tissue 

(dry weight) 
4 

2.7 ± 0.4 

(ns against 

tumour 

bearing) 

5 1.3 ± 0.2 4 2.5 ± 0.9 

Talley D. et al. 1983 

[107] 
Kidney 

Mutagen: oestrogen; Golden 

Syrian hamsters; 6/group 
NR 

Tumour, matched and non-

matched kidney 

μg/g tissue 

(wet weight) 

6 10.4 ± 4.9 6 1.7 ± 1.7 

6 

 

 

 

0.1 ± 0.1 

Xenograft: primary, oestrogen 

induced tumour; Golden Syrian 

hamsters; 6/group 

NR 6 3.4 ± 0.9 6 0.4 ± 0.2 

Xenograft: secondary, oestrogen 

induced tumour; Golden Syrian 

hamsters; 6/group 

NR 6 0.9 ± 0.2 6 0.3 ± 0.2 

Xenograft: primary, 

diethylstilbestrol-induced tumour; 

Golden Syrian hamsters; 6/group 

NR 6 0.9± 0.4 6 0.4 ± 0.40 

Thirunavukkarasu C. 

et al. 2003 [17] 
Liver 

Mutagen: DEN; Wistar albino rats; 

6/group 
14 weeks 

Tumour, matched and non-

matched liver 

mg/g tissue 

(wet weight) 
6 

1.3 ± 0.1 

(ns against 

tumour 

bearing) 

6 1.2 ± 0.1 
6 

 
1.6 ± 0.1 

Wood R. et al. 1978 

[108] 
Liver 

Xenograft: Hepatoma 7288CTC; 

Buffalo rat; 3/group 
4 weeks 

Tumour, matched and non-

matched liver 

mg/g tissue 

(wet weight) 
3 

2.9 ± 0.3 

(ns against 

non-tumour 

bearing) 

3 0.3 ± 0.1 3 0.7 ± 0.2 

 606 

 607 

 608 

 609 



Table 4. Summary of extracted data from SOAT1/2 inhibition studies. Italic entries were not included in meta-analysis. Abbreviations: bw = body 610 

weight, CAR-T = chimeric antigen receptor T, con. = control, CTL = cytotoxic t lymphocyte, exp. = experimental, GzmB = granzyme b, IFNγ = interferon 611 

gamma, IG = intragastric administration, IP = intraperitoneally, IV = intravenously, IT = intratumourally, NR = not recorded, ns = not significant, PDX 612 

= patient derived xenograft, SR = units of solid angle or steradian, TNFα = tumour necrosis factor. 613 

Article Cancer 
Model; Mouse strain; 

Sample size 
Drug; Dose; Route; Duration 

Tumour measurement:  

Raw values (control - 

experimental): 

Additional outcomes 

Bandyopadhyay S. 

et al. 2017 [65] 
Leukaemia 

Xenograft: K562R; Athymic 

nude; 8/group 

Avasimibe, 7.5mg1.bw,  

IP, daily, 11 days 
Volume (mm3): 547 - 575 (ns) 

 

Bi M. et al. 2019 

[85] 
Lung 

Xenograft: LLC; C57BL/6; 

6/group 

Avasimibe, 15mg1.bw,  

IP, every two days, 35 days 
Volume (mm3): 963 - 445 

 

Chen X. et al. 

2017 [60] 
Skin 

Xenograft: SCC7; C3H; 

5/group 

Avasimibe 15mg1.bw, IP, 

every 2 days, 33 days 
Volume (mm3): 3076 - 1745 

Immune response: CTL cytotoxicity (%): 6.71 - 12.05,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.05 

Cheng Y. et al. 

2016 [45] 
Brain 

Xenograft: H295R; CB17-

SCID; 8/group 

ATR-101 0.7mg1.bw, PO, 

daily, 33 days 

Volume (mm3): 3670 - 1496 

Weight (g): 2.64 - 1.43 

Apoptosis: TUNEL+ (% positive cells): 2.3 - 11.03,  

Proliferation: Ki67 (% positive cells): 26.92 - 24.77 (ns), Brdu (% positive cells): 

18.42 - 15.75 (ns) 

Geng F. et al. 

2017 [12] 
Brain 

Xenograft GBM30; Athymic 

nude; 7/group 
SOAT1 shRNA cells, 15 days 

Luminescence (p/sec/cm2/sr): 

8.72 - 0.18 
Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.05 

Xenograft: U87; Athymic 

nude; 7/group 
SOAT1 shRNA cells, 15 days 

Luminescence (p/sec/cm2/sr): 

7.63 - 0.33 
Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.06 

Hao M. et al. 2020 

[61] 

Skin 

 

 

 

Xenograft: B16F10; 

C57BL/6; 6/group 

Avasimibe 2mg/kg, IV, 20 

days, day 8 and 14 
Volume (mm3): 895 - 783 

Proliferation: Ki67,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.41 

T-cells and Avasimibe 

2mg/kg, IV, 20 days, day 18 

and 14 

Volume (mm3): 555 - 379 
Proliferation: Ki67, 

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 1.18 

Metastasis: B16F10-luc; 

C57BL/6; 6/group 

Avasimibe 2mg/kg, 30 days, 

IV, day 8 and 14 
NR 

Metastasis: Tumour area as % of total lung area: 37.6 - 35.27,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.98 

T-cells and Avasimibe 

2mg/kg, IV, 30 days, day 8 

and 14 

NR 

Metastasis: Tumour area as % of total lung area: 11.24 - 15.12,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.57 

Brain 
Xenograft: LN229; 

C57BL/6; 6/group 

Avasimibe 2mg/kg, 30 days, 

IV, day 8 and 14 
NR Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.47 

Jiang Y, et al 2019 

[85] 
Liver 

Xenograft: PDX (SOAT1low); 

NOD/SCID; 6/group (1) 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 

Volume (mm3): 1969 - 1878 

(ns) 

 

 

 Xenograft: PDX (SOAT1low); 

NOD/SCID; 6/group (2) 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 

Volume (mm3): 2755 - 2448 

(ns) 

Xenograft: PDX (SOAT1low); 

NOD/SCID; 6/group (3) 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 
Volume (mm3): 507 - 333 (ns) 

Xenograft: PDX (SOAT1high); 

NOD/SCID; 6/group (4) 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 
Volume (mm3): 2572 - 1203 

Xenograft: PDX (SOAT1high); 

NOD/SCID;6/group (5) 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 
Volume (mm3): 1696 - 916 

 

 



Xenograft: PDX (SOAT1high); 

NOD/SCID;6/group (6) 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 
Volume (mm3): 791 - 602 

Lee H. et al. 2018 

[66] 
Prostate 

Xenograft: PC3M; NSG; 

6/group 

Avasimin 75mg1.bw,  

IP, daily, 25 days 
Diameter (cm2): 0.78 - 0.55 (ns) 

Apoptosis: TUNEL+ (% positive cells): 4.59 - 9.9,  

Metastasis: Lung metastasis (average metastases per lung section): 5.41 - 2.1, 

Proliferation: Ki67 (% positive cells): 70.55 - 20.88 

Xenograft: PC3-Luciferase; 

NSG; 8-9/group 

Avasimin 75mg1.bw,  

IP, daily, 35 days 

Luminescence (p/sec/cm2/sr): 

0.83 - 0.1 (ns) 
Metastasis: luminescence (p/sec/cm2/sr): 1.45 - 0.3 

Lee S. et al. 2015 

[27] 

Colon 
Xenograft: HCT116; 

Athymic nude; 8/group 

Avasimin 75mg1.bw + 

Avasimibe 7.5mg1.bw, IV, 

daily for 5 days and once 

every 4 days subsequently, 

39 days 

Volume (mm3): 1670 - 491 
Apoptosis: TUNEL+ (cells per area): 1.68 - 29.1,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.04 

Prostate 
Xenograft: PC3; Athymic 

nude; 4-8/group 

Avasimin 75mg1.bw + 

Avasimibe 7.5mg1.bw, IV, 

daily for 5 days and once 

every 4 days subsequently, 

39 days 

Volume (mm3): 1235 - 333 
Apoptosis: TUNEL+ (cells per area): 1.29 - 38.56,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.04 

Avasimibe, 15mg1.bw, PO, 

daily, 45 days 
Volume (mm3): 860 – 840 (ns) 

 

Lei J. et al. 2019 

[75] 
Breast 

Xenograft: 4T1; BALB/c 

nude; 6-13/group 

Avasimibe 15mg1.bw, IG, 

once every 3 days, 32 days 
Volume (mm3): 1062 - 802 

Immune response: CTL in tumour (% of infiltrative t cells):  6.98 - 8.13 (ns), IFNγ in 

CD8 (%): 18.39 - 26.45, TNFα in CD8 (%): 27.45 - 41.58,  

Metastasis: Pulmonary metastasis (number of metastatic nodules): 23.62 - 14.54,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.35  

Li J. et al. 2016 

[10] 
Pancreatic 

Xenograft: MIA PaCa-2; 

NSG; 5-9/group 

Avasimibe 15mg1.bw,  

IP, daily, 28 days 

Volume x0.51 (mm3): 993 - 510 

Weight (mg): 792 - 587 

Metastasis: Lymph (number of metastatic lesions): 15.07 - 4.46,  

Liver (number of metastatic lesions): 2.12 - 0.3 

SOAT1 shRNA cells, 35 days 
Volume (mm3): 651 - 226 

Weight (mg): 644 - 312 

Metastasis: Lymph (number of metastatic lesions): 9.42 - 1.5,  

Liver (number of metastatic lesions): 1.76 - 0.16 

Li J. et al. 2018 

[57] 
Pancreatic 

Xenograft: MIA PaCa-2; 

Athymic nude; 8/group 

Avasimibe 7.5mg1.bw,  

IP, daily, 33 days 
Volume (mm3): 799 - 327 

 

Li M. et al. 2018 

[53] 
Skin 

Xenograft: B16F10; 

C57BL/6; 3-7/group 

Avasimibe 15mg1.bw, IV, 2 

full doses followed by an 

interval of 2 days, 19 days 

Volume (mm3): 3631 - 2282 
Metastasis: Lung metastasis (g): 0.36 - 0.28, 

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.22 

Liu J. et al. 2020 

[43]  
Brain 

Xenograft: U87; BALB/c-nu 

nude; 6/group 

Avasimibe 30mg1.bw,  

IP, daily, 32 days 

Volume (mm3): 1294 - 578 

Weight (g): 0.92 - 0.51 

 

Avasimibe 15mg1.bw, 

 IP, daily, 32 days 

Volume (mm3): 1294 - 750 

Weight (g): 0.92 - 0.54 

Liu Y. et al. 2021 

[59] 
Prostate 

Xenograft: CaP; Athymic 

nude; 6/group 
shSOAT1, 29 days Volume (mm3): 329 - 95 Proliferation: SCD-1: 1.21 - 0.31 

Lu M. et al. 2013 

[48] 
Liver 

Xenograft: Huh7; BALB/c 

nude; 8-11/group 

K-604 30ug1.cm3 tumour,  

IT, 4 times in 10 days 

Volume (mm3): 1014 – 869 (ns)  

Weight (g): 0.76 - 0.55 (ns) 

 

Pyripyropene A 60ug1.cm3 

tumour, IT, 4 times in 10 days 

Volume (mm3): 1014 – 605 

Weight (g): 0.76 - 0.34 

SOAT1 RNAi cells, 23 days 
Volume (mm3): 1083 – 939 (ns) 

Weight (g): 1.01 - 0.89 (ns) 

SOAT2 RNAi cells, 23 days 
Volume (mm3): 1083 – 632.18 

Weight (g): 1.01 - 0.37 

Xenograft: HepG2; BALB/c 

nude; 11/group 

K-604 30ug1.cm3 tumour, IT, 

every 3-4 days, 20 days 

Volume (mm3): 1183 - 1275 

(ns)  



Weight (g): 0.48 - 0.45 (ns) 

Pyripyropene A 60ug1.cm3 

tumour, IT, every 3-4 days, 

20 days 

Volume (mm3): 1183 - 632 

Weight (g): 0.48 - 0.21 

Luo Y. et al. 2020 

[44] 
Brain 

Xenograft: LN229; Nude; 

4/group 

Avasimibe 7.5mg1.bw, 

subcutaneously,  

every 2 days, 28 days 

Volume (mm3): 2732 - 1346 

Weight (g): 3.12 - 1.18 

 

Proliferation: linc00339 (relative expression): 1 - 0.49 

Oni T. et al. 2020 

[54] 
Pancreatic 

Xenograft: M3L; nu/nu; 

5/group 
CRISPR knockdown, 48 days Volume (mm3): 4400 - 400 Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.05 

Xenograft: T8; M3L; NOD 

scid gamma; 4-5/group 
SOAT1 shRNA, 58 days Volume (mm3): 646 - 0 

 

Pan J. et al. 2019 

[67] 
Lung 

Xenograft: LKR13; KrasLA1-

sv129; 5-10/group 

Avasimibe 15mg1.bw,  

IG, every 2 days, 28 days 
Volume (mm3): 212 - 129 (ns) 

Immune response: CD3 of CD8+ (%): 19.52 - 45.33, CD4 of Tregs (%): 50.2 - 30.14, 

IFNγ in CD8 (%): 2.92 - 3.92, TNFα in CD8 (%): 4.56 - 9.91, GzmB in CD8 (%): 0.4 - 

1.08 (ns), CD8 in tumour (%): 2.55 - 5.16, Proliferation: Ki67 (%): 15.32 - 5.17 

Wang L. et al. 

2019 [40] 
Bone 

Xenograft: U2OS; BALB/c 

nude; 10/group 

Avasimibe 30mg/kg,  

PO, daily, 21 days 

Volume (mm3): 317 - 33 (ns) 

Weight (g): 1.46 - 0.68 

 

Xu H. et al. 2021 

[109]  
Colon 

Xenograft: SW480; BALB/c 

nude; 6/group 

Avasimibe 15mg/kg,  

IP, daily, 28 days 

Volume (mm3) 861 - 595 

Weight (g): 0.78 - 0.47 
Proliferation: YAP: 6.38 - 8.51 

Yang W. et al. 

2016 [62] 

Lung 
Metastasis: LLC; C57BL/6; 

5-7/group 

Avasimibe 15mg/kg,  

IP, every 2 days, 35 days 
NR 

Metastasis: Lung multiplicity: 55.22 - 22.18,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.2 

SOAT1 genetic knockdown in 

mouse T-cells, 20 days 
NR 

Metastasis: Lung multiplicity: 36.06 – 10.67,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.23 

Skin 

Xenograft: B16F10; 

C57BL/6; 8-15/group 

Avasimibe 15mg/kg,  

IP, every 2 days, 18 days 
Diameter (mm2): 338 - 125 

Immune response: GzmB in CD8 (%): 3.43 - 8.7, IFNγ in CD8 (%): 34.01 - 44.44, 

TNFα in CD8 (%): 43.8 - 57.58, CD8 infiltration (x104 cells): 3.04 - 8.1, CD8/CD4 

ratio: 0.91 - 1.94, Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.12 

SOAT1 genetic knockdown in 

mouse T-cells, 18 days 
Diameter (mm2): 254 - 124 

Immune response: GzmB in CD8 (%): 3.45 - 8.77, IFNγ in CD8 (%): 34 - 48.43, TNFα 
in CD8 (%): 41.22 - 55.83, CD8 infiltration (x104 cells): 3.71 - 13.69, CD8/CD4 ratio: 

x1.84, Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.22 

Metastasis: B16F10; 

C57BL/6; 6-9/group 

SOAT1 genetic knockdown in 

mouse T-cells, 20 days 
NR 

Metastasis: Lung multiplicity: 48.89 – 10.37,  

Survival: Hazard ratio (Mantel-Haenszel reciprocal): 0.21 

Yue S. et al. 2015 

[58] 
Prostate 

Xenograft: PC3; Athymic 

nude; 6/group 

Avasimibe 15mg/kg,  

IP, daily, 30 days 

Volume x0.42 (mm3): 10.49 - 

4.44 

Weight (g): 1.21 - 0.76 

Apoptosis: TUNEL+ (% positive cells): 2.23 - 4.92, 

Proliferation: Ki67 (% positive cells): 58.24 - 17.33 

Sandoz 15mg/kg,  

IP, daily, 23 days 

Volume (mm3): 12.56 - 4.81 

Weight (g): 1.1 - 0.73 

 

Zhao L. et al. 2020 

[55] 
Pancreatic 

Xenograft: BxPC3; NSG; 

10/group 

SOAT1 siRNA in CAR-T cells 

(1847), 33 days 

Volume (mm3): 401 - 98 (ns) 

 

 

SOAT1 siRNA in CAR-T cells 

(1848), 33 days 

Volume (mm3): 401 - 119 (ns) 
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