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ABSTRACT 35 

Background: The AMATERASU randomized trial of vitamin D3 supplementation 36 

(2000 IU/day) (UMIN000001977) showed the potential benefit of vitamin D in a 37 

subgroup of patients with digestive tract cancer. By conducting post hoc analyses 38 

of this trial, whether subgroups stratified by expression levels of p53, vitamin D 39 

receptor (VDR), and Ki-67 modify the effect of vitamin D supplementation was 40 

further explored. 41 

Methods: The primary outcome was relapse-free survival (RFS). On 42 

immunohistochemistry using pathological specimens, the degree of p53 protein 43 

expression parallel with p53-missense mutations was classified as p53-positive 44 

(>10%) and p53-negative (≤10%). In addition, VDR and Ki-67 expression levels 45 

were divided into quartiles. 46 

Results: The p53 status of 372 patients’ pathological specimens was evaluated. 47 

In a subgroup of patients with p53-positive cancer (n=226), 5-year RFS was 79% 48 

in the vitamin D group, which was significantly higher than the 57% in the placebo 49 

group (hazard ratio, 0.52; 95% confidence interval, 0.31-0.88; P=0.02). In the 50 

subgroup of patients with p53-negative cancer, 5-year RFS in the vitamin D group 51 

vs. placebo group was 72% vs. 84% (not significantly different). Effect 52 

modification by p53-positivity was significant (P=0.02 for interaction). However, 53 

no significant effect modification by either VDR or Ki-67 was observed. 54 

Conclusions: These results generate a hypothesis that vitamin D 55 

supplementation may improve RFS in patients with p53-positive digestive tract 56 

cancer.  57 

Impact: The results are still preliminary, but potentially important, because p53 is 58 
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the most frequently mutated gene across cancers at all sites. 59 

 60 

Registration 61 

Trial registry name: University Hospital Medical Information Network Clinical 62 

Trials Registry (UMIN-CTR) 63 

Registration identification number: UMIN000001977 64 

Receipt No. R000002412 65 

URL for the registry:  66 

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000002412 67 

Date of disclosure of the study information: 2009/06/01  68 

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000002412
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INTRODUCTION 69 

 70 

Meta-analyses of randomized, clinical trials (RCTs) showed that vitamin D 71 

supplementation given pre-diagnostically reduced cancer mortality (1,2). On the 72 

other hand, recent RCTs, the SUNSHINE trial among patients with metastatic 73 

colorectal cancer (3), the AMATERASU trial involving patients with digestive tract 74 

cancers (4) and another trial involving patients with non-small cell lung cancer (5), 75 

did not show a significant difference in progression or relapse-free survival (RFS) 76 

between vitamin D and placebo in the primary results. However, these results of 77 

RCTs are not necessarily considered null. For example, the SUNSHINE trial (3) 78 

indeed showed a beneficial association with adjustment, and the AMATERASU 79 

(4) and the other trial (5) suggested that vitamin D was effective in certain 80 

subgroups. Thus, confirmatory RCTs are needed to evaluate these preliminary 81 

findings (6). Towards the next RCT, the target population showing a good 82 

response to vitamin D supplementation should be carefully examined. 83 

Because beneficial effects of vitamin D have been reported in a variety of 84 

cancer sites, target molecules of vitamin D can be relatively common across 85 

cancers at all primary sites, e.g., p53 tumor suppressor, vitamin D receptor (VDR), 86 

and Ki-67. The p53 gene is the most frequently mutated gene, in about half of 87 

cancers, the majority of which are missense (7,8). The missense mutations of 88 

p53 are detectable by p53 nuclear accumulation on immunohistochemistry (IHC) 89 

with high sensitivity (9). The product of mutated p53 leads not only to loss of 90 

oncosuppressor function, but also to gain of oncogenic function (10), signaling of 91 

which may have cross-talk with vitamin D signaling (11,12). VDR was also widely 92 
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expressed in most cell types. Importantly, high VDR expression is significantly 93 

associated with improved survival of patients with prostate cancer (13) and non-94 

small cell lung cancer (14). We thus hypothesized that vitamin D supplementation 95 

may further improve survival in patients with high VDR expression. Ki-67, a 96 

marker of cancer cell proliferation, is widely used in routine pathological 97 

investigations (15). Moreover, antiproliferative effects were suggested as a 98 

possible mechanism in the anticancer effects of vitamin D (16). Therefore, effect 99 

modification by pathological biomarkers, i.e., p53-positivity and quartiles of VDR 100 

or Ki67, was explored by conducting a post hoc analysis of the AMATERASU 101 

randomized trial of vitamin D3 supplementation (UMIN000001977).  102 

 103 

PATIENTS AND METHODS 104 

 105 

Trial design 106 

This study was a post hoc analysis of the AMATERASU trial conducted in Japan, 107 

the details of which were previously reported (4). Briefly, 417 patients with 108 

digestive tract cancers from the esophagus to the rectum participated in a 109 

randomized, double-blind, clinical trial to compare the effects of vitamin D3 110 

supplements (2,000 IU/day) and placebo on RFS as a primary outcome and 111 

overall survival (OS) as a secondary outcome at an allocation ratio of 3:2 at the 112 

International University of Health and Welfare Hospital in Japan between January 113 

2010 and February 2018. The trial protocol was approved by the ethics committee 114 

of the International University of Health and Welfare Hospital, as well as the Jikei 115 

University School of Medicine. Written, informed consent was obtained from each 116 
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participating patient before surgery. 117 

 118 

Participants 119 

Details of the inclusion and exclusion criteria were described in the original report 120 

(4). Briefly, the trial included patients not taking vitamin D supplements, with stage 121 

I to III digestive tract cancers (48% colorectal, 42% gastric, and 10% esophageal) 122 

who underwent curative surgery with complete tumor resection. 123 

 124 

Tissue microarrays 125 

Tissue microarrays (TMAs) were constructed at the Department of Pathology, 126 

International University of Health and Welfare. First, hematoxylin and eosin 127 

(H&E)-stained slides were reviewed by a pathologist (S.O.) and an investigator 128 

(T.A.) to determine the evaluation site. This procedure was performed using the 129 

following criteria: the deepest tumor invasion site; the site where recurrence is 130 

expected, such as the resection margin or serosal exposure; and to avoid 131 

necrosis. Usually, one evaluation site was selected per patient, but two sites were 132 

selected if different histological subtypes were included in the same patient’s H&E 133 

slides. A TMA set (Labro Co., Ltd., Seoul, Korea) was used for punching the core, 134 

enclosing it in a cassette in a block, and recreating a paraffin-embedded block. 135 

Five-millimeter tissue cores each from the tumor were contained in each TMA 136 

block that had a total of 20 cores. 137 

 138 

Vitamin D receptor, p53, and Ki-67 immunohistochemistry 139 

IHC for p53, VDR, and Ki-67 was performed with the Histofine Histostainer 36A 140 
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(Nichirei Biosciences Inc., Tokyo, Japan). IHC with primary antibodies against 141 

p53 (DO-7) and Ki-67 (SP-6) (both from Nichirei Biosciences Inc.) was performed 142 

according to the manufacturer’s protocols. For VDR IHC, antigen retrieval was 143 

performed by de-paraffin antigen retrieval solution pH 9.0 (Nichirei Bioscience 144 

Inc.) in a heat bath at 100 C for 20 min. Tissue sections were incubated with 3% 145 

H2O2 (5 min) to block endogenous peroxidase. Primary antibody against VDR 146 

(D2K6W) Rabbit mAb #12550 (Cell Signaling Technology Japan, K.K, Tokyo, 147 

Japan) (dilution 1:200) was applied for 30 min at room temperature. The sections 148 

were then incubated with the Histo-fine Simple stain MAX-PO (Multi) (Nichirei 149 

Bioscience Inc.) for 30 min at room temperature according to the manufacturer’s 150 

protocol. Sections were visualized by diaminobenzidine (10 min) and hematoxylin 151 

counterstain. 152 

 153 

Detection of p53 protein nuclear accumulation by IHC 154 

The degree of p53 expression based on immunoreactive nuclear cells in the 155 

cancer glandular component was evaluated by T.A., who was blinded to 156 

randomized group and outcomes. A cutoff point at 10% was applied because it 157 

has been shown to be 84-100% sensitive for the detection of p53 missense 158 

mutations and 86-97% specific for the absence of p53 missense mutations (9). 159 

Moreover, this 10% was found to be the most commonly chosen cutoff point in a 160 

meta-analysis of 36 studies on p53 IHC for p53 gene mutations (17). Thus, the 161 

study population was divided into two subgroups: >10% as “p53-positive” 162 

containing mainly missense mutations and ≤10% as “p53-negative” containing a 163 

mixture of mainly non-missense mutations and wild-type p53. 164 
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 165 

Scoring of vitamin D receptor expression by IHC 166 

For this study, the nuclear VDR expression level was measured in the glandular 167 

cancer components. The level of nuclear VDR expression in the tumor tissue was 168 

assessed using a semiquantitative immunoreactivity scoring (SIS) system (18). 169 

The staining intensity was scored as 1 (no immunostaining), 2 (weak), 3 170 

(moderate), to 4 (strong). When multiple intensity scores were mixed in the field 171 

of view, the higher values were used (≥20%). The percentage of immunoreactive 172 

nuclear cells was rated from 0% to 100%. The SIS scores were calculated by 173 

multiplying the intensity scores with the percentage of positive cell nuclei, 174 

resulting in score variation from 0 to 400. Two pathologists (S.O. and S.H.), who 175 

were totally blinded to patients’ information, independently assessed the SIS 176 

scores. The correlation coefficient of the SIS scores was 0.83 (Spearman’s 177 

correlation coefficient test). The VDR score was the average of the two SIS 178 

scores.  179 

 180 

Scoring of Ki-67 expression by IHC 181 

The Ki-67 score ranged from 0-100 as a labeling index based on the percentage 182 

of positive nuclear cells (19). 183 

 184 

Statistical analysis 185 

All patients who underwent randomization and for whom IHC evaluation was 186 

available were included in this analysis. Relapse and death-related outcomes 187 

were assessed according to the randomization group by whether or not 188 
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supplements were taken. The effects of vitamin D and placebo on risk of relapse 189 

or death and total death were estimated using Nelson-Aalen cumulative hazard 190 

curves for outcomes. A Cox proportional hazards model was used to determine 191 

hazard ratios (HRs) and 95% confidence intervals (CIs). To clarify whether 192 

vitamin D supplementation significantly affected these subgroups, the P for 193 

interaction was analyzed based on a Cox regression model including three 194 

variables: e.g., 1) vitamin D group; 2) the subgroup of patients with p53-positive 195 

cancer; and 3) both multiplied together as an interaction variable, by 2-way 196 

interaction tests comparing the p53-positive group and the p53-negative group. 197 

To evaluate the effects of vitamin D supplementation on relapse, cumulative 198 

incidence functions were applied by considering patient deaths due to causes 199 

other than relapse as a competing risk, and competing risk regression was 200 

performed using the subdistribution hazard ratio (SHR) and 95%CI (20). Values 201 

with two-sided P<0.05 were considered significant. All data were analyzed using 202 

Stata 14.0 (StataCorp LP, College Station, TX, USA). 203 

 204 

RESULTS 205 

 206 

Study population 207 

Of the 417 patients with digestive tract cancers who were randomly assigned to 208 

receive vitamin D supplements (n=251: 60%) or placebo (n=166: 40%), IHC 209 

results for p53, VDR, and Ki-67 were available for 219 (87%) of the vitamin D 210 

group and 153 (92%) of the placebo group, for a total of 372 (89%), due to lack 211 

of tissue samples, no cancer tissue availability, a special tissue subtype such as 212 
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neuroendocrine tumor, or inappropriate samples during the tissue microarray 213 

process (Figure 1). Tissue samples were more frequently unobtainable in the 214 

vitamin D group than in the placebo group; this difference was considered to be 215 

caused by chance. 216 

 217 

Expression of p53 protein 218 

Images of typical p53 expression are shown in Figure 2. Positivity in cancerous 219 

regions ranged from 0 to almost 100%. 220 

 221 

Patients’ characteristics 222 

A total of 372 patients were divided into the p53-positive group (n=226, 61%) and 223 

the p53-negative group (n=146, 39%). The participants’ characteristics of these 224 

two subgroups are shown in Table 1. Expression levels of VDR and Ki-67 were 225 

high in patients in the p53-positive group. Patients with colorectal cancer were 226 

dominant in the p53-positive group, whereas patients with gastric cancer were 227 

dominant in the p53-negative group. Regarding pathological subtypes, well-228 

differentiated adenocarcinoma was dominant in the p53-positive group, whereas 229 

moderately differentiated adenocarcinoma, poorly differentiated adenocarcinoma, 230 

and signet ring cell carcinoma were dominant in the p53-negative group. Other 231 

characteristics including intervention group, 25(OH)D levels, age, body mass 232 

index, and comorbid conditions were not different between the p53-positive and 233 

p53-negative groups. 234 

 235 

Effect modification of vitamin D on RFS by p53-positive status 236 
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In the p53-positive group, relapse or death occurred in 26 (19%) vitamin D group 237 

patients and 30 (34%) placebo group patients; the 5-year RFS was significantly 238 

higher in the vitamin D group (79%) than in the placebo group (57%) (HR, 0.52; 239 

95%CI, 0.31 to 0.88; P=0.02) (Figure 3A). In the p53-negative group, relapse or 240 

death occurred in 18 (23%) vitamin D and 10 (15%) placebo group patients; the 241 

5-year RFS was 72% in the vitamin D group and 84% in the placebo group; the 242 

difference was not significant (Figure 3B). There was a significant 2-way 243 

interaction between vitamin D supplementation and the subgroup of patients with 244 

p53-positive cancers (P=0.02 for interaction), which remained significant even 245 

after adjusting with VDR expression levels, Ki-67 expression levels, the site of 246 

cancer, and pathological subtypes. Under methods for competing-risk analysis, 247 

the cumulative incidence of relapse was significantly lower in the vitamin D group 248 

than in the placebo group (SHR, 0.54; 95%CI, 0.30-0.98; P = 0.04) among those 249 

in the p53-positive group, but was not significant among those in the p53-negative 250 

group (SHR, 1.43; 95%CI, 0.63-3.27; P = 0.40). 251 

 252 

Effect modification of vitamin D on OS by p53-positive status 253 

In the p53-positive group, death occurred in 19 (14%) vitamin D and 17 (20%) 254 

placebo group patients; the 5-year OS was 82% in the vitamin D group and 72% 255 

in the placebo group, and the difference was not significant (Figure 3C). In the 256 

p53-negative group, death occurred in 14 (18%) vitamin D and 5 (8%) placebo 257 

group patients; the 5-year RFS was 77% in the vitamin D group and 86% in the 258 

placebo group, and the difference was not significant (Figure 3D). There was a 259 

significant 2-way interaction between vitamin D supplementation and the 260 
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subgroup of patients with p53-positive cancers (P=0.03 for interaction), which 261 

remained significant even after adjusting with VDR expression levels, Ki-67 262 

expression levels, the site of cancer, and pathological subtypes. 263 

 264 

Effect modification of p53-positive cancers stratified by cancer sites 265 

The subgroup of patients with p53-positive cancers was further divided by cancer 266 

sites (Figure 4). Relapse or death occurred in 13 (17%) vitamin D group patients 267 

and 14 (28%) placebo group patients with colorectal cancer (Figure 4A), in 7 268 

(15%) vitamin D group patients and 10 (36%) placebo group patients with gastric 269 

cancer (Figure 4B), and in 6 (43%) vitamin D group patients and 6 (67%) placebo 270 

group patients with esophageal cancer (Figure 4C). Thus, relapse and death 271 

were less in the vitamin D group than in the placebo group independent of cancer 272 

sites. However, only in patients with gastric cancer, the risk for relapse or death 273 

was significantly lower in the vitamin D group than in the placebo group: HR, 0.36; 274 

95%CI, 0.14 to 0.95; P=0.04; it was not significant in patients with esophageal 275 

cancer and colorectal cancer. 276 

 277 

Effect modification by VDR expression levels  278 

VDR expression levels ranged between 15 and 400. These were divided into 279 

quartiles: quartile one (Q1) (≤100 mg/dL), quartile two (Q2) (101 to 180), quartile 280 

three (Q3) (181 to 272.5), and quartile four (Q4) (>272.5). Effect modification of 281 

vitamin D supplementation on RFS was explored in patients stratified by these 282 

quartiles of VDR expression levels (Figure 5). Vitamin D significantly reduced the 283 

risk for relapse or death in Q4, i.e., the highest level of VDR expression (HR, 0.30; 284 
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95%CI, 0.09 to 0.96; P=0.04). In contrast, significant effects of vitamin D 285 

supplementation on the risk of relapse or death were not observed in Q1, Q2, 286 

and Q3. There was no significant 2-way interaction between vitamin D 287 

supplementation and the Q4 subgroup (P=0.08 for interaction). 288 

 289 

Effect modification by Ki-67 levels  290 

Ki-67 expression levels ranged between 3 and 90. These were divided into 291 

quartiles: quartile one (Q1) (≤40), quartile two (Q2) (41 to 50), quartile three (Q3) 292 

(51 to 60), and quartile four (Q4) (>60). Effect modification by these quartiles of 293 

Ki-67 levels was explored (Supplementary Fig. S1). Vitamin D did not significantly 294 

reduce the risk for relapse or death in any of Q1 to Q4 of the Ki-67 levels.   295 

 296 

DISCUSSION 297 

 298 

In this post hoc analysis of the AMATERASU trial, daily supplementation with 299 

2,000 IU of vitamin D significantly improved RFS in the subgroup of patients with 300 

p53-positive cancers. In the same subgroup, the 5-year OS was 10% higher in 301 

the vitamin D group than in the placebo group, although the difference was not 302 

significant. On the other hand, significant differences in both RFS and OS were 303 

not observed in the subgroup of patients with p53-negative cancers. There was 304 

significant effect modification by p53-positivity, both in RFS and OS. A negative 305 

feedback loop exists between p53 protein and mouse double minute 2 (MDM2): 306 

when cells are stressed, e.g., DNA damage, nuclear levels of p53 protein rise, 307 

stopping the cell cycle to repair damaged DNA or induce apoptosis to prevent 308 
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cancer development; alternatively p53 protein induces MDM2 protein to degrade 309 

p53 protein through the mechanism of posttranscriptional ubiquitination (7). The 310 

p53 is normally almost undetectable on IHC, but once the p53 gene has missense 311 

mutations within the DNA binding site, and the p53 protein has conformational 312 

changes, by which its ability to bind to the promotor region of the MDM2 gene is 313 

lost (21), it thus does not increase MDM2 protein, which allows the nuclear 314 

accumulation of p53 protein which may be effective as an oncogene (10). Vitamin 315 

D has been demonstrated to induce an 11-fold increase in MDM2 mRNA 316 

expression in vitro (22), reasoning that vitamin D supplementation may 317 

upregulate MDM2 protein independent of p53 missense mutation, decrease p53 318 

levels accumulated in the nucleus, and improve patients’ RFS. In contrast, 319 

vitamin D seemed to be harmful in the p53-negative group both in terms of RFS 320 

and OS, although the differences were not significant. Vitamin D is being 321 

extensively explored as a cancer-preventive and cancer-therapeutic agent (23), 322 

but a certain mutational status of p53 was suggested to convert vitamin D into an 323 

anti-apoptotic agent (24). Thus, for future RCTs, it may be better to exclude 324 

patients with p53-negative cancers and include patients with p53-positive 325 

cancers. 326 

 Vitamin D supplementation was associated with a reduced risk of relapse 327 

or death in patients with gastric cancer, but not in patients with either esophageal 328 

cancer or colorectal cancer. In patients with gastric cancer, p53-negative cases 329 

were more frequent than p53-positive cases. This positive effect of vitamin D may 330 

be due to chance or due to effect modification by another subgroup of patients, 331 

such as poorly differentiated adenocarcinoma and signet ring cell carcinoma, 332 
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rather than being related to p53-positive status. Indeed, activated vitamin D was 333 

demonstrated in vitro to inhibit gastric cancer cell growth through VDR and 334 

mutated p53 (24). However, P for interaction by cancer sites was not significant 335 

as observed in patients with p53-positive cancers, suggesting that vitamin D 336 

supplementation may be effective in p53-positive tumors across cancers at all 337 

sites rather than cancers at specific sites such as gastric cancer. 338 

Vitamin D significantly reduced the risk for relapse or death in the 339 

subgroup of patients with the highest quartile of VDR expression without 340 

significant P for interaction. As shown in Table 1, VDR expression levels were 341 

higher in patients with p53-positive than p53-negative cancers. Mutations of p53 342 

were demonstrated to increase the nuclear accumulation of VDR in vitro (23). 343 

Thus, this VDR result may be a reflection of the p53-positive subgroup. In patients 344 

with p53-positive cancers, well-differentiated adenocarcinoma was dominant, 345 

also shown in Table 1. VDR expression levels were shown to increase in well-346 

differentiated adenocarcinoma of the colon (25), which may again be a reflection 347 

of the p53-positive subgroup. On the other hand, Ki-67 expression levels did not 348 

modify the effect of vitamin D supplementation, although Ki-67 expression levels 349 

were high in the p53-positive group. 350 

There are several limitations to this study. First, this study performed an 351 

exploratory analysis that was not pre-specified in the original protocol of the 352 

AMATERASU trial. Thus, the findings must be considered as exploratory and 353 

interpreted with caution. Second, the sample size was not calculated for the 354 

subgroup analyses. Patients were divided into p53-positive and p53-negative 355 

groups. For VDR and Ki-67 expressions, patients were divided into quartiles. 356 
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Patients were also divided into three cancer sites. Thus, these results may 357 

contain type II error due to the small sample size of each subgroup. Third, 358 

subgroup analyses of three biomarkers may increase the probability of type I error 359 

due to multiple comparisons. Fourth, the number analyzed was less than in the 360 

original study, because 11% of the pathological samples were not obtained, 361 

although the patients’ characteristics of this post hoc study were not largely 362 

different from the original trial. Fifth, the cutoff value of p53 expression was set to 363 

10% in this study, in reference to previous reports (9,17), but was not validated 364 

by sequencing using tumor DNA in this study population. Sixth, due to the nature 365 

of the TMA method, only a small part of each tumor sample was evaluated despite 366 

the heterogeneity of the cancer region. Moreover, each positive IHC evaluation 367 

sometimes differed by the depth or histological subtypes, even within the same 368 

patient. This may cause misclassification of p53 positivity and other biomarkers. 369 

Seventh, since the AMATERASU trial was conducted in Japan, the patients were 370 

Asian, most esophageal cancers were squamous cell carcinomas, the incidence 371 

of gastric cancer was still relatively high, and the bioavailable 25-hydroxyvitamin 372 

D could be different from that in other population groups (26). Thus, the results of 373 

this study are not necessarily generalizable to other populations. 374 

In conclusion, these results generate the hypothesis that vitamin D 375 

supplementation may improve RFS in patients with p53-positive digestive tract 376 

cancers. However, the results are still preliminary, but potentially important, 377 

because p53 is the most frequently mutated gene across cancers at all sites. 378 

 379 
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Table 1. Participants’ characteristics in subgroups stratified by p53-positive and p53-negative 480 

 No. (%) of Participantsa 

Expression level of p53 protein, n (%) p53-positive 
226 (61) 

p53-negative 
146 (39) 

Intervention   

Vitamin D, n (%) 139 (61) 80 (55) 

Placebo, n (%) 87 (39) 66 (45) 

VDR, median 
(IQR) 

211 
(125-290) 

146 
(80-213) 

Ki-67, median 
(IQR) 

60 
(50-70) 

50 
(30-70) 

Subgroup of 25(OH)D, n (%)   

Low: <20 ng/mL 92 (41) 60 (42) 

Middle: ≥20 and ≤40 ng/mL 127 (57) 82 (57) 

High: >40 ng/mL 3 (1.4) 2 (1.4) 

25(OH)D, median 
(IQR), ng/mL 

21 
(16-27) 

21 
(15-27) 

Sex   

Male, n (%) 152 (67) 96 (66) 

Female, n (%) 74 (33) 50 (34) 

Age quartile, n (%)   

Q1, 35–59 y  55 (24) 32 (22) 

Q2, 60–65 y  48 (21) 35 (24) 

Q3, 66–73 y  65 (29) 37 (25) 

Q4, 74–90 y  58 (26) 42 (29) 

BMIb quartile, n (%)   

Q1, 15.0–19.7 kg/m2  64 (28) 27 (19) 

Q2, 19.8–21.8 kg/m2  53 (24) 38 (26) 

Q3, 21.9–23.7 kg/m2 52 (23) 43 (30) 

Q4, 23.8–37.3 kg/m2  56 (25) 37 (26) 

History of other cancers, n (%) 8 (3.5) 5 (3.4) 

Comorbid conditions, n (%)   

Hypertension 82 (36) 60 (41) 

Diabetes mellitus 38 (17) 25 (17) 

Endocrine disease 33 (15) 16 (11) 

Cardiovascular disease 20 (8.9) 6 (4.1) 

Chronic kidney disease 5 (2.2) 0 (0.0) 

Asthma  2 (0.9) 1 (0.7) 

Orthopedic disease 1 (0.4) 1 (0.7) 

Site of cancer, n (%)   

Esophagus 23 (10) 11 (7.5) 

Stomach 74 (33) 85 (58) 

Small bowele 1 (0.4) 1 (0.7) 

Colorectal 128 (57) 49 (34) 

Stage, n (%)   

I  89 (39) 71 (49) 

II 68 (30) 33 (23) 

III 69 (31) 42 (29) 

Pathologyc   

 Adenocarcinoma   

Well-differentiated, n (%) 139 (62) 64 (44) 

Moderately differentiated, n (%) 83 (37) 74 (51) 

Poorly differentiated, n (%) 30 (13) 41 (28) 

Signet ring cell, n (%) 15 (6.6) 26 (18) 

Mucinous, n (%) 14 (6.2) 12 (8.2) 

Squamous cell carcinoma, n (%) 20 (8.9) 7 (4.8) 

Papillary carcinoma, n (%) 6 (2.7) 9 (6.2) 

Others, n (%) 0 (0.0) 2 (1.4) 

Adjuvant chemotherapy, n (%) 82 (36) 49 (34) 

a. Percentages may not sum to 100% because of rounding. 481 
b. Body mass index (weight [kg]/height squared [m2]) 482 
c. As many patients had multiple histopathological components, histopathological subgroups were not mutually exclusive 483 
of each other. 484 
  485 
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Figure legends 486 

 487 

Figure 1. Flow diagram of patients 488 

 489 

Figure 2. Typical p53 protein expression patterns on immunohistochemistry 490 

(x400). 491 

A. Overexpressed p53: Nearly 100% of cellular nuclei in the cancerous region 492 

are showing strong p53 positivity (dark brown). Red arrows are pointing to typical 493 

strong nuclear accumulation of p53 protein. Slides counterstained in light purple 494 

by hematoxylin are negative for p53 protein. In this slide, normal cells in the 495 

interstitial area are negative for p53 protein. 496 

B. Strongly expressed p53: Part (>10%) of the cellular nuclei in the cancerous 497 

region are showing strong p53 positivity (dark brown). Red arrows are pointing to 498 

typical strong nuclear accumulation of p53 protein. 499 

C. Faintly expressed p53: Part of the cellular nuclei in the cancerous region are 500 

showing faint p53 positivity (light brown), and a few cells (≤10%) are showing 501 

strong p53 nuclear accumulation (dark brown). The red arrow is pointing to typical 502 

strong nuclear accumulation of p53 protein, but it is rare. Typical faint p53 staining 503 

is shown by the hollow red arrows. 504 

D. Not expressed p53: Neither strong nor faint p53 cells are found in the 505 

cancerous region. 506 

 507 

Figure 3. Nelson-Aalen cumulative hazard curves in the p53-positive and p53-508 

negative groups 509 
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A. In the subgroup of patients with p53-positive cancers, hazard curves for 510 

relapse or death of patients taking vitamin D (black line) vs. those taking placebo 511 

(gray line) are compared. 512 

B. In the subgroup of patients with p53-negative cancers, hazard curves for 513 

relapse or death of patients taking vitamin D (black line) vs. those taking placebo 514 

(gray line) are compared. 515 

C. In the subgroup of patients with p53-positive cancers, hazard curves for death 516 

of patients taking vitamin D (black line) vs. those taking placebo (gray line) are 517 

compared. 518 

D. In the subgroup of patients with p53-negative cancers, hazard curves for death 519 

of patients taking vitamin D (black line) vs. those taking placebo (gray line) are 520 

compared. 521 

 522 

Figure 4. Nelson-Aalen cumulative hazard curves for relapse or death of patients 523 

with p53-positive cancers stratified by cancer sites 524 

A. In the subgroup of patients with p53-positive colorectal cancer, hazard curves 525 

of patients taking vitamin D (black line) vs. those taking placebo (gray line) are 526 

compared. 527 

B. In the subgroup of patients with p53-positive gastric cancer, hazard curves of 528 

patients taking vitamin D (black line) vs. those taking placebo (gray line) are 529 

compared. 530 

C. In the subgroup of patients with p53-positive esophageal cancer, hazard 531 

curves of patients taking vitamin D (black line) vs. those taking placebo (gray line) 532 

are compared. 533 
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 534 

Figure 5. Nelson-Aalen cumulative hazard curves for relapse or death stratified 535 

by quartiles of vitamin D receptor (VDR) protein expression 536 

A. In the subgroup of patients in the lowest quartile of VDR (Q1), hazard curves 537 

of patients taking vitamin D (black line) vs. those taking placebo (gray line) are 538 

compared. 539 

B. In the subgroup of patients in the low quartile of VDR (Q2), hazard curves of 540 

patients taking vitamin D (black line) vs. those taking placebo (gray line) are 541 

compared. 542 

C. In the subgroup of patients in the high quartile of VDR (Q3), hazard curves of 543 

patients taking vitamin D (black line) vs. those taking placebo (gray line) are 544 

compared. 545 

D. In the subgroup of patients in the highest quartile of VDR (Q4), hazard curves 546 

of patients taking vitamin D (black line) vs. those taking placebo (gray line) are 547 

compared. 548 
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