
Cytolytic Activity Score to assess Anticancer Immunity in 
Colorectal Cancer

Sumana Narayanan, MD.#1, Tsutomu Kawaguchi, MD, PhD.#1, Li Yan, PhD.2, Xuan Peng, 
MS.2, Qianya Qi, MS.2, and Kazuaki Takabe, MD, PhD1,3,6

1Department of Surgical Oncology, Roswell Park Cancer Institute, Buffalo, NY

2Department of Biostatistics & Bioinformatics, Roswell Park Cancer Institute, Buffalo, NY

3Department of Surgery, University at Buffalo, The State University of New York Jacobs School of 
Medicine and Biomedical Sciences, Buffalo, NY

4Department of Breast Surgery and Oncology, Tokyo Medical University, Tokyo, Japan

5Department of Surgery, Yokohama City University, Yokohama, Japan

6Department of Surgery, Niigata University Graduate School of Medical and Dental Sciences, 
Niigata, Japan

# These authors contributed equally to this work.

Abstract

Background: Elevated tumor infiltrating lymphocytes (TIL) within the tumor microenvironment 

is a known positive prognostic factor in colorectal cancer (CRC). We hypothesized that since 

cytotoxic T cells release cytolytic proteins such as Perforin (PRF1) and pro-apoptotic Granzymes 

(GZMA) to attack cancer cells, Cytolytic Activity Score (CAS) would be a useful tool to assess 

anticancer immunity.

Methods: Genomic expression data was obtained from 456 patients from The Cancer Genome 

Atlas (TCGA). CAS was defined by GZMA and PRF1 expression. CIBERSORT was used to 

evaluate intra-tumoral immune cell composition.

Results: High CAS was associated with high microsatellite instability (MSI-H), as well as high 

levels of activated memory CD4+ T cells, gamma delta T cells and M1 macrophages. CAS-high 

CRC patients had improved OS (p=0.019) and DFS (p=0.016) compared to CAS-low, especially in 
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TIL-positive tumors. Multivariate analysis demonstrated that CAS-high associates with improved 

survival independently after controlling for age, lymphovascular invasion, colonic location, 

microsatellite instability and TIL positivity. The levels of immune checkpoint molecules (ICM)- 

PD-1, PD-L1, CTLA4, LAG-3, TIM3 and IDO1 correlated significantly with CAS (p<0.0001); 

with improved survival in CAS-high, ICM-low patients and poorer survival in ICM-high patients.

Conclusions: High CAS within CRC associated with improved survival likely due to increased 

immunity and cytolytic activity of T cells and M1 macrophages. High CAS also associated with 

high expression of immune checkpoint molecules, thus further studies to elucidate the role of CAS 

as a predictive biomarker of the efficacy of immune checkpoint blockade are warranted.
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Introduction

Colorectal cancer (CRC) is the fourth most common cause of cancer related death 1,2. 

Impaired DNA repair mechanisms and genomic instability are key factors in carcinogenesis 

via the accumulation of somatic mutations within DNA 2,3. This accrual of DNA mutations, 

can in turn, promote neoantigens (immunogenic tumor mutated peptides), which attract 

increased numbers of lymphocytes and other immune cells into the tumor microenvironment 
3-5. A high degree of tumor infiltrating lymphocytes (TILs) has been identified as a positive 

prognostic factor for CRC with decreased tumor invasiveness, less nodal involvement, 

earlier stage tumors and improvement in survival 6-10. High levels of CD8+ (cytotoxic) TILs 

have also been noted to be good markers of response to neoadjuvant chemotherapy 4. Thus, 

the current dogma is that cancer biology and patient outcomes are at least partly determined 

by immune cells within the tumor microenvironment. We hypothesized that it is not merely 

the existence of the immune cells, but rather their anti-tumoral cytolytic activity which 

translate to patient outcomes.

The granzyme-perforin pathway is a primary method by which cytotoxic lymphocytes 

destroy cancer cells 11. Perforin creates pores within the target cell membrane and mediates 

the entry of granzymes, which are tryptases that cleave caspases and induce apoptosis 11,12. 

Rooney etal. devised a quantitative measure of immune cytolytic activity based on transcript 

levels of granzyme A (GZMA) and perforin (PRF1), which are upregulated with cytotoxic T 

cell activation and can be used to calculate a Cytolytic Activity Score (CAS) 13.

We hypothesized that tumors with higher mutation load and a greater degree of intratumoral 

immunogenicity would be associated with higher CAS, which would in turn, result in 

improved patient survival.

Materials and Methods

Patient cohort and genomic data processing

Both the clinical and the genomic data were acquired from The Cancer Genome Atlas 

(TCGA) CRC cohort within the Genomic Data Common (GDC) data portal through R/
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Bioconductor package “TCGAbiolinks” in September 2017 14. Samples without gene 

expression data were excluded. The data used included 456 tumor samples with 39 matched 

normal samples. Somatic mutation data of 417 tumor samples were also retrieved in the 

Mutation Annotation Format (MAF) aligned against hg19 15,16.

Gene expression data were obtained in RSEM format from GDC and converted to 

Transcripts Per Million (TPM) by a given gene’s estimated fraction of transcripts and 

multiplying with 106. The immune cytolytic activity score (CAS) was defined as the 

geometric mean of GZMA and PRF1 expression values in TPM. The threshold of 

dichotomization of CAS high and low groups was determined by comparing differences in 

the overall survival between the two groups at multiple candidate cutoff points within the 

range of CAS, and the optimal cutoff point gave the most significant results was chosen. The 

classification of high and low groups for immune-related genes was also determined by this 

running Cox proportional hazard model 17.

CIBERSORT 18 deconvolution algorithm was used to estimate the fraction of twenty-two 

immune cell types in each tumor tissue to evaluate intra-tumor immune cell composition. 

The twenty-two cell fractions were calculated via their online calculator (https://

cibersort.stanford.edu/).

Microsatellite instability (MSI) status: MSI-high (MSI-H) and microsatellite stable (MSS) 

for 291 CRC subjects were obtained from a genomic classifier including >200,000 

microsatellite loci created by Hause et al. 19. This study was deemed exempt from 

Institutional Review Board evaluation because all information within TCGA is publicly 

accessible and de-identified 20,21,22,23.

Statistical analysis

All statistical analyses were performed using R software (https://www.r-project.org/) and 

Bioconductor (https://www.bioconductor.org/). Overall survival (OS) was defined as the 

time from date of diagnosis to death, while disease-free survival (DFS) was defined as the 

time from date of diagnosis to date of first recurrence or date of death when no recurrence. 

Kaplan-Meier method with log-rank test and Cox proportional hazard models were used to 

compare survival curves between groups. Hazard ratios (HR) and 95% confidence intervals 

(CI) were provided when fitting the multivariate Cox models of CAS and other 

clinicopathological features. Through literature review, we identified six clinical factors 

(Age, Gender, Lymphatic invasion, Venous invasion, Tumor location, Stage) and two 

molecular factors (MSI and TIL status) which we used to perform a univariate analysis 

based on the cox proportional hazard model for overall survival with each clinical variable 

as covariates. Clinical variables which showed significance were then selected as covariates 

for multivariate analysis.

For continuous variables, the differences between two groups were assessed by Mann–

Whitney test; for discrete variables, chi-square tests were used to evaluate the association 

between factors. Spearman correlation was used to describe the relationship between gene 

expressions and CAS. Unadjusted p-values were determined to be appropriate for this 
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exploratory study. In all analyses, a two-sided p<0.05 was considered statistically 

significant.

Results

CAS was Low in Cancer Tissue and High in Microsatellite Unstable CRC with High 
Mutation Load

Of the 456 patient TCGA cohort, 221 patients (48.5%) were CAS-low and 235 patients 

(51.5%) were CAS-high. There was a normal distribution of cytolytic molecules throughout 

the cohort of CRC patients in TCGA (Supplementary Figure S1).

Since CAS is a quantitative measurement of immune cytolytic activity, it is expected to be 

high in tissues where cytotoxic T cells infiltrate and are activated. Indeed, CRCs were found 

to have lower CAS than normal colon (p<0.0001, Figure 1a). It was noted that MSI-H 

tumors associated with high CAS compared with MSS (p<0.0001, Figure 1b). We found that 

CAS-high tumors were associated with a higher mutational load than CAS-low (p<0.0001, 

Figure 1c). We further examined the association between CAS and significantly mutated 

genes (SMG) 24 in CRC. Interestingly, of the SMGs, frequently mutated genes (APC and 

KRAS) showed significantly negative association with CAS-high status, while several 

SMGs which less-frequent mutational events had showed significantly positive association 

with high CAS (Figure 1d).

CAS-high associates with Tumor Infiltrating Lymphocytes and Macrophages

Tumors with high CAS associated significantly with high levels of TIL including, activated 

memory CD4+ T cells, gamma-delta T-cells as well as M1 macrophages (p<0.0001). 

Interestingly, we did not note any elevation in CAS in CD8+ T cells (p=0.335). We also 

found that resting Natural Killer (NK) cells were significantly associated with being CAS-

high (p<0.0001) and activated NK cells had greater association with CAS-low status 

(p=0.0056, Figure 1e-i).

Clinicopathologic Features of CAS-high versus CAS-low Patients

There was no difference in mean age, gender, and lymphovascular invasion between CAS-

high and CAS-low patients (Table 1). More CAS-high patients had right sided CRC than left 

(p=0.01). CAS-high patients also had early stage (I and II) cancers compared with the CAS- 

low group (p=0.005). Univariate analysis (Table 2) determined that male gender, lymphatic 

and vascular invasion and stage IV disease adversely impacted survival. Whereas CAS-high 

status was a significant positive prognostic factor. In subsequent multivariate cox regression 

analysis (Table 2), only female gender and CAS-high status remained as factors associating 

with improved survival independently after controlling for age, lymphovascular invasion, 

colonic location, microsatellite instability and TIL positivity.

CAS-high Patients have Improved Survival

We found that CAS-high patients have significantly improved median and 5-year OS and 

DFS compared from CAS-low patients (Figure 2a-b). Median OS for the CAS-high cohort 

was 101.4 months compared to 66.7 months in CAS-low. 5-year OS was also significantly 
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better in CAS-high compared with CAS-low patients (69.1% vs. 57.9%, p=0.019). A 

significant difference in median DFS was also seen between CAS-high and CAS-low 

patients (72.5 vs. 40.5 months). 5-year DFS was 58.4% for CAS-high patients compared to 

40.8% in CAS-low (p=0.016).

We especially noted an improvement in survival in the CAS-high patients who were also 

found to be TIL positive, as determined by higher CD8+ T cell composition than the mean 

value within the TCGA CRC cohort (Figure 2c-d). Median OS was not reached at 125 

months in the CAS-high group compared to 63.7 months in the CAS–low group even when 

all included patients had TIL positive tumors (p=0.066). Similarly, median DFS in TIL 

positive CAS-high patients was also not reached in this time period compared to 47.4 

months in the CAS-low group (p=0.027). Conversely, patients who were TIL negative did 

not show significant improvement in OS and DFS with CAS-high (Supplementary Figure 

S2).

The effect of CAS and its association with Immune Checkpoint Molecules on Patient 
Survival

We found that high expression of several immune checkpoint molecules (ICM) directly 

associates with high CAS with differences in survival based on their expression; these were 

PD- 1, PD-L1, CTLA4, LAG3, TIM3 and IDO1 (Figure 2e-k). We found that patients with 

high CAS and low ICM expression had significantly superior survival to other patients in the 

cohort. None of these patients had median OS reached at 150 months- PD-1 (p<0.0001), PD-

L1 (p=0.0002), CTLA4 (p=0.07), LAG3 (p<0.0001), TIM3 (p=0.0009) and IDO1 (p=0.029). 

Poorer prognosis was seen in the CAS-low groups with several groups demonstrating the 

poorest survival in patients with low CAS and high ICM. However, it is difficult to draw 

conclusions given the low number of patients in this group. Patients who were CAS-high 

and ICM-high had variable median OS (in months); PD-1 (43.5), PD-L1 (55.4), CTLA4 

(101.4), LAG3 (50.1), TIM3 (71.1) and IDO1 (101.4). A similar association was seen with 

regulatory T-cell (Treg) marker FOXP3-median OS not reached at 150 months in CAS-high, 

FOXP3-low and 57 months in CAS-low, FOXP3- high (p=0.11, Figure 2i).

CAS Correlates with expression of Immune Checkpoint Molecules

We found that high expression of the most common ICM (PD-1, PD-L1, CTLA4, LAG3, 

TIM3 and IDO1) directly correlated with high CAS (Spearman corr. 0.70-0.81, p<0.0001, 

Figure 3a-f). A similar correlation was seen between high CAS and high expression of 

FOXP3 (Spearman corr. 0.58, p<0.0001, Figure 3g). This same trend was noted with lesser 

known checkpoint molecules IDO2, TIGIT, A2AR, VISTA, and an inhibitory checkpoint 

index (described by Balli etal.) 12 created to assess the expression of key checkpoint 

molecules across CRC patients, as well as Treg markers CCR4, CCR5 and IL2RA 

(p<0.0001, Supplementary Figure S3).

Discussion

The concept of immunoediting has become increasingly important in understanding the 

immune system’s ability to control tumor growth and spread in a variety of cancer types 25. 
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Higher infiltration of lymphocytes and macrophages into the tumor microenvironment is 

known to associate with favorable outcomes in several cancers including CRC 25. We 

hypothesized that improvement in patient outcomes with TILs are related to increased 

anticancer cytolytic activity, which we are able to quantitate by CAS, rather than TIL 

numbers. CAS associated with MSI-H tumors, mutational load and TIL infiltration, but not 

with mutations in KRAS or APC, likely due to their lack of association with MSI or TIL. 

We also found that CAS-high patients demonstrated significant improvement in OS and DFS 

compared to CAS-low patients (especially in TIL- positive patients), an association never 

before reported in CRC.

We found that MSI-H tumors associated significantly with high CAS compared to MSS 

tumors. It is known that MSI-H CRC has 10 to 100 times more somatic mutations than MSS, 

with prominent lymphocytic infiltrate into these tumors due to increased neoantigen load 
4,5,13,26,27. Since CAS measures intra-tumoral immune cytolytic activity, it makes sense to 

see high CAS associating with high TIL conditions such as MSI-H CRC. Patients with MSI-

H tumors have also been found in several studies to have improved survival compared to 

their MSS counterparts 1,5. This may be attributed to the elevation in cytolytic activity within 

their cancer cells secondary to increased TIL infiltration.

We also found associations between certain immune cells and elevated CAS likely due to 

their status as cytolytic effectors. CAS-high tumors have more infiltration of activated 

memory CD4+ T cells whereas they did not for resting memory CD4+ T-cells or naïve 

CD4+ T-cells. This is likely secondary to re-activation of these CD4+ memory T-cells by 

tumor antigens resulting in stimulation of effector cytotoxic T cells and elevated CAS 28,29. 

Gamma-delta T-cells are a subset of cytotoxic T-cells which produce TNF-α resulting in cell 

mediated lysis of tumor cells and had more infiltration into CAS-high tumors within our 

analysis 30. M1 macrophages were also identified as being associated with CAS-high 

tumors; likely due to their known role in inflammatory response and anti-tumor immunity 

via the release of pro-inflammatory cytokines such as TNF-α 31. Conversely, no increase in 

M2 macrophages was seen in CAS-high tumors, probably secondary to their function in 

tumor progression 31. We also found an association between CAS-high tumors and resting 

NK cells as compared to activated NK cells. The reason for this is difficult to elucidate with 

CIBERSORT alone given that NK cells are known to be a highly diverse lymphocyte 

population with unique regulation and activation processes 32.

ICMs are an immune-inhibitory mechanism by which cancer cells may evade anti-tumor 

immune cells 33. PD-1 expressed on T cells is initially bound by its ligand (PD-L1), 

resulting in negative regulation of T cell anti-tumoral activity, deemed “T cell exhaustion” 
6,33. Other ICMs include CTLA-4 which has been targeted by Ipilimumab in the treatment 

of metastatic melanoma, LAG3, TIM3 and IDO1 34-36. In our analyses, higher expression of 

ICMs: PD-1, PD- L1, CTLA4, LAG3, TIM3 and IDO1 were directly correlated with higher 

CAS. Balli etal. In their evaluation of CAS in pancreatic adenocarcinoma found that CAS-

high tumors were concurrently enriched with activated CD8+, PD1-high T-cells 12. These 

findings indicate that elevation of cytotoxic TILs with higher CAS result in a 

contemporaneous up-regulation of ICMs that function as “brakes”.
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Higher levels of Treg marker FOXP3 were also directly related to high CAS. Treg are CD4+ 

T-cells which inhibit the function of tumor specific T-cells by expressing 

immunosuppressive cytokines such as IL-10 and TGF-ß as well as ICMs and have been 

determined to be independent predictors of poorer survival when found in the tumor immune 

micro-environment 37-39. A positive correlation has also been noted between CD8+ and 

FOXP3+ cell counts, indicating that tumors utilize Treg to counteract elevated cytotoxic T 

cells 40,41. It has been reported that poorer prognosis of tumors with a high density of Treg is 

likely a result of an unfavorable ratio to cytotoxic T lymphocytes rather than the number of 

Tregs alone 41. We similarly identified poorer survival with higher expression of ICMs and 

Treg which diminished the improvement in survival demonstrated in CAS-high patients.

The developments of immune checkpoint inhibitors have become increasingly popular in the 

treatment of a variety of cancer types 6,34,42,43. Le et al. in their phase II trial examining 

anti- PD-1 blockade found a significantly improved objective response rate and survival in 

MSI-H CRC compared to MSS with associated TIL elevation 44. The efficacy of these 

checkpoint inhibitors is likely correlated to their ability to obtain a cytolytic response as 

denoted by CAS. Given CAS’s correlation with ICM expression in this analysis, it is 

expected that CAS-high tumors may have a superior response to immune checkpoint 

inhibition. Thus, measurement of CAS could possibly be used as a predictive biomarker of 

the efficacy of immune checkpoint blockade or of a tumor’s possible responsiveness to 

immunotherapy. Interestingly, we found that CAS-high patients with high expression of 

ICM showed poorer survival. This may reflect the fact that these ICMs are also known as T-

cell exhaustion markers which may determine survival despite concurrent cytolytic activity. 

This allows us to speculate that this population may benefit the most from immune 

checkpoint inhibition.

Some limitations in the present study included our inability to obtain precise information 

regarding patients’ co-morbid conditions and therapeutic interventions from TCGA. We also 

could not assess underlying molecular mechanisms given our bioinformatics approach.

Conclusions

CAS- high CRC is associated with improved OS and DFS likely due to enhanced anti- 

cancer immunity. This is especially true of tumors with increased mutation load and MSI 

which have increased cytolytic T cell and M1 macrophage burden. High CAS also 

associated with high expression of ICMs and Tregs likely due to concurrent elevation of 

cytolytic effectors. Thus, further studies to elucidate the role of CAS as a predictive 

biomarker of the efficacy of immune checkpoint blockade are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis

Cytolytic activity score associates with increased infiltration of lymphocytes and 

macrophages into the tumor immune microenvironment with improvement in survival.
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Figure 1: 
Association between CAS and mutation load, MSI status, and TILs. a) CAS expression in 39 

matched samples of Colon cancer vs. Normal colonic tissue. b) CAS expression in 

Microsatellite Instability-High (MSI-H) vs. Microsatellite stable (MSS). c) Assessment of 

mutational load in CAS-high vs. CAS-low tumors. d) Association between CAS and 

mutational events within SMGs in CRC; blue circles (APC and KRAS), the mutations 

significantly correlated with CAS-low (p<0.05); red circles (BRAF, ARID1A, ACVR2A, 

CTNNB1, MAP2K4, AXIN2, and LIFR), mutations significantly correlated with CAS-high 

(p<0.05); red bar, each mutational event (left column, mutation rate %).

CAS-high vs. low in e) Activated memory CD4+ T-cells, f) Gamma-Delta T-cells, g) M1 

Macrophages, h) Activated Natural Killer (NK) Cells and i) Resting NK Cells
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Figure 2: 
Survival analysis of CAS in CRC patients. Kaplan-Meier (KM) curve of a) Overall Survival 

and b) Disease-Free Survival in CAS-high vs. CAS-low. KM curves of c) Overall Survival 

and d) Disease-Free survival stratified by CAS-high and CAS-low in TIL positive patients. 

“TIL positivity” is determined by higher CD8+ T-cells composition than the median value 

within the TCGA CRC cohort. CAS and its association with immune checkpoint molecules: 

e) PD-1, f) PD-L1, g) CTLA4, h) LAG3, i) TIM3, and j) IDO1 and k) Treg marker FOXP3 

and their effect on patient survival. High, high expression of each gene; low, low expression 

of each gene.
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Figure 3: 
Correlation between CAS and immune checkpoint molecules and Treg marker. Scatter plot 

by Spearman’s correlation test between CAS and a) PD-1, b) PD-L1, c) CTLA4, d) LAG3, 

e) TIM3, f) IDO1, and g) FOXP3. X-axis, log2(CAS+1); y-axis, log2(each gene+1).
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Table 1.

Demographic characteristics of two groups stratified by CAS status

Variable CAS low
(n=220) CAS high (n=235) p-value 

1

Age (mean) 66.83 68.04 0.3348

Gender (female/male) 101/120 115/120 0.5501

Lymphatic invasion (no/yes) 114/81 134/83 0.5617

Venous invasion (no/yes) 144/47 155/49 0.9851

Location (left or other/right) 121/95 97/127 0.0101

Stage (I/II/III/IV) 31/78/65/44 44/99/63/21 0.0052

MSI status (MSS/MSI-H) 132/9 103/47 <0.0001

TIL (positive/negative) 107/113 107/128 0.5693

1
Bold, significant difference
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Table 2.

CAS-high is a positive prognostic factor independent of age, lymphovascular invasion, colonic location, 

microsatellite instability and TIL positivity

Variable Univariate prognostic analysis
(Log rank)

Multivariate prognostic
analysis

(cox regression)

HR
1

95% CI
2 p-value HR

1
95% CI

2 p-value

Age >60 (vs. <60) 1.528 (0.7737, 3.0176) 0.2221

Gender male (vs. female) 2.0026 (1.0844, 3.6980) 0.0265 1.9088 (1.0247, 3.5556) 0.0417

Lymphatic invasion positive (vs. negative) 2.2936 (1.2748, 4.1265) 0.0056 1.2999 (0.5669, 2.9807) 0.5356

Venous invasion positive (vs. negative) 2.237 (1.2214, 4.0972) 0.0091 1.6397 (0.7215, 3.7268) 0.2378

Location right (vs. center or other) 1.5044 (0.8276, 2.7349) 0.1805

Stage II (vs. stage I) 1.6351 (0.4644, 5.7564) 0.4439 1.5327 (0.4335, 5.4183) 0.5075

Stage III (vs. stage I) 2.9149 (0.8476, 10.0235) 0.0896 2.2915 (0.6476, 8.1076) 0.1984

Stage IV (vs. stage I) 6.6306 (1.8840, 23.3353) 0.0032 3.7305 (0.9911, 14.0420) 0.0516

MSI-H (vs. MSS) 0.8513 (0.3958, 1.8311) 0.6804

TIL positive (vs. negative) 1.0619 (0.5908, 1.9085) 0.8409

CAS high (vs. low) 0.4626 (0.2457, 0.8710) 0.017 0.513 (0.2634, 0.9993) 0.0498

1
HR, hazard ratio;

2
95% confidence interval; Bold, significant difference
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