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ABSTRACT

The managementof stage Il colorectal canceris still difficult. We aimed to construct a new immune cell-
associatedsignaturefor prognosticevaluation and guidingchemotherapyin stagell colorectal cancer We used
the & / STpe Identification by Estimating Relative Subsetsof RNA ¢ NJ y & QCIBRERBGR#ethod to
estimate the fraction of 22 immune cells by analyzing bulk tumor transcriptomesand a LASSOCoxregressior
model to selectthe prognosticimmune cels. A 12-immune cell prognostic classifier,ISCRCwas built, which
could successfullydiscriminatethe high-risk patients in the training cohort (GSE395824R= 3.16, 95%CI:1.85
5.40, P <0.0001)and another independentcohorts (GSE143331R=3.47, 95%CI:1.18;10.15 P=0.0167. The
receiver operating characteristicanalysisrevealedthat the AUCof the ISCR@nodel was significantly greater
than that of oncotypeDXmodel (0.7111 versus 0.5647, p=0.0152). We introduced the propensity score
matching analysisto eliminate the selection bias; survival analysisshowed relatively poor prognosis after
chemotherapyin stage Il CRCpatients. Furthermore,a nomogramwas built for cliniciansand did well in the
calibration plots. In conclusion,this immune cellbasedsignaturecould improve prognosticprediction and may
help guidechemotherapyin stagell coloredal cancerpatients.

INTRODUCTION may be given after surgical resection to eradithée
remaining cancer cellg-or stage Il CRCpostsurgical
chemotherapy is now the standard treatnéhtbut the
benefit of possurgical chemotherapy remains

controversialn stage Il CRC. QUASAR trialevealsthat

Colorectal cancer (CRC) is still a major health burden
worldwide it ranks as the third leading cause of cancer
death, with an estimated 881,000 deaths in 218

According to the SEER cancer statistics in 2017, the
stage I/l CRC patientsLécalized stage) account for
about 40%, and about 35% for stage Il patients
(Regional stage]R]. Surgical intervention is the basbf
curative treatmenfor CRC however,about 13.6% of
stage Il CRC patientand 21.5% ofstage Ill CRC
patients developelapse after suegy[3]. Chemotherapy

chemotherapy with fluorouracil and folinic acid could
improve outcomesn stage Il CRC, but the absolute
improvementsare small, indicating that the decisido
provide postsurgical chemotherapyin stage I CRC
needs tde more cautioufb]. With the early screening
of tumors worldwide, cancer patients are becoming
younger and more CRC patients are diagnosed in the
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early tumor stagd2], exacerbating the dilemméor
treatmentof stage Il CRC patidga. Thus, there is an
urgent need toonstructnew prognostic markeia stage

Il CRC to discriminate the patients who may benefit from
postsurgical chemotherapy.

The tumor is highly heterogeneous, as is stageRC.
The dispariesin CRC survivaland the benefit ofpost
surgical chemotherapy may be related to the complex
mechanism of tumorigenesis and development
Chromosomal instability and somatic mutaticare
critical genetic factors implicated irtumorigenesis
[61 8]; and nis-match repair (MMR) habeen extensively
investigated in CRCStudies show that CRC fmnts
with  microsatellite instability (MSI) tumors are
associated with favorable outcome&smpared with the
patients with microsatellite stable (MSS) tum{@s10].
However, MMR status canh@redict the benefits of
chemotherapy in stage @RC, norcanKRAS or BRAF
mutatiors [11]. Recently, gene expression profiles have
shown great promise in prognosis assessn#seral
gene signatures have been
prognosisas wédl as predict the benefit of chemotherapy
[12i 17]. However, few have beeappliedclinically and
the robustness and reliability still need further evaluation.
The most widelyused gene signaturettee OncotypeDX
colon cancer assay[18, 19] which has been
commerciakedsince 201G&andis mainly usedto predict
the recurrence risk in stage@RC[20, 21] Thus, there

is of great clinical significance to identifynovel
molecular markerBom a new perspective

The role of tumatinfiltrating immune cells is currently
getting increasing attention in cancer research. As one of
the pivotal components afhe tumor microenvironment,
tumorinfiltrating immune cells exert their patho
physiological functions through reciprocal communica
tion with neoplastic cell§22, 23] Tumorinfiltrating
immune cells are consist of both mononuclear and
polymorphonuclear immune cells, such as macrophages,
T cells, B cells, natural killer celletc. Studies reveal that
the abundance of tumanfiltrating immune cells is
closely related to tumor stage and has significant tumor
specificity [24126]. The prognostic value of tumor
infiltrating immune cells haslso been investigatedin
various cancerand thantra-tumoralo U -cell signatures
have emergedsathe most significant favorable cancer
wide prognostic populations [23, 25, 27, .2BEsides,
immune cellsare alsoimplicated in chemotherapeutic
responsen cancey and nacrophageare found taeduce
chemotherapy sensitivity [29, 30].

Comprehensive quantificatiorof the immune cell

infiltrates in tumors can be accessed by multiple
computational analyses of the gene expression profiles,
which are relatively easy to obtain from the accumulating

public microarray data and RNA sequencingadaf
human tumors[31]. The al gorithm
Identification by Estimating Relative Subsets of RNA
Transcriptso tfeCurdiEns @Rufaje i s
and extensively used computational algorithm available

for enumeration of various immune celpgs[32, 33] In

our study, CIBERSORT wasused to assess the
distribution of 22 immune cells from tumor RNA
transcripts, and then the least absolute shrinkage and
selection operator method (LASSO) method was
introducedto construct a XEmmune cell signate to

predict diseaséree survival (DFS) and assist in
evaluating the benefit of chemotherapy for stage Il CRC
patients.

of

RESULTS
Development andvalidation of the ISCRC model

The LASSO Cox regression wadntroduced to
interrogate theelevancebetween22 immune cellsand

the patieh@ survivadin tige Wraining! colioRGSE3682| e nt s
(Supplementary file &nd Supplementarlyigure 1), and

a 12immune cell model was identified, which was
significantly associated with DFS setage IICRC. The

12 immune cells and associated coefficients generated
through LASSO analysis were shown in Supplementary
file 2 andSupplementary Table. The immune scores for
CRC patients, namely ISCRC, were calculated based on
the fractions of 12 immune celis each sample and the
associated coefficientsnd the formula of calculation
was shown in Supplementary filesaBd Supplementary
Table2. A dichotomous ISCRC was adopted in survival
analysis based orthe optimum cubff value of ISCRC
(0.7473) patiens were divided into low and high
ISCRC groups. The Kaplaveier survival analysis
revealed that patients in the hilBICRC group had worse
outcomes compared with the Id®CRC grouphazard
ratio (HR) =3.16, 95%confidence interval@l) =1.85
5.40,P < 00001; Figire 1A]. The efficacy of the ISCRC
model for the prognosis predictioim stage Il CRC
patients was further validated in another independent
dataset GSE14333. Patients were also classified into two
subgroups using the same -cfit value (0.7473)and it
generated consistent results (HR=3.47, 95% CI=1.18
10.15,P= 0.0167, Figre 1B). We also validated the
ISCRC model in the combined cohort of GSE39852 and
GSE14333, and a significantly different prognosis can be
seen between lowand highISCRC group (HR=3.35,
95% CI=2.093.93,P < 0.0001, Figre1C).

In the univariate Cox regression model, the ISCRC
classifier was found to be a strong variable correlated
with CRC recurrence in both training and validation
cohorts (GSB9582 HR=3.1630, P <0.0001;
GSE14333 HR=3.4460,P = 0.0234 Figure 2A). After
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adjustment for the common clinical covariates, including

age, sex, and chemotherapy, multivariate Cox regression

analysis demonstrated that the ISCR&assifier
remained a independent prognostic factor for DFS in
the training dataset (GS8HB582:HR=3.51, 95%CI|=2.03
6.06,P < 0.0001; Figre 2B) and the validation dataset
(GSE14333:HR=3.05, 95%CI=1.03.16, P = 0.0468;
Figure 2C). To investigate the sensitivity and specificit
of survival prediction, the receiver operating
characteristic(ROQ) analysis was also performett
calculate the area under ROC curv@dUC) of the

ISCRC model Supplementary fil& and Supplementary
Figure 2 showed thatour ISCRC model owned
considerablepredicted powerof prognostic evaluation
for stage Il CRC patients in thetraining cohort
(GSE39582: AUC.711) and the validatiordataset
(GSE14333: AUC=.704).

Comparison ISCRC with OncotypeDX colon

To further evaluatethe prognostic value ofhe ISCRC
model, comparison analysis was performed between our

A training cohort (GSE39582) B validation corhot (GSE14333)
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Figurel. KaplanMeier estimates of the patient§ DFS using the ISCRC modk KaplasMeier plots were used to visualize the
patientrecurrence probabilities forte lowISCRC versus hit hiCRC group of patients from corresponding GEO data&gtsapladAVieier
curves for training dataset GSE39582 (N=2%8)KaplarMeier curves for GSE14333 (N=86);KKaplarMeier curves for combined dataset
(GSE39582 anBSE14333) (N=339). The tick marks on the Kayiser curves represent the censored subjects. The differences between

the two curves were determined by the twgide logrank test.
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ISCRC modeland other known gene makers. We did to the associated formula (See Supplementary Jile
not mean to make a comprehensive review of all and Supplementarifable 2). We first performed the
prognostic biomarkers in CRC, thus thédely used univariable Cox regression analysis in GSE39582 to
gene signature, oncotypeDX colon cancer assay, was assess the prognostic valugjere the prognostic index
selected as the representative. The prognostic indexes wasusedasa continuous variable. As shown in Figure
of the oncotyeDX model were calculated according 3A, the ISCRC and oncotypeDX models were all

Univariable cox regression analysis

training corhot GSE39582 validation corhot GSE14333
Risk factors HR P value Risk factors HR P value
ISCRC(high vs low) 3.1630 <0.0001 =] ISCRC(high vs low) 3.4460 0.0234 =]
Gender(male vs female) 1.4200 0.2140 |}—=—] Gender(male vs female) 0.9720 0.9850 }—=—
Age 1.0060 0.5920 # Age 0.9663 0.0811 ]
Chemotherapy(yes vs no) 1.5280 0.1450  |—=—] Chemotherapy(yes vs no) 2.8240  0.0524 —a—

071 141283  16.00 0.35 0.711.41 2.83 16.00

Multivariable cox regression analysis  training corhot GSE39582

Risk factors N Hazard ratio p value
Gender female 102 * Reference

male 150 ':—.—' 1.60 (0.90, 2.83) 0.1065
Age 252 I- 1.02 (1.00, 1.05) 0.0663
Adjuvant Chemotherapy No 198 * Reference

Yes 54 | —l— 1.81(0.96, 3.42) 0.0687
ISCRC low 198 i Reference

high 54 E —l— | 3.51(2.03, 6.06) <0.0001

1 2 3 456
Multivariable cox regression analysis validation corhot GSE14333

Risk factors N Hazard ratio p value
Gender female 41 * Reference

male 45 ’—:'.'—‘ 1.37 (0.43, 4.38) 0.5993
Age 86 -I 0.97 (0.93, 1.01) 0.1709
Adjuvant Chemotherapy No 65 * Reference

Yes 21 ——— | 246(0.78,7.77) 0.1254
ISCRC low 66 * Reference

high 20 :'—.—' 3.05 (1.02, 9.16) 0.0468

05 1 2 5

Figure2. Forest plot summary of analyses of diseaee survival (DFS)nivariableand multivariable analyses of the ISCRC model,

age, gender, and chemothgm on GSE39582 and GSE14333 datasets. The blue squares on the transverse lines represent the hazard ratio
(HR), and the red transverse lines represent 95% CIl. ISCRC and age are continuous variables, gender and chemothesapyuamesdisc
variables.
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significantly associated with DF& stage || CRC but
the HR of our ISCRC modelvas significantly largey
with an evenlower pvalue. ROC analysis waslso
performed in GSB9582 to assess the sensitivity and
specificity of survival prediction. As shown in Figure
3B, the AUC ofthe ISCRC model was significantly
greater than that othe oncotypeDX model (0.7111
versus 0.5647, p=0.0152), indicating well prognostic
accuracy of or ISCRC model.

ISCRC and the benefit of chemotherapy

Studies have revealed the close association between
chemotherapy and tumor microenvironmedhe ofthe
crucial componentsof the tumor microenvironments
theimmune cell and nacrophagebave beemeported to
promote tumor angiogenesis audive chemotherapy
resistancg29, 30, 34] In our study, the ISCRC model
demonstrated well prognostic value for stage || CRC
patients, so we speculated that our immunedagived
prognostic biomarker might be ssociated with
chemosensitivity. All the two datasets in our study
provided information on chemotherapy, so we intended
to examine the benefit of chemotherapin stage Il
patients. As a random assignment of chemotherapy to
samples is not feasible in thetrmspective study, the
presence of an imbalance in baseline characteristics
between the control and treatment groups can lead to a

A

Prognostic indexes  HR P value
ISCRC 5.0500 <0.0001 |—I—|
oncotypeDX colon  1.0670 0.0370 #

biased estimation[35]. Thus, the propensity score
matching analysis was performed to eliminate the
selection bias. After ppensity score matchingnalysis

82 matched samples were generated in GSE39582, but
only 16 matched samples left in GSE14333, so the
cohort GSE14333 was not suitable for further analysis
(see supplementary file and Supplementaryable 3).

The matched pants in GSE39582 were classified into
two subgroups based on the status of chemotherapy, as
shown in Figure4A, KaplanMeier survival analysis
revealed that the prognosis of the patients
chemotherapy groupvas significantlyworse thanin
nonchemotherapy group (HR=5.34,95%CI=%.70
16.81,p=0.0013). We further investigated the effect of
chemotherapy in low and highISCRC groups,
respectively. FigurelB demonstrated the similar result
in the lowISCRC group (HR=7.64, 95%CI=1.45.11,
P=0.0@5), however, no significant difference was seen
in the highISCRC group (HR=4.23, 95%CI=0.6%.22,
p=0.0941) (FigurelC), these results suggested that stage
Il patients in the loaAlSCRC group were not suitable for
chemotherapy.

Distribution of ISCRC and clinical characteristics
Our ISCRC model was composed of 12 immune cells,

and then the distribution of 12 immune cells and the
common clinical parameters in the loand highlISCRC
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Figure3. Comparison analyses between ISCR@Qdel and other known gene makesncotypeDX colon(A) Univarible analyses
of the ISCRC, and oncotypeDX colon to investigate the association between each prognostic index and DFS using thenpegrsoatc
continuous variables in GSE39582. The bipeaes on the transverse lines represent the hazard ratio (HR), and the red transverse lines
represent 95% CIB) Receiver operating characteristic (ROC) analysis of the sensitivity and specificityesfutiience prediction by the

ISCRC model amdicotypeDX coloin GSE14333.
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groups was illustrated in Figure 5. Our study revealed
that the lowlISCRC group was characterized by high
expression of M1 Macrophages and B memory cells
but low expression of M2 Macrophages, while the
distribution of these three immune cells in the high
ISCRC group was opposite in training cohort GSE39582
(Figure 5A). A similar distribution characteristic can
also be observed in GSE14333 (Figure 5B). The DFS
status was significantly different between thed@and
high-ISCRC groups in both GSE38582 and GSE14333,
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Figure 4. Kaplammeier SaGAYIF GSa 2F GKS

and there were more recurred patients in the-I8§RC
group. However, the distribution of the common clinical
factors between different ISCRC groups did not vary
significantly.

Construction of nomogram based on ISCRC

To develop a quantitative recurrence prediction
method for clinical application, a nomogram was
built, whichintegraedthe ISCRC model,age, sex, and

C High ISCRC group in GSE39582
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propensity score matching analysis was performed between chemotherapy andheomotherapy groups. The Kapikfeier plots were

used to visualize the patieatQ NB OdzZNNBy OS

LIN2 O 0Af A dcheétherdp® drbuddt Pariehts K S8E39589. (J S N& C

KaplanMeier curves for total GSE39582 dataset (N=78);KaplaAVieier curves for low ISCRC patients in GSE39582 (NEpRaglan
Meier curves for lgh ISCRC patients in GSE39582 (N=14). The tick marks on theM&ptacurves represent the censored subjects. The
differences between the two curves were determined by the-sige logrank test.
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chemotherapy status (Figure 6A). The nomogram year for each stage Il CRC patient. The performance of
revealed that agead thelargestimpact onthe patient§ the nomogram was evaluated by calibration plots
prognosis, followed by the ISCRC model and adjuvant  (Figure 6B. The linesegment was close to 4kegree,
chemotherapy. Théotal points for each patient were suggesting that the nomogram did quite well.
calculated based on these variabtesestimate the DCA showed a well clinidautility of the nomogram
possibility of recurrence ithe following 3, 5 and 7 (Figure 60.

Figure 5. The correlation between immune risk score (namely ISCRC model) and other clinicopathological characteristics in
GSE39582 and GSE1438%X S RA&GONROdziA2y 2F L{/w/ X LI GASYydiaQ NBOdz2NNByOS ai
location, and immune cells were analyzed in the GSE33§&h({ GSE1433B)(
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