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ABSTRACT

Despite the emergence of various treatment strategies for rectal cancer based on neoadju-
vant chemoradiotherapy, there is currently a lack of reliable biomarkers to determine which
patients will respond well to neoadjuvant chemoradiotherapy. Through collecting hemato-
logical and biochemical parameters data of patients prior to receiving neoadjuvant chemo-
radiotherapy, we evaluated the predictive value of systemic inflammatory indices for
pathological response and prognosis in rectal cancer patients. We found that baseline
GRIm-Score was an independent predictor for MPR in rectal cancer patients. However, no
association was observed between several commonly systemic inflammation indices and

long-term outcome.

Introduction

The burden of colorectal cancer (CRC) is on the rise
worldwide due to increasing prevalence (1).
Especially in China, where the all-age incidence is
the highest with unique clinical characteristics—
nearly half of all CRC tumors are located in the rec-
tum (2). Currently, the standard therapy for locally
advanced rectal cancer (LARC) is fluorouracil-based
neoadjuvant chemoradiotherapy (nCRT), followed
by total mesorectal excision (TME) and adjuvant
chemotherapy. Although the pathologic complete
response (pCR) rate of LARC patients has improved
to about 30%(3), there are still no reliable biomarkers
to identify patients who response well to nCRT.
Cancer-related inflammation is known to be
inextricably associated with tumor development
and progression (4). In recent years, various blood
parameters that can reflect systemic inflammatory
status have been widely used to determine the
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severity of inflammation and predict the prognosis
of cancer patients, such as Gustave Roussy Immune
Score (GRIm-Score), systemic immune-inflamma-
tion index (SII) and neutrophil-to-lymphocyte ratio
(NLR). GRIm-Score is composed of three inde-
pendent biomarkers albumin (ALB), lactic dehydro-
genase (LDH) and NLR. GRIm-Score has been
reported to be a powerful prognostic biomarker in
hepatocellular carcinoma, non-small cell lung can-
cer and gastric cancer (5-7). In a recent study by
Peng et al., a high GRIm-Score was found to be sig-
nificantly associated with poor survival outcomes in
CRC patients (8), whereas the evidence for the pre-
dictive performance of GRIm-Score for rectal can-
cer remains inadequate. In addition, both NLR and
SIT are frequently-used markers that reflects the
local immune response and systemic inflammation.
A multicenter study in Italy showed that LARC
patients with higher baseline SII and NLR values
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were associated with lower pCR rates and poorer
survival outcomes (9). However, some studies
reported conflicting findings that neither SII nor
NLR were associated with pCR in LARC patients
(10) and were not prognostic biomarkers for rectal
cancer (11). Therefore, the aim of this study was to
determine the predictive and prognostic value of
GRIm-Score, NLR, and SII, as well as other com-
monly used systemic inflammation indices, in rectal
cancer patients undergoing nCRT.

Methods
Study design and patients

Data from patients with rectal cancer who
received preoperative transcatheter rectal arterial
chemoembolization (TRACE) and nCRT at
Daping Hospital between July 2013 and May
2022, were retrospectively analyzed. These patients
were enrolled in a prospective trial registered at
ClinicalTrials.gov (NCT03601156). The study
protocol was approved by the Ethics Committee
of our hospital and all procedures performed in
this study complied with the Declaration of
Helsinki. The inclusion criteria were (1) patients
aged 18years or older; (2) pathological diagnosis
of adenocarcinoma; (3) patients with ¢T2-4/cN-
any/M0-1; (4) distance from the lower edge of the
tumor to the anal verge (AV) <15cm; and (5)
Eastern Cooperative Oncology Group (ECOG)
performance status 0-1. The exclusion criteria
were patients with (1) severe comorbidities or
mental diseases that may hinder treatment cooper-
ation; (2) active systemic inflammatory or auto-
immune diseases that could affect inflammatory
parameters; (3) a history of chemoradiotherapy.
The procedure of preoperative intraarterial che-
moembolization was performed as described previ-
ously (12). All patients underwent TRACE,
followed by long-course radiotherapy (cumulative
dose of 45 Gy) and S-1 chemotherapy, and the total
mesorectal excision (TME). Four to eight weeks
after surgery, all patients received a postoperative
mFOLFOX6 or CAPOX regimens for 4-6 months.

Data collection

The following clinicopathological characteristics
were collected: age, sex, ECOG, body mass index

(BMI), clinical stage, distance from the lower edge of
the tumor to the AV, tumor length, circumferential
resection margin (CRM), extramural vascular inva-
sion (EMVI), ypT category, ypN category, tumor
regression grade (TRG), and vascular and perineural
invasion. Blood test results of patients before any
oncological treatment were retrospectively reviewed
from the medical records, including hemoglobin,
albumin (ALB), lactic dehydrogenase (LDH), carci-
noembryonic antigen (CEA), cancer antigen 199
(CA199), white blood cell (WBC), neutrophil,
lymphocyte, and platelet. Seven inflammatory indices
were then evaluated based on their hematological
and biochemical parameters, including systemic
immune-inflammation index (SII), prognostic nutri-
tional index (PNI), LDH to ALB ratio (LAR), neutro-
phil to lymphocyte ratio (NLR), derived neutrophil-
to-lymphocytes ratio (dANLR), lung immune prog-
nostic index (LIPI), and Gustave Roussy Immune
Score (GRIm-Score). The SII was calculated as neu-
trophil x platelet/lymphocyte/1000. The PNI was cal-
culated as 10 x ALB + 0.005 x lymphocyte, and the
LAR was calculated as lymphocyte/albumin. The
NLR was calculated as neutrophil/lymphocyte, while
the dNLR was calculated as neutrophil/(WBC-neu-
trophil). Regarding the calculation of LIPI and
GRIm-Score, some modifications were made on the
basis of previous studies (8,13), as follows: the upper
limit of LDH level was set at 250 U/mL for wet
chemical system and 610 U/mL for dry chemical sys-
tem. For the calculation of GRIm-Score, three high
risk factors were considered, namely serum albumin
less than 35 g/L, NLR greater than 75% percentile of
our cohort and LDH exceeding the upper limit
defined above. GRIm-Score for a given patient was
defined as the number of these high-risk factors
ranging from 0 to 3. The LIPI was defined as the
number of two high-risk factors, dNLR greater than
3 and LDH exceeding the upper limit, ranging from
0 to 2.

Pathological assessment of tumor regression

All surgically resected specimens were subjected
to histopathological examination and immunohis-
tochemistry (IHC) analysis of DNA mismatch
repair (MMR) protein patterns. The absence of
any protein expression of MSH6, MSH2, MLH1,
and PMS2 in the IHC results classified as



mismatch repair-deficient (AMMR); otherwise, it
was considered mismatch  repair-proficient
(PMMR). The pathological and tumor-regression
grading (TRG) were evaluated according to the
criteria of the American Joint Committee on
Cancer (8th edition), as follows: TRGO indicates
no residual tumor cells in the surgical specimen,
also known as pathologic complete response
(pCR); TRGI1 represents a near-complete
response, with only viable single cells or small
groups of cancer cells in the specimen; TRG2
indicates a partial response, which refers to
residual cancer cells due to significant tumor
regression; TRG3 indicates poor or no response,
which refers to extensive residual cancer with no
evident tumor regression. Furthermore, the major
pathological response (MPR) was defined as the
sum of TRGO and TRGI.

Follow-up

Patients were followed up until March 1, 2023.
Follow-up assessments were performed with
evaluation every 6months for the first 2years
and annually thereafter. Patients were followed
up via telephone interview or outpatient exami-
nation. Overall survival (OS) was defined as the
time from enrollment to the date of death or last
follow-up.

Statistical analysis

Continuous variables are represented as median
with interquartile range (IQR), and the differen-
ces between groups were examined using
Wilcoxon test or Kruskal-Wallis test. Categorical
data are presented as frequency and percentage,
and the differences between group were exam-
ined wusing Fisher’s probability  test.
Spearman’s rank coefficient of correlation was
used to evaluate association between systemic
inflammation indices. Univariate logistic regres-
sion was used to evaluate the association of clini-
copathological factors and systemic inflammatory
indices with MPR or pCR. Univariate Cox regres-
sion was used to identify prognostic factors
for OS.

To avoid non-linear fittings involved in con-
tinuous variables such as SII, PNI, and PAR,

exact
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these variables were first categorized according to
corresponding median value in the whole popula-
tion. Stepwise logistic regression was used to
develop a model to predict MPR using R package
StepReg (Version 1.4.4). Candidate variables were
selected based on likelihood ratio test for inclu-
(P<0.05) and (P <0.15).
Predictors with crude P < 0.1 on univariate logis-
tic regression were considered for multivariate
analysis. Stepwise Cox regression using the same
variable selection criteria was used to identify
independent prognostic factors for OS. The death
risk score (DRS) was calculated by taking linear
predictor returned by fitted values. The predictive
performance of established MPR model was
examined using area under the curve (AUC) in
the receiver operating characteristic curve (ROC)
analysis. The differences in AUC between models
was examined using Delong’s test in R package
PROC (version 1.18.0). The Kaplan-Meier curve
was used to visualize OS, and the log-rank tests
was used to compare the differences in OS
between groups. With regard to DRS, patients
were divided into low-risk and high-risk groups
with a cutoff of 75%. The prognostic values of
DRS, pre-cM stage, pre-cN stage, and hemoglo-
bin for 2-year, 3-year and 5-year OS were deter-
mined by time-dependent ROC curve analysis,
and the differences in AUC between group were
examined by timeROC R package (version 0.4).
All reported P values in this study were two-
sided, with P <0.05 considered statistically sig-
nificant. All analyses were performed using R
software version 4.2.3.

sion exclusion

Results
Demographics and patient characteristics

The demographic and clinicopathological charac-
teristics of patients are shown in Table 1. A total
of 123 patients were enrolled in this study, with a
median age of 59 years (52-68 years). The major-
ity (65.85%) of patients were male. Most patients
(91.87%) had pathological stage II-III rectal can-
cer, and 10 were diagnosed with metastases before
participating in this study. In terms of tumor loca-
tion, there were 59 (47.97%) cases in the lower rec-
tum (0-5cm from the anal verge), 56 (45.53%)



530 W.-N. YANG ET AL.

Table 1. Clinicopathological characteristics of patients.

Characteristics

Patients (n=123)

Sex, n (%)
Male/female
Age, years
Median (range)
ECOG PS, n (%)
0/1
BMI (kg/m?), n (%)
Clinical T category, n (%)
cT2/ ¢T3/ T4
Clinical N category, n (%)
cNO/ cN1/ cN2
Clinical disease stage, n (%)
Stage I/ Il / IV
Distance from the AV (cm), n (%)
0-5/>5-10/>10
Tumor length (cm)
Median (range)
CRM, n (%)
Positive/negative
EMVI, n (%)
Positive/negative
Baseline CEA level (ng/ml), n (%)
<5/>5
Median (range)
Baseline CA199 level (U/ml), n (%)
<37/>37
Median (range)
ypT category, n (%)
ypT0/ypTis/ypT1/ypT2/ypT3/ypT4
ypN category, n (%)
ypNO/ypN1/ypN2
TRG, n (%)
0/1/2/3
Pathological response rate, n (%)
pCR
MPR
Vascular invasion, n (%)
Perineural invasion, n (%)

81 (65.85)/42 (34.15)
59 (52-68)

74 (60.16)/49 (39.84)
23.8+3.45

3 (2.44)/88 (71.54)/32 (26.02)
15 (12.20)/40 (32.52)/68 (55.28)
16 (13.01)/97 (78.86)/10 (8.13)
59 (47.97)/56 (45.53)/8 (6.50)

4 (3-5)

62 (50.41)/61 (49.59)

33 (26.83)/90 (73.17)

73 (59.35)/50 (40.65)
3.73 (1.90-13.61)

103 (83.74)/20 (16.26)
11.42 (7.52-26.51)

23 (18.70)/2 (1.63)/1 (0.81)/35 (28.46)/54 (43.90)/8 (6.50)
89 (72.36)/27 (21.95)/7 (5.69)

23 (18.70)/33 (26.83)/43 (34.96)/24 (19.51)

cases in the middle rectum (5-10 cm from the anal
verge), and 8 (6.5%) in the upper rectum (>10cm
from the anal verge). Notably, 61 (49.59%) patients
had ypT0-2 rectal cancer, compared with 3
patients (2.44%) prior to treatment, indicating a
significant downstaging. Regarding pathological
response, the pCR rate was 18.70%, and the MPR
rate was 45.53%. The proportion of patients with
abnormally elevated serum CEA and CA199 was
40.65% and 16.26%, respectively.

Relationship between systemic inflammation
indices and baseline clinical characteristics

Figure 1A and 1B shows the boxplots of the distri-
bution of log-transformed SII and NLR values in
rectal cancer patients with cancer staging T2-3 and
T4, respectively. Clinical staging T4 had signifi-
cantly higher SII (P=0.034) and NLR (P =0.018)
values compared to clinical staging T2-3. In add-
ition, the stacked column diagram showed that

GRIm-Score > 1 was significantly distributed in
rectal patients with tumor length > 4cm
(P=0.008, Figure 1C) or baseline serum CEA con-
centration > 5ng/mL (P=0.037, Figure 1D).
However, there were no significant differences
between LIPI and any clinical characteristic varia-
bles. These results suggested that tumor burden
had impact on systemic inflammation status.
Further correlation analysis revealed no significant
correlation between any systemic inflammation
indices and baseline serum CEA or CA199 levels
(Supplementary Figure 1). Supplementary Tables 1
and 2 summarize the relationship between inflam-
mation indices and baseline clinical characteristics.

Univariate and multivariate analyses of risk
factors for pCR and MPR

There were no significant differences in any hema-
tological indices between rectal patients in the
non-MPR group and MPR group (Supplementary
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Figure 1. Distribution of SIl, NLR, and GRIm-Score indices in rectal cancer patients with different clinical cancer staging, tumor
lengths, and baseline CEA levels. (A) Boxplot showing the distribution of log-transformed SlI values in rectal cancer patients with
cancer staging T2-3 and T4. (B) Boxplot showing the distribution of log-transformed NLR values in rectal cancer patients with can-
cer staging T2-3 and T4. (C) A stacked column diagram showing the proportion of GRIm-Score > 1 in rectal cancer patients with
tumor length > 4cm. (D) A stacked column diagram showing the proportion of GRIm-Score > 1 in rectal cancer patients with

serum CEA concentration > 5ng/mL.
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Figure 2. Forest plot for the association between hematological and biochemical parameters and systemic inflammation indices

and pCR (A) and MPR (B).

Table 1). Nonetheless, the MPR rate in patients
with GRIm-Score > 1 had an approximately 23%
lower MPR rate than those with a GRIm-Score of
0 (30.2% vs 53.8%, P=0.014, Supplementary
Table 3). In addition, a similar trend was observed
for the LIPI index. These results suggested that
indices combining several nutritional and inflam-
matory biomarkers, such as the GRIm-Score are
superior to the use of a single hematologic bio-
marker in predicting the MPR rate. Furthermore,
there were no statistically significant differences in
any hematological indices between rectal patients
with and without pCR (Supplementary Table 4,
Figure 2A). Univariate logistic regression analysis
showed that LIPI and GRIm-Score were signifi-
cantly associated with MPR (Figure 2B).
Moreover, multivariate logistic regression analysis
further revealed that GRIm-Score (OR = 0.394,
95% CI: 0.177-0.876, P=0.012) and pre-cT stage
(OR = 0.391, 95% CI: 0.160-0.954, P =10.034)
were independent predictors for MPR (Table 2).

Table 2. The final logistic model to predict MRP.

MPR model OR (95% Cl) P value
GRIm-score (> 1 vs 0) 0.394 (0.177-0.876) 0.0115
pre-cT stage (T4 vs T2-3) 0.391 (0.160-0.954) 0.0336

GRIm-score, Gustative Roussy Immune score (reference range: 0-3).

Prognostic factors for OS

The overall median follow-up time was 34 months,
ranging from 9 months to 106 months. The 1-year,
3-year, 5-year OS rates were 98.27%, 78.57% and
66.91%, respectively. Univariate Cox regression
showed that ypN stage (HR = 3.0806, 95% CI:
1.4880 — 6.4002, P =0.003) and pre-cM stage (HR
= 11.1652 95% CI: 4.2754 —29.1580, P < 0.0001)
were significant risk factor for OS in rectal
patients. Regarding baseline hematological and
biochemical parameters, CA199 (HR = 3.3698,
95% CI: 1.5186 — 8.9632, P =0.0039), hemoglobin
(HR = 04252, 95% CIL: 0.1971-0.9175,
P=0.0293), and LDH (HR = 3.3995, 95% CI:
1.3673 — 8.4523, P =0.0085) were the only three
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risk factors significantly associated with OS
(Supplementary Table 5). Multivariate Cox regres-
sion analysis showed that pre-cN stage, pre-cM
stage and hemoglobin were independent prognos-
tic factors for OS (Table 3). Figure 3 shows the
Kaplan-Meier survival curves for OS stratified by
pre-cN stage, pre-cM stage, hemoglobin levels and
DRS levels. Time-dependent ROC analysis showed
that the prognostic performance of DRS was

Table 3. The final prognostic model for OS.

Parameters HR (95% Cl) P value
pre-cN stage (N1-2 vs NO) 5.7004 (0.7605-42.7275) 0.023
pre-cM stage (M1 vs M0) 9.729 (3.6761-25.7483) 2437 x107°
Hemoglobin (High vs Low) 0.4388 (0.2023-0.9515) 0.0318

The median value of hemoglobin in the whole population is 135g/L.
Patients with hemoglobin < 135g/L is defined as low group and
>13549/L as high group.
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superior to pre-cN stage, pre-cM stage and hemo-
globin in predicting 3-year and 5-year OS
(Supplementary Table 6 and Supplementary Figure
2). These results clearly demonstrated that nutri-
tional status can provide better prognostic perform-
ance for OS than commonly adopted clinical stages.

Discussion

Many studies demonstrated that ypT/N-category
and pCR are independent prognostic factors for
LARC (14,15). However, there is still a lack of
economical and noninvasive methods to predict
tumor response and clinical outcome. Given the
extensive impact of inflammation on tumor
development and progression (4), the predictive

100 4 L\
80 “H"‘—«
e !
= k"l‘
,’g 60 4
2
e
g 40 1
pee-cM stago
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Log-rank p < 0.0001
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and prognostic value of systemic inflammation
indicators has received increased attention in
recent years. In this study, therefore, we analyzed
123 cases of stage II-IV rectal cancer treated with
nCRT to explore the predictive performance of
several inflammation-related biomarkers on
pathological responses and prognosis. Results of
our univariate analysis found that low levels of
baseline LIPI (P=0.044) and GRIm-Score
(P=0.014) were significantly associated with
MPR, whereas only GRIm-Score (P=0.023) was
identified as an independent indicator for MPR.
Surprisingly, many inflammation-related bio-
markers were found not to be independent pre-
dictors of OS in rectal cancer patients.
Hemoglobin was the only inflaimmation-related
biomarker identified in this study as an inde-
pendent prognostic factor for OS in patients with
rectal cancer. This finding is supported by previ-
ous studies showing that rectal cancer patients
with anemia were less likely to achieve pCR and
had worse survival outcomes (16,17).

Tumor immune microenvironment has been
found to affect chemoradiation resistance and clin-
ical outcomes in many solid tumors (18-20). And
there is a complex interplay between local immune
response and the systemic inflammatory status. A
variety of cytokines, inflammatory proteins, and
immune cells in the local tumor microenviron-
ment can be detected in peripheral blood, suggest-
ing that systemic inflammation indices based on
peripheral blood cell counts and biochemical
parameters can reflect local tumor immunity to a
certain extent (21). Therefore, many studies have
investigated the association between systemic
inflammation indices and responsiveness to nCRT
in rectal cancer, but the results remain controver-
sial. Zhang et al. conducted a retrospective analysis
and found that LARC patients with baseline NLR
< 2 exhibited better response to nCRT and tend to
survival longer (22), while other researches do not
support this conclusion. In a study involving 1237
LARC patients who received standard neoadjuvant
therapy, inflammatory indices such as NLR and
PLR were neither predictive of pCR nor prognostic
for long-term outcomes (23). Similarly, another
retrospective study did not find the predictive
value of baseline NLR and PLR in pathological
response of rectal cancer patients (24). More

importantly, the negative results from a prospect-
ive study indicate that both NLR and PLR are not
suitable biomarkers for predicting response and
prognosis in patients undergoing nCRT for LARC
(25), which is also consistent with our results.
However, published literature suggests that SII
may be as candidates to help identify subgroup
population who would benefit from neoadjuvant
therapy (26), and the survival in rectal cancer
patients with high PNI level (> 45) were signifi-
cantly better than those with low PNI level
(< 45)(27). In the present study, we found neither
a significant correlation between tumor response
and low SII level in pretreatment circulating blood
nor an association between baseline PNI and clin-
ical outcomes. In the aforementioned studies,
LARC patients received standard neoadjuvant che-
moradiotherapy such as long-term radiotherapy
(45-50.4 Gy in 25 fractions) in combination with
fluorouracil-based chemotherapy or short-course
radiotherapy (25Gy in 5 fractions), while in our
study, patients with rectal cancer underwent a
TRACE before neoadjuvant therapy, which may
cause fluctuations in various hematological and
biochemical indicators. Additionally, the lack of
clearly defined cut-off values for systemic inflam-
matory indices also leads to non-comparability
between study results.

LIPI is an inflammation-related index com-
posed of ANLR and LDH, which is proposed to
predict prognosis in lung cancer. Arikan et al.
first investigated the predictive performance of
baseline LIPI in LARC patients treated with
nCRT, but reported a conflicting result. High
LIPI was associated with worse disease-free sur-
vival compared with low LIPI, while patients
with high LIPI had better response rates (28). In
the current study, rectal cancer patients with low
levels of baseline LIPI were more likely to have
good tumor response, but only GRIm-Score, not
LIPI, was found to be an independent predictive
factor of MPR. GRIm-Score is a novel prognostic
scoring system that combines three independent
biomarkers to provide a more comprehensive
understanding of immune properties of TME.
Cancer patients with high GRIm-Score are more
likely to have hypoalbuminemia and high levels
of LDH and NLR, all of which are markers of
poor prognosis (29-31). Evidence reveals that a



high GRIm-Score is closely associated with poor
survival in many malignancies (32-34). Our
study is the first to investigate the predictive sig-
nificance of GRIm-Score in rectal cancer patients.
GRIm-Score can provide an economic and prac-
tical method for predicting pathological response
in rectal cancer patients treated with nCRT and
help to personalize management decisions in this
patient population. Notably, a favorable tumor
response to neoadjuvant therapy is generally
related to longer survival for patients with rectal
cancer. However, the association between GRIm-
Score and survival in this study was not observed,
which may be due to the small sample size and
relatively short duration of follow-up. The limita-
tions of this study also include the retrospective
design and single-institution patient cohort.
Therefore, the results still need to be confirmed
in a future validation cohort. Therefore, caution
should be exercised when attempting to extrapo-
late our results to other countries.

Conclusions

Through collecting hematological and biochem-
ical parameters data of patients prior to receiving
nCRT, we evaluated the predictive value of sys-
temic inflammatory indices for pathological
response and prognosis in rectal cancer patients.
We found that baseline GRIm-Score was an inde-
pendent predictor for MPR in rectal cancer
patients. However, no association was observed
between several commonly systemic inflamma-
tion indices and long-term outcome. Clinical N
and M staging as well as hemoglobin were identi-
tied to be independent prognostic factors for OS.
Future multicenter studies with larger sample
sizes are required to future validate the findings
of this study.
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