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Abstract

Objective To investigate the value of pretreatment inflammatory-nutritional biomarkers in predicting
the pathological response of locally advanced rectal cancer (LARC) after neoadjuvant chemotherapy
(nCT).

Methods This retrospective study included eligible participants who underwent nCT followed by
radical surgery. Pretreatment inflammatory nutritional biomarkers were calculated within one week
prior to nCT. Correlations between biomarkers and pathological responses were analyzed. The cut-off
values of the pretreatment biomarkers for predicting non-response were determined using receiver
operating characteristic (ROC) curve analysis. The inflammation-nutrition score was calculated using the
lymphocyte level, neutrophil-to-lymphocyte ratio (NLR), and prognostic nutritional index (PNI).

Results A total of 235 patients were retrospectively recruited between January 2017 and September
2022. Lower lymphocyte levels, lymphocyte monocyte ratio (LMR), and PNI, and higher NLR and
platelet-to-lymphocyte ratio (PLR) were observed in patients without response. Multivariate logistic
regression analysis revealed that NLR could independently predict non-response to nCT in patients with
LARC. The sensitivity and specificity of the inflammation-nutrition score for predicting nonresponse
were 71.2% and 61.7%, respectively.

Conclusion The pretreatment inflammation-nutrition score is a practical parameter for predicting non-
response to nCT in patients with LARC. Patients with high scores were more likely to respond poorly to
nCT.
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INTRODUCTION standard therapeutic regimen for patients with

locally advanced rectal cancer (LARC)“]. As previously

eoadjuvant chemoradiotherapy (nCRT), mentionedm, nCRT can increase RO resection rates,

N followed by total mesorectal excision improve downstaging accuracy, and reduce
(TME) and adjuvant chemotherapy is the recurrence rates. The drawbacks of radiation,
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including a high prevalence of anastomotic leakage,
rectovaginal fistula, delayed healing of perineal
incisions, defecation, and sexual dysfunction, have
drawn attention to its use®. Furthermore, in the
majority of clinical trials, nCRT did not increase
overall survival. These factors have led to the
development of a few clinical trials that have
explored the optimization of neoadjuvant
chemotherapy (nCT) without radiation and have
produced encouraging results™®. nCT was superior
to nCRT in sphincter preservation rate and non-
inferior to nCRT in downstaging, RO resection, local
relapse, and distant metastasis’®. Patients who
achieve a pathologic complete response (pCR) or
near pCR may benefit from organ- and function-
preserving strategies such as local excision and wait-
and-see”®. In contrast, patients who do not respond
to nCT may experience increased nCT-related side
effects and financial hardship, in addition to a longer
recovery period following surgery. Therefore, it is
necessary to develop a reliable method for
predicting pathological responses before nCT
administration in patients with LARC.

Systemic inflammation is related to the
progression of various cancers through the
induction of angiogenesis, metastasis, malignant
cell proliferation, and alteration of the response to
systemic therapylg]. Neutrophils can mediate tumor
angiogenesis and  downregulate  anticancer
immunity[w]. Lymphocytes that infiltrate the tumor
tissue have a higher level of specific immunological
reactivity against tumor cells™. Tumor-associated
macrophages significantly delay tumor growthm].
The interaction between cancer and the immune
system may extend beyond local tissues. It is
believed that the imbalance between neutrophils
and lymphocytes results from tumor necrosis or
hypoxia and is linked to anti-apoptotic effects.
Previous studies have demonstrated a correlation
between the pathological response to nCRT and the
prognosis of patients with LARC and the peripheral
blood neutrophil-to-lymphocyte ratio  (NLR),
platelet-to-lymphocyte ratio (PLR), and lymphocyte-
to-monocyte ratio (LMR)™'*. However, Wang et al.
found that systemic inflammatory indices before or
after treatment had no significant association with
pCR, and the percentage change in NLR from pre-to
post-nCRT was a predictor of poor pCR“S]. Serum
albumin level and Iymphocyte count in the
peripheral blood were combined to create the
prognostic nutritional index (PNI), a readily
guantifiable index reflecting a patient’s nutritional
and immunological state™), Additionally, studies

have demonstrated that pretreatment PNI can be
an effective predictor of nCRT response and survival
in patients with LACR""™. Nevertheless, all
previous studies have focused on a single index and
predicted the pathological response in patients
with LARC after nCRT. However, the predictive
value of these markers for nCT has not yet been
investigated.

Consequently, the objective of this retrospective
study was to examine the utility of employing
pretreatment systemic inflammatory nutritional
biomarkers to predict the pathological responses in
patients with LARC after nCT.

MATERIALS AND METHODS

Patients

This study was approved by the Ethics
Committee of China-Japan Friendship Hospital (No.
2022-KY-072). Because this was a retrospective
study, and all data were anonymized and collected
routinely in clinical practice, the need for obtaining
informed consent from patients was waived.

This single-center, retrospective cohort study
was conducted at a tertiary referral hospital in China
and included a consecutive series of patients with
clinical Stage II/1ll rectal cancer who underwent nCT
between January 2017 and September 2022. The
inclusion criteria were as follows: (1) all patients
(aged > 18 years) were pathologically diagnosed as
rectal adenocarcinoma; (2) locally advanced rectal
cancer (cT3-4/N0-2, or any T/N1-2, and MO) cases
were confirmed by magnetic resonance imaging
(MRI) or computed tomography (CT); (3) all patients
underwent standard nCT more than two cycles,
followed by standard TME surgery; (4) no metastasis
or other tumor events occurred during nCT and
operation.

The exclusion criteria were as follows: (1) a
history of malignancy or chemoradiation therapy;
(2) nonstandard nCT or nCRT or radiotherapy alone;
(3) clinical indications of an inflammatory disorder or
infection, such as rheumatoid arthritis or
inflammatory bowel disease, and (4) insufficient
data.

Data Collection and Definition

The numbers of neutrophils, lymphocytes,
monocytes, thrombocytes, and albumin (ALB) in
peripheral blood samples taken within one week
before the initiation of nCT were recorded.
Clinicopathological data were obtained from
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corresponding medical records.
Definitions of NLR, PLR, LMR, and PNI

NLR, PLR, and LMR values were calculated as
follows: NLR, neutrophil/lymphocyte; PLR, platelet/
lymphocyte; LMR, lymphocyte/monocyte; PNI, [10 x
serum albumin (g/dL) + 0.005 x total lymphocyte
count (/mm’)].

Pathological Assessment

TME was undertaken within 4-6 weeks of the
completion of nCT. Evaluation of the surgical
resection specimen for the residual tumor was
performed using a standard reporting protocol. The
American Joint Committee of Cancer (AJCC) tumor
regression grade (TRG) system“g] was employed to
stratify the pathological response as follows: TRG 0
(no viable cancer cells); TRG 1 (single cells or rare
small groups of cancer cells); TRG 2 (residual cancer
with evident tumor regression but more than single
cells or rare small groups of cancer cells), and TRG 3
(extensive residual tumor with no evident tumor
regression). TRG 0-2 was defined as a response and
TRG 3 was defined as a non-response to evaluate the
value  of  systemic  inflammatory-nutritional
biomarkers in predicting non-response. In contrast,
we defined TRG 0-1 as a good response and TRG 2-3
as a poor response to evaluate the value of systemic
inflammatory nutritional biomarkers in predicting
patients with pCR and near pCR. TRG was
independently evaluated by two experienced
gastroenterology pathologists who were blinded to
the clinicopathological information of the patients.
In cases of disagreement between the two
pathologists, a third expert pathologist made the
final decision.

Statistical Analysis

SPSS for MAC (version 29.0; SPSS, Inc., Chicago,
USA) was used to compare the variables. P < 0.05
was considered to indicate a statistically significant
difference. Independent t-test and chi-square tests
were performed for univariate analyses.
Continuous data are expressed as mean * standard
deviation (SD), and categorical data are presented
as frequency (percentage). Multivariate logistic
regression analysis was performed for statistically
significant variables in the univariate analysis using
a forward stepwise procedure to examine the final
predictors of the pathological response to nCT. The
optimum cutoff laboratory values were determined
using receiver operating characteristic (ROC) curve
analysis.

RESULTS

Patient Characteristics and Pathological Response

In total, 235 patients with LARC who underwent
TME after nCT were enrolled in this study. The
number of patients classified as TRGO, TRG1, TRG2,
and TRG3 according to the AJCC on Cancer TRG
system was 24 (10.2%), 40 (17.0%), 98 (41.7%), and
73 (31.1%), respectively. Subsequently, 162 (68.9%)
patients were categorized into the response group,
73 (31.1%) into the non-response group, 64 (27.2%)
patients in the good response group, and 171
(72.8%) patients in the poor response group
(Figure 1). There were no differences in sex, age,
tumor location, clinical tumor (cT) stage, or clinical
lymph node (cN) stage between patients with and
without a response, and there were no differences
between patients with good and poor responses.
Demographic and clinicopathological characteristics
of the patients are shown in Table 1.

Predictive Value of Inflammatory-nutritional
Markers for Patients with Non-response

The relationship between pretreatment systemic
inflammatory-nutritional  biomarkers and the
pathological response to nCT is shown in Tables 2-3,
respectively. Non-responsive individuals showed
lower lymphocyte levels, LMR, and PNI, and greater
NLR and PLR than patients who responded. In
patients with LARC, NLR could independently predict
non-response to nCT according to a multivariate
logistic regression analysis. The best cutoff values for
pretreatment systemic inflammatory-nutritional
markers for identifying non-responders were
determined using ROC curve analysis (Figure 2A-B).
The results indicated that the threshold values for
predicting non-responsive patients were 1,750/mm3,
2.39, 136.07, 3.91, and 50.08, and the areas under
the ROC curve (AUC) were 0.641, 0.677, 0.612,
0.620, and 0.607 for lymphocyte level, NLR, PLR,
LMR, and PNI, respectively.

The inflammation-nutrition scoring system for
predicting patients with non-response was defined
as follows: lymphocyte level <1,750/mm’ was
Lymscore 1; LMR < 3.91 was LMRscore 1; PNI < 50.08
was PNlIscore 1; NLR > 2.39 was NLRscore 1; PLR >
136.07 was PLRscorel, and other cases were score 0.
We used the Lymscore, NLRscore, and PNIscore to
create the inflammation-nutrition scoring system
(LNPscore) to increase prediction accuracy.

LNPscore = Lymscore + NLRscore + PNIscore.

The predictive efficacy of the score is shown in
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Figure 2C and Table 4. The AUC of the LNP score was
0.694 from the ROC analysis, and the cutoff value
was 2. Thus, the patients were divided into two
groups— LNP score-high (LNP score = 2 or 3) and LNP
score-low (LNP score = 0 or 1). A total of 121
instances (51.5%) were in the LNP score-low group,
and 114 cases (48.5%) were in the LNP score-high
group. The clinical characteristics of the patients in
both groups are summarized in Table 5. The two
groups differed significantly in the TRG.

Predictive Value of Inflammatory-nutritional
Markers for Patients with Good Response

Higher ALB levels and PNI were observed in

patients with a good response than in those with a
poor response. The best cutoff values for
pretreatment systemic inflammatory nutritional
markers for identifying patients with good
responses were determined using ROC curve analysis
(Figure 2D). The ALB and PNI had cutoff values of
42.4 g/dL and 51.23, respectively. The inflammation-
nutrition scoring system for predicting patients with
a good response was defined as follows: ALB >
42.4 g/dL was ALBsocre 1; PNI > 51.23 was PNlIscore
1. We used ALBsocre and PNIscore to create an
inflammation-nutrition scoring system (APscore) to
increase prediction accuracy. APscore = ALBsocre +
PNIscore. The predictive efficacy of the score is

Patients
(n=235)
Response group Non-response group Good response group Poor response group
(n=162) (n=73) (n=64) (n=171)
l : ) , . ' ! :
TRGO TRG1 TRG2 TRG3 TRGO TRG1 TRG2 TRG3
(n=24) (n = 40) (n=98) (n=73) (n=24) (n = 40) (n=98) (n=173)

Figure 1. Patient grouping. TRG, tumor regression grade.

Table 1. Patient characteristics and pathological response to neoadjuvant chemotherapy

Response group  Non-response group

Good response group  Poor response group

Characteristics (n=162,68.9%)  (n=73,31.1%) P (n = 64, 27.2%) (n =171, 72.8%) ?

Age (years), mean + SD 58.8+11.4 58.7 +10.6 0.929 59.3+10.9 58.6+11.2 0.654
Gender, n (%) 0.764 0.497

Male 110 (67.9) 51 (69.9) 46 (71.9) 115 (67.3)

Female 52(32.1) 22(30.1) 18(28.1) 56 (32.7)
I:g‘e’r(:\'/sti:)e:rgg anal 0.285 0.668

<5 70 (43.2) 26 (35.6) 28 (43.8) 68 (39.8)

5-<10 86 (53.1) 46 (63.0) 35(54.7) 97 (56.7)

10-15 6(3.7) 1(1.4) 1(1.5) 6(3.5)
Clinical T stage, n (%) 0.676 0.102

T2 17 (10.5) 10 (13.7) 12 (18.8) 15 (8.8)

cT3 125(77.2) 56 (76.7) 45 (70.3) 136 (79.5)

cT4 20(12.3) 7(9.6) 7 (10.9) 20(11.7)
Clinical N stage, n (%) 0.110 0.091

cNO 29 (17.9) 20 (27.4) 13 (20.3) 36 (21.1)

eN1 89 (54.9) 30 (41.1) 39 (60.9) 80 (46.8)

cN2 44 (27.2) 23 (31.5) 12 (18.8) 55 (32.2)
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shown in Figure 2E and Table 4.
DISCUSSION

In this study, an inflammation-nutrition scoring
system was developed to identify patients with LARC
who did not respond to nCT. Non-responders had
higher NLR and LNP scores than responders. The LNP
score had a sensitivity of 71.2% and a specificity of
61.7%.

Despite more than two decades since the
establishment of nCRT for rectal cancer,
differentiating between patients who respond to
nCT and those who do not remains difficult prior to

the initiation of therapy. The patient's response to
nCT may have affected the treatment strategy. For
example, intensive nCT could be administered to
patients expected to achieve pCR or near pCR, and
watch-and-wait or local excision could be used to
improve the survival and quality of life. In
contrast, for patients who do not respond to
chemotherapy, nCT is an alternative treatment
unless the tumor is unresectable.

At present, most studies have attempted to
predict pCR but have overlooked the prediction of
non-response to neoadjuvant therapy in patients
with LARC. The non-response rate after neoadjuvant
therapy is approximately 32.2%, which is higher than

Table 2. Univariate and multivariate analyses for predicting non-responders (mean + SD)

Systemic inflammatory-nutrition
biomarkers

Response group

Non-response group

Univariate analysis Multivariate analysis

(n = 162, 68.9%)

(n=73,31.1%) [ [

Neutrophil (/mm?) 4003.7 + 1295.3 4314.4 +1256.3 0.078

Lymphocyte (/mm?) 1812.5 +555.0 1544.7 + 444.1 <0.001 0.188
Monocyte (/mm?) 449.1+168.1 4422 +144.0 0.760
Platelet (10°/L) 252.8 +89.4 248.1+ 64.4 0.684
Albumin (g/L) 43.4+£3.7 42.7£5.1 0.262
Pre-Alb (mg/L) 197.9 +55.1 193.2+63.5 0.566

NLR 2.39£0.95 2.96+1.29 <0.001 0.026

PLR 150.16 + 63.81 173.20+78.3 0.018 0.447

LMR 4.41+1.69 3.87 £1.90 0.032 0.928

PNI 52.34 £ 4.60 50.65 £ 5.97 0.033 0.324

Note. Pre-Alb, pre-albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; PNI, prognostic nutritional index.

Table 3. Univariate analysis for predicting the patients with good responses (mean + SD)

Systemic inflammatory-nutrition

biomarkers (n =64, 27.2%)

Good response group

Poor response group Univariate analysis
(n =171, 72.8%) P

Neutrophil (/mm3) 4153.6 + 1295.3

Lymphocyte (/mm?) 1813.3 +485.7

Monocyte (/mm?)

472.7 +194.5
Platelet (10°/L) 250.1+103.7
Albumin (g/L) 44,1+3.1
Pre-Alb (mg/L) 203.2+49.3
NLR 2.39+0.82
PLR 144.63 £ 58.99
LMR 4.28+1.64
PNI 53.18 +£3.68

4080.2 +£1234.0 0.689
1697.9 £552.7 0.143
437.4+145.6 0.134
251.8+73.1 0.886
42.8+45 0.013
193.9+60.5 0.275
2.63+1.21 0.134
162.07 £72.35 0.086
4.23+1.83 0.838
51.31+5.45 0.003

Note. Pre-Alb, pre-albumin; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; PNI, prognostic nutritional index.
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Figure 2. Receiver operating characteristic (ROC) curve analysis of pretreatment systemic inflammatory-
nutrition biomarkers for predicting non-responders and patients with good responses. (A) ROC curve
analysis of NLR and PLR for predicting non-responders. (B) The ROC analysis of lymphocyte, LMR, and PNI
for predicting non-responders. (C) ROC curve analysis of the inflammation-nutrition scoring system for
predicting non-responders. (D) ROC analysis of ALB and PNI for predicting the patients with good
responses. (E) ROC analysis of the inflammation-nutrition scoring system for predicting the patients with

good responses.
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[21-23]

the 15%—27% pCR rate . Therefore, to predict
non-response, we divided the patients into the TRG
0-2 and TRG 3 groups. The main purpose of our
study was to differentiate non-responders from
LARC patients receiving nCT using inflammatory
nutritional markers.

TRG evaluation methods for neoadjuvant
therapy in rectal cancer are based on the AJcC™,

Mandard®, Dowrak/Rodel”, and Memorial Sloan-

Kettering Cancer Center (MSKCC)[ZG] guidelines.
However, no universally accepted standard exists. A
previous study found that the AJCC system more
accurately predicts recurrence than other methods
and should be adopted as the standard®’.
Therefore, we used the AJCC-TRG to grade the nCT
response in our study.

Table 4. Inflammation-nutrition scoring system for predicting non-responders and patients
with good responses

Group Parameters AUC Sensitivity Specificity
Non-response group Lymscore 0.621 0.488 0.753
LMRscore 0.607 0.611 0.603
NLRscore 0.649 0.599 0.699
PLRscore 0.599 0.500 0.699
PNIscore 0.605 0.772 0.438
LNPscore 0.694 0.617 0.712
Good response group ALBscore 0.582 0.409 0.750
PNIscore 0.596 0.474 0.719
APscore 0.605 0.532 0.656

Table 5. Comparison of patient characteristics between LNPscore-Low and LNPscore-High groups

LNPscore-Low

LNPscore-High

Characteristics (121, 51.5%) (114, 48.5%) P
Age (years, mean * SD) 57.6+11.6 60.4+10.4 0.097
Gender, n (%) 0.415
Male 80 (66.1) 81(71.1)
Female 41 (33.9) 33(28.9)
Tumor distance from anal verge (AV, cm), n (%) 0.468
<5 50 (41.3) 46 (40.4)
5-<10 69 (57.0) 63 (55.3)
10-15 2(1.7) 5 (4.4)
cT stage, n (%) 0.491
cT2 14 (11.6) 13 (11.4)
cT3 96 (79.3) 85 (74.6)
cT4 11(9.1) 16 (14.0)
cN stage, n (%) 0.968
cNO 26 (21.5) 23(20.2)
cN1 61 (50.4) 58 (50.9)
cN2 34 (28.1) 33(28.9)
TRG, n (%) <0.001
0 15 (12.4) 9(7.9)
1 27 (22.3) 13 (11.4)
2 58 (47.9) 40 (35.1)
3 21(17.4) 52 (45.6)
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Several studies have reported that radiomic and
pathological features help predict the pathological
response to nCRT for LARC™?*?® Radiomic and
pathomic  parameters reflect local tumor
circumstances more accurately than host-related
characteristics. The onset and progression of rectal
cancer are increasingly being understood as
dependent on elements linked to the host’s as well
as the tumor’s features™.

Hematological markers such as neutrophils,
lymphocytes, NLR, PLR, LMR, and PNI can reflect
systemic inflammatory responses. Several previous
studies™*” have examined the changes in these
markers before and after treatment to predict the
response and prognosis but it was more accurate
than prediction and unable to prevent patients who
were resistant to therapy from receiving ineffective
preoperative care. Our study chose preoperative
systemic inflammatory-nutritional biomarkers to
distinguish pathological responses (including total
and partial responses) from non-responders with
LARC to prevent this occurrence.

Systemic inflammatory-nutritional markers, such
as neutrophils, lymphocytes, NLR, PLR, LMR, and PNI,
have been identified in the published literature to
have certain value in predicting the pathological
response to nCRT in rectal cancer; however, the
findings have frequently generated debate. Kim
et al.®" found that it was not possible to employ the
NLR, LMR, or PLR to differentiate between complete
tumor regression and residual disease following
nCRT. Michael et al.?” reported that in patients with
LARC who underwent nCRT followed by radical
surgery, NLR and PLR were neither independent
biomarkers of pathological response nor prognostic
variables. Caputo et al.”? found postoperative
complications and poor responses to nCRT were
strongly linked to a greater NLR and derived
neutrophil-to-lymphocyte ratio (d-NLR) following
nCRT. This study demonstrated that the NLR was an
independent predictor of pathological response
based on univariate and multivariate analyses.
Although lymphocyte level, PLR, LMR, and PNI were
significant factors in the univariate analysis, they
were insignificant in the multivariate analysis, which
may be because these markers naturally correlate
with the NLR. The threshold value of NLR for
predicting non-response was 2.39, resulting in a
sensitivity of 69.9% and a specificity of 59.9%. AUC
was 0.649. To increase the prediction accuracy, we
created an inflammation-nutrition scoring system
using NLR, PNI, and another biomarker. It was found
that the inflammation-nutrition scoring system

created by lymphocyte count, NLR, and PNI had
better predictive performance than the other
combinations  (Supplementary Figure S1 and
Supplementary Table S1, available in www.
besjournal.com). We named this scoring system the
LNPscore, which had a sensitivity of 71.2% and a
specificity of 61.7%. AUC was 0.694.

Despite these encouraging results, our study has
certain drawbacks. First, although patients were
continually included while meeting stringent inclusion
and exclusion criteria, there may have been bias in
data collection and selection owing to the
retrospective design, such as with regard to
chemotherapy regimens and the time between nCT
and surgery. As previously reported[34], the minimum
duration of nCRT should be three cycles of FOLFOX or
two cycles of XELOX. Therefore, we limited the
inclusion criteria to two or more cycles of
chemotherapy. Unless the patient is resistant to
chemotherapy, we assumed that the tumor will
respond to two cycles of chemotherapy. Second,
because the data were obtained from a single center,
their representativeness is limited, and we will conduct
a multicenter study to verify our results in the future.
Third, these biomarkers are frequently used in clinical
practice and do not add to the financial burden;
however, their predictive value is limited, and further
specific markers need to be identified in the future.

In conclusion, this study confirmed that in
patients with LARC, pretreatment NLR can
independently predict the pathological response to
nCT, which is a practical parameter for predicting
non-response to nCT. Patients with LNPscore-high
are more likely to respond poorly to nCT.

DISCLOSURE
We declare no competing interests.
AUTHOR CONTRIBUTIONS

ZHANG Guo Chao contributed to the conception
and design of the study, wrote the original
manuscript, and collected the data; XU Yan Yan and
WU Ying Chao contributed to the conception and
design of the study; CHENG Nuo contributed to
collect data; LIAN Rui contributed to analyze the
data and revised the manuscript; WANG Xin
contributed to the conception and design of the
study and revised the manuscript

Received: April 28, 2023;
Accepted: July 18, 2023



948 Biomed Environ Sci, 2023; 36(10): 940-948
REFERENCES 2022; 74, 3228-35.
19. Amin MB, Edge SB, Greene FL, et al. AJCC cancer staging
manual. 8th ed. Springer. 2017.
1. Dekker E, Tanis PJ, Vleugels JLA, et al. Colorectal cancer. 20. Maas M, Nelemans PJ, Valentini V, et al. Long-term outcome

10.

11.

12.

13.

14.

15.

16.

17.

18.

Lancet, 2019; 394, 1467-80.

Li Y, Wang J, Ma XW, et al. A review of neoadjuvant
chemoradiotherapy for locally advanced rectal cancer. Int J
Biol Sci, 2016; 12, 1022-31.

Park EJ, Kang J, Hur H, et al. Different clinical features
according to the anastomotic leakage subtypes after rectal
cancer surgeries: contained vs. Free leakages. PLoS One, 2018;
13, e0208572.

Hasegawa J, Nishimura J, Mizushima T, et al. Neoadjuvant
capecitabine and oxaliplatin  (XELOX) combined with
bevacizumab for high-risk localized rectal cancer. Cancer
Chemother Pharmacol, 2014; 73, 1079-87.

Schrag D, Weiser MR, Goodman KA, et al. Neoadjuvant
chemotherapy without routine use of radiation therapy for
patients with locally advanced rectal cancer: a pilot trial. J Clin
Oncol, 2014; 32, 513-8.

Lin HQ, Wang L, Zhong XH, et al. Meta-analysis of neoadjuvant
chemotherapy versus neoadjuvant chemoradiotherapy for
locally advanced rectal cancer. World J Surg Oncol, 2021; 19,
141.

Renehan AG, Malcomson L, Emsley R, et al. Watch-and-wait
approach versus surgical resection after chemoradiotherapy
for patients with rectal cancer (the OnCoRe project): a
propensity-score matched cohort analysis. Lancet Oncol, 2016;
17, 174-83.

Rullier E, Vendrely V, Asselineau J, et al. Organ preservation
with chemoradiotherapy plus local excision for rectal cancer:
5-year results of the GRECCAR 2 randomised trial. Lancet
Gastroenterol Hepatol, 2020; 5, 465-74.
Mantovani A, Allavena P, Sica A, et al.
inflammation. Nature, 2008; 24, 436-44.
Liang W, Ferrara N. The complex role of neutrophils in tumor
angiogenesis and metastasis. Cancer Immunol Res, 2016; 4,
83-91.

Qayoom H, Sofi S, Mir MA. Targeting tumor microenvironment
using tumor-infiltrating lymphocytes as therapeutics against
tumorigenesis. Immunol Res, 2023.

Duan WH, Jin LY, Cai ZC, et al. 2-hexyl-4-pentylenic acid (HPTA)
stimulates the radiotherapy-induced abscopal effect on distal
tumor through polarization of tumor-associated macrophages.
Biomed Environ Sci, 2021; 34, 693-704.

Moses C, Garcia-Bloj B, Harvey AR, et al. Hallmarks of cancer:
the CRISPR generation. Eur J Cancer, 2018; 93, 10-8.

Stefaniuk P, Szymczyk A, Podhorecka M. The neutrophil to
lymphocyte and lymphocyte to monocyte ratios as new
prognostic factors in hematological malignancies-a narrative
review. Cancer Manag Res, 2020; 12, 2961-77.

Lai SC, Huang L, Luo SL, et al. Systemic inflammatory indices
predict tumor response to neoadjuvant chemoradiotherapy
for locally advanced rectal cancer. Oncol Lett, 2020; 20,
2763-70.

Hua X, Long ZQ, Huang X, et al. The value of prognostic
nutritional index (PNI) in predicting survival and guiding
radiotherapy of patients with T1-2N1 breast cancer. Front
Oncol, 2020; 9, 1562.

Wang YJ, Chen LJ, Zhang BY, et al. Pretreatment inflammatory-
nutritional biomarkers predict responses to neoadjuvant
chemoradiotherapy and survival in locally advanced rectal
cancer. Front Oncol, 2021; 11, 639909.

Kazi M, Gori J, Sasi S, et al. Prognostic nutritional index prior to
rectal cancer resection predicts overall survival. Nutr Cancer,

Cancer-related

21.

22.

23.

24,

25.

27.

28.

29.

30.

31.

32.

34.

in patients with a pathological complete response after
chemoradiation for rectal cancer: a pooled analysis of
individual patient data. Lancet Oncol, 2010; 11, 835-44.

Chee CG, Kim YH, Lee KH, et al. CT texture analysis in patients
with locally advanced rectal cancer treated with neoadjuvant
chemoradiotherapy: a potential imaging biomarker for
treatment response and prognosis. PLoS One, 2017; 12,
e0182883.

Nie K, Shi LM, Chen Q, et al. Rectal cancer: assessment of
neoadjuvant chemoradiation outcome based on radiomics of
multiparametric MRI. Clin Cancer Res, 2016; 22, 5256-64.
Horvat N, Veeraraghavan H, Khan M, et al. MR imaging of
rectal cancer: radiomics analysis to assess treatment response
after neoadjuvant therapy. Radiology, 2018; 287, 833-43.
Mandard AM, Dalibard F, Mandard JC, et al. Pathologic
assessment of tumor regression after preoperative
chemoradiotherapy of esophageal carcinoma.
Clinicopathologic correlations. Cancer, 1994; 73, 2680-6.
Dworak O, Keilholz L, Hoffmann A. Pathological features of
rectal cancer after preoperative radiochemotherapy. Int J
Colorectal Dis, 1997; 12, 19-23.

. Quah HM, Chou JF, Gonen M, et al. Pathologic stage is most

prognostic of disease-free survival in locally advanced rectal
cancer patients after preoperative chemoradiation. Cancer,
2008; 113, 57-64.

Trakarnsanga A, Gonen M, Shia J, et al. Comparison of tumor
regression grade systems for locally advanced rectal cancer
after multimodality treatment. J Natl Cancer Inst, 2014; 106,
dju248.

Feng LL, Liu ZY, Li CF. Development and validation of a
radiopathomics model to predict pathological complete
response to neoadjuvant chemoradiotherapy in locally
advanced rectal cancer: a multicentre observational study.
Lancet Digit Health, 2022; 4, e8-17.

Roxburgh CSD, Salmond JM, Horgan PG, et al. The relationship
between the local and systemic inflammatory responses and
survival in patients undergoing curative surgery for colon and
rectal cancers. J Gastrointest Surg, 2009; 13, 2011-9.

Min KW, Kwon MJ, Kim DH, et al. Persistent elevation of
postoperative neutrophil-to-lymphocyte ratio: a better
predictor of survival in gastric cancer than elevated
preoperative neutrophil-to-lymphocyte ratio. Sci Rep, 2017; 7,
13967.

Jung SW, Park IJ, Oh SH, et al. Association of immunologic
markers from complete blood counts with the response to
preoperative chemoradiotherapy and prognosis in locally
advanced rectal cancer. Oncotarget, 2017; 8, 59757-65.
Dudani S, Marginean H, Tang PA, et al. Neutrophil-to-
lymphocyte and platelet-to-lymphocyte ratios as predictive
and prognostic markers in patients with locally advanced
rectal cancer treated with neoadjuvant chemoradiation. BMC
Cancer, 2019; 19, 664.

.Caputo D, Caricato M, Coppola A, et al. Neutrophil to

lymphocyte ratio (NLR) and derived neutrophil to lymphocyte
ratio (d-NLR) predict non-responders and postoperative
complications in patients undergoing radical surgery after neo-
adjuvant radio-chemotherapy for rectal adenocarcinoma.
Cancer Invest, 2016; 34, 440-51.

Bhudia J, Glynne-Jones R, Smith T, et al. Neoadjuvant
chemotherapy without radiation in colorectal cancer. Clin
Colon Rectal Surg, 2020; 33, 287-97.


https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.7150/ijbs.15438
https://doi.org/10.7150/ijbs.15438
https://doi.org/10.1371/journal.pone.0208572
https://doi.org/10.1007/s00280-014-2417-9
https://doi.org/10.1007/s00280-014-2417-9
https://doi.org/10.1186/s12957-021-02251-0
https://doi.org/10.1016/S1470-2045(15)00467-2
https://doi.org/10.1016/S2468-1253(19)30410-8
https://doi.org/10.1016/S2468-1253(19)30410-8
https://doi.org/10.1158/2326-6066.CIR-15-0313
https://doi.org/10.1016/j.ejca.2018.01.002
https://doi.org/10.2147/CMAR.S245928
https://doi.org/10.3892/ol.2020.11812
https://doi.org/10.3389/fonc.2019.01562
https://doi.org/10.3389/fonc.2019.01562
https://doi.org/10.3389/fonc.2021.639909
https://doi.org/10.1080/01635581.2022.2072906
https://doi.org/10.1016/S1470-2045(10)70172-8
https://doi.org/10.1371/journal.pone.0182883
https://doi.org/10.1158/1078-0432.CCR-15-2997
https://doi.org/10.1148/radiol.2018172300
https://doi.org/10.1002/1097-0142(19940601)73:11<2680::AID-CNCR2820731105>3.0.CO;2-C
https://doi.org/10.1007/s003840050072
https://doi.org/10.1007/s003840050072
https://doi.org/10.1002/cncr.23516
https://doi.org/10.1016/S2589-7500(21)00215-6
https://doi.org/10.1007/s11605-009-1034-0
https://doi.org/10.1038/s41598-017-13969-x
https://doi.org/10.18632/oncotarget.15760
https://doi.org/10.1186/s12885-019-5892-x
https://doi.org/10.1186/s12885-019-5892-x
https://doi.org/10.1080/07357907.2016.1229332
https://doi.org/10.1055/s-0040-1713746
https://doi.org/10.1055/s-0040-1713746

	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Data Collection and Definition
	Definitions of NLR, PLR, LMR, and PNI
	Pathological Assessment
	Statistical Analysis

	RESULTS
	Patient Characteristics and Pathological Response
	Predictive Value of Inflammatory-nutritional Markers for Patients with Non-response
	Predictive Value of Inflammatory-nutritional Markers for Patients with Good Response

	DISCUSSION
	DISCLOSURE
	AUTHOR CONTRIBUTIONS
	REFERENCES

