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Abstract. The present study was aimed at looking for hema-
tological indicators that could predict pathological complete
response (pCR) in patients with locally advanced rectal cancer
(LARC) treated with short-course radiotherapy (SCRT)
followed by chemotherapy and immunotherapy. A total of
171 patients were enrolled in this observational retrospec-
tive study. Pretreatment values of albumin, total cholesterol,
lactate dehydrogenase, neutrophil, platelet and lymphocytes
were available. Univariate and multivariate logistics analyses
were used to determine the prognostic factor for pCR.
SCRT followed by chemotherapy and immunotherapy was
demonstrated to double the pCR rate (50.5%) compared with
long-course chemoradiotherapy. For the former group, baseline
high platelet to lymphocyte ratio (P=0.047), high cholesterol
(P=0.026) and low neutrophils (P=0.012) level were associated
with high pCR rate and baseline high cholesterol (P=0.016)
and low neutrophils (P=0.020) level were the independent
prognostic factors for pCR. In conclusion, pretreatment
high cholesterol and low neutrophils were the independent
prognostic predictors of pCR in patients with LARC treated
with SCRT followed by chemotherapy and immunotherapy.
Clinical trial no. NCT04928807, June 16, 2021.
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Introduction

Preoperative neoadjuvant long-course chemoradiotherapy
(LC-CRT) is the current standard of therapy for locally advanced
rectal cancer (LARC) with the lower edge of the tumor <10-cm
from the anal verge (1). Since neoadjuvant short-course radio-
therapy (SCRT) can achieve similar survival outcomes without
significantly increasing toxicities compared with LC-CRT it
can be used as an alternative option (2,3). Numerous studies
have confirmed the synergistic effects between radiotherapy
and immune checkpoint inhibitors (ICIs) (4,5). Radiotherapy
can increase exposure to tumor antigens, alter the tumor micro-
environment and promote the recruitment of inflammatory
factors (6-8), and ICIs can simultaneously strengthen the ablility
of the immune response of the patient against tumors. Based on
these theories and studies, the present study conducted a phase 2
clinical trial of preoperative SCR followed by chemotherapy and
camrelizumab as a treatment regimen for LARC, which showed
a measurable increase in the pathological complete response
(pCR) rate (48.1%; 13/27) (9). A phase 3 randomized controlled
clinical trial is underway and the current results are concordant
with the phase 2 results, showing a significant increase in pCR
rate compared with preoperative neoadjuvant LC-CRT.

In rectal cancer, a number of patients may opt for watchful
waiting treatment due to the presence of special situation of
complete clinical remission (CCR). However, the dilemma is
that there is no uniform definition of CCR. Moreover, there is
controversy on watchful waiting as a treatment method (10).
A prospective study has demonstrated that imaging is not a
sensitive predictor of pCR in patients with rectal cancer. The
accuracy of fluorodeoxyglucose positron emission tomography
and computed tomography (CT) in predicting pCR is only
54 and 19%, respectively (11). This is also a hindrance when
choosing treatment options (surgery or observation) in clinical
practice. Therefore, early and correct identification of patients
with pCR and avoiding them to have the operation is one of the
urgent clinical issues to be addressed.

Numerous studies have demonstrated that economical
and widely available hematological indicators are often
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used to predict the prognosis of patients with cancer (12-14).
For example, in patients with rectal cancer treated with
neoadjuvant CRT, Huang ef al (15) suggested that a higher
neutrophil to lymphocyte ratio (NLR) pretreatment is asso-
ciated with poorer prognosis, and that these patients not only
have a higher risk of recurrence, but also have worse overall
survival (OS) and disease-free survival (DFS). Even in
patients with LARC treated with SCRT, high levels of NLR
are independently associated with poor OS (16). Similarly,
the platelet to lymphocyte ratio (PLR) is negatively associ-
ated with prognosis in patients with rectal cancer (17). In
addition to these inflammatory indicators, there are a number
of peripheral blood indicators that also reflect the prognosis
of patients with cancer. For example, elevated lactate dehy-
drogenase (LDH) at baseline serves as a poor prognostic
biomarker in advanced non-small cell lung cancer (18). A
meta-analysis of 76 studies indicated that LDH is a predic-
tive biomarker of prognosis in a variety of solid tumors (19).
In metastatic colorectal cancer, patients with high LDH
also have a poor prognosis (20). Notably, to the best of our
knowledge, studies of LDH in the neoadjuvant treatment of
LARC are rare.

The above findings suggest that baseline peripheral blood
indicators, including NLR, PLR and LDH, can be used as
predictors of prognosis in patients with cancer. Therefore,
the aim of the present study was to investigate whether these
indicators could predict the pathological response of patients
with LARC treated with SCR followed by chemotherapy
and camrelizumab, while also searching for hematological
markers at baseline that may potentially play a predictive role.

Patients and materials

Patients. Eligible patients at Cancer Center, Union Hospital,
Tongji Medical College, Huazhong University of Science
and Technology (Wuhan, China) were enrolled in the present
retrospective study between June, 2021 and October, 2022. The
percentages of females were 35.2, 31.0 and 31.4% and the mean
age were 56.91, 53.69 and 56.98 years in Arm A, Arm b and Arm
C,respectively. The study was approved by the Institutional Ethics
Committee of the Tongji Medical College, Huazhong University
of Science and Technology (approval no. 0271-21). The inclusion
criteria were as follows: i) Patients or their family members agree
to participate in the study and sign the informed consent form;
ii) aged 18-75 years, male or female; iii) histologically confirmed
T3-44 and/or N+ rectal adenocarcinoma (AJCC/UICC TNM
staging (8th Edition, 2017) (21); iv) inferior margin <10 cm
from the anal verge; v) it is expected to reach RO; vi) Eastern
Cooperative Oncology Group performance status score is 0-1;
vii) can swallow pills normally; viii) untreated with antitumor
therapy for rectal cancer, including radiotherapy, chemotherapy,
surgery and traditional Chinese medicine; ix) surgical treat-
ment is planned after neoadjuvant treatment; x) there was no
operative contraindication; xi) laboratory tests were required to
meet the following requirements: White blood cells =4x10%/1;
absolute neutrophil count =1.5x10%1; platelet count =100x10%/1;
hemoglobin =90 g/I; serum total bilirubin <1.5x upper limit of
normal (ULN); serum alanine aminotransferase and aspartate
aminotransferase <2.5x ULN; serum creatinine <1.5x ULN value
or creatinine clearance rate =50 ml/min; international normalized

ratio <1.5x ULN; activated partial thromboplastin time <1.5x
ULN; and xii) males or females with reproductive ability who
are willing to use contraception in the trial. The exclusion criteria
were as follows: i) Documented history of allergy to study drugs,
including any component of Camrelizumab, capecitabine, irino-
tecan, oxaliplatin and other platinum drugs; ii) have received or
are receiving any of the following treatments: Any radiotherapy,
chemotherapy or other anti-tumor drugs for tumors; patients
who need to be treated with corticosteroid (dose equivalent to
prednisone of >10 mg/day) or other immunosuppressive agents
within 2 weeks prior to study drug administration; received live
attenuated vaccine within 4 weeks before the first use of the study
drug; underwent major surgery or severe trauma within 4 weeks
before the first use of the study drug; iii) any active autoimmune
disease or history of autoimmune disease; iv) have a history of
immunodeficiency, including HIV positive, or other acquired
or congenital immunodeficiency diseases, or have a history of
organ transplantation or allogeneic bone marrow transplanta-
tion; v) there are clinical symptoms or diseases of heart that are
not well controlled; vi) severe infection (CTCAE >2) occurred
within 4 weeks before the first use of the study drug; baseline
chest imaging revealed active pulmonary inflammation, signs
and symptoms of infection within 14 days prior to the first use of
the study drug or oral or patient is taking intravenous antibiotic
therapy, except for prophylactic use of antibiotics; vii) patients
with active pulmonary tuberculosis infection found by medical
history or CT examination, or with a history of active pulmonary
tuberculosis infection within one year before enrollment, or with
a history of active pulmonary tuberculosis infection >1 year ago
but without regular treatment; viii) the presence of active hepatitis
B (HBV DNA >2,000 IU/ml or 10* copies/ml) was positive for
hepatitis C (hepatitis C antibody) and HCV RNA was higher
compared with the lower limit of analytical method; ix) female
subject who is pregnant or breastfeeding; x) patients who are not
suitable for participation in clinical trials in the opinion of the
investigator. View inclusion criteria and exclusion criteria using
the following link: https://clinicaltrials.gov/ct2/show/NCT049288
07?term=NCT04928807&draw=2&rank=1.

Eligible patients were divided into 3 cohorts depending
on the neoadjuvant treatment regimen: Arm A (SCRT plus
2 cycles of chemotherapy and camrelizumab); Arm B (SCRT
plus 2 cycles of chemotherapy); and Arm C (LC-CRT plus
2 cycles of chemotherapy). The more detailed treatment
regimen was presented in Fig. 1. Albumin, total cholesterol,
LDH, neutrophil, platelet and lymphocyte values in the periph-
eral blood were collected before treatment. pCR was defined as
postoperative pathologic confirmation of no active cancer cells
remaining in either the primary site or the resected regional
lymph nodes with a ypTONOMO stage.

Statistical analysis. Continuous variables are described by
mean + standard deviation (SD) or median and range (deter-
mined by whether the data are normally distributed according
to Shapiro-wilk test), and categorical variables are presented
as frequencies and percentages. The non-parametric test, ¥’
and Fisher's exact tests were performed to compare the three
groups. The receiver operating characteristic (ROC) curve was
used to determine the optimal cut-off value to define the level
of hematological indicators and univariate and multivariate
logistics regressions were used to determine independent
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Table I. Baseline patient and tumor characteristics in three cohorts.

Characteristic Arm A (n=91) Arm B (n=29) Arm C (n=51) P-value
Sex (%) 0.863
Male 59 (64.8) 20 (69.0) 35 (68.6)
Female 32(35.2) 9(31.0) 16 (31.4)
Age (mean + SD) 56.91+0.962 53.69+11.720 56.98+8.620 0.243
Clinical T stage (%) 0.440
2-3 69 (75.8) 25(76.2) 38 (74.5)
4 22 (24.1) 4(13.8) 13 (25.5)
Clinical N stage (%) 0.161
0-1 48 (52.7) 20 (69.0) 24 (47.1)
2 43 (47.3) 9(31.0) 27 (52.9)
Tumor node metastasis (%) 0.102
II 909.9) 7(4.1) 509.8)
III 82 (90.1) 22 (75.9) 46 (90.2)
MMR status (%) 0.056
dMMR/unknown 27 (29.7) 10 (34.5) 7(13.7)
pPMMR 64 (70.3) 19 (65.5) 44 (86.3)
Circumferential resection <0.001
margin (%)
Positive 48 (52.7) 7(4.1) 30 (58.8)
Negative 27 (29.7) 6 (20.7) 17 (33.3)
Unknown 16 (17.6) 16 (55.2) 4(7.8)
Extramural vascular <0.001
invasion (%)
Positive 40 (43.9) 5(17.2) 24 (47.1)
Negative 29 (31.9) 4(13.8) 19 (37.3)
Unknown 22 (24.2) 20 (69.0) 8 (15.7)
Distance from primary 5.0 (0.5-10.0) 5.0 (2.0-10.0) 6.0 (1.5-9.8) 0.830

tumor to anal verge
(median + range, cm)

MMR, microsatellite stable; AIMMR, deficient mismatch repair; pMMR, proficient mismatch repair.

prognostic factors of pCR among these indicators. P<0.05 was
considered to indicate a statistically significant difference. All
data analysis was performed in IBM SPSS 27.0 (IBM Corp.).

Results

Patient clinical features. The basic clinical characteristics
of the three cohorts of patients are presented in Table I. The
mean ages of Arm A, Arm B and Arm C were 56.91, 53.69 and
56.98 years old, respectively. The percentages of males in Arm
A, Arm B and Arm C were 64.8, 69.0 and 68.6%, respectively.
The proportion of phase III in any cohort is higher compared
with the proportion of phase II (Arm A: 90.1% vs. 9.9%; Arm
B: 75.9% vs.24.1%; Arm C: 90.2% vs. 9.8%). Sex, age, T stage,
N stage, TNM stage and distance from primary tumor to anal
verge were generally well balanced among each group.

Efficacy. The pCR rates for Arm A, Arm B and Arm C were
50.5, 24.1 and 23.5%, respectively (Table II). The pCR rate

was different between Arm A and Arm B, and between
Arm A and Arm C, while there was no significant differ-
ence between Arm B and Arm C (Fig. 2A). The percentages
of pTO were 50.5 (Arm A), 24.1 (Arm B) and 23.5% (Arm
C) and pNO were 80.2 (Arm A), 79.3 (Arm B) and 74.5%
(Arm C) in different groups, respectively (Table II). The
percentage of TRG (the criterion of TRG refers to the
American Joint Committee on Cancer 8th edition) (21) of
grade 0-1 was higher in Arm A compared with that in the
remaining two Arms (Arm A: 76.9%, Arm B: 44.8%, Arm
C:52.9%) (Table II and Fig. 2B). The proportions of Arm A,
Arm B and Arm C with a decrease of at least one level in T
stage were 81.3, 58.6 and 66.7% and with a N downstaging
at least one level were 76.9, F65.5 and 78.4%, respectively
(Table II). There was no difference in T and N downstaging
between either group, except that Arm A has a significant
T-downstaging vs. Arm B (Fig. 2C and D). Fig. 3 presents
the T stage and N stage of Arm A patients at baseline and
postoperative.
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Table II. Postoperative pathological results in Arm A, Arm B and Arm C.

Pathological Arm A Arm B Arm C
results (n=91) (%) (n=29) (%) (n=51) (%)
ypT

tis 2(2.2) 0(0) 0(@0)

0 46 (50.5) 7(4.1) 12 (23.5)

1 2(22) 2(6.9) 239

2 14 (154) 5(17.2) 13 (255)

3 27 (29.7) 15 (51.7) 23 (45.1)

4 0(0) 0(0) 1(2.0)
ypN

0 73 (80.2) 23(79.3) 38 (74.5)

1 15 (16.5) 5(17.2) 9 (17.6)

2 33.3) 1(34) 4(7.8)
ypTNM

pCR 46 (50.5) 7(24.1) 12 (23.5)

0 2(22) 0(0) 0(0)

I 9(9.9) 6 (20.7) 10 (19.6)

II 16 (17.6) 10 (34.5) 16 (314)

111 18 (19.8) 6 (20.7) 13 (25.5)
TRG

0 46 (50.5) 7(24.1) 12 (23.5)

1 22 (24.2) 6 (20.7) 15(294)

2 19 (20.9) 14 (48.3) 22 (43.1)

3 444 2(6.9) 239

pT, pathologic T-stage; pN, pathologic N-stage; pTNM, pathologic TNM-stage; pCR, pathological complete response; TRG, tumor regression

grade.

Prognostic factors associated with pCR in Arm A. In the ROC
analysis for the albumin, total cholesterol, LDH, neutrophil,
platelet, lymphocyte, NLR and PLR cutoff values, the areas
under the curve were 0.525 (P=0.688), 0.594 (P=0.156), 0.502
(P=0.982),0.581 (P=0.179), 0.541 (P=0.505), 0.507 (P=0.916),
0.549 (P=0.425) and 0.549 (P=0.422) for pCR, respectively
(data not shown). Finally, albumin >37.9 g/1, total cholesterol
>4.45 mmol/l, LDH >141 U/l, neutrophil >2.62x10%]1, platelet
>244x10%/1, lymphocyte >1.44x10°1, NLR >3 and PLR >128
were classified into the high-level group. Binary logistic
regression analysis was performed for the following 10 criteria:
i) Sex; ii) age; iii) albumin; iv) total cholesterol; v) LDH,;
vi) neutrophil; vii) platelet; viii) lymphocyte; ix) NLR; x) PLR.
Univariate logistic regression analysis was performed showing
that baseline total cholesterol >4.45 mmol/l, neutrophil
<2.62x10%/1 and PLR >128 were significant prognostic factors
of pCR, and multivariate regression analysis showed that base-
line total cholesterol >4.45 mmol/l, neutrophil <2.62x10°%/1
were selected as the independent factors for pCR (Table I11).

Discussion
The present study validated that the regimen of SCRT

plus 2 cycles of chemotherapy and camrelizumab could
significantly increase the pCR rate in patients with LARC by

two-fold (Arm A vs. Arm C, 50.5% vs. 23.5%). Unfortunately,
the mechanism of such a high pCR rate with this regimen is
not clarified. At the same time, studies using hematological
indicators to predict pCR in this specific cohort have not been
conducted. Therefore, the present study performed this study
on 91 patients who were enrolled in the Arm A.

As aforementioned, NLR, LDH and PLR can be used as
predictors of prognosis in rectal cancer and are negatively
correlated with OS and PFS (15,22,23). However, the results
of a study that included 1,237 patients showed that NLR and
PLR not only did not predict the prognosis of patients with
locally advanced rectal cancer, but also did not predict the
PCR rate after neoadjuvant chemoradiotherapy (24). Instead,
this is consistent with the present findings, which showed that
although PLR was associated with pCR, it was not an inde-
pendent predictor of pCR. These studies with contradictory
results indicates that the role of these indicators in predicting
prognosis needs to be explored in depth.

However, notably, the present study revealed that high total
cholesterol and low neutrophils at baseline were associated with
higher pCR rates. As early as 1997, it has been suggested that
total serum cholesterol levels are positively correlated with the
development of colorectal cancer (25). Cholesterol can promote
tumorigenesis and progression by participating in the regulation
of different signaling pathways (26,27). Cholesterol plays an
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Table III. Univariate and multivariate logistics regressions for predicting pCR.

Univariate Multivariate
Variable P-value HR (95% CI) P-value HR (95% CI)
Albumin (g/1)
>37.9 0.208 1.857 (0.708-4.868)
<379 1
Total cholesterol (mmol/l)
>4.45 0.026 2.856 (1.134-7.190) 0.016 3.456 (1.255-9.517)
<445 1 1
LDH (U/)
<141 0.217 0.465 (0.138-1.568)
>141 1
Neutrophil (x10°/1)
<2.62 0.012 3.810 (1.337-10.861) 0.020 4.370 (1.258-15.180)
>2.62 1 1
Platelet (x10°/1)
>244 0.090 2.175 (0.886-5.340)
<244 1
Lymphocyte (x10°/1)
>1.44 0.347 1.500 (0.644-3.492)
<144 1
NLR
<3 0.999 -
>3 -
PLR
>128 0.047 2.390 (1.013-5.635) 0.075 2481 (0.913-6.744)
<128 1 1

LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio.

Enrolled patients

Arm A

n=91

SCRT plus 2 cycles of CAPOX and camrelizumab

Arm B

(n=171)

n=29

Surgery

¥

SCRT plus 2 cycles of CAPOX

Arm C|

n=51

LC-CRT plus 2 cycles of CAPOX

Figure 1. Treatment regimen. CAPOX course, oxaliplatin 130 mg/m? intravenously, day 1; capecitabine 1,000 mg/m? oral twice daily, days 1-14. Camrelizumab,
200 mg intravenous drip, day 1. LC-CRT course, 28x1.8 Gy on 5 days per week, oral capecitabine (825 mg/m?, bid, days 1-5) during radiotherapy. Surgery was
performed according to total mesorectal excision principles. CAPOX, capecitabine plus oxaliplatin; SCRT, short-course radiotherapy; LC-CRT, long-course
chemoradiotherapy; SCRT, 5x5 Gy over 5 days.

indispensable role in maintaining the stability of cell membranes ~ hypothesize that the explanation for the effective and aggressive
and in the growth and differentiation of cells, which include  killing of tumor cells in the Arm A may also be that cholesterol
but are not specific to lymphocytes (28,29). Therefore, we  provided the material source needed for the lymphocytes to
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A #

Rate (%)
100

90

80
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30

20
10 241

0

Arm A Arm B

OpcR Non-pcR

C NS

Arm C

Rate (%)
100 1777
90
80
70
60
50
40 81.3
30 58.6
20
10

66.7

Arm A Arm B Arm C

O With a decrease of T stage
Without a decrease of T stage

B LS
S
Rate (%) ———
100
%
80 Vv
70
60
50
40 74.7
30
52.9
20 44.8
10
0
Arm A Arm B Arm C
OTRG(0-1) @ TRG(2-3)
D NS
| NS |
NS I I
21.6
s
50
40 76.9 78.4
30 65.5
20
10
0
Arm A Arm B Arm C

O With a decrease of N stage
Without a decrease of N stage

Figure 2. Rates (%) of pCR, TRG, T-downstaging and N-downstaging and the differences between different groups. (A) pCR rate and (B) TRG rate were
significantly different between Arm A and Arm B and between Arm A and Arm C (A, P=0.002; B, P=0.003). There was no difference between Arm B and
Arm C. (C) Rate of T-downstaging was significantly different between Arm A and Arm B. There was no difference between Arm A and Arm C and between
Arm B and Arm C (P=0.026). (D) Rate of N-downstaging showed no difference between the three groups (P=0.388). “P<0.05; NS, no significance; pCR,

pathological complete response; TRG, tumor regression grade.

function effectively. However, the specific mechanism needs to
be further explored before it can be clarified.

Neutrophils are often involved in the inflammatory response
in the body and can contribute to tumorigenesis, progression and
metastasis by secreting different factors (30,31). Meng et al (32)
have demonstrated that high neutrophils indicate a worse DFS.
Higher neutrophil levels in tumor tissue are a risk factor for
reduced 5-DFS in patients with colorectal cancer (33). Similarly,
in squamous carcinoma of the anal canal, the cohort of high

neutrophils at baseline exhibit poor local control rates (34).
Overall, high neutrophils are a detrimental presence for patients
with rectal cancer. The present results show that low neutrophils
at baseline are an independent influence in predicting high pCR,
corroborating that high neutrophil status may enhance tumor
resistance to therapy. To some extent, it can be considered that
the relationship between NLR and neutrophil levels is positively
correlated. Since immune checkpoint inhibitors eliminate tumor
cells by enhancing the cytotoxic effect of T cells, the number
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z
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T4 22 (24.1%) | T4 | 0(0%) 2 | 42(46.2%) | 2 3 (3.3%)
13 | 66(725%) | T3 | 27 (29.7%) 1| 40(44.0%) | 15 (16.5%)
0 9 (9.9%) 0 73 (80.2%
T2 3 (3.3%) T2 | 14 (15.4%) (80.2%)

T1 | 2(2.2%)

- To | 46 (50.5%)

- tis | 2(2.2%)

Figure 3. Change of (A) T-stage and (B) N-stage from baseline in Arm A. The percentage of patients in Arm A with different preoperative (cT or cN) and
postoperative (ypT or ypN) (C) T-stage and (D) N-stage. "Patient with a postoperative T-stage of tis. cT, clinical-stage; cN, clinical T-stage; pT, pathologic

T-stage; pN, pathologic N-stage; tis, tumor in situ.

of lymphocytes may not visually reflect the killing ability of
lymphocytes (35). It may explain why lymphocytes and NLR
are not associated with the pathological response.

For patients with rectal cancer who receive neoadjuvant
therapy, if they achieve CCR, a treatment strategy of obser-
vation can be adopted (10). This can reduce the damage
caused by the surgery itself including psychological and
physical damage to the patient (36,37). However, the concor-
dance between CCR rates and pCR rates varies and is highly
influenced by human consciousness. The result of a study of

488 patients showed that only 25% of patients who achieved
CCR were pCR (38). This means that 75% of these patients
would be in a situation of delayed treatment if they did not
receive surgical treatment (38). By contrast, the rate of CCR
(14.3%; 13/91) in the present study was lower compared with
the pCR rate, which would have led to patients receiving
overtreatment. If pCR can be accurately predicted through
easy and cost-effective blood indicators, then these indica-
tors can provide some reference when making treatment
decisions for patients.


https://www.spandidos-publications.com/10.3892/ol.2023.13905
https://www.spandidos-publications.com/10.3892/ol.2023.13905
https://www.spandidos-publications.com/10.3892/ol.2023.13905

8 ZHANG et al: SIGNIFICANCE OF PERIPHERAL BLOOD INDICATORS TO PREDICT pCR

In conclusion, short-course radiotherapy followed by
chemotherapy and camrelizumab as a neoadjuvant treatment
for locally advanced rectal cancer could significantly improve
the pCR rate, and PLR, high cholesterol and low neutrophils at
baseline were favorable prognostic factors. Furthermore, high
cholesterol and low neutrophils at baseline were independently
associated with high pCR rates.
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