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Background: Preoperative chemoradiotherapy followed by radical resection is the standard treatment for 
locally unresectable rectal cancer. This study evaluated the prognostic relationship between preoperative 
hematological parameters and overall survival among rectal cancer patients receiving trimodal therapy.
Methods: From January 2010 to December 2018, 96 patients with primary non-metastatic locally advanced 
rectal cancer underwent preoperative chemoradiotherapy followed by radical surgery at our institution. The 
patients’ demographic characteristics, clinical and pathological variables, and hematologic parameters were 
collected retrospectively by reviewing medical records. The Cox proportional hazard model and Kaplan-
Meier curve analysis were used to assess overall survival. The receiver operating characteristic curve with the 
Youden index was used to dichotomize continuous variables.
Results: The median age was 58 years, with male predominance (72.9%); 74.0% were in the clinical 
T3 stage. All patients completed chemoradiotherapy to the whole pelvis and pelvic lymph nodes. Three-
dimensional conformal radiation therapy, intensity-modulated radiation therapy, and volumetric-modulated 
arc therapy were included in the study. All patients underwent surgical intervention 12 weeks after completing 
radiotherapy. The median OS for all patients was 65.0 (range, 7.0–138.0) months. The 3-year OS rate was 
85.4% of all patients. Univariate analysis showed that preoperative white blood cell count (>5,200/μL vs. 
≤5,200/μL, P=0.004), hemoglobin (P=0.030), peripheral platelet count (>217×103/μL vs. ≤217×103/μL, 
P=0.002), increased absolute neutrophil count (P=0.002), increased neutrophil-to-lymphocyte ratio (P=0.027) 
and a systemic immune-inflammation index (>656×109/L vs. ≤656×109/L, P=0.008) were associated with poor 
overall survival. On multivariate analysis, a preoperatively high systemic immune-inflammation index (P=0.016) 
and low hemoglobin levels (P=0.040) remained associated with reduced overall survival.
Conclusions: Preoperative counts of white blood cells, peripheral platelets, absolute neutrophils, and the 
neutrophil-to-lymphocyte ratio and systemic immune-inflammation index were poor prognostic markers 
for overall survival in rectal cancer patients receiving radical surgery after preoperative chemoradiotherapy. 
However, a high preoperative hemoglobin level might predict a better prognosis, and the systemic 
immune-inflammation index might accurately predict survival outcomes in patients with rectal cancer after 
preoperative chemoradiotherapy.
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Introduction

Approximately 149,500 newly diagnosed cases of colorectal 
cancer (CRC) are recorded annually in America, with 
approximately 52,980 of them ending in death (1). In 
Taiwan, more than 16,000 people were diagnosed with CRC 
in 2018. Radical surgery is the main curative treatment for 
CRC. For T3N0, T4N0, T(any)N+, or locally unresectable 
rectal cancer, neoadjuvant chemoradiotherapy (NACRT) 
followed by radical resection is the standard treatment 
(2,3). However, despite combined-modality treatments, it is 
difficult to predict outcomes for patients after NACRT. 

Studies have shown that cancer-associated inflammation 
is associated with poorer outcomes, and that hematological 
inflammatory markers correlate with survival in rectal 
cancer patients undergoing NACRT (4-6). For some 
malignant solid tumors, such as CRC, several immune-
inflammation measures have been reported to predict 
prognosis, including the neutrophil-lymphocyte ratio 
(NLR), platelet-lymphocyte ratio (PLR), monocyte-
lymphocyte rat io  (MLR),  and systemic immune-
inflammation index (SII) (7,8). The purpose of this study 
was to evaluate the prognostic significance of preoperative 
hematological parameters, including the absolute neutrophil 
count (ANC), NLR, PLR, MLR, and SII, in overall survival 
(OS) of rectal cancer patients receiving trimodal therapy. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://tro.
amegroups.com/article/view/10.21037/tro-21-35/rc).

Methods

Patients

A single institution’s cancer registry, Changhua Christian 
Hospital, was reviewed retrospectively. Patients were 
identified whom had the American Joint Committee on 
Cancer (AJCC) cancer staging system 7th edition (9) T3N0, 
T4N0, T(any)N+, or locally unresectable rectal cancer who 
underwent NACRT followed by radical surgery between 
January 2010 and December 2018. The observation period 
was from January 2010 to October 2021. All patients 
were at least 20 years old, had histologically confirmed 
primary rectal cancer, and had no distant metastases 

when diagnosed. The staging workup included abdominal 
computed tomography (CT), magnetic resonance imaging 
(MRI), and positron emission tomography/computed 
tomography (PET/CT) scans. Patients were excluded from 
the study if they had a history of another malignancy before 
the rectal cancer diagnosis or a history of pelvic irradiation. 
None of the patients included in the study had autoimmune 
disease. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Our 
institutional review board approved this study (CCH IRB 
No. 200812) and individual consent for this retrospective 
analysis was waived because the research presented no more 
than minimal risk.

Data collection

The relevant demographic information and clinical and 
pathologic variables of each patient were extracted from 
the institutional records. Hematological parameters that 
included white blood cell (WBC) counts, hemoglobin (Hb) 
levels, platelet counts, neutrophil percentages, lymphocyte 
percentages, monocyte percentages, SII (platelet count 
× neutrophil count/lymphocyte count), NLR, PLR, and 
MLR, were collected before treatment, during the NACRT, 
and perioperatively. Perioperatively means before surgery 
and 4–6 weeks after operation. The OS was defined as the 
period from the date of the diagnostic biopsy until death or 
the end of the follow-up period. The follow-up time was 
defined as the period from the date of operation until death 
or the end of the follow-up period.

Treatment

Based on the clinical situation and the physician’s experience, 
patients received 5-fluorouracil-based chemotherapy, 
including oral UFUR (tegafur 100 mg/uracil 224 mg)/oral 
capecitabine or FL (fluorouracil + leucovorin)/FOLFOX 
(folinic acid + fluorouracil + oxaliplatin)/FOLFIRI (irinotecan 
+ fluorouracil + folinic acid)/CapeOx (capecitabine + 
oxaliplatin), orally or via intravenous infusion. 

Concurrent radiotherapy—including three-dimensional 
conformal radiation therapy, intensity-modulated radiation 
therapy (IMRT), image-guided intensity-modulated 
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radiation therapy (IG-IMRT), volumetric-modulated arc 

therapy (VMAT), and image-guided volumetric modulated 

arc therapy (IG-VMAT)—was delivered to the whole 

pelvis, with or without intensity-modulated radiotherapy 
with simultaneous integrated boost (IMRT-SIB) or VMAT 
with simultaneous integrated boost (VMAT-SIB) to the 
primary gross tumor. Radiotherapy was administered in a 
daily fraction of 1.8–2 Gy/day, 5 days a week, for 5–6 weeks. 
All treatment plans were generated using the Pinnacle3 

Treatment Planning System (Philips; Fitchburg, WI, USA) 
version 9.6, 9.8, or 9.16. The target volume included the 
primary tumor, perirectal fat tissue, mesorectum, and 
presacral and pelvic lymph nodes. 

Surgical intervention was performed 12 weeks after the 
completion of radiotherapy. The surgical methods depended 
on the surgeon’s clinical judgment and included radical 
proctectomy with or without coloanal anastomosis, low 
anterior resection, anterior resection, abdominal perineal 
resection, transanal endoscopic microsurgery, restorative 
proctectomy with coloanal anastomosis, and Hartmann’s 
operation.

Statistical analysis

The Cox proportional hazard model and Kaplan-Meier 
curve analysis were used to assess the OS. Univariable 
factors that suggested an association with OS were selected 
as variables in a multivariate Cox proportional hazard 
model. The receiver operating characteristic (ROC) curve 
with the Youden index was chosen as the threshold to 
dichotomize continuous variables. Statistical significance 
was set at P<0.05. IBM SPSS v.25 software (IBM; Armonk, 
NY, USA) was used for all data analyses.

Results

The details of the enrollment diagram are shown in Figure 1.  
Overall, 96 patients were enrolled in the study, including 
70 men (72.9%) and 26 women (27.1%). The patient 
characteristics are summarized in Table 1. The median age 
of all patients was 58 years (range, 25–83 years). About 
98% of all patients had an Eastern Cooperative Oncology 
Group (ECOG) performance status score of 0–1, and 2% 
had a performance status score of 2. Of all patients, 89.6% 
had moderately differentiated histology. The median 
initial carcinoembryonic antigen (CEA) concentration was  
4.7 ng/dL (range, 0.8–949.6 ng/dL). Nineteen patients had 
clinical T2 stage tumors, 71 patients had clinical T3 stage 
tumors, and 6 patients had clinical T4 stage tumors.

All patients received radiotherapy once daily, with 
either 50 Gy in 25 fractions or 50.4 Gy in 28 fractions, 

• Clinical M1a or M1b disease (n=16)
• Incomplete CRT (n=7)

No surgery (n=39) or  
Surgery at other hospital (n=10)

Other prescribed RT dose  
(n=14)

Delayed surgery over 12 weeks  
(n=11)

Early death after surgery 
(n=1)

194 patients with locally advanced rectal 
cancer for preoperative CRT

Initial no distant metastasis  
(n=171)

Surgery at our hospital  
(n=122)

Pelvic irradiation with 50 Gy/50.4 Gy 
(n=108)

Surgery in 12 weeks after RT 
Follow lab data after surgery 4–6 weeks 

(n=97)

96 patients enrolled into the study 

Figure 1 From January 2010 and December 2018, there were  
194 patients diagnosed with primary rectal cancer, T3/T4N0 or 
T(any)N+ or locally unresectable rectal cancer who were referred 
to our department for preoperative CRT. Among the 194 patients,  
171 patients had no distant metastases when diagnosed, and 
completed CRT; 39 patients did not receive surgery, and 10 patients 
received surgery at other hospitals. A total of 108 patients received 
pelvic irradiation with 50 Gy/25 fx or 50.4 Gy/28 fx. Eleven patients 
had delayed surgery over 12 weeks. Ninety-six patients were enrolled 
into the current study. CRT, chemoradiotherapy; RT, radiotherapy.
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to the whole pelvis and pelvic lymph nodes. The median 
radiotherapy duration was 38 days (range, 34–55 days). 
The median period between preoperative radiotherapy and 
surgery was 46 days (range, 27–75 days).

All patients included in the study received neoadjuvant 
chemotherapy and the characteristics of the neoadjuvant 
treatments are summarized in Table 2. Most of the patients 
tolerated the NACRT course well. Gastrointestinal disease 
was the most observed complication after neoadjuvant 
treatment. 

All patients underwent surgery 12 weeks after finishing 
the neoadjuvant radiotherapy. The median follow-up 
time was 61.5 months (range, 4.0–135.0 months). Of all 
patients, 38.5% (n=37) received adjuvant chemotherapy. 
The median OS for all patients was 65.0 months (range,  
7.0–138.0 months). The 3-year OS rate was 85.4% of all 
patients. 

The univariate parameters included preoperative WBC 
count, differential counts, Hb level, peripheral platelet 

Table 1 Patient characteristics

Characteristics Values (n=96)

Age (years), median [range] 58 [25–83]

Follow-up time (months), median [range] 61.5 [4.0–135.0]

Sex, n (%)

Male 70 (72.9)

Female 26 (27.1)

BMI (kg/m2), mean [range] 23.1 [15.8–33.0]

Pretreatment ECOG performance status, n (%)

0 44 (45.8)

1 50 (52.1)

2 2 (2.1)

Differentiation, n (%)

Well differentiated 3 (3.1)

Moderately differentiated 86 (89.6)

Poorly differentiated 7 (7.3)

Distance from anal verge (cm), n (%)

≤5 47 (49.0)

6–15 49 (51.0)

Clinical T stage, n (%)

T2 19 (19.8)

T3 71 (74.0)

T4 6 (6.3)

Lymph node involvement, n (%)

N0 11 (11.5)

N1/N2 85 (88.5)

Clinical stage, n (%)

I 4 (4.2)

II 7 (7.3)

III 85 (88.5)

Interval between preoperative radiotherapy and surgery (days)

Median [range] 46 [27–75]

<42 days, n (%) 26 (27.1)

42–55 days, n (%) 53 (55.2)

56–84 days, n (%) 17 (17.7)

Adjuvant chemotherapy, n (%) 37 (38.5)

BMI, body mass index; ECOG, the Eastern Cooperative Oncology 
Group.

Table 2 Characteristics of neoadjuvant treatment 

Characteristics Values (n=96)

Radiation technique

3D-CRT, n (%) 9 (9.4)

IMRT, n (%) 21 (21.9)

IG-IMRT, n (%) 1 (1.0)

VMAT, n (%) 11 (11.5)

IG-VMAT, n (%) 54 (56.3)

IMRT-SIB/VMAT-SIB, n (%) 53 (55.2)

CTV-H (Gy), median [range] 54 [50–56]

≥ Grade 3 toxicity, n (%) 2 (2.1)

Concurrent chemotherapy, n (%)

Oral UFUR/FL 48 (50.0)

Oral capecitabine 24 (25.0)

FOLFOX/FOLFIRI/CapeOX 24 (25.0)

3D-CRT, three-dimensional conformal radiotherapy; IMRT, 
intensity-modulated radiation therapy; IG-IMRT, image-guided 
IMRT; VMAT, volumetric-modulated arc therapy; IG-VMAT, 
image-guided VMAT; SIB, simultaneous integrated boost; CTV, 
clinical target volume; CTV-H, high-risk CTV; UFUR, tegafur 
100 mg/uracil 224 mg; FL, fluorouracil + leucovorin; FOLFOX, 
folinic acid + fluorouracil + oxaliplatin; FOLFIRI, irinotecan + 
fluorouracil + folinic acid; CapeOX, capecitabine + oxaliplatin.
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count, SII, NLR, PLR and MLR. The differential counts, 
NLR, PLR and MLR were continuous variable; while the 
WBC count, Hb level, peripheral platelet count and SII 
were dichotomized into high and low level. The optimal 
cut-point values were derived from Youden’s index.

Univariate analysis showed significant associations between 
poor OS and the preoperative WBC count (>5,200/μL  
vs. ≤5,200/μL, P=0.004), Hb level (≤11.2 g/dL vs. >11.2 g/dL,  
P=0.030), peripheral platelet count (>217×103/μL vs. 
≤217×103/μL, P=0.002), ANC (P=0.002), NLR (P=0.027), 

and SII (>656×109/L vs. ≤656×109/L, P=0.008). Preoperative 
parameters with significant P<0.05 in univariate analysis 
were included in the multivariate analysis. SII is a composite 
indicator integrating platelet, neutrophil and lymphocyte 
counts. To avoid the problems with the presence of 
multicollinearity, we checked the ROC curve for the SII, 
preoperative ANC and preoperative NLR. The area under 
the ROC curve for the SII (0.713) was greater than that for 
the preoperative ANC (0.674) and preoperative NLR (0.675); 
therefore, the SII was included in the multivariate analysis.

In the multivariate analysis, a high SII [>656×109/L, 
hazard ratio (HR) 7.293, 95% confidence interval (CI): 
1.447–36.765] remained significantly associated with 
a reduced OS (P=0.016); a high preoperative Hb level  
(≤11.2 g/dL, HR 0.348, 95% CI: 0.127–0.952) was also 
associated with a better OS compared with a low level 
(P=0.040). The characteristics of univariate and multivariate 
analysis of preoperative hematological parameters for OS 
are summarized in Table 3. The Kaplan-Meier curves of 
the OS for the SII and preoperative Hb levels are shown in 
Figure 2 and Figure 3. 

Discussion

In 1863, Virchow et al. first reported an association between 
cancer and systemic inflammation (10). The prognostic 
value of inflammation-related parameters, including the SII, 

Table 3 Univariate and multivariate analysis of preoperative hematological parameters for overall survival

Characteristic
Univariate analysis Multivariate analysis

P value HR 95% CI P value HR 95% CI

WBC (>5,200/μL, ≤5,200/μL) 0.004* 3.365 1.485–7.623 0.566 1.372 0.466–4.038

Preoperative ANC 0.002* 1.000 1.000–1.001 – – –

Preoperative ALC 0.969 1.000 0.999–1.001 – – –

Preoperative AMC 0.065 1.002 1.000–1.005 – – –

Hb (≤11.2 g/dL, >11.2 g/dL) 0.030* 0.420 0.191–0.921 0.040* 0.348 0.127–0.952

Platelet (>217×103/μL, ≤217×103/μL) 0.002* 3.477 1.573–7.686 – – –

SII (>656×109/L, ≤656×109/L) 0.008* 7.427 1.683–32.784 0.016* 7.293 1.447–36.765

NLR 0.027* 1.156 1.017–1.315 – – –

PLR 0.111 1.001 1.000–1.003 – – –

MLR 0.346 1.249 0.787–1.983 – – –

*, P value <0.05. HR, hazard ratio; CI, confidence interval; WBC, white blood cell count; ANC, absolute neutrophil count; ALC, 
absolute lymphocyte count; AMC, absolute monocyte count; Hb, hemoglobin; SII, systemic immune-inflammation index; NLR,  
neutrophil-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-lymphocyte ratio.
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Figure 2 Kaplan-Meier curve of overall survival for the SII. SII, 
systemic immune-inflammation index.
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NLR, and PLR, has been demonstrated in several types of 
solid cancers such as CRC (11-14). In this study, a high SII 
and a low preoperative Hb level were correlated with poor 
OS in patients with rectal cancer after NACRT. The SII 
was a better prognostic factor for survival outcomes than 
ANC and NLR. 

Recently, the SII was suggested to be associated with a 
poor outcome of cancer, based on counts of neutrophils, 
lymphocytes, and platelets. Hu et al. (15) demonstrated 
in two independent cohorts that the preoperative SII 
is a powerful prognostic predictor of the post-surgical 
outcomes in patients with hepatocellular carcinoma and 
might be related to circulating tumor cells. For patients 
with metastatic CRC who are candidates for first-
line chemotherapy plus bevacizumab, the SII is a good 
prognostic and predictive marker (16). The prognostic 
value of the SII in patients with CRC after radical surgery 
was first reported in 2017 (17). Consistent with the results 
of previous studies, our study found that the SII was an 
independent predictor of OS and disease-free survival. 
Based on the area under the curve values obtained from the 
ROC curves, the SII was a better predictive factor of long-
term survival than the preoperative ANC and preoperative 
NLR; this might be because the SII reflects the states of the 
immune response and inflammation more comprehensively. 

In addition to WBC and peripheral platelet counts, Hb 
is a hematological parameter that can be checked routinely 
during treatment. Hypoxia is associated with increased 
resistance to tumor cell death during radiotherapy and 
worsens the outcome. Several factors that are represented 

by the Hb level affect tumor oxygenation, including the 
adequacy of the blood supply, microcirculation, and the 
oxygen-carrying capacity of the blood (18). The effect of 
Hb levels on the response to treatment, measured before 
and during concurrent chemoradiotherapy (CRT), has 
been well addressed in cervical cancer (19). Patients with 
pretreatment Hb levels less than 12 g/dL have potentially 
worse outcomes for solid tumors (20-22). Furthermore, low 
Hb levels before or during radiotherapy are associated with 
a reduced rate of pathological complete regression (pCR) 
after NACRT for rectal cancer (23). Patients with pCR 
have a better prognosis (24-26), and the treatment strategy 
for these patients may differ from that for patients without 
pCR. Our findings are consistent with those of previous 
studies that showed that a high SII and low Hb levels are 
potential markers for predicting survival of rectal cancer 
patients treated with surgery after NACRT.

However, there were limitations to this study. First, this 
was a retrospective study, and some hematologic parameters 
may have been missed in the setting. Second, the different 
chemotherapy regimens and surgical methods were chosen by 
the clinical physicians’ preferences, which might have resulted 
in selection bias. Therefore, prospective studies with a larger 
number of patients are needed to confirm our findings.

Conclusions

In summary, a high preoperative WBC count, peripheral 
platelet count, ANC, NLR, and SII were associated with 
poor OS in rectal cancer patients receiving preoperative 
CRT followed by radical surgery. Patients with high 
preoperative Hb levels might have a better prognosis than 
those with low preoperative Hb levels in rectal cancer after 
NACRT. Compared with ANC and NLR, the SII was more 
powerful for predicting OS in patients with rectal cancer 
after preoperative CRT. 
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