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Abstract
Purpose The objective of this study was to evaluate whether change of white blood-cell (WBC) count before and during
chemoradiotherapy (CRT) might be associated with susceptibility to radiation and tumor response.
Methods Medical records of 641 patients with rectal cancer who received preoperative CRT followed by curative surgery were
retrospectively reviewed in five tertiary centers. Complete blood cell with differential count was measured weekly during the
period of CRT. We assessed nadir/pre-CRT ratio of WBC count as a predictor for tumor response to CRT and a prognostic factor
for recurrence-free survival.
Results Enrolled patients were divided into low WBC ratio (LWR) and high WBC ratio (HWR) arms with cut-off value of 0.49
calculated by receiver operating characteristic curve. Of 641 patients, 490 (76.4%) and 151 (23.6%) were categorized into HWR
(> 0.49) arm and LWR (≤ 0.49) arms, respectively. Complete pathologic response rate after CRTwas significantly higher in LWR
arm than that in HWR arm (23.8% vs. 12.2%, p = 0.001). In logistic regression analysis, carcinoembryonic antigen (CEA) level
over 5 ng/ml [adjusted odds ratio (OR) 0.566, 95% confidence interval (CI) 0.351–0.912; p = 0.019) and HWR (adjusted OR
0.412, 95% CI 0.256–0.663; p = 0.001) were significantly negative factors of pathologic complete response. The 5-year recur-
rence-free survival rate was significantly higher in the LWR group than that in the HWR group (83.3% vs. 67.6%, p = 0.001).
Conclusion Low nadir/pre-chemoradiotherapy ratio during preoperative CRTcan predict good tumor response. It is significantly
associated with improved recurrence-free survival in rectal cancer.
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Introduction

Preoperative chemoradiotherapy (CRT) followed by total
mesorectal excision (TME) has been the optimal treatment
for patients with locally advanced rectal cancer [1–3].
Preoperative CRT increases progression-free survival and the
chance to avoid abdominoperineal resection which sacrifices
an anal sphincter [4]. Response to CRT varies from patient to
patient with rectal cancer. Approximately 10 to 15% of pa-
tients achieve pathologic complete response after preoperative
CRT [5, 6]. Response to radiation is an independent prognos-
tic factor of rectal cancer. Good responders to CRT have sig-
nificantly improved survival than non-responders [7]. Thus,
many researchers have tried to find a predictor of radiation
response before surgical resection in rectal cancer.

Inflammatory response has been reported as a prognostic
factor that influenced recurrence and survival in several solid
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tumors [8]. Parameters that reflect inflammatory response
such as C-reactive protein, serum albumin, and interleukin
have been reported as poor prognostic factors [9–11]. Some
predictive markers need additional examination or labor-
intensive complex assay to measure them accurately. Thus,
researchers have tried to find simpler and more useful method
that can reflect an inflammatory response in cancer treatment.
Blood-cell differential count in routine blood sampling is a
somewhat convenient indicator of inflammation. Many recent
studies have reported that the absolute number or proportion
of blood components is a prognostic factor for some solid
tumors [12, 13]. However, there is no definite consensus for
them in rectal cancer. Thus, the objective of this study was to
determine whether change of WBC count during preoperative
CRT in patients with locally advanced rectal cancer could
predict their tumor response and recurrence-free survival.

Materials and methods

Patients

We analyzed medical records of 641 patients with locally ad-
vanced rectal cancer who underwent preoperative CRT and
curative surgery at five tertiary institutions from 1998 to
2015. Inclusion criteria were (1) histologically confirmed ad-
enocarcinoma of the rectum; (2) distal margin of the tumor
located ≤ 10 cm from the anal verge; (3) clinical T3–4 and
N0–2 classification determined by magnetic resonance imag-
ing (MRI); (4) pre-treatment WBC count between 4,000/mm3

and 10,000/mm3; (5) completion of planned radiotherapy and
concurrent chemotherapy; (6) no evidence of distant metasta-
sis at diagnosis; and (7) Karnofsky performance status above
70. Patients with any history of other cancer or coexistence of
hematologic or metabolic disorder were excluded from this
study. Each center obtained approval from respective
Institutional Review Board before enrolling patients.

Treatment

All patients received preoperative CRT to the pelvis followed
by TME. Radiation dose was 45 Gy in 25 fractions to the
pelvis and additional 5.4 Gy in three fractions to the primary
tumor over 5.5 weeks. 5-Fluorouracil (5-FU)-based concur-
rent chemotherapy was administrated, including 2 cycles of
bolus 5-FU (400 mg/m2/day) and leucovorin (20 mg/m2/day)
with continuous infusion of 5-FU (225 mg/m2/day) during
CRT or capecitabine (825 mg/m2) twice daily. TME was per-
formed within 4 to 8 weeks after completion of CRT.
Adjuvant chemotherapy with 5-FU or capecitabine was ad-
ministrated according to institutional treatment policy.
Basically, patients with clinical T3–4 or node-positive disease
were recommended for adjuvant chemotherapy. However,

patients with old age, poor general condition, or treatment
morbidity after chemoradiation and surgery were considered
to omit adjuvant chemotherapy.

Evaluation

All patients underwent staging evaluations prior to preopera-
tive CRTconsisting of pathologic confirmation by endoscopy,
digital rectal examination, chest and abdominal pelvic com-
puted tomography, pelvic MRI, and blood tests including
carcinoembryonic antigen (CEA), complete blood-cell counts
(CBC), and blood chemistry.

CBC with differential count was measured weekly during
the period of CRT. Nadir WBC count was defined as the
lowest count during CRT. WBC ratio was defined as the ratio
of Nadir WBC count during CRT to WBC count before CRT.
Response to CRT was evaluated by pathologic examinations
after surgical resection. Downstaging was defined as ypT0-
2N0M0 with no lymph node involvement in pathologic ex-
amination. Pathologic complete response (pCR) was defined
as ypT0N0M0 with complete absence of a viable tumor with
only fibrotic mass in the pathologic specimen. Other patho-
logic evaluations included histologic grade, presence of
lymph node metastasis, lymphovascular invasion (LVI), peri-
neural tumor invasion (PNI), circumferential radial margin
(CRM), and distal resection margin (DRM). CRM and DRM
involvement was defined when surgical clearance was within
1 mm and 1 cm, respectively.

Statistical analysis

Recurrence-free survival (RFS) was defined as the time from
surgery to the first event of either recurrence of rectal cancer,
the last day of follow-up, or death. Overall survival (OS) was
defined as the time from surgery to death from any cause or

Fig. 1 Distribution of the ratio of Nadir to WBC count before
chemoradiotherapy
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the day of the last follow-up. Recurrence was defined as ra-
diologic and/or pathologic evidence of locoregional recur-
rence or distant metastasis. Receiver operating characteristic
(ROC) analysis and relative area under the curve (AUC) sta-
tistics were used to assess the optimal cut-off value for WBC
ratio to tumor response. The ratio closest to the point with the
Youden index [maximum (sensitivity + specificity − 1)] was
selected as the optimal cut-off value. Correlation of factors
to pCR and downstaging was compared using chi-square test
in the univariate analysis. Logistic regression analysis was
performed to evaluate factors for the multivariate analysis.
Survival curve was plotted using Kaplan-Meier method.
Log-rank test was used to compare survivals between the
two groups. Cox proportional hazards model was used to es-
timate the hazard ratio of prognostic factors in multivariate
analysis. Statistical significance was considered at p < 0.05.
All data were analyzed using SPSS statistical software pack-
age, version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Distribution of patients according to WBC ratio is shown in
Fig. 1. The median of WBC ratio was 0.58 (range 0.13–1.0).
Of 641 patients, 422 (65.8%) belonged to third quartile (0.5–
0.74) in WBC ratio. ROC curve and AUC analysis revealed
that the optimal cut-off value ofWBC ratio for pCR after CRT
was 0.49 (Fig. 2). WBC ratio showed an average value for
predicting pCR (AUC = 0.587, 95% CI 0.524–0.649, p =
0.007). Its sensitivity and specificity were 0.38 and 0.78, re-
spectively. According to the estimated cut-off value, patients
were divided into two groups: high WBC ratio (HWR > 0.49;
n = 490) and low WBC ratio (LWR ≤ 0.49; n = 151).

Patient characteristics are summarized in Table 1. A total of
117 (77.5%) of 151 patients with LWR had significantly
higher positive lymph node involvement than 327 (66.7%)
of 490 patients with HWR (p = 0.016). LWR arm showed
higher clinical T classification than HWR arm with marginal
significance (15.9% vs. 9.8%, p = 0.054). Other factors such
as age, gender, pre-CRT CEA, distance of tumor from the anal

Fig. 2 Receiver operating characteristic curve to identify the optimal cut-
off value of WBC ratio for tumor response after chemoradiotherapy

Table 1 Patient and tumor characteristics (n = 641)

Characteristics Low WBC ratio
arm (n = 151)

High WBC ratio
arm (n = 490)

p value

Age (year) 0.958

≤ 60 64 (42.4%) 211 (43.1%)

> 60 87 (57.6%) 279 (56.9%)

Gender 0.411

Male 94 (62.3%) 325 (66.3%)

Female 57 (37.7%) 165 (33.7%)

CEA (ng/mL) 0.365

≤ 5 84 (55.6%) 295 (60.2%)

> 5 67 (44.4%) 195 (39.8%)

Clinical T stage 0.054

cT3 127 (84.1%) 442 (90.2%)

cT4 24 (15.9%) 48 (9.8%)

Clinical N stage 0.016

cN− 34 (22.5%) 163 (33.3%)

cN+ 117 (77.5%) 327 (66.7%)

Tumor differentiation 0.765

Well 29 (19.2%) 104 (21.2%)

Moderate 113 (74.8%) 352 (71.8%)

Poor 9 (6.0%) 34 (6.9%)

Distance of tumor from
anal verge (cm)

0.173

≤ 5 61 (40.4%) 231 (47.1%)

> 5 90 (59.6%) 259 (52.9%)

Circumferential resection
margin

0.789

Negative 143 (94.7%) 459 (93.7%)

Positive 8 (5.3%) 31 (6.3%)

Distal resection margin 0.879

Negative 139 (92.1%) 447 (91.2%)

Positive 12 (7.9%) 43 (8.8%)

Lymphovascular invasion 0.082

Negative 132 (87.4%) 396 (80.8%)

Positive 19 (12.6%) 94 (19.2%)

Perineural invasion 0.739

Negative 132 (87.4%) 421 (85.9%)

Positive 19 (12.6%) 69 (14.1%)

Adjuvant chemotherapy 0.385

No 32 (21.2%) 123 (25.1%)

Yes 119 (78.8%) 367 (74.9%)

CEA carcinoembryonic antigen, WBC white blood-cell count
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verge, histologic grade, LVI, PNI, or CRM did not show any
significant difference between the two groups.

Tumor response analysis

Tumor response to CRT was evaluated by pathologic exami-
nation after surgery. Results of tumor response according to
WBC ratio are summarized in Table 2. Patients with lower
WBC ratio achieved significantly higher pCR rate than pa-
tients with higher WBC ratio (23.8% vs 12.2%; p = 0001).
Downstaging rate was also significantly higher in LWR arm
than that in HWR arm. Among 151 patients with LWR, 73
(48.3%) were downstaged after CRT, while 185 patients
(37.8%) of 490 patients with HWR were downstaged. The
difference in downstaging rate was statistically different be-
tween the two arms (p = 0.026).

Predictive factors affecting tumor response are summarized
in Table 3. In the univariate analysis, pCR rate was significantly
associated with CEA (p = 0.004) and WBC ratio (p < 0.001).
Multivariate analysis with a logistic regression model con-
firmed that CEA [adjusted odds ratio (OR) 0.566, 95% confi-
dence interval (CI) 0.351–0.912; p = 0.019] and WBC ratio
(adjusted OR 0.412, 95% CI 0.256–0.663; p = 0.001) were
independent prognostic factors for pCR after CRT.

Survival analysis

After median follow-up time of 50.1 months, 5-year RFS rate
was 83.3% in LWR arm and 67.6% in HWR arm, showing
significant difference between the two groups (p = 0.001;
Fig. 3A). A total of 486 (75.8%) of 641 patients received
postoperative chemotherapy. 5-FU/leucovorin was delivered
to 367 (57.3%) patients. Capecitabine was administered to 79
(12.3%) patients, while 5-FU/oxaliplatin/leucovorin was giv-
en to 40 (6.2%) patients. Five-year locoregional recurrence
rate in LWR arm was lower than that in HWR arm with a
marginal significance (5.2% vs. 9.1%, p = 0.064; Fig. 3B).
Patients with LWR showed significantly lower 5-year distant
metastasis rate than patients with HWR (11.0% vs. 23.2%,

p = 0.003; Fig. 3C). Patients with LWR showed a tendency
of higher OS at 5 years than patients with HWR (85.7% vs.
76.8%, p = 0.069; Fig. 3D). Prognostic factors affecting RFS
are shown in Table 4. In multivariate analysis, CEA (p =
0.003), pathologic T (p = 0.025) and N (p < 0.001) classifica-
tion, CRM (p = 0.009), perineural invasion (p = 0.040), and
WBC ratio (hazards ratio 1.633, 95% CI 1.089–2.540; p =
0.019) were independent prognostic factors for RFS.

Discussion

Inflammation around the tumor can change biological circum-
stances by increasing vascular permeability, angiogenesis, cell
proliferation, cell growth, and cell mobilization [13]. Thus,

Table 2 Tumor response according to the WBC ratio

Tumor response
(No. (%))

Low WBC ratio
arm (n = 151)

High WBC ratio
arm (n = 490)

p value

Pathologic complete
response (ypT0N0)

0.001

Yes 36 (23.8%) 60 (12.2%)

No 115 (76.2%) 430 (87.8%)

Downstaging (ypT0-2N0) 0.026

Yes 73 (48.3%) 185 (37.8%)

No 78 (51.7%) 305 (62.2%)

WBC white blood-cell count

Table 3 Analyses of factors associated with pathologic complete
response after chemoradiotherapy

Factor Univariate
(p)

Adjusted odds ratio
and 95% confidence
interval

Multivariate
(p)

Age (year) 0.373 0.454

≤ 60 Referent

> 60 1.190 (0.756–1.873)

Gender 0.201 0.279

Male Referent

Female 1.286 (0.815–0.028)

CEA (ng/mL) 0.004 0.015

≤ 5 Referent

> 5 0.554 (0.345–0.890)

Clinical T
classification

0.385 0.241

cT3 Referent

cT4 0.622 (0.282–1.375)

Clinical N
classification

0.720 0.809

cN− Referent

cN+ 0.942 (0.579–1.531)

Distance of tumor
from anal verge
(cm)

0.267 0.205

≤ 5 Referent

> 5 0.746 (0.475–1.173)

WBC ratio < 0.001 < 0.001

Low Referent

High 0.430 (0.270–0.686)

Interval between
radiation and
operation
(week)

0.661 0.428

≤ 7 Referent

> 7 1.203 (0.761–1.902)

CEA carcinoembryonic antigen, WBC white blood-cell count
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proliferation or metastasis of tumor cells could be stimulated
by inflammatory process [10]. Several studies have suggested
that serum inflammatory cytokines including interleukin 1, 6,
and 8, and TNF alpha are prognostic factors of patients with
solid tumor [14]. These substances are directly associated to
the degree of inflammation. However, enzyme-linked immu-
nosorbent assays (ELISAs) should be performed to quantify
these cytokines which need additional expense and time.

Clinical researchers have suggested more convenient
markers suitable for clinical circumstances. Erlinger et al. have
suggested CRP as a negative prognostic factor [11]. McMillan

et al. have proposed inflammation-based prognostic system
with CRP and serum albumin [15, 16]. With this system, they
reported that they could predict survival rate of patients with
several solid tumors. Others have suggested prognostic
markers based on blood cell count. Cho et al. have reported
that leukocytosis over 9000/m3 is correlated with poor radia-
tion response and prognosis in cervical cancer patients [17].
Unlike CEA, there is no absolute cut-off value in cell counting.
Thus, the ratio of cell component is also a point of interest.
Neutrophil-lymphocyte ratio (NLR) is the most interesting ra-
tio indicator. Biologically, neutrophilia represents increased

Fig. 3 A Recurrence-free survival between low and high WBC ratio groups. B Locoregional recurrence between low and high WBC ratio groups. C
Distant metastasis between low and high WBC ratio groups. D Overall survival between low and high WBC ratio groups

Int J Colorectal Dis (2019) 34:105–112 109



inflammation response, while lymphopenia indicates de-
creased immune response to tumor cells. Therefore, high
NLR might be a poor prognostic factor for cancer patients.
Many reports support this theory [18–20], although cut-off
value of each study is different without consensus. Moreover,
there are even negative reports on that [21, 22].

Pre-treatment prediction of survival in cancer patients is a
valuable idea. However, biological environment around the
tumor can change significantly by intensive treatment includ-
ing chemotherapy and radiation therapy [23, 24]. Thus,
changes by the treatment should be considered when evaluat-
ing prognosis. In patients with locally advanced rectal cancer,

it is easy to evaluate the effect of treatment because preoper-
ative CRT is performed before surgery and pathologic speci-
men can be obtained thereafter. Several studies have evaluated
post-CRT inflammation markers. Sung et al. have analyzed
NLR before and after CRT and concluded that persistent ele-
vation of NLR after CRT increases the risk of distant metas-
tasis [20]. To the best of our knowledge, this is the first study
showing that further decrease in WBC count during CRT
(equivalent to LWR group) is significantly associated with
better oncologic results in terms of tumor response to radiation
and RFS. Our study focused on change of Nadir/pre-CRT
WBC ratio during CRT. In this study, patients in the LWR

Table 4 Analyses of factors
associated with recurrence-free
survival

Factor 5-year
rate (%)

Univariate
(p)

Adjusted hazards ratio and
95% confidence interval

Multivariate
(p)

Age (year) 0.034 0.124

≤ 60 67.3 Referent

> 60 75.0 0.705 (0.521–1.254)

Gender 0.621 0.683

Male 71.9 Referent

Female 71.1 1.068 (0.779–1.463)

Distance of tumor from anal
verge (cm)

0.074 0.119

≤ 5 69.1 Referent

> 5 73.8 0.693 (0.510–1.141)

CEA (ng/mL) < 0.001 0.003

≤ 5 76.4 Referent

> 5 64.7 1.595 (1.175–2.165)

WBC ratio 0.001 0.019

Low 83.7 Referent

High 67.8 1.663 (1.089–2.540)

Interval between radiation and
operation (week)

0.249 0.356

≤ 7 74.1 Referent

> 7 69.8 1.353 (0.993–1.845)

Pathologic T classification < 0.001 0.025

pT0–2 88.3 Referent

pT3–4 67.5 1.882 (1.083–3.271)

Pathologic N classification < 0.001 < 0.001

pN− 79.4 Referent

pN+ 51.6 2.003 (1.431–2.804)

Circumferential resection
margin

< 0.001 0.009

Negative 73.5 Referent

Positive 43.2 1.887 (1.168–3.048)

Lymphovascular invasion < 0.001 0.057

Negative 76.4 Referent

Positive 48.5 1.448 (0.990–2.117)

Perineural invasion < 0.001 0.040

Negative 75.7 Referent

Positive 46.2 1.477 (1.101–2.181)

CEA carcinoembryonic antigen, WBC white blood-cell count
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group showed 10% higher pathologic complete response rate
than patients in the HWR group. Biologically, higher WBC
count is associated with systemic inflammation [17]. Thus,
decrease of WBC ratio after CRT means reduction of inflam-
mation which is a good prognostic factor for local treatment
response and distant metastasis as well as RFS in this study.
Although LRR and OS did not reach statistical significance,
they also showed a tendency to favor patients with LWR.

The limitations of this study were as follows: First, tit was
performed retrospectively in five institutions, and it had a long
recruitment period of nearly 20 years [25, 26]. Thus, treatment
modalities and regimens were more or less heterogeneous
institution by institution and year by year. Second, although
we analyzed theWBC ratio as a prognostic factor of treatment
response for CRT in the multivariate analysis, WBC count
itself can be altered due to complications during the treatment.
Another concern was comorbidity disease that could influence
systemic inflammation or WBC count. Thus, we included
patients within normal WBC range. However, it was impos-
sible to exclude all irrelevant patients in a retrospective study.
Thus, our results should be interpreted with caution. Efforts to
analyze and quantify the extent of systemic inflammation and
its influence on prognosis of cancer need to be continued. No
firm consensus in either marker or cut-off value has yet been
reached. Prospective studies are needed in the future.

In conclusion, reduction in nadir/pre-chemoradiotherapy
ratio of WBC count during CRT predicts good tumor re-
sponse. It is significantly associated with increased RFS in
rectal cancer.
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