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Purpose: The objective of this prospective study was to evaluate the relationship between the circulating lymphocyte 
subpopulation counts during preoperative chemoradiotherapy (CRT) and tumor response in locally advanced rectal cancer.
Materials and Methods: From August 2015 to June 2016, 10 patients treated with preoperative CRT followed by surgery 
were enrolled. Patients received conventional fractionated radiotherapy (50.4 Gy) with fluorouracil-based chemotherapy. Surgical 
resection was performed at 4 to 8 weeks after the completion of preoperative CRT. The absolute blood lymphocyte subpopulation 
was obtained prior to and after 4 weeks of CRT. We analyzed the association between a tumor response and change in the 
lymphocyte subpopulation during CRT.
Results: Among 10 patients, 2 (20%) had evidence of pathologic complete response. In 8 patients with clinically node positive, 4 
(50%) had nodal tumor response. All lymphocyte subpopulation counts at 4 weeks after CRT were significantly lower than those 
observed during pretreatment (p < 0.01). A high decrease in natural killer (NK) cell, count during CRT (baseline cell count − cell 
count at 4 weeks) was associated with node down staging (p = 0.034).
Conclusion: Our results suggest that the change of lymphocyte subset to preoperative CRT may be a predictive factor for tumor 
response in rectal cancer.
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Introduction

In patients with locally advanced rectal cancer, preoperative 
chemoradiotherapy (CRT) is administered because of 
advantages such as better local control, a higher rate of 

sphincter preservation, and lower toxicity compared to 
postoperative CRT [1]. It also offers the chance of early tumor 
response evaluation that provides information regarding the 
degree of response to CRT and prognosis. Tumor response to 
preoperative CRT is associated with long-term prognosis [2]. 
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In previous studies, researchers attempted to identify the 
predictive factors that influence tumor response to CRT for 
rectal cancer. Clinical factors such as carcinoembryonic antigen 
(CEA), distance from the anal verge, and molecular profile were 
associated with tumor response [3,4]. Recently, in addition to 
the clinical factors, the relationship between host immunity 
and tumor response was studied. Circulating lymphocyte count 
in peripheral blood was found to be an important parameter 
to determine clinical outcomes in advanced rectal cancer [5]. 
We also recently confirmed that sustaining lymphocyte count 
during preoperative CRT could be a predictive factor in rectal 
cancer [6].

Lymphocytes are divided into several subtypes, and each 
type reflects host immunity. Subpopulations of lymphocytes 
before CRT in rectal cancer were analyzed, and the density 
of pretreatment CD8+ lymphocytes in tumor-infiltrating 
lymphocytes was found to be an independent predictive 
factor for tumor response [7]. In addition, subpopulations 
of lymphocytes during radiotherapy (RT) change and each 
subpopulation responds differently to RT [8]. In cancer patients, 
total lymphocyte count and CD4+ lymphocyte count decrease 
during RT; however, regulatory T-cell lymphocytes show no 
change at the end of pelvic irradiation [9]. These changes 
of lymphocyte subsets to treatment could influence host 
immunity and tumor response [10]. However, the correlation 
between these lymphocytic profile changes to treatment and 
tumor response has not been evaluated in advanced rectal 
cancer.

We analyzed the relationship between the circulating 
lymphocyte subpopulation level during preoperative CRT and 
tumor response in locally advanced rectal cancer.

Materials and Methods

1. Patients
In the prospective study, eligible patients had to satisfy all of 
the following criteria: 1) a histologically confirmed diagnosis 
of rectal cancer (adenocarcinoma); 2) resectable clinical stage 
T3-T4 or lymph-node metastasis positive based on computed 
tomography (CT) or magnetic resonance imaging (MRI); 3) 
CRT planned before surgery; 4) ECOG performance status of 
0 or 1; 5) an age of 18–75 years at enrollment; 6) no severe 
organ dysfunction; and 7) no history of other cancer within 
5 years. Patients with distant metastasis, previous RT, or 
pregnancy were excluded. Before enrollment, written informed 
consent was obtained from all patients. Patients underwent 
preoperative staging work up, including complete blood count 

(CBC) with differentiation, colonoscopy, MRI, and CT. Absolute 
lymphocyte counts and a subpopulation analysis were 
performed prior to and 4 weeks after the initiation of CRT. This 
study was reviewed and approved by the Institutional Review 
Board of Ajou University School of Medicine (AJIRB-MED-
SMP-15-207). 

2. Treatments
RT was delivered with 6- or 10-MV photon beams in 1.8 Gy 
daily to a total dose of 50.4 Gy. Gross tumor volume (GTV) 
included the primary tumor and enlarged lymph nodes. The 
primary lesion was confirmed by MRI and CT. The clinical 
target volume (CTV) for the whole pelvis included the 
GTV, mesorectum, presacral area, and regional lymphatics 
(pararectal lymph nodes, internal iliac lymph nodes, and 
obturator lymph nodes). The planning target volume (PTV) 
was derived by expanding the CTV by a margin of 0.5–1.0 cm. 
A bolus of 5-fluorouracil (400 mg/m2/day) and leucovorin 
(20 mg/m2/day) were concurrently administered for 5 days 
in the first and fifth week of RT. In the ninth week, the 3rd 
chemotherapy could be administered depending on physician’s 
decision based on the tumor response using clinical imaging 
and physical examination. Surgery was performed 4–8 weeks 
after the completion of CRT. Patients underwent low anterior 
resection or abdominoperineal resection (APR).

3. Flow cytometry
Blood was collected two times before and 4 weeks after 
the initiation of CRT. Lymphocyte subpopulations (CD3+ T 
lymphocyte, CD3+/CD4+ helper T lymphocytes, CD3+/CD8+ 
cytotoxic T lymphocyte, CD3-/CD19+ B lymphocytes, and CD3-

CD56+ natural killer cell [NK cell]) counts (cells/μL) and CD4+/
CD8+ ratio were analyzed by multicolor flow cytometry. 
Acquired cell were analyzed by flow cytometry using a FC-500 
cytometer (Beckman Coulter Inc., Brea, CA, USA). Monoclonal 
antibodies were used for cell surface staining. Instrument 
setting parameters such as threshold were set with machine 
software (CXP Software; Beckman Coulter Inc.) in conjunction 
with calibration beads (Flow-Set beads, CYTO-COMP kit, 
and CYTO-TROL Control Cells). Data were analyzed with CXP 
analysis software.

4. Statistics
The endpoint of this study was to estimate tumor regression 
grade, pathologic complete response (pCR), lymph node 
response and the curative resection (R0) rate. Baseline 
evaluations were performed through imaging studies based 
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on diffusion-weighted MRI with conventional MRI and CT. We 
used the sustaining ratio (SR) as a method of estimating CRT 
sensitivity of the lymphocyte subset. The SR was calculated by 
dividing the 4 weeks count by the pretreatment count. 

Achieving a pCR was defined as a complete absence of any 
tumor cells, in both the primary site and dissected lymph nodes 
in the surgical specimens. Tumor and nodal response was 
evaluated by comparing the pretreatment status (determined 
by clinical staging) to the pathologic status after surgery. 
Node down staging was evaluated only among patients 

with clinically node positive. Clinical lymph node staging 
was evaluated based on signal intensity, border contour and 
size using T2 weighted MRI [11]. Differences in changes of 
lymphocyte subset counts between pretreatment and 4 weeks 
after the initiating CRT were analyzed by the Wilcoxon signed 
rank test. To confirm the relationship between lymphocyte 
subpopulation and tumor response, the Mann-Whitney U test 
was used. We assessed pattern over time in lymphocyte subset 
count by comparing tumor response group and non-tumor 
response group before and 4 weeks after initiation of CRT. We 
used a Friedman test as a nonparametric interaction test for 
factorial designs with repeated measures using an R program 
‘npIntFactRep’ package [12]. Two-sided p-values less than 0.05 
were considered to be significantly different. All statistical 
analyses were performed using R statistical packages [13]. 

Results

From August 2015 to June 2016, a total of 10 patients were 
enrolled. The clinical characteristics of the patients are shown 
in Table 1. Their ages ranged from 48 to 72 years, and 6 of the 
patients were men. All patients had clinical T3 staging and 
their node staging was N0 (2), N1-2 (8). Six patients received 2 
cycles of chemotherapy and 4 patients received 3 cycles based 
on 5-fluorouracil. All 10 patients had lower anterior resection 
(100%) because of the tumor location. 

The tumor response of preoperative CRT was evaluated in all 
10 patients (Table 2). The pCR rate was 20%, and R0 resection 
was 100%. T down staging was confirmed in 4 patients (40%). 
Node down staging which changed from clinical node positive 
to pathologic node negative after CCRT was occurred 4 of 
8 patients with node positive. The median SR (mSR) for the 
lymphocyte was 0.31 and mSR for B lymphocytes was 0.11, 

Table 1. Patients’ characteristics (n = 10)

Characteristic Value

Sex
 Male
 Female
Age (yr)
Pre-CRT CEA level (ng/mL)
 ≤ 5
 >5
Histology type
 Adenocarcinoma
Clinical T stage
 cT2
 cT3
Clinical N stage
 cN0
 cN1-2
Chemotherapy regimen
 5-Fluorouracil
Chemotherapy cycle
 2 
 3

 6 (60)
 4 (40)
 59 (48–72)

 6 (60)
 4 (40)

 10 (100)

 0 (0)
 10 (100)

 2 (20)
 8 (80)

 10 (100)

 6 (60)
 4 (40)

Values are presented as number (%) or median (range).
CRT, chemoradiotherapy; CEA, carcinoembryonic antigen. 

Table 2. Tumor response

Before treatment After treatment pCR T down staging N down staging R0 resection

1
2
3
4
5
6
7
8
9
10

T3N2M0
T3N2M0
T3N1M0
T3N0M0
T3N2M0
T3N2M0
T3N1M0
T3N0M0
T3N1M0
T3N2M0

ypT3N0M0
ypT3N1M0
ypT2N0M0
ypT2N0M0
ypT3N1M0
ypT3N1M0
ypT3N1M0
ypT3N2M0
ypT0N0M0
ypT0N0M0

No
No
No
No
No
No
No
No
Yes
Yes

No
No
Yes
Yes
No
No
No
No
Yes
Yes

Yes
No
Yes
-

No
No
No
-

Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

pCR, pathologic complete response.
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which was the lowest compared to the other subpopulation 
values (Fig. 1). The mSR for NK cells was 0.55.

The lymphocyte subset counts according to node down 
staging between pretreatment and 4 weeks after treatment are 
shown in Fig. 1. At the pretreatment time point and 4 weeks 
after the initiation of treatment, there was no difference in 
clinical parameters between the node downs staging group 
versus the non-node down staging group to CRT (Table 3). 
However, all lymphocyte subpopulation counts at 4 weeks after 
the start of treatment were significantly decreased compared 

to the baseline result (p < 0.05). 
We evaluated the relationship between lymphocyte 

subpopulations and tumor response to preoperative CRT. 
The factors in relationship to a pCR were not confirmed; 
however, the CD4+/CD8+ ratio at 4 weeks after the initiation 
of CRT exhibited a trend (p = 0.079). T down staging was not 
associated with clinical parameters. Among patients with 
lymph node positive, decreased lymphocyte count had a 
tendency to have an association with nodal response (p = 
0.067). In analysis of lymphocyte subset, a pattern of NK cell 

Table 3. Clinical parameters of node down staging (n = 4) and non-node down staging to the preoperative CRT (n = 4)

Variable Node DS (+) Node DS (–) p-value

Baseline

At 4 weeks

CEA (ng/mL)
WBC (×109/L)
Lymphocyte (×109/L)
B lymphocyte (%)
B lymphocyte (×109/L)
T lymphocyte (%) 
T lymphocyte (×109/L)
Th (%) 
Th (×109/L)
CTL (%) 
CTL (×109/L)
CD4/CD8 ratio
NK cell (%) 
NK cell (×109/L)
CEA (ng/mL) 
WBC (×109/L)
Lymphocyte (×109/L)
B lymphocyte (%)
B lymphocyte (×109/L)
T lymphocyte (%) 
T lymphocyte (×109/L)
Th (%) 
Th (×109/L)
CTL (%) 
CTL (×109/L)
CD4+/CD8+ ratio 
NK cell (%) 
NK cell (×109/L)
Decreased lymphocyte 
Decreased B lymphocyte 
Decreased T lymphocyte 
Decreased Th 
Decreased CTL 
Decreased NK cell 

 3.95 (1.6–15.4)
 6,850 (4,000–8,500)
 1,850 (1,700–2,800)
 15 (10–23)
 330 (180–500)
 69 (54–79)
 1,255 (1,100–1,780)
 42 (36–52)
 835 (720–1,020)
 24 (14–33)
 450 (280–720)
 1.95 (1.28–2.90)
 15 (10–16)
 280 (170–420)
 1.6 (1.3–10.7)
 4,650 (3,300–5,100)
 600 (500–800)
 4 (3–7)
 25 (20–50)
 68 (67–77)
 440 (330–570)
 41 (39–53)
 260 (200–380)
 27 (14–36)
 155 (100–230)
 1.51 (1.09–3.73)
 23 (19–28)
 140 (100–290)
 1,250 (200–2,000)
 296 (160–470)
 890 (620–1210)
 580 (430–710)
 295 (180–490)
 140 (70–210)

 8.2 (2.9–23.1)
 6,600 (5,100–6,500)
 1,850 (1,400–2,200)
 13 (10–14)
 250 (140–290)
 73 (69–78)
 1,385 (960–1,630)
 48 (39–56)
 800 (780–1,060)
 24 (12–37)
 440 (170–790)
 2.12 (1.05–4.69)
 13 (6–20)
 235 (120–280)
 6.5 (2.8–25.8)
 4,400 (4,300–7,500)
 900 (500–1,100)
 4 (3–8)
 30 (20–70)
 71 (56–85)
 780 (300–800)
 47 (35–48)
 440 (190–530)
 25 (19–36)
 220 (130–330)
 1.40 (1.33–2.4)
 26 (7–32)
 180 (60–290)
 1,100 (1,100–1,200)
 220 (200–250)
 850 (770–900)
 530 (380–590)
 340 (190–460)
 10 (10–60)

0.386
0.243
0.561
0.661
0.564
0.554
0.885
0.386
1.000
1.000
1.000
0.773
0.564
0.384
0.154
0.476
0.271
0.853
0.578
0.721
0.480
1.000
0.480
0.858
0.372
1.000
0.857
0.721
0.064 
1.000
0.480
0.480
1.000
0.034*

Values are presented as median (range).
DS, down staging; CEA, carcinoembryonic antigen; WBC, white blood cell; Th, helper T lymphocyte; CTL, cytotoxic T lymphocyte; NK cell, 
natural killer cell.
*p < 0.05.
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Fig. 1. Changes in the lymphocyte subpopulations between baseline and 4 weeks after the start of treatment. ALC, absolute lymphocyte 
count; NK cell, natural killer cell; Th, helper T lymphocyte; CTL, cytotoxic T lymphocyte; mSR, median sustaining ratio. 
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change between before and after CRT showed a trend for 
the association with nodal response (p = 0.052 by repeated 
measure analysis) (Fig. 2). Also decreased NK cell count at 
4-week (NK cell count at baseline – NK cell count at 4 weeks 
after initiating treatment) was associated with nodal response 
(p = 0.034) (Table 3 and Fig. 3).

Discussion and Conclusion

Lymphocyte subtypes include T lymphocytes, B lymphocytes, 
and natural killer cells. Each subpopulation of lymphocytes 
has different immune functions and different responses 
to CRT [14]. In a previous study, we showed that change in 
lymphocytes during CRT was associated with a pCR in locally 
advanced rectal cancer [6]. This result inspired us to evaluate 
the relationship between subpopulations of lymphocytes and 
tumor response. In this study, we found that change of NK cell 
showed a trend of correlation with nodal tumor response.

Tumor response to preoperative CRT is dependent on a 
patient’s status. We could select treatment plan or modality 
based on predictions of response. Many studies focused on 
clinical factors and molecular profile of cancer lesion and 
confirmed the association of biomarker with tumor response 
[3,4]. Immunological host status also influenced tumor 
response [5]. Previous studies also considered pretreatment 
immune status such as the density of CD4(+) and CD8(+) 
T lymphocyte [15]. However, during preoperative CRT, host 
immunity status was changed. We confirmed that the 
lymphocyte subset profile before and 4 weeks after initiation 
of CRT was significantly decreased (Fig. 1).

Therefore, change of host immune status could influence 
tumor response. Decreased peripheral blood lymphocytes 
count based on radiation-induced apoptosis was associated 
with histological tumor regression to preoperative CRT in 
rectal cancer [16]. High proportion of apoptosis in lymphocyte 
showed good histological regression to treatment. In our 
study, decreased lymphocyte count also showed a trend in 
association with node down staging (p = 0.067) (Fig. 3). In the 
study using lymphocyte subset analysis, higher reduction of T 
lymphocyte containing Th and Tc during CRT was associated 
with T down staging [17].

In addition to T down staging, we found that change of 
NK cell during treatment was related to lymph node down 
staging. The pattern and amount of change in NK cells during 
CRT were associated with pathologic lymph node metastasis 
(Figs. 2 and 3). These results suggested that the change of 
lymphocyte and lymphocyte subset in peripheral blood could 

be used as a biomarker to predict tumor response. Especially, 
in patients with rectal cancer, pathologic lymph node status 
was associated with prognosis [18]. Therefore, prediction of 
lymph node response using change to CRT could be useful to 
decide treatment plan after CRT. If poor node response to CRT 
is predicted, we could consider surgery rather than additional 
chemotherapy after CRT. Besides N down staging, pCR and T 
down staging were not associated with change of NK cell (Fig. 4).

In this study, we used the SR as a method of estimating 
sensitivity of the lymphocyte subset to treatment. The 
lymphocyte subpopulation also has a different response to 
chemotherapy and radiotherapy [8,19]. Sensitivity to CRT for 
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NK cells was the lowest in the lymphocyte subset (mSR = 
0.55). The mSR for NK cells was 5 times higher than that for B 
cells which was most sensitive to CRT (0.55 vs. 0.11). The mSR 
for cytotoxic T lymphocyte (CTL) was 0.33 and CTL showed 
more resistance compared to Th (mSR 0.33 vs. 0.30) (Fig. 1). 
Since NK cell is most resistant to CRT, change of NK cell could 
more critical to tumor response than any another lymphocyte 
subset. In fact, mSR for NK cell in according to node down 
staging was different (0.54 vs. 0.95) and node down staging 
group had low mSR. 

Besides divergent sensit iv i ty  to CRT,  lymphocyte 
subpopulation has a different immune function. NK cells are 
cytotoxic lymphocytes that are part of the innate immune 
system [20]. In tumors, NK cells eliminate tumor cells without 
activation of antigens. CTL has the function of adaptive 
immune responses based on cell mediated immunity [21]. CTL 
recognizes tumor antigens by Th and kills tumor cells. Th has 
a function of recognizing antigens on the surface of antigen 
presenting cells (APC) and secrete cytokines for differentiation 
from naïve CTL cells into activated CTL [22]. We confirmed that 
a low CD4+/CD8+ ratio has a tendency to have a relationship 
with pCR (p = 0.079). The CD4+/CD8+ ratio indicates immune 
status and has clinical significant relation with lymph node 
metastasis in cervical cancer [23]. 

B lymphocytes originate from the bone marrow and are 
related to humoral immunity. B lymphocytes have been 
reported to be the most radiation sensitive subpopulation type 
[8]. In breast cancer patients, circulating B lymphocytes during 
fractionated RT show severe depletion. After completion of RT, 
a gradual recovery has been confirmed [14]. In addition, B cells 
are sensitive to chemotherapy [19]. The mSR for B lymphocytes 
was 0.11 and it was the lowest of the subpopulation types. 
Absolute counts of B lymphocytes decreased significantly 
after CRT (Fig. 1). However, in the analysis of their relationship 
with tumor response, B lymphocytes were not significantly 
associated with pCR, T and N down staging.

There are some limitations in this study. Unlike previous 
studies using tumor infiltrating lymphocyte (TIL), we analyzed 
circulating lymphocyte subset. The correlation between 
circulating lymphocyte and TIL has not been confirmed. 
However, naive lymphocytes continuously migrate from the 
blood into the lymph nodes. Activated lymphocytes in lymph 
nodes move to specific sites through peripheral blood vessels. 
The pelvic area receiving RT has regional lymphatics and 
vessels near lymph nodes. Therefore, evaluation of circulating 
lymphocytes in rectal cancer could reflect patient immunity. 
High peripheral lymphocytes have association with favorable 

prognosis [15]. Specimen to evaluate TIL after surgery was 
affected by CRT and could not reflect primary status. Also, 
biopsy specimen before CRT could not represent whole cancer 
tissue. Although prospective study was conducted, sample 
size was relatively small. Relation between lymphocyte 
subpopulation and tumor response was analyzed with 
nonparametric method such as Wilcoxon signed rank test 
and the Mann-Whitney U test. Also, to avoid variability due 
to diurnal changes, blood sampling was twice implemented 
before and 4 weeks after initiating CRT. 

In conclusion, Host immunity plays an important role in 
tumor responses to CRT for rectal cancer. Each lymphocyte 
subpopulation responded differently to CRT and had different 
functions. B lymphocytes were the most sensitive while NK 
cells were the most resistant to CRT. NK cell change during CRT 
were associated with nodal tumor response. Further studies 
on large patient populations are warranted to confirm our 
observations.
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