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Abstract

Background: We evaluated the prognostic effect of lymphocytopenia caused by preoperative radiation therapy
and chemotherapy in patients with rectal cancer. Methods: A total of 147 patients with rectal cancer who underwent
preoperative chemoradiotherapy and surgical resection between 2008 to 2021 participated. Lymphocyte nadir
less than 500/ul were defined as lymphocytopenia in this study. The relationship between lymphocyte nadir after
chemoradiotherapy and disease-free survival (DFS) was evaluated. Results: Median follow-up was 60.7 months. A total
of 21 patients (14.3%) showed lymphocytopenia related to preoperative chemoradiotherapy. Out of the original 147
patients, 29 (19.7%) patients had a diagnosis of diabetes mellitus, and 66 (44.9%) patients were overweight (body mass
index exceeding 23). Lymphocytopenia occurred frequently in non-diabetic patients (p = 0.006) and non-overweight
patients (p = 0.001). The pathologic complete response (pCR, n = 19) rate after chemoradiotherapy tended to be
positively correlated with body mass index (p = 0.09). Lymphocytopenia was associated with lower DFS (p = 0.009).
However, overall survival and intra-pelvic relapse-free survival were not associated with lymphocytopenia (p = 0.124
and p =0.156). Conclusions: Lymphocytopenia induced by preoperative chemoradiotherapy is associated with lower

DFS in patients with rectal cancer. Efforts to avoid lymphocytopenia may help prevent cancer recurrence.
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Introduction

Preoperative chemoradiotherapy (CRT) has been
actively used in recent years to obtain better cancer
treatment results in locally advanced rectal cancer.
Currently, preoperative CRT is considered the standard
treatment for locally-advanced rectal cancer. In particular,
stage T3-4 and pelvic lymph node metastases are
indicators of CRT. One well-known factor that can
influence prognosis after cancer treatment is the patient’s
immune status, which can be indicated by peripheral blood
lymphocyte count. Blood lymphocyte count is closely
correlated with the number of T cells, and low levels of
blood lymphocyte count are known to interrupt the efficacy
of cancer treatment. Lymphocytopenia is especially known
to be associated with immune suppression. However,
conventional chemotherapy or radiation therapy (RT) is
also known to cause lymphocytopenia [ 1, 2]. Large volume
irradiation, such as pelvic nodal irradiation, can lead to
RT induced lymphocytopenia [3, 4].

Lymphocytopenia is a potential prognostic factor
in various cancers [5-11]; there have been reports that
lymphocytopenia is associated with prognosis in lung
cancer [5-7, 12] breast cancer [13, 9], esophageal cancer

[8, 14, 15], oropharyngeal cancer [16], and rectal cancer
[10]. However, the association between lymphocytopenia
and prognosis in rectal cancer after preoperative CRT is
not as established. Liu et al. [10] recently showed that
lymphocytopenia nadir after preoperative CRT is related
to tumor response and survival.

The main purpose of this study was to analyze the
relationship between lymphocytopenia and disease-
free survival (DFS) after surgery for preoperative
chemoradiation in rectal cancer. In addition, clinical
factors such as metabolic syndromes also were examined
to find the potential relationships with lymphocytopenia.

Materials and Methods

Patients and treatment

We conducted a retrospective study of patients with
rectal cancer who underwent preoperative CRT before
surgical resection. This retrospective study was examined
and approved by the Institutional Review Board of
Busan Paik Hospital (IRB FILE No: 2021-12-057). We
analyzed data from patients who had lymphocytopenia
after preoperative chemoradiation in stage II-III rectal
adenocarcinoma between January 2008 and August
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2021. As for preoperative RT, consisted of 50.4 Gy/28
fractions of radiation (daily dose 1.8 Gy). Preoperative
chemotherapy consisted of capecitabine, doxifluridine,
and four cycles of fluorouracil chemotherapy, a similar
protocol to a previous German rectal cancer trial [17].
The 147 patients included in this study underwent CRT
before curative surgery at Inje University Busan Paik
Hospital. We analyzed DFS as a primary endpoint. DFS,
intra-pelvic relapse free survival, and overall survival (OS)
were defined as the periods from rectal cancer diagnosis
to relapse, death, or last follow-up.

Lymphocytopenia definition

Lymphocyte counts were evaluated three weeks after
beginning of RT to one week before surgical resection. If
multiple blood samples were collected, the lowest points
of lymphocyte counts (nadir) were selected for evaluation.
The cut-off point for lymphocytopenia was defined as
less than 500/ul, equivalent to a grade II hematologic
adverse event according to Common Terminology Criteria
for Adverse Events criteria (version 5, product of the
United States National Cancer Institute). The relationship
between metabolic syndrome and lymphocytopenia was
also evaluated.

Inclusion and exclusion criteria

Patients with rectal cancer adenocarcinoma who
received curative aimed preoperative chemoradiation
therapy and surgical resection at Inje University Busan
Paik Hospital from January 2008 to August 2021 were
included in this study.

Exclusion criteria for this study were as follows: 1)
patients with distance metastatic cancer at the time of
diagnosis, 2) patients who were diagnosed with other co-
occurring malignancies and not cured before treatment,
and 3) patients who were not able to follow-up at least
three months after surgical resection.

Statistical method
This study used MedCalc (MedCalc Software version

3500

19.2.0 bv, Ostend, Belgium) for statistical analysis. An
independent t-test was used to determine clinical factors
related to lymphocytopenia or treatment response.
A correlation coefficient was used for detecting the
relationship between lymphocyte count and body mass
index (BMI). Survival analysis was performed using the
Kaplan-Meyer method. Log rank test was used to compare
the survival curves. A Cox regression method was used
for the multivariate analysis.

Results

Patient characteristics

Median follow-up period was 60.7 months (range
7.1-163.9 months). Table 1 shows the clinical and
treatment characteristics of the participants in this study.
In this study, 93 patients (63.3%) were male. The median
age of patients was 65 (range = 45-83). Clinically, T3 (n
=99, 67.3%) was the dominant stage in imaging study.
In addition, 103 patients (70.1%) had pelvic lymph
node metastases at diagnosis. All patients underwent
neoadjuvant chemotherapy, consisting of a 5-fluorouracil
based regimen (n = 29), capecitabine based regimen (n
= 113), and doxifluridine (n = 5). Most patients (n =
124, 84.4%) received low anterior resection (LAR). The
pathologic T stage was reported according to tumor stage
after neoadjuvant therapy (ypT); ypTO in 22 patients
(15.0%), ypT1 in 10 (6.8%), ypT2 in 31 (21.1%), ypT3
in 80 (54.4%), and ypT4 in four (2.7%). The lymph node
status after neoadjuvant therapy (ypN) was as follows;
ypNO in 108 patients (73.5%), ypN1 in 27 (18.4%), and
ypN2 in 12 (8.2%). According to the pathology report,
circumferential resection margin (CRM) was involved (0
mm) in two patients (1.4%) and 0.1-2.0 mm in 10 (6.8%).
In addition, 13 cases (8.8%) of lymphovascular invasion
and 18 cases (12.2%) of perineural invasion were reported.
According to previous medical history, 29 (19.7%) patients
with diabetes mellitus (DM) and 45 (30.6 %) patients with
hypertension were included. Additionally, 66 (44.9%) of
patients had BMIs exceeding 23, which is considered

3000

2500

2000

1500

Lymphocyte

1000

500

0

10 15

20

25 30 35

Body mass index

Figure 1. Correlation between Lymphocyte Counts and Body Mass Index
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Table 1. Patient Characteristics
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Table 1. Continued

Characteristics No. of Pts (%) Characteristics No. of Pts (%)
Gender Male 93 -63.3 Lymphocyte nadir (/ul)
Female 54 -36.7 <500 21 -14.3
Age median 65 (range 45-83) >500 126 -85.7
<60 47 32 Total 147 -100
>60 100 -68 DM, diabetes mellitus; BMI, body mass index; LAR, lower anterior
. resection; APR, abdominal perineal resection
Clinical T stage
cT2 21 -14.3
cT3 99 -67.3
cT4 27 -18.4
Clinical N stage Table 2. Clinical Factors Related to Lymphocytopenia
<500/ul).
cNO 44 -29.9 ( kD
No. of Pts  p-value
cN1 54 -36.7
Age 0.776
cN2 49 -33.3
. <60 7/47
Pathologic T stage
>60 14/100
pTO 22 -15
DM 0.006
pT1 10 -6.8
Yes 2/29
pT2 31 21.1
No 19/118
pT3 80 -54.4 .
Hypertension 0.661
pT4 4 -2.7
. Yes 6/45
Pathologic N stage
No 15/102
pNO 108 -73.5
BMI 0.001
pN1 27 -18.4
<23 15/81
pN2 12 8.2
>23 6/66
DM - - -
DM, diabetes mellitus; BMI, body mass index.
Yes 29 -19.7
No 118 -80.3 . . .
. Table 3. Clinical Factors Associated Pathological
Hypertension Complete Response.
Yes 45 -30.6 No. of pts  p-value
No 102 -69.4 Lymphocyte nadir 1
BMI <500 02/21
<23 81 -55.1 >500 17/126
>23 66 -44.9 clinical T stage 0.152
Circumferential resection margin cT2 05/21
0 mm 2 -1.4 cT3-4 14/126
0.1-2 mm 10 -6.8 clinical N stage 0.592
>2 mm 135 -91.8 cNO 7/44
Lymphovascular invasion cN+ 12/103
Yes 13 -8.8 Age 0.793
No 134 91.2 <60 5/47
Perineural invasion >60 14/100
Yes 18 -12.2 DM 1
No 129 -87.8 Yes 04/ 29
Operation No 15/118
LAR 124 -84.4 Hypertension 0.184
APR 23 -15.6 Yes 3/45
Neoadjuvant chemotherapy No 16/102
S-fluorouracil 29 -19.7 BMI 0.09
Capecitabine 113 -76.9 <23 14/81
Doxifluridine 5 -34 >23 5/66
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Figure 2. Disease-free Survival by Lymphocyte Counts

overweight according to Asian criteria [18].

Factors related to lymphocytopenia

Table 2 identifies the factors related to occurrence
of lymphocytopenia induced by preoperative CRT.
Non-DM patients had higher rates of lymphocytopenia
compared to DM patients (p = 0.006). Normal-weight or
underweight patients had higher risk of lymphocytopenia
compared to overweight patients (p = 0.001). Figure 1
shows the correlation between lymphocyte nadir and
BMI (p = 0.076). Neither old age (> 60, p = 0.776) nor
hypertension (p = 0.661) were related to occurrence of
lymphocytopenia.

Factors related to complete response

After preoperative CRT, 19 cases (12.9%) of
pathological complete response (pCR) were observed in
surgical resection. Table 3 shows the factors related to
pCR. Lymphocytopenia induced by preoperative CRT did

100

Month

not influence pCR rate. However, being overweight was
negatively correlated to pCR rate (p = 0.09).

Treatment outcomes and survival analysis

Overall, 5-year DFS was 70.2%. A total of 41 patients
showed disease progression during the follow-up periods.
Specifically, 13 patients experienced locoregional (intra-
pelvic) failure and 30 patients experienced distant failure
(two patients showed both locoregional and distant
failure). The lungs (n = 17) were the most frequent site
of distant metastases. Additionally, 5-year OS was 94.2%.

Table 4 summarizes the results of univariate and
multivariate analysis for DFS. Lymphocytopenia and
pathologic T stage were significant factors for determining
DFS in univariate analysis. Prognostic effects on DFS of
lymphovascular invasion and perineural invasion were not
statistically significant in univariate analysis. Pathologic
T stage was the only independent prognostic factor for
DFS in multivariate analysis.
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Figure 3. Overall Survival by Lymphocyte Counts.
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Table 4. Univariate and Multivariate Analyses for DFS.
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Univariate analysis

Multivariate analysis

S-year (%) p-value 95% CI (HR) p-value
Lymphocyte nadir (/ul) 0.038 0.078
<500 49.9 0.511 (0.242-1.077)
>500 73.3
clinical T stage 0.061
cT2 84.6
cT3-4 67.2
clinical N stage 0.957
cNO 68
cN+ 71.1
pathologic T stage 0.022 0.038
pT0-2 78.8 2.086 (1.040-4.183)
pT3-4 63.7
pathologic N stage 0.401
pNO 70.4
pN+ 69.5
Age 0.178
<60 82.8
>60 63.5
Circumferential resection margin 0.166
0-2mm 46.3
>2 mm 70.9
Lymphovascular invasion 0.208
Yes 48.9
No 72
Perineural invasion 0.996
Yes 66.5
No 70.7
DM 0.928
Yes 67.1
No 70.5
Hypertension 0.896
Yes 69.2
No 70.6
BMI 0.319
<23 67.7
>23 73.2

DM, diabetes mellitus; BMI, body mass index; CI, confidential interval; HR, hazard ratio.

Figure 2 shows the relationship between
lymphocytopenia and DFS. Lymphocytopenia was
associated with reduced DFS (p = 0.038). Figure 3 shows
the relationship between OS and lymphocytopenia. OS
was not significantly correlated with lymphocytopenia
(p=0.124).

Discussion

This study showed that lymphocytopenia <500 /pl
after preoperative CRT in patients with rectal cancer
decreased DFS in patients. Lymphocytopenia itself

can be a strong indicator of patient immunity and can
be a determining factor of the effectiveness of cancer
therapy. Lymphocytopenia is related to prognosis after
chemoradiation in solid tumors. In reference to lung
cancer, lymphocytopenia was associated with PFS
and OS reduction in a 2021 meta-analysis. Moreover,
lymphocytopenia after CRT has been associated with poor
prognosis in patients with pancreatic cancer. Additionally,
lymphocytopenia after CRT has been found to be a factor
inhibiting therapeutic outcomes in esophageal cancer.
This study’s results support the results of the
aforementioned studies and show that lymphocytopenia
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is a factor determining DFS even when tumors have been
surgically removed.

Lymphocytopenia after CRT has substantially long-lasting
effects on treatment outcomes

Shortening the duration of RT [19] or bone marrow
sparing [20] using intensity-modulated radiation
therapy or proton therapy [21] can help prevent
lymphocytopenia. Interleukin-7 may be effective for RT
induced lymphocytopenia according to a recent study
Byun et al. [22]. However, further research is needed to
determine whether this approach definitively improves
cancer treatment outcomes.

Overweight patients in this study as classified by
BMI showed lower risk of lymphocytopenia compared
to that of normal weight patients. In contrast, pCR rates
of overweight patients were lower than those of normal
weight patients. Moreover, neither survival gain nor better
disease control were detected in overweight patients.
Overweight patients may have a higher number of baseline
lymphocytes in their blood during CRT compared to
normal weight patients. These patients may also have and
additional temporary reservoir of lymphocytes. However,
being overweight has not been correlated with treatment
response or long-term cancer treatment outcome in
rectal cancer. Obesity itself is not beneficial for health or
immunity. Moreover, a previous study by Sun et al. [23]
showed that obese patients who underwent preoperative
CRT had unfavorable survival outcomes in rectal cancer.
Therefore, we can conclude that maintaining appropriate
BMI is still important for patients with rectal cancer.

As for the limitations of this study, its retrospective
nature meant that blood sampling timing of patients was
irregular, it was not always at the end of RT. In addition,
since the number of anti-cancer or regulatory T cells
[24] were not classified or measured specifically for this
study, further analysis is needed to determine whether
the therapeutic effect was reduced by a smaller number
of cytotoxic T cells.

In summary, we found that lymphocytopenia after
preoperative CRT plays an important role in determining
DFS in patients with rectal cancer. Lymphocytopenia
after preoperative CRT was related to lower DFS in
rectal cancer. Efforts to avoid lymphocytopenia may
help prevent cancer recurrence after preoperative CRT.
The relationship between a patient’s immune status and
cancer treatment outcome is an advancing topic of interest,
and it is expected that a number of related studies will be
conducted in the future.
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