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Abstract

Introduction Metronomic capecitabine used as an adjuvant therapy improves survival in patients with
locoregionally advanced nasopharyngeal carcinoma (LA-NPC). This therapeutic approach may also contribute to
improving immune function, consequently enhancing overall therapeutic efficacy.

Aim We aimed to evaluate the effect of metronomic capecitabine as adjuvant therapy on immune function and
survival in cases of LA-NPC.

Subjects and methods 28 patients with LA-NPC were enrolled in the study and equally assigned to two groups of
14 each: experimental and control group. The experimental group received induction chemotherapy + concurrent
chemotherapy +adjuvant chemotherapy as well as oral capecitabine at a dose of 650 mg/m? of body surface

area twice daily for 1 year, with the option to discontinue in case of intolerance. The control group did not receive
additional chemotherapy or targeted drugs after the induction chemotherapy +concurrent chemoradiotherapy;
however, they were followed up regularly. Changes in immune function and survival were compared between the
two groups.

Results The median follow-up time was 43.5 months. One year after adjuvant chemotherapy, the experimental
group showed higher levels of CD8 + cells, CD28 + CD8 + cells, and activated CD8 + cells compared to the control
group (P<0.05). The CD4/CD8 ratio and proportion of monocyte-derived dendritic cells were also higher in

the experimental group than in the control group, but the difference was not statistically significant (P>0.05).
Comparisons of 3-year overall survival, local-regional recurrence-free survival, progression-free survival, and distant
metastasis-free survival between the two groups showed percentages of 92.9% vs. 78.6%, 92.9% vs. 92.9%, 78.6% vs.
71.4%, and 85.7% vs. 0.78 0.6% respectively, but these differences were not significant (P>00.05).

Conclusion Metronomic capecitabine chemotherapy was observed to induce an immunomodulatory effect in
LA-NPC.
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Trial registration NCT02958111, date of registration 04-11-2016.
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Introduction

In Southeast China, there is a high prevalence of naso-
pharyngeal carcinoma (NPC) with a distinct regional
distribution [1]. Globally, more than 130,000 new cases
of nasopharyngeal cancer were reported in 2021, lead-
ing to approximately 80,000 deaths [2]. A multicenter
phase 3 clinical trial conducted at our center on this
subject has demonstrated that metronomic capecitabine
used as adjuvant therapy, improves failure-free survival
in patients with high-risk locoregionally advanced NPC
(LA-NPC). This trial is registered with ClinicalTrials.gov
under NCT02958111 [3]. Studies on glioblastoma have
shown that low-dose capecitabine metronomic chemo-
therapy acts as an immunomodulator, thereby reduc-
ing the number of myeloid-derived suppressor cells in
patients [4]. In a retrospective analysis conducted by
Shen [5], 677 patients with nonmetastatic NPC were
included [4]. Patients with higher CD4(+) T cell counts
showed superior 5-year progression-free survival (PES)
(83% vs. 74.2%, P=0.015) and improved 5-year dis-
tant metastasis-free survival (DMFS) (95.8% vs. 86.7%,
P=0.001) compared to those with low CD4(+) T cell
counts, respectively. Multivariate analysis results indi-
cated that CD4(+) T cells were distinct predictive fac-
tors for both PFS and DMES. During one month of
chemoradiotherapy, the percentages of CD4(+) T cells
decreased, while the percentages of CD8(+) T cells and
the CD4/CDS8 ratio increased. In addition, a study that
matched clinical factors with the lymphocyte subsets
of 220 patients with NPC found that younger patients
had higher percentages of CD3+and CD3+CD8+cells
compared to older patients. Higher percentages of
CD3+CD8+or lower percentages of CD3—CD56+cells
were associated with better overall survival (OS) rates.
The results of multivariate survival studies identified the
percentage of CD3+CD8+cells as a separate prognos-
tic factor [6]. Studies have confirmed that metronomic
chemotherapy can exert an immunomodulatory effect in
lung cancer [7], colon cancer [8], and recurrent ovarian
cancer [9]. Therefore, we hypothesized that capecitabine
metronomic chemotherapy improves failure-free sur-
vival in patients with high-risk LA-NPC and may also
contribute to improved immune function. To investigate
the impact of adjuvant capecitabine metronomic treat-
ment on survival and immunological function in patients
with LA-NPC, we analyzed the lymphoid subsets of 28
patients.

Subjects and methods

Enrollment criteria

From November 2017 to October 2018, a total of 28
patients with NPC were enrolled in the study at the Affili-
ated Cancer Hospital of Guizhou Medical University. The
enrollment criteria include the following: (1) patients
newly diagnosed with NPC; (2) aged 18-70 years; (3)
clinical stage III-IVa (American Joint Committee on
Cancer [AJCC] staging manual version 8); (4) absence
of distant metastasis; (5) Karnofsky Performance Status
score of =270 with no serious underlying diseases; and
(6) patients undergoing intensity-modulated radiation
therapy (IMRT). Patients who did not meet the above
criteria were excluded. A total of 14 patients with NPC
were assigned to the experimental group. The treatment
plan included induction chemotherapy+concurrent che-
motherapy+adjuvant chemotherapy. A control group
was also formed, consisting of 14 patients who received
induction chemotherapy and concurrent chemotherapy.
The trial used receipt of adjuvant chemotherapy (yes or
no) for stratification. Within 12—16 weeks after chemora-
diotherapy, patients were assigned (1:1; block size four) to
receive either clinical observation only (control group) or
adjuvant metronomic capecitabine (experimental group).
The study was conducted according to the principles of
the Declaration of Helsinki, and the results were reported
by CONSORT. The study was registered at ClinicalTrials.
gov (No. NCT02958111, date of registration 04-11-2016)
and approved by the Ethics Committee of Affiliated Can-
cer Hospital of Guizhou Medical University (Ethics No.
SL-201,701,008).

Treatment protocol

The treatment protocol was as follows: Induction che-
motherapy: docetaxel (75 mg/m? intravenous injection
on day 1); cisplatin (75 mg/m? intravenous injection
on day 1); 5-fluorouracil (750 mg/m? per day, civ, days
1-5), three cycles, 21 days/cycle. Radiotherapy began
3-4 weeks after the completion of induction chemo-
therapy. Concurrent chemotherapy: concurrent single-
agent cisplatin chemotherapy for two cycles, 21 days/
cycle: cisplatin (100 mg/m?, civ, day 1). Radiotherapy:
All patients were given 6MV-X radiation via Inten-
sity Modulated Radiotherapy(IMRT) while in a supine
position, with the head, neck, and shoulder frame in
a fixed position. Specific radiation dose: T3-4 GTVnx
(when assessing the gross tumor volume, the primary
tumor sites visualized by imaging and endoscopy were
included)=72.6 Gy/33f, T1-2 GTVnx=69.96 Gy/33f,
PGTVnx (GTVnx+5 mm)=69.96 Gy/33f, GTVnd
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(including only the sites of metastatic lymph nodes
that could be determined by imaging and palpa-
tion)=69.96 Gy/33f, CTV1 (clinical target volume,
PGTVnx+surrounding high-risk area+upper cervical
lymph node drainage area); PTV1 (plan target volume,
CTV1+3 mm)=60.06 Gy/33f; CTV2 (the drainage area
of the middle and lower cervical lymph nodes); PTV2
(CTV2+3 mm)=50.96 Gy/28f, spread over 7-8 weeks.
Adjuvant chemotherapy: capecitabine 650 mg/m?
administered orally twice daily for 1 year as maintenance
treatment, with the option to discontinue if intolerable
due to toxic effects. Treatment protocol for the control
group: no additional chemotherapy or targeted drugs
after induction chemotherapy+concurrent chemoradio-
therapy, with regular follow-ups.

Detection of lymphocyte subsets

Peripheral blood lymphocyte subsets were detected
using six-color fluorescence labeled flow cytometry with
monoclonal fluorescent antibodies provided by Becton,
Dickinson, and Company (USA). A BD FACScont flow
cytometer was used to automatically obtain and analyze
50,000 cells from approximately 2 mL of peripheral blood
collected from each patient. A 20-uL antibody mixture
was prepared and incubated in the dark at room tem-
perature for 15 min. Subsequently, 450-uL hemolysin was
added, and the mixture was allowed to react in the dark
at room temperature for 15 min. The measured values
were analyzed using Random software. Peripheral blood
lymphocyte subsets were detected in both groups 1 year
after the completion of radiotherapy and capecitabine
treatment.

Detection of dendritic cell (DC) subsets

For fluorescent antibody staining of whole blood sam-
ples, four experimental tubes were used; 10-pL Lin-
1, 5-uL CD123, 5-uL CD11c, and 5-uL HLA-DR were
added to each tube. Additionally, four control tubes were
prepared, with 5 pL each of Lin-1, Mouse IgG1, Mouse
IgG2 a, and HLA-DR added to each tube. Then, 100 pL
of whole blood was added to each tube, mixed with shak-
ing, and incubated in the dark for 15 min. An additional
2 mL of FACS hemolysin was added to each tube to dis-
solve erythrocytes, and the cells were allowed to act for
5-8 min. The samples were centrifuged at 1,500 rpm for
5 min, and the supernatant was discarded. The mixture
was mixed with shaking, and 1 mL phosphate-buffered
saline (PBS) wash was added to each sample. The sam-
ples were centrifuged at 1,200 rpm for 5 min, and the
supernatant was discarded. The mixture was mixed with
shaking, and 300 pL of PBS was added to it, followed by
storage in the dark at 2-8 °C and separation within 24 h.
A BD FACScont flow cytometer was used in this study.
Using CELLQuest software, 100 cells were obtained, and
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the cells positive for both CD11c and anti-HLA-DR were
identified as CD11c+DCs. Cells positive for both CD123
and anti-HLA-DR were CD123+DCs. Plasmacytoid
DCs (PDCs) were defined as Lin-HLA-DR+CD123c+,
whereas monocyte-derived dendritic cells (MDCs) were
defined as Lin-HLA-DR+CD11c+. DCs were detected in
both groups 1 year after the completion of radiotherapy
and capecitabine treatment.

Outcomes of lymphocyte subset and DC examination,
along with clinical efficacy evaluation

Main study objective: to observe changes in lymphocyte
count and the proportion of CD4+cells, CD8+cells,
CD4+/CD8+ratio, PDCs, and MDC:s in the two groups of
patients before and after adjuvant treatment in the exper-
imental group. The secondary observation index was the
survival rate. OS rate: the time from the study’s initiation
to death due to any cause. Local-regional recurrence-free
survival (LRRFS) rate: the survival rate from the study’s
initiation to the occurrence of local-regional recurrence.
DMES rate: the survival rate from the beginning of the
study to the time of distant metastasis. Progression-free
survival (PES): the survival rate from the study’s initiation
to the time of tumor progression or death.

Follow-up

Follow-ups were conducted through patient reviews and
telephone interviews. The follow-up schedule included
visits once every 3 months within 2 years after treatment,
and once every 6 months after the third year. The follow-
up included an assessment of the patient’s general condi-
tion; routine physical examination; routine blood work;
liver and kidney function analysis; Epstein-Barr virus
DNA testing; electronic nasopharyngoscopy; magnetic
resonance imaging of the nasopharynx and neck, chest,
and upper abdomen; computed tomography; whole-body
bone scan; and evaluation of lymphocyte subsets and DC
subsets.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 soft-
ware. Measurement data and indicators conforming to
normal distributions were presented as the mean+stan-
dard deviation (x£SD), whereas indicators that did not
meet normal distributions were presented as the median
and interquartile range. Count data were expressed as a
percentage (%). The changing trends of lymphocyte and
DC subsets in the peripheral blood were observed, and
analysis of variance was applied to normally distributed
datasets to assess for congruency, whereas the Friedman
M test was used for comparing multiple related samples.
Survival probabilities were calculated using the Kaplan—
Meier method, and survival curves were compared using
the log-rank test.
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Results

Between November 2017 and October 2018, 28 patients
underwent screening and were enrolled in this study.
They were randomly assigned to the experimental group
(n=14) or the control group (n=14). Detailed clinical
information, including sex, age, and clinical stage, is pre-
sented in Table 1.

Effect on immune function

The difference in lymphocyte count, CD4+cells,
CD8+cells, CD28+CD4+cells, activated CD4+cells,
CD28+CD8+cells, activated CD8+cells, the ratio of
CD4+/CD8+, CD3+cells, PDCs and MDCs between
the experimental and control groups before induction
chemotherapy was not statistically significant (P>0.05)
(Table 2; Fig. 1).

After receiving post-adjuvant chemotherapy, the exper-
imental group showed statistically significant increases in
CD8+cells, CD28+CD8+cells, and activated CD8+cells
compared to the control group. The difference was sta-
tistically significant (P<0.05). Although CD4+cells,
CD28+CD4+cells, activated CD4+cells, CD3+cells,
and PDCs also exhibited higher levels in the experimen-
tal group than in the control group, the differences were
not statistically significant (2>0.05). The CD4/CD8 ratio
was higher in the experimental group than in the con-
trol group, indicating a trend toward immune function
enhancement (P=0.06) (Table 3; Fig. 1).

In the experimental group, lymphocyte counts, lym-
phocyte subsets, and dendritic cells before and after

Table 1 Clinical characteristics of 28 patients with LA-NPC
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treatment. Through comparison, it was found that
CD4+cells, CD28+CD4+cells, and CD4/CD8 ratio
significantly decreased after capecitabine treatment
compared to before treatment, and the difference was
statistically significant (P<0.05) (Table 4).

Disease outcome and survival

As of August 2022, the median follow-up duration for
all patients was 43.5 months (ranging from 43 to 51). All
patients in both the experimental and control groups
completed three cycles of induction chemotherapy and
two cycles of concurrent cisplatin protocol. Additionally,
all patients in the experimental group underwent adju-
vant chemotherapy following the capecitabine metro-
nomic protocol. One patient in the experimental group
experienced a relapse and died due to massive nasopha-
ryngeal hemorrhage, while two patients developed dis-
tant metastasis. In the control group, one patient had a
recurrence and three patients developed distant metas-
tasis leading to death. The 3-year OS of the patients in
the experimental group and control group was 92.9%
and 78.6%, respectively (Hazard ratio(HR)=0.33,95%
confidence interval(CI) 0.05-2.32, P=0.303). The 3-year
LRRFS was both measured at 92.9% (HR=1.00,95%CI
0.06-15.99, P=1.000). The PES at 3 years was recorded
as 78.6% for the experimental group and as 71.4% for the
control group (HR=0.72,95%CI 0.16-3.16, P=0.656),
while the DMFS at 3 years was found to be at a rate of
85.7% for the experimental group and at a rate of 78.% for

Characteristics Control group Experimental group P

N 14 14

Sex, n (%) 0.678
Female 3(21.43%) 5(35.71%)

Male 11 (78.57%) 9 (64.29%)

Age (years), mean+SD 4779+7.82 4271+11.19 0.176
Histologic subtypes, n (%)

Undifferentiated carcinoma 14(100%) 14(100%) 1.000
T stage, n (%) 0.042
T2 2 (14.29%) 0 (0%)

T3 1(7.14%) 6 (42.86%)

T4 11 (78.57%) 8 (57.14%)

N stage, n (%) 0.775
N1 4 (28.57%) 3(21.43%)

N2 8 (57.14%) 7 (50.0%)

N3 2 (14.29%) 4 (28.57%)

Clinical stage, n (%) 1.000
Il 2 (14.29%) 2 (14.29%)

IVa 12 (85.71%) 12 (85.71%)

EBV-DNA copies/ml after radiotherapy 0.549
Positive 3(21.43%) 4(28.57%)

Negative 11 (78.57%) 10(71.43%)
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Table 2 Median values (interquartile spacing) for comparison between lymphocyte count, lymphocyte subsets, and dendritic cells before the treatment

PDCs MDCs

CD3+

CD4/CD8
ratio

CD28+CD4+ Activated CD28+CD8+ Activated

CD4+ CD8+

Lymphocyte count

Group

CD8+

CD4+
33.66(15.61- 1.15(0.61-2.31)

49.37)

(2024) 25:28

5.75(2.34-
10.20)

64.10(53.85-  2.50(1.20-
5.90)

74.83)

1.53(0.82-

349)

1.05(0.27-1.93)

12.81(8.27-
21.55)

35.05(19.34- 21.89(12.90-36.94)

50.60)

1.70%10%(1.33-
2.04x10%

Experimental

group

5.15(1.78-
8.00)

2.33(0.40-

2.90)
0.18
0.24

60.26(44.14~

70.18)
-5.12
0.05

1.74(0.74-

4.21)
0.86

0.67(0.20-12.20)

12.04(7.78-

16.26)
-1.13

0.29

30.35(21.17- 1.51(0.40-4.10)

44.46)

33.91(24.25- 16.92(9.88-33.70)

45.99)

1.91x10%(1.42-
239%10°%
1199

0376

Control group

-0.39
0.64

-0.02
1.00

-1.60 040
0.64 0.21

-3.38

-0.58

040

0.84 0.19
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the control group(HR=0.65,95%CI 0.11-3.73, P=0.627)
(Fig. 2A, B, C, and D).

Discussion

The primary form of treatment for NPC is radiotherapy.
Initially, a combination of advanced local comprehensive
treatments with concomitant radiochemotherapy and
either adjuvant chemotherapy or radical radiotherapy
is employed. Although studies have demonstrated that
adjuvant chemotherapy with a platinum and fluoroura-
cil regimen does not adequately lower the likelihood of
treatment failure, adjuvant chemotherapy with a cisplatin
and fluorouracil regimen has long been established as the
standard adjuvant chemotherapy program [10]. Explor-
ing a “high efficiency” mode is crucial for enhancing the
effectiveness of NPC treatment. Pandey [11] retrospec-
tively analyzed the survival times of patients with locally
advanced oral cancers and compared the OS of patients
without metronomic chemotherapy to those with met-
ronomic chemotherapy (26 months vs. 14 months,
P=0.04). The study found that the survival times were
significantly prolonged among the patients who under-
went metronomic chemotherapy. Another trial involv-
ing patients with stage IV nonmetastatic oral cancer
revealed that those who received metronomic chemo-
therapy had 3-year disease-free survival rates of 53.05%
compared to 35.41% in the control group (P=0.011), and
3-year OS rates of 74.96% compared to 48.47% in the
control group (P=0.001) respectively [12]. According to
the findings of a multicenter phase 3 clinical trial, metro-
nomic capecitabine as an adjuvant medication improved
failure-free survival in patients with high-risk LA-NPC
[3]. Additionally, metronomic chemotherapy given to
patients with NPC improved their OS. Therefore, met-
ronomic chemotherapy offers a unique mode of delivery
for adjuvant chemotherapy after concurrent chemoradio-
therapy in LA-NPC.

According to our findings, the proportions of
CD8+cells, CD28+CD8+cells, and activated CD8+cells
were increased compared to those in the control group.
Yuan [13] reported that, in addition to its immune-
activation effects, metronomic chemotherapy with the
fluorouracil drug inhibited the proliferation of gastric
cancer cells both internally and externally by anti-tumor
angiogenesis. Another study [7] has suggested that met-
ronomic capecitabine chemotherapy reduces the lev-
els of circulating myeloid-derived suppressor cells and
improves the immune microenvironment. Lympho-
cyte subsets are an important component of the body’s
immune defense, playing a key role in immune surveil-
lance and anti-tumor immunity. Past studies have found
that T-lymphocyte-mediated cellular immunity can kill
and clear tumor cells, as well as inhibit the growth of
tumor cells [14, 15]. The T-lymphocyte subsets include
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Fig. 1 Comparison of CD4+(A), CD8+(B), CD28 + CD4+(C), Activated CD4+(D), CD28 + CD8+(E), Activated CD8+(F), CD4+/CD8 + ratio(G), CD3+(H), PDCs
(1), MDCs (J)before and after treatment (ns, p>0.05; *P < 0.05; **P<0.01; ***P<0.001)

CD3+cells, CD4+cells, CD8+cells, CD4/CD8 ratio,
and CD4+CD25+cells, as indicated. Among them,
CD3+cells are mainly present on the surfaces of mature
T-lymphocytes and can participate in T-cell conduc-
tion. Its proportion indicates the level of T lymphocytes,
and decreased expression indicates a weakened immune
response [16]. Studies have shown that high levels of
CD3+cells cells are associated with a favorable OS [17].
CD8+T-activatable effector cells are cytotoxic T cells
[18], and previous studies have detected CD8+cells
in NPC microenvironments, which can predict treat-
ment effectiveness [19]. CD4+cells and CD8+cells are

important components of T lymphocyte immune regula-
tion. CD4+cells can induce B-cell differentiation, while
CD8+cells can inhibit B-cell antibody synthesis and the
proliferation of T lymphocytes. A reduced CD4/CD8
ratio may disrupt immune balance and lower ratios are an
independent prognostic factor for DMFS [20]. DCs play a
crucial role in tumor microenvironments, with previous
studies indicating that high expression of DCs is a signifi-
cant marker for good prognosis in head and neck cancers
[21]. Our results align with those of Laurent et al. [22].
CD4+cells and CD8+cells are important components
of T lymphocyte immune regulation; CD4+cells can
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Table 3 Median values (interquartile spacing) of the two lymphocyte counts, lymphocyte subsets, and dendritic cells after treatment

MDCs

PDCs

Activated CD4/CD8 CD3+

CD28+CD4+ Activated CD28+CD8+

CD8+

CD4+

Lymphocyte

count

Group

ratio

CD8+

CD4+

(2024) 25:28

5.60(0.97-
10.79)

2.50(1.20-5.90)

1.23(0.44- 57.40(30.60-75.30)

2.76)

8.10(0.20-
12.40)

10.20(5.40-17.90)

2.50(0.40-
6.10)

18.40(10.10-
30.70)

26.22(8.10—
44.90)

22.30(15.90-31.30)

1.48%10%(1.06-
1.86%10%)

Experimental

group

3.80(0.40-
16.30)
-2.30

0.05

2.33(0.40-5.00)

2.95(0.96- 0.93(0.30- 52.39(43.00-68.36)

12.29)
-3.05
0.04

342(0.72- 7.75(6.00-14.20)

7.76)
0.5

18.50(11.60—
42.00)

0.90
0.73

17.25(14.30-
37.70)

-4.86

0.03

20.31(14.00-44.30)

1.85%10%(1.30-
1.98x10%

0.298
0.185

Control group

1.49)
-2.01
0.06

-1.00
0.13

-4.81

-2.19
0.03

5

0.51
0.84

0.46
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induce B-cell differentiation; and CD8+cells can inhibit
B-cell antibody synthesis and the proliferation of T lym-
phocytes. The CD4/CDS8 ratio can reduce the immune
balance and lower CD4/CDS8 ratios and is an indepen-
dent prognostic factor for DMFS [20]. DCs are impor-
tant cells in tumor microenvironments, and past studies
have shown that a high expression of DCs is an important
marker of good prognosis in head and neck cancers [21].
Our results are in agreement with those of Laurent et al.
[22]. In this study, we selected the cut-off point of 1 year
as the end of capecitabine oral administration, excluding
inflammatory manifestations or infections affecting lym-
phocyte subsets caused by acute mucositis, dermatitis, or
toxic or other side effects of radiotherapy. In summary,
metronomic chemotherapy kills tumor cells while reliev-
ing immune suppression in the body, thereby improving
the regulatory functions of lymphocytes and DCs.

This study included 28 individuals with T4, N1-3, or
any T, N2-3 LA-NPC. The control.

the group did not receive any treatment following
induction chemotherapy with concurrent chemora-
diotherapy; the experimental group received induction
chemotherapy along with concurrent chemoradiother-
apy and metronomic capecitabine chemotherapy. The
findings showed that the 3-year OS, LRRES, PFS, and
DMES scores of the experimental group were higher than
those of the control group; however, these differences
were not statistically significant (P>0.05). Chen et al.
[3] demonstrated in their study that the 3-year OS rate
of the metronomic capecitabine chemotherapy group
was significantly higher than that of the standard treat-
ment group, at 93.3% (95% CI 89.7-97.1) vs. 88.6% (95%
CI 84.2-93.2); the 3-year DMES rate was 89.4% (95% CI
85.1-94.0) vs. 82.1% (95% CI 76.8—-87.8); and the LRRFS
rate was92 0.6%(95% CI88.7-96.6) vs. 87.8%(95% CI 83.1—
92.7). According to these findings, adjuvant metronomic
capecitabine treatment prolongs survival in patients
with LA-NPC. Although our data indicated that patients
receiving adjuvant metronomic capecitabine therapy
tended to have a longer OS, LRRFS, PFS, and DMFS com-
pared with those of the control group. We did not achieve
significant survival results, potentially due to the small
patient sample and the inclusion of more N3 patients in
the experimental group. Additionally, the control group
included 2 patients with T2 stage. Another reason was
that after chemotherapy with capecitabine, we found
that the levels of CD8+cells, CD28+CD8+cells, and
activated CD8+cells increased. Zhu’s [6] study showed
that the percentage of CD8+cells in peripheral blood
increased after radiotherapy and could achieve better
OS. A retrospective cohort study indicated that the per-
centage of CD4+cells and the CD4/CD8 ratio decreased
in peripheral blood after radiotherapy, but multivariate
analysis revealed that CD4+cells and the CD4/CD8 ratio



He et al. BMC Immunology (2024) 25:28 Page 8 of 10

8 2 were prognostic factors [23]. In our comparative experi-
N E i v 3 mental group, we also found a decrease in lymphocyte
Sn % ~¢ subsets and dendritic cells after treatment, consistent
° with previous research results: specifically, a decrease in
é E CD4+cells, CD28+CD4+cells, and the CD4/CDS$ ratio
wlH o+ g o after treatment.
V| < o o
. g~ I <3 Although the study found some promising results,
10 I P there are also some limitations. Firstly, a.
Reg M~ O . . .
I single center was used and the patient sample size
=y é > & o was small. Secondly, these results should be stratified
5 i o O
FO8 B =0 by T, N, and clinical stage to understand if infiltration
é e of the tumor in local lymph nodes results in different
SI8L o modulation of the immune system after treatment and
% g8le S if the modulation of immune cells after treatment is also
v g 52: ; = affected by clinical stage (stage III vs. stage IVa). How-
c|Vi- - ™09 ever, Table 1 showed the T, N stage, and total stage with
8 & several patients in each group which restricted stratified
5|8 analysis. Finally, the follow-up time was less than 5 years.
< ® § R Therefore, our next study will further expand the sam-
Ul's - . . :
c|l2H 1 5o ple size, extend follow-up time and closely monitor the
= =aNe] 28} N
3182 =2 4o immune function of patients.
=
Q| 4
£| % ;
Slaly o Conclusion
o g|X = . :
= x T 0T Our findings demonstrated higher levels of CD8+cells,
— o 0] o O . . .
glale ° 33 CD28+CD8+cells, and activated CD8+cells in patients
®|U|l- = <o . . .
35 with LA-NPC 1 year after adjuvant metronomic
& g capecitabine treatment compared to those in the con-
) .
SIS, o trol group. These increased levels tended to extend OS,
8 25 3 LRRES, PES, and DMES in these patients compared to
?3 % S ; 32 those in the control group. Despite some limitations, our
o|<|m o S o findings highlight that the study confirmed the impact
5| & of metronomic chemotherapy on immune functions in
s|18|8 8 LA-NPC.
Sl W
e (e8] o n <t
o | NN N N O
Q= o ~ S
BVl m ~ n o
2
EIREE
(%] — ™M
] +H +
Sgs 8 22
2ol & =<
o
§l IR &
= ™ —
W + +
S8m 4 58
)
B
| ol X X
Q| V| < [¥a)
El 8l o
= | F S
B2l 2
c|al x X o m
Ol g|o ] ~ O
285 ¥ =2
©
o
S
S
< 2z
glgof £
HEE Y
FIGIEEZTE & a




He et al. BMC Immunology (2024) 25:28

HR = 0.33 (0.05-2.32)
Log-rank P = 0.303

Control group

0.0 4 4= Study group

] L) T L) T

T
0 10 20 30 40 50
Time(month)

C 1o

0.8 4
;\; 0.6 1
w
w
Q. 04 4
0.2 1
HR = 0.72 (0.16-3.16) + Control group
0.0 4 Log-rank P = 0.656 ~4= Study group
L) ] T T { ] L]
0 10 20 30 40 50

Time(month)

Page 9 of 10

B ...

i _——
0.8 4
X 0.6 4
(2]
w
o
o 044
-
0.2 4
HR = 1.00 (0.08-15.99) Control group
0.0 4 Log-rank P = 1 4= Study group
L} | T L} L} T
0 10 20 30 40 50
Time(month)
Doy ———
' et
0.8 1 L + bt
2 0.6 -
171
[T
= 044
0.2 1
HR = 0.65 (0.11-3.73) Control group
0.0 4 Log-rank P = 0627 4= Study group
L) T Al T Ll L)
10 20 30 40 50
Time(month)

Fig. 2 Survival comparison of metronomic capecitabine adjuvant chemotherapy in patients with LA-NPC (A: OS, B: LRRFS, C: PFS, D: DMFS)

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512865-024-00621-3.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Acknowledgements

We acknowledge the guidance of blood sample detection in the Medical
Laboratory Department of the Affiliated Cancer Hospital of Guizhou Medical
University. We thank Beijing Yimaihutong Technology Co,, Ltd. for its assistance
in the preparation of this manuscript.

Author contributions

Qianyong He and Xiuling Luo conceived and designed the study. Qianyong
He, Lina Liu, Chaofen Zhao and Zhuoling Li acquired and analyzed the data.
Qianyong He and Xiuling Luo wrote the manuscript. Feng Jin revised the
study critically for important intellectual content. Lina Liu, Chaofen Zhao and
Zhuoling Li confirmed the authenticity of all raw data. All authors read and
approved the final manuscript.

Funding
This study is supported by the National Natural Science Foundation of China
(82060556).

Data availability
The data that support the findings of this study are available when requested.
from the corresponding author, [Feng Jin], upon reasonable request.

Declarations

Ethics approval and consent to participate

Patients were enrolled in the Oncology Department, Affiliated Cancer Hospital
of Guizhou Medical University. Blood samples were obtained from patients
who had given informed consent under a protocol approved by the Ethics
Committee of Affiliated Cancer Hospital of Guizhou Medical University (Ethics
No.SL-201701008) Confirmed that all experiments were performed according
to relevant guidelines and regulations of Affiliated Cancer Hospital of Guizhou
Medical University.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


https://doi.org/10.1186/s12865-024-00621-3
https://doi.org/10.1186/s12865-024-00621-3

He et al. BMC Immunology (2024) 25:28

Author details

'Department of Oncology, the Affiliated Hospital of Guizhou Medical
University, 28 Guiyi Street, Guiyang, Guizhou 550004, PR. China
’Department of Oncology, the Affiliated Cancer Hospital of Guizhou
Medical University, Guiyang, Guizhou 550001, PR. China

3School of Clinical Medicine, Guizhou Medical University, Guiyang,
Guizhou 550004, PR. China

Received: 20 September 2023 / Accepted: 2 May 2024
Published online: 06 May 2024

References

1. ChenYP, Chan A, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal carcinoma.

Lancet. 2019;394(10192):64-80.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

3. ChenYP Liu X, Zhou Q Yang KY, Jin F, Zhu XD, Shi M, Hu GQ, Hu WH, Sun'Y, et
al. Metronomic capecitabine as adjuvant therapy in locoregionally advanced

nasopharyngeal carcinoma: a multicentre, open-label, parallel-group, ran-
domized, controlled, phase 3 trial. Lancet. 2021;398(10297):303-13.

4. Peereboom DM, Alban TJ, Grabowski MM, Alvarado AG, Otvos B, Bayik D, Rov-
ersi G, McGraw M, Huang P, Mohammadi AM et al. Metronomic capecitabine
as an immune modulator in glioblastoma patients reduces myeloid-derived

suppressor cells. JCl Insight 2019, 4(22).

5. Shen DS, Yan C, Liang Y, Chen KH, Zhu XD. Prognostic significance of circulat-

ing lymphocyte subsets before treatment in patients with nasopharyngeal
carcinoma. Cancer Manag Res. 2021;13:8109-20.

6. ZhuJ, FangR, Pan Z, Qian X. Circulating lymphocyte subsets are prog-
nostic factors in patients with nasopharyngeal carcinoma. BMC Cancer.
2022;22(1):716.

7. HeX,DuY,Wang Z Wang X, Duan J, Wan R, Xu J, Zhang P, Wang D, Tian Y et
al. Upfront dose-reduced chemotherapy synergizes with immunotherapy to
optimize chemoimmunotherapy in squamous cell lung carcinoma. J Immu-

nother Cancer 2020, 8(2).

8. Ghonim MA, Ibba SV, Tarhuni AF, Errami Y, Luu HH, Dean MJ, EI-Bahrawy AH,

Wyczechowska D, Benslimane IA, Del Valle L et al. Targeting PARP-1 with

metronomic therapy modulates MDSC suppressive function and enhances
anti-PD-1 immunotherapy in colon cancer. J Immunother Cancer 2021, 9(1).

9. Zsiros E, Lynam S, Attwood KM, Wang C, Chilakapati S, Gomez EC, Liu S,
Akers S, Lele S, Frederick PJ, et al. Efficacy and safety of Pembrolizumab in

Combination with Bevacizumab and oral metronomic cyclophosphamide in
the treatment of recurrent ovarian Cancer: a phase 2 Nonrandomized Clinical

Trial. JAMA Oncol. 2021;7(1):78-85.
10.  Chen L, Hu CS, Chen XZ, Hu GQ, Cheng ZB, Sun'Y, Li WX, Chen YY, Xie FY,

Liang SB, et al. Concurrent chemoradiotherapy plus adjuvant chemotherapy
versus concurrent chemoradiotherapy alone in patients with locoregionally

advanced nasopharyngeal carcinoma: a phase 3 multicentre randomized
controlled trial. Lancet Oncol. 2012;13(2):163-71.

20.

21.

22.

23.

1.

Page 10 of 10

Pandey A, Desai A, Ostwal V, Patil V, Kulkarni A, Kulkarni R, Patil N, Chaukar D,
Prabhash K, Banavali SD. Outcome of operable oral cavity cancer and impact
of maintenance metronomic chemotherapy: a retrospective study from rural
India. South Asian J Cancer. 2016;5(2):52-5.

Huang WY, Ho CL, Chao TY, Lee JC, Chen JH. Oral tegafur-uracil as a metro-
nomic therapy in stage IVa and IVb cancer of the oral cavity. Am J Otolaryn-
gol. 2021;42(6):103156.

Yuan F, Shi H, JiJ, Cai Q Chen X, Yu, Liu B, Zhu Z, Zhang J. Capecitabine
metronomic chemotherapy inhibits the proliferation of gastric cancer cells
through anti-angiogenesis. Oncol Rep. 2015;33(4):1753-62.

ZhouY, Jiang D, Chu X, Cheng W, Huang S, Wang J, Zhang H, Liu M, Tang Y,
Dai Y. Prognostic value of peripheral blood T lymphocyte subsets in clear cell
renal cell carcinoma. Trans| Androl Urol. 2021;10(1):326-35.

Chen YP, Yin JH, Li WF, Li HJ, Chen DP, Zhang CJ, Lv JW, Wang YQ, Li XM, Li JY,
et al. Single-cell transcriptomics reveals regulators underlying immune cell
diversity and immune subtypes associated with prognosis in nasopharyngeal
carcinoma. Cell Res. 2020;30(11):1024-42.

Guo R, Zhang T, Meng X, Lin Z, Lin J, Gong Y, Liu X, Yu'Y, Zhao G, Ding X et

al. Lymphocyte mass cytometry identifies a CD3-CD4 + cell subset with a
potential role in psoriasis. JCI Insight 2019, 4(6).

LiuW, Chen G, Zhang C, Liao X, Xie J, Liang T, Liao W, Song L, Zhang X. Prog-
nostic significance of tumor-infiltrating lymphocytes and macrophages in
nasopharyngeal carcinoma: a systematic review and meta-analysis. Eur Arch
Otorhinolaryngol. 2022;279(1):25-35.

Petruccioli E, Chiacchio T, Pepponi |, Vanini V, Urso R, Cuzzi G, Barcellini L,
Cirillo DM, Palmieri F, Ippolito G, et al. First characterization of the CD4 and
CD8T-cell responses to QuantiFERON-TB plus. J Infect. 2016;73(6):588-97.
Muraro E, Vaccher E, Furlan C, Fratta E, Fanetti G, Fae' DA, Martorelli D,
Cangemi M, Polesel J, Navarria F, et al. Predictive value of CD8 expression
and FoxP3 methylation in Nasopharyngeal Carcinoma Patients Treated

with Chemoradiotherapy in a non-endemic area. Pathol Oncol Res.
2020,26(4):2459-67.

Tao CJ, Chen YY, Jiang F, Feng XL, Jin QF, JinT, Piao YF, Chen XZ. A prognostic
model combining CD4/CD8 ratio and N stage predicts the risk of distant
metastasis for patients with nasopharyngeal carcinoma treated by intensity-
modulated radiotherapy. Oncotarget. 2016;7(29):46653-61.

Jardim JF, Gondak R, Galvis MM, Pinto C, Kowalski LP. A decreased peritumoral
CD1a+cell number predicts a worse prognosis in oral squamous cell carci-
noma. Histopathology. 2018;72(6):905-13.

Laurent J, Speiser DE, Appay V, Touvrey C, Vicari M, Papaioannou A, Canel-
lini G, Rimoldi D, Rufer N, Romero P, et al. Impact of 3 different short-term
chemotherapy regimens on lymphocyte-depletion and reconstitution in
melanoma patients. J Immunother. 2010;33(7):723-34.

Huang C, Ding J, Huang C, Yu L, Chitapanarux |, Mejia M, Fei Z, Chen C.
Abnormal variation and prognostic significance of circulating immune cells
in patients with nasopharyngeal carcinoma treated with chemoradiotherapy:
a prospective cohort study. Transl Cancer Res. 2023;12(12):3718-27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Effect of immune-modulating metronomic capecitabine as an adjuvant therapy in locoregionally advanced nasopharyngeal carcinoma
	﻿Abstract
	﻿Introduction
	﻿Subjects and methods
	﻿Enrollment criteria
	﻿Treatment protocol
	﻿Detection of lymphocyte subsets
	﻿Detection of dendritic cell (DC) subsets
	﻿Outcomes of lymphocyte subset and DC examination, along with clinical efficacy evaluation
	﻿Follow-up
	﻿Statistical analysis

	﻿Results
	﻿Effect on immune function
	﻿Disease outcome and survival

	﻿Discussion
	﻿Conclusion
	﻿References


