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EDITORIAL

Low-dose metronomic chemotherapy improves tumor
control in nasopharyngeal carcinoma

1 BACKGROUND

Nasopharyngeal carcinoma (NPC) is a unique head and
neck malignancy prevalent in East Asia [1]. It is highly
malignant, with the non-keratinizing pathological subtype
constituting approximately 95% of NPC cases in endemic
areas. Chemotherapy in combination with radiotherapy
is recommended for locoregionally advanced NPC (LA-
NPC), especially in subgroups at higher risk of distant
metastasis (e.g., N2-3 vs. N0-1 diseases, high vs. low plasma
Epstein-Barr virus [EBV] DNA copy number) [2, 3]. Con-
current chemoradiotherapy with or without induction
chemotherapy is considered the backbone of the current
chemoradiotherapy strategies for NPC [2, 3]. Nevertheless,
although complete clinical remission could be achieved in
more than 90% of patients after definitive chemoradiother-
apy, about 20%-30%of patientswill have disease recurrence
subsequently [4, 5], which might be caused minimal
residual disease (MRD), either at locoregional or distant
sites [6, 7]. Thus, adjuvant therapy is needed to improve
tumor control. Unfortunately, whether additional adju-
vant chemotherapy following chemoradiotherapy could
bring survival benefit for NPC patients remains controver-
sial. Probably because of the high toxicity and unfavorable
tolerance of conventional adjuvant agents using cisplatin
and fluorouracil or cisplatin and gemcitabine, poor effi-
cacy was observed for adjuvant chemotherapy in patients
with NPC [8, 9]. It is of urgent need to seek for suitable
adjuvant therapies.

Abbreviations: NPC, nasopharyngeal carcinoma; LA-NPC,
locoregionally advanced nasopharyngeal carcinoma; EBV, Epstein-Barr
Virus; MRD, minimal residual disease; MTD, maximum tolerated dose;
LDM, low-dose metronomic; CSC, cancer stem cell; FFS, failure-free
survival; OS, overall survival; D-FFS, distant failure-free survival;
LR-FFS, locoregional failure-free survival; HRQOL, health-related
quality of life; HR, hazard ratio; CI, confidence interval; PD-1,
programmed death 1.
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2 MECHANISMS OFMETRONOMIC
CHEMOTHERAPY

Unlike conventional chemotherapy with drugs admin-
istered at a maximum tolerated dose (MTD), low-dose
metronomic (LDM) therapy administers chemotherapeu-
tic agents frequently and regularly at substantially lower,
less toxic doses over prolonged periods, which shows
superior tolerability [10]. Convenient orally administered
fluorouracil analogs, such as capecitabine and tegafur-
uracil, are commonly used LDM regimens [11, 12]. Besides,
it is proposed that MRD is highly enriched for cancer
stem cells (CSCs) [13, 14], and thatmetronomic chemother-
apy appears to facilitate better inhibition of CSCs com-
pared with conventional chemotherapy [15, 16]. Using
3-dimensional (3D) soft fibrin gels, which could select
stem-cell-like cancer cells according to previously pub-
lished studies [17, 18], we found a significantly greater
reduction of stem-cell-like NPC cells using the LDM-
fluorouracil regimen than the MTD-fluorouracil regimen
(Figure 1). Furthermore,metronomic chemotherapy is also
believed to exert antitumor activity by targeting angiogen-
esis and activating an immune response [10]. Therefore, it
might be promising to use metronomic chemotherapy as
the adjuvant treatment in NPC.

3 METRONOMIC ADJUVANT
CAPECITABINE IMPROVES DISEASE
CONTROL IN LA-NPC

Based on the above rationale, we initiated a multicenter,
open-label, randomized, phase 3 trial to assess the effi-
cacy and safety of metronomic adjuvant capecitabine in
patients with high-risk LA-NPC (NCT02958111), which has
recently been published in the Lancet, entitled “Metro-
nomic capecitabine as adjuvant therapy in locoregion-
ally advanced nasopharyngeal carcinoma: a multicenter,
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F IGURE 1 Killing assay of stem-cell-like NPC cells. Representative images (left panel) and colony number (right panel) of stem-cell-like
HK1 and HONE1 cells exposed to PBS (control group), the maximum tolerated dose (MTD)-fluorouracil regimen (MTD group), or the
low-dose metronomic (LDM)-fluorouracil regimen (LDM group). On day 0, HK1 and HONE1 cells (20,000 cells per well) were seeded into
3-dimensional (3D) soft fibrin gels that could select stem-cell-like cancer cells and then cultured in 24-well plates. On day 2, the already
transformed stem-cell-like HK1 and HONE1 cells were treated with PBS, MTD-fluorouracil regimen (20 μm × 24 h), or LDM-fluorouracil
regimen (5 μm daily for 4 consecutive days), and tumor colonies were counted on day 6. The MTD and LDM dosages were based on the 50%
and 25% inhibitory concentrations measured using a Cell Counting Kit-8 assay, respectively. Data are presented as mean ± SD from three
independent experiments; *P < 0.05, **P < 0.01, ***P < 0.001 (one-way ANOVA). Detailed description of methods are provided in
Supplementary Materials and Methods

open-label, parallel-group, randomized, controlled, phase
3 trial” [19].
In this trial, patients (aged 18-65 years) who have

high-risk LA-NPC (T4N1M0 and T1-4N2-3M0), and had
no locoregional or distant recurrence after definitive
chemoradiotherapy (receiving the final radiotherapy dose
within 12 to 16 weeks before randomization) were deemed
eligible. Patients were randomly assigned in a 1:1 ratio
to the metronomic capecitabine group (receiving metro-
nomic capecitabine at a dose of 650 mg/m2 bid for 1 year)
or the standard therapy group (receiving observation only).
Failure-free survival (FFS) in the intention-to-treat popu-
lationwas the primary end point, whichwas defined as the
freedom from disease failure or death from any cause. The
secondary end points included overall survival (OS), dis-
tant FFS (D-FFS), locoregional FFS (LR-FFS), safety, and
health-related quality of life (HRQOL).
A total of 406 patients were enrolled between Jan 2017

andOct 2018, inwhich 204 and 202 patientswere randomly
assigned to themetronomic capecitabine and the standard-
therapy groups, respectively. Among 201 patients who
received metronomic capecitabine (3 patients withdrew
consent and received clinical observation only), 149 (74%)
finished the 1-year treatment. As for capecitabine, median
relative dose intensity was 98.1% (interquartile range =
72.0%-100%). After a median follow-up of 38 months, 29
(14%) events were in the metronomic capecitabine group
and 53 (26%) were in standard-therapy group. Patients
in the metronomic capecitabine group had significantly

higher 3-year FFS compared to those in the standard-
therapy group (85.3% vs. 75.7%; stratified hazard ratio
[HR] = 0.50, 95% confidence interval [CI] = 0.32-0.79;
P= 0.002). The metronomic capecitabine group had a bet-
ter 3-year OS than the standard-therapy group (93.3% vs.
88.6%; stratified HR = 0.44; 95% CI = 0.22-0.88; P = 0.018).
Besides, in the metronomic capecitabine group, patients
had both a better 3-year D-FFS (89.4% vs. 82.1%; stratified
HR = 0.52; 95% CI = 0.30-0.88; P = 0.014) and 3-year LR-
FFS (92.6% vs. 87.8%; stratified HR = 0.50; 95% CI = 0.25-
0.98; P = 0.041) than those in the standard-therapy group.
Metronomic capecitabine has a consistent benefit over all
patient subgroups with respect to FFS, including different
T and N categories, and clinical stages. Of note, consistent
benefits favoring metronomic capecitabine were observed
irrespective of the use of induction chemotherapy (yes vs.
no), and the regimens (docetaxel+ cisplatin vs. docetaxel+
cisplatin + fluorouracil vs. gemcitabine + cisplatin) or
cycles (2 vs. 3) of induction chemotherapy if used.
A total of 201 and 200 patients from the metro-

nomic capecitabine and standard-therapy groups were
included in the safety analysis, respectively. There were
73% (147/201) patients in themetronomic capecitabine and
51% (101/200) patients in the standard-therapy group expe-
rienced grade 1 or 2 adverse events. Grade 3 adverse events
were observed in17% (35/201) and 6% (11/200) patients
in the metronomic capecitabine and standard-therapy
groups, respectively; one (<1%) grade 4 neutropenia was
observed in the metronomic capecitabine group. The most
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common event related to capecitabine was hand-foot syn-
drome (18 [9%]). Neither group suffered from treatment-
related deaths. Besides, no meaningful HRQOL deterio-
ration relevant to metronomic adjuvant capecitabine was
observed. Thus, metronomic adjuvant capecitabine added
to definitive chemoradiotherapy was well-tolerated with
improved disease control.

4 CONCLUSIONS AND PERSPECTIVES

In summary, among patients with high-risk LA-NPC,
adjuvant metronomic capecitabine significantly improved
patient survival, the toxicity of which was manageable
with no reduction to quality of life. Future considera-
tions for the adjuvant use of metronomic capecitabine
include the combined use of metronomic chemotherapy
and immunotherapy. A preclinical study reported that
metronomic chemotherapy can have an immunomodula-
tory impact that could be synergistic with immunotherapy
using anti-programmed death 1 (anti-PD-1) [20]. The effi-
cacy and safety of the addition of immune checkpoint
inhibitors to metronomic adjuvant chemotherapy mer-
its further exploration, and an ongoing phase 3 trial
(NCT05342792) investigating metronomic capecitabine,
with or without anti-PD-1, as adjuvant therapy in high-risk
NPC might provide more evidence. Besides, the optimal
duration for the adjuvant use of metronomic capecitabine
should be further explored. It is not clear whether one
year of treatment is sufficient for NPC patients because
recurrence commonly occurs within the first two years
after radiotherapy. Finally, as plasma EBV DNA serves
as a biomarker of MRD in NPC, whether patients with
detectable plasma EBV DNA after radiotherapy could
benefit more from adjuvant metronomic capecitabine
warrants further studies.

DECLARATIONS

ACKNOWLEDGEMENT
We thank the patients who participated in the trial and
their families.

COMPET ING INTERESTS
The authors declared that no conflicts of interest exist.

FUNDING INFORMATION
This work was supported by grants from the National
Natural Science Foundation of China (82172749), the
Natural Science Foundation of Guangdong Province
(2021B1515020010), and the Fundamental Research Funds
for the Central Universities, Sun Yat-sen University
(22ykqb14).

AUTH OR CONTRIBUT IONS
Yu-Pei Chen and Jun Ma designed the research. Yu-Pei
Chen and Jia-Yi Shen conducted the experiments. Yu-Pei
Chen and Xiao-Yu Liang acquired and analyzed the data.
Yu-Pei Chen wrote the manuscript. Jia-Wei Lv, Zhen-Ji
Deng, and Ying Sun revised the manuscript. All authors
read and approved the final manuscript.

ETH ICS APPROVAL AND CONSENT TO
PART IC IPATE
Not applicable.

CONSENT FOR PUBL ICAT ION
Not applicable.

AVAILAB IL ITY OF DATA AND
MATERIALS
The authenticity of this manuscript has been validated
by uploading the key raw data to the Research Data
Deposit public platform (www.researchdata.org.cn) under
approval RDD number RDDB2022123608.

Yu-Pei Chen
Jia-Yi Shen

Zhen-Ji Deng
Ying Sun

Xiao-Yu Liang
Jia-Wei Lv
Jun Ma

State Key Laboratory of Oncology in South China,
Collaborative Innovation Center of Cancer Medicine,

Guangdong Key Laboratory of Nasopharyngeal Carcinoma
Diagnosis and Therapy, Center for Precision Medicine of
Sun Yat-sen University, Sun Yat-sen University Cancer
Center, Guangzhou, Guangdong 510060, P. R. China

Correspondence
Jun Ma, Jia-Wei Lv and Yu-Pei Chen, State Key

Laboratory of Oncology in South China, Collaborative
Innovation Center of Cancer Medicine, Guangdong Key
Laboratory of Nasopharyngeal Carcinoma Diagnosis and
Therapy, Center for Precision Medicine of Sun Yat-sen

University, Sun Yat-sen University Cancer Center,
Guangzhou 510060, Guangdong, P. R. China.

Email: majun2@mail.sysu.edu.cn; lvjw@sysucc.org.cn;
chenyup1@sysucc.org.cn

Yu-Pei Chen and Jia-Yi Shen contributed equally to this
work.

ORCID
YingSun https://orcid.org/0000-0002-5888-2929
JunMa https://orcid.org/0000-0002-1137-9349

http://www.researchdata.org.cn
https://orcid.org/0000-0002-5888-2929
https://orcid.org/0000-0002-1137-9349
mailto:majun2@mail.sysu.edu.cn
mailto:lvjw@sysucc.org.cn
mailto:chenyup1@sysucc.org.cn
https://orcid.org/0000-0002-5888-2929
https://orcid.org/0000-0002-5888-2929
https://orcid.org/0000-0002-1137-9349
https://orcid.org/0000-0002-1137-9349


912 EDITORIAL

REFERENCES
1. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J.

Nasopharyngeal carcinoma. Lancet. 2019;394(10192):64–80.
2. Chen YP, Ismaila N, ChuaMLK, Colevas AD, Haddad R, Huang

SH, et al. Chemotherapy in Combination With Radiotherapy
for Definitive-Intent Treatment of Stage II-IVA Nasopharyn-
geal Carcinoma: CSCO and ASCO Guideline. J Clin Oncol.
2021;39(7):840–59.

3. Tang LL, Chen YP, Chen CB, Chen MY, Chen NY, Chen XZ,
et al. The Chinese Society of Clinical Oncology (CSCO) clinical
guidelines for the diagnosis and treatment of nasopharyngeal
carcinoma. Cancer Commun (Lond). 2021;41(11):1195–227.

4. Chen YP, Tang LL, Yang Q, Poh SS, Hui EP, Chan ATC, et al.
Induction Chemotherapy plus Concurrent Chemoradiother-
apy in Endemic Nasopharyngeal Carcinoma: Individual Patient
Data Pooled Analysis of Four Randomized Trials. Clin Cancer
Res. 2018;24(8):1824–33.

5. Zhang Y, Chen L, Hu GQ, Zhang N, Zhu XD, Yang KY,
et al. Gemcitabine and Cisplatin Induction Chemotherapy in
Nasopharyngeal Carcinoma.NEngl JMed. 2019;381(12):1124–35.

6. Lv J, Chen Y, Zhou G, Qi Z, Tan KRL, Wang H, et al.
Liquid biopsy tracking during sequential chemo-radiotherapy
identifies distinct prognostic phenotypes in nasopharyngeal
carcinoma. Nat Commun. 2019;10(1):3941.

7. Ko JM, Vardhanabhuti V, Ng WT, Lam KO, Ngan RK, Kwong
DL, et al. Clinical utility of serial analysis of circulating tumour
cells for detection of minimal residual disease of metastatic
nasopharyngeal carcinoma. Br J Cancer. 2020;123(1):114–25.

8. Chen L, Hu CS, Chen XZ, Hu GQ, Cheng ZB, Sun Y, et al. Adju-
vant chemotherapy in patients with locoregionally advanced
nasopharyngeal carcinoma: Long-term results of a phase 3 mul-
ticentre randomised controlled trial. Eur J Cancer. 2017;75:150–8.

9. Chan ATC, Hui EP, Ngan RKC, Tung SY, Cheng ACK, Ng WT,
et al. Analysis of plasma epstein-barr virus DNA in nasopharyn-
geal cancer after chemoradiation to identify high-risk patients
for adjuvant chemotherapy: A randomized controlled trial.
J Clin Oncol. 2018:JCO2018777847.

10. Bocci G, Kerbel RS. Pharmacokinetics of metronomic
chemotherapy: a neglected but crucial aspect. Nat Rev Clin
Oncol. 2016;13(11):659–73.

11. Wang X,Wang SS, Huang H, Cai L, Zhao L, Peng RJ, et al. Effect
of Capecitabine Maintenance Therapy Using Lower Dosage

and Higher Frequency vs Observation on Disease-Free Survival
Among Patients With Early-Stage Triple-Negative Breast Can-
cer Who Had Received Standard Treatment: The SYSUCC-001
Randomized Clinical Trial. JAMA. 2021;325(1):50-8.

12. Liu YC, Wang WY, Twu CW, Jiang RS, Liang KL, Wu CT,
et al. Prognostic impact of adjuvant chemotherapy in high-
risk nasopharyngeal carcinoma patients. Oral Oncol. 2017;64:15-
21.

13. Ghiaur G, Gerber J, Jones RJ. Concise review: Cancer stem cells
and minimal residual disease. Stem Cells. 2012;30(1):89–93.

14. Zhao J. Cancer stem cells and chemoresistance: The smartest
survives the raid. Pharmacol Ther. 2016;160:145–58.

15. Folkins C, Man S, Xu P, Shaked Y, Hicklin DJ, Kerbel RS.
Anticancer therapies combining antiangiogenic and tumor cell
cytotoxic effects reduce the tumor stem-like cell fraction in
glioma xenograft tumors. Cancer Res. 2007;67(8):3560–4.

16. Andre N, Tsai K, Carre M, Pasquier E. Metronomic Chemother-
apy: Direct Targeting of Cancer Cells after all? Trends Cancer.
2017;3(5):319–25.

17. Liu Y, Liang X, Dong W, Fang Y, Lv J, Zhang T, et al. Tumor-
Repopulating Cells Induce PD-1 Expression in CD8(+) T Cells
by Transferring Kynurenine and AhR Activation. Cancer Cell.
2018;33(3):480–94 e7.

18. Liu J, Tan Y, Zhang H, Zhang Y, Xu P, Chen J, et al. Soft fib-
rin gels promote selection and growth of tumorigenic cells. Nat
Mater. 2012;11(8):734–41.

19. Chen YP, Liu X, Zhou Q, Yang KY, Jin F, Zhu XD, et al.
Metronomic capecitabine as adjuvant therapy in locoregionally
advanced nasopharyngeal carcinoma: amulticentre, open-label,
parallel-group, randomised, controlled, phase 3 trial. Lancet.
2021;398(10297):303–13.

20. HeX,DuY,WangZ,WangX,Duan J,WanR, et al. Upfront dose-
reduced chemotherapy synergizes with immunotherapy to opti-
mize chemoimmunotherapy in squamous cell lung carcinoma.
J Immunother Cancer. 2020;8(2):e000807.

SUPPORT ING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.


	Low-dose metronomic chemotherapy improves tumor control in nasopharyngeal carcinoma
	1 | BACKGROUND
	2 | MECHANISMS OF METRONOMIC CHEMOTHERAPY
	3 | METRONOMIC ADJUVANT CAPECITABINE IMPROVES DISEASE CONTROL IN LA-NPC
	4 | CONCLUSIONS AND PERSPECTIVES
	DECLARATIONS
	ACKNOWLEDGEMENT
	COMPETING INTERESTS
	FUNDING INFORMATION
	AUTHOR CONTRIBUTIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


