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Abstract

Background: To explore the short- and long-term outcomes in patients with naso-
pharyngeal carcinoma (NPC) with magnetic resonance imaging (MRI)-detected resid-
ual disease at 3 months post-treatment who received intervention either promptly
(0 month) or following observation (after an additional 3 months).

Methods: A total of 272 patients with residual disease at 3 months post-treatment
(observation [observation for additional 3 months]: 122, intervention [prompt inter-
vention]: 150) were analyzed. Univariate and multivariate analyses were performed
to examine the survival. Adverse events were analyzed in all patients.

Results: Patients in the observation group had a lower 3-year overall survival (77.1%
vs. 85.2%), progression-free survival (10.2% vs. 18.1%), and locoregional relapse-free
survival (10.2% vs. 20.6%) (all p < .05), but not distant metastasis-free survival (83.8%
vs. 78.4%, p = .189), whereas patients in the intervention group achieved higher com-
plete remission (CR) rates (43.3% vs. 21.2%, p = .003). Patients who achieved CR after
prompt intervention had a better survival rate than those who achieved observation-
CR or non-CR (p < .001). Multivariate analyses revealed that a wait-and-see policy was
an independent prognostic factor for impaired survival (p < .001). No significant differ-
ences of acute or late toxicities were observed between the two groups.

Conclusions: Patients with NPC with MRI-detected residual disease 3 months post-
radiotherapy should be encouraged to undergo prompt intervention rather than

adopting a passive wait-and-see policy.
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1 | INTRODUCTION
As an epithelial malignancy arising from the nasopharynx, nasopharyn-
geal carcinoma (NPC) often manifests with invasive growth in the pri-
mary site and metastatic lymphadenopathy in the retropharyngeal
lymph nodes (RLNs)/cervical lymph nodes (CLNs).? Although NPC is
rare in most Western countries and Latin America, it was inversely esti-
mated that over 70% (n = 130,000) of all cases worldwide were distrib-
uted in South China, Southeast Asia, and Northern Africa in 2018.2°%
Owing to the inherent anatomical constraints and hyper-
radiosensitivity of undifferentiated neoplastic cells, radical radiotherapy
(RT) is the main treatment approach for NPC. As imaging equipment and
RT technologies are improving, the implementation of intensity-
modulated radiotherapy (IMRT) has led to satisfactory local control and
long-term survival benefits in patients with NPC.3®> Owing to the infiltra-
tive growth pattern of NPC, magnetic resonance imaging (MRI) with good
soft tissue resolution is employed for assessing treatment efficacy.®
Around 3%-13% of patients have local or regional persistent disease,
3-6 months after definitive RT.”® On the one hand, due to the influences
of volume reduction, structural changes, and the deep location of the
tumor, a performing biopsy for residual disease is a difficult process.”
Additionally, the pathological results have a certain false-negative rate. In
most cases, oncologists rely on MRI to evaluate residual disease. On the
other hand, the regression rate of gross tumors after RT on MRI differs
between individuals (ranges from O to 12 months).° A significant portion
of these patients with residual disease (34.9%) ultimately achieved full
tumor regression after a prolonged time of observation or attenuated

treatment.*®

Thus, commencing additional intervention too early may
result in over-treatment in patients whose residual tumors may undergo
spontaneous histologic remission slowly but firmly after a period of time.
As arduous additional intervention results in more serious toxicities and
complications to patients with residual disease, oncologists often struggle
with whether to promptly provide invasive additional intervention to
patients with diminishing residual disease at 3 months post-treatment. In
addition, the long-term survival of patients with delayed spontaneous
tumor regression (>3 months) and those whose tumors resolved after
additional intervention were not compared.

To explore the short-term efficacy and long-term survival of patients
with radiographically visible residual disease at 3 months after RT follow-
ing observation (additional 3 months) or prompt intervention in the field
of NPC, we conducted a retrospective, population-based, real-world
study in an endemic area in China. By reporting the real survival trajecto-
ries of patients with residual disease at 3 months post-radiotherapy fol-
lowing observation (additional 3 months) or intervention, we aimed to

reveal the clinical values of different forms of intervention in this group.

2 | PATIENTS AND METHODS

21 | Patients

A well-established big-data intelligence platform at Sun Yat-sen Uni-

versity Cancer Center (SYSUCC) was used to identify patients with

residual, histologically proven, non-disseminated NPC diagnosed
between January 2010 and December 2015. The inclusion criteria
were as follows: (1) patients with histologically confirmed non-
metastatic NPC without previous or concurrent malignant disease;
(2) age = 18 years old; (3) receipt of radical RT for the entire course at
SYSUCC; (4) with sufficient clinical data; (5) regular follow-up with
complete post-treatment examination, including nasopharyngoscopy,
MRI of the nasopharynx and neck; (6) no evidence of distant metasta-
sis during the first 3 months post-treatment; (7) no previous antican-
cer treatment; and (8) confirmation of radiographically visible residual
disease at 3 months post-treatment. A total of 272 patients with MRI
scan at diagnosis and MRI-detected residual but diminished NPC at
3 months after a complete course of full-dose irradiation + chemo-
therapy at SYSUCC were enrolled in this study. All the patients were
endemic cases and were restaged according to the eighth edition of
the Union for International Cancer Control (UICC)/American Joint
Committee on Cancer (AJCC) staging system. The Institutional Review
Board of SYSUCC approved this study (B2021-215-01).

2.2 | MRI evaluation and diagnostic criteria

All patients underwent MRI scans of the nasopharynx and neck before
and at the end of (+7 days) treatment, and at 3 and 6 months post-
treatment. To ensure objectivity, two experienced radiologists special-
izing in head and neck cancers evaluated the images independently.
Disagreements were resolved through discussion. The diagnostic cri-
teria for residual disease on MR images were based on the criteria
recommended by Lv et al.” Because most residual RLNs were unre-
sectable within the time frame in this study, the residual diseases
were classified into four types: residual disease in the primary site
(residue T type), RLNs = CLNs (residue N [with RLNs] type), CLNs
(residue N [without RLNs] type) and concomitantly the primary site
plus RLNs/CLNs (residue TN type). The classifications and stages of
residual diseases on radiological images were defined based on the
eighth edition of the UICC/AJCC staging system for uniformity
(ycTNM) (Tables S1 and S2).

The maximum tumor diameters (MTD) of the primary tumor and
metastatic RLNs/CLNs were measured separately on MR images.
Tumor remission was evaluated based on the change between the
total MTD (estimated as the sum of the MTD of the primary tumor
and metastatic lymph nodes) of the post-treatment and pre-treatment
statuses. Tumor remission was divided into four levels: complete
remission (CR), partial remission (PR), stable disease (SD), and progres-
sive disease (PD), according to the Response Evaluation Criteria in
Solid Tumors 1.1 (2009).**

2.3 | Treatment and follow-up
All patients received radical RT using conventional RT or IMRT as pri-
mary treatment. The administration of induction and/or concurrent

chemotherapy depended on the patient's physical status and disease
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stage. Details about the RT techniques used at the SYSUCC were
described in a previous study.!? The target volume delineation was
performed according to the International Commission on Radiological
Units Guidelines. Doses to critical normal structures and plan evalua-
tions were directed according to the Radiation Therapy Oncology
Group guidelines. Gross tumors and RLNs were included within the
primary gross target volume of our cancer center. The prescribed dose
was 66.0-72.0 Gy for the primary tumor and 60.0-66.0 Gy for the
involved CLNs, with fractions of 30-33.

Patients with residual disease were either observed for an addi-
tional 3 months or provided prompt intervention, at the physician's dis-
cretion, depending on the patient's physical status, initial tumor stage,
tumor regression rate, and residual disease status. Patients were
assessed every 3 months during the first 3 years, every 6 months during
the next 2 years, and annually thereafter. The median follow-up dura-
tion of the entire group was 39.1 months (range, 4.9-153.2 months).
Overall survival (OS) was the primary endpoint, which was measured
from 3 months after the completion of RT to the date of death from
any cause. Progression-free survival (PFS) was defined as the date from
3 months after the completion of RT to the date of the first occurrence
of treatment failure or death from any cause, whichever occurred first.
Locoregional relapse-free survival (LRRFS) was defined as the date from
3 months after the completion of RT to the date of the first occurrence
of locoregional failure or death from any cause, whichever occurred
first. Distant metastasis-free survival (DMFS) was recorded from
3 months after the completion of RT to the date of the first remote fail-
ure or death from any cause, whichever occurred first. Treatment-
related adverse events are recorded according to the Common Termi-

nology Criteria for Adverse Events grade.

2.4 | Statistical analysis

Pearson's 32 test or Fisher's exact test was used to assess categorical vari-
ables between groups. Differences in non-normally distributed variables
between the groups were examined using the Mann-Whitney test. Actu-
arial survival rates were calculated using the Kaplan-Meier method and
compared using the log-rank test. Multivariate analyses with the Cox pro-
portional hazards model were used to identify significant independent
prognostic factors using forward elimination (LR). Statistical analyses were
performed using the SPSS statistical software version (version 26.0; IBM,
Armonk, NY) and Prism analysis and the graphic software version 9.0.2
(GraphPad Software, San Diego, CA). A two-sided p-value of less than

0.05 was considered statistically significant.

3 | RESULTS

3.1 | Clinical characteristics and prognosis

A total of 272 patients were detected with MRI-detected residual dis-
ease at 3 months after RT. Among them, 79 (29.0%) residual diseases
were residue T, whereas 147 (54.1%) were residue N (42 with RLNs,

105 without RLNSs), and 46 (16.9%) were residue TN (Table 1). Overall,
83 patients (30.5%) died, and 248 patients (91.2%) experienced treat-
ment failure, including locoregional failure in 243 patients (89.3%) and
distant metastasis in 58 patients (21.3%) (Table S3). For the entire
cohort, the 3-year actuarial OS, PFS, LRRFS, and DMFS rates were
81.5%, 14.5%, 15.9%, and 80.8%, respectively.

3.2 | Treatments for patients with residual disease
Of the 272 patients, 122 (44.9%) received no further treatment
3 months post-radiotherapy in the observation group, whereas
150 (55.2%) received additional therapy (29 local therapy; 85 systemic
therapy: 53 metronomic chemotherapy and 32 intravenous chemo-
therapy; and 36 comprehensive therapy: local therapy plus systemic
therapy) in the intervention group (Table S4). The interval time of
intervention was calculated from 3 months after the completion of
the first-course RT to the first day of administration of adjuvant treat-
ment, with a median value of 0.6 months.

3.3 | Short-term efficacy evaluation of patients

Three months after RT, the treatment efficacy of 272 patients was eval-
uated as PR based on the visual evaluation of tumor regression com-
pared with the pretreatment disease shown on the MR images.
Compared to the observation group, patients who accepted further
intervention achieved an elevated CR rate (43.3% vs. 26.2%, p = .003).
Similarly, increased trends were observed in both the overall response
rate (ORR) and disease control rate (DCR) among the patients in the
intervention group as compared with those in the observation group
(ORR: 45.3% vs. 26.2%, p = .001; DCR: 47.3% vs. 30.3%, p = .004).
Notably, patients who underwent local treatment had superior short-
term clinical benefits compared with those who received systemic che-
motherapy (CR rate: 61.5% vs. 29.4%, p < .001; ORR: 63.1% vs. 31.8%,
p < .001; DCR: 63.1% vs. 35.3%, p = .001). In particular, patients receiv-
ing metronomic chemotherapy exhibited a rising trend in short-term
clinical benefits compared with those who received intravenous chemo-
therapy (CR rate: 34.0% vs. 21.9%, p = .236; ORR: 37.7% vs. 21.9%,
p = .128; DCR: 39.6% vs. 28.1%, p = .283) (Figure 1 and Table S5).

3.4 | Long-term survival of patients
The 3-year OS, PFS, and LRRFS rates for the four residual types dif-
fered significantly (OS, p = .014; PFS, p = .001; and LRRFS, p = .002;
Figure 2A-C), whereas the 3-year DMFS rates were not significantly
different (p = .056; Figure 2D). The residual type remained indepen-
dent in the multivariate survival analyses of OS, PFS, and LRRFS (OS,
p = .046; PFS, p = .001; and LRRFS, p = .001; Table 2).

Stratified by adjuvant treatment modality, the 3-year OS rates for
the observation and intervention groups were 52.2% and 68.9%,

respectively (hazard ratio [HR]: 1.86 [95% confidence interval [Cl]:
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TABLE 1 Clinical characteristics of 272 nasopharyngeal carcinoma patients with MRI-detected residual disease (3 months post-treatment)

stratified by treatment mode

Characteristics
Total
Gender
Male
Female
Age (years)
<45
>45
Histological type®
Keratinizing squamous cell carcinoma
Nonkeratinizing squamous cell carcinoma
T category©
T1
T2
T3
T4
N category®©
NO
N1
N2
N3
Clinial stage®
|
1l
1]
[\
Pre-EBV DNA (copies/ml)
>2000
<2000
NA
Treatment regimen
RT alone
CCRT
IC +RT
IC + CCRT
Radiotherapy technique
IMRT
2D-RT
Dose to GTVnx (Gy)
<70.0
>70.0
Dose to GTVnd (Gy)
<68.0
>68.0
Residual tumor type

Residue T

272

210
62

154
118

270

22
38
145
67

100
96
67

22
126
122

163
92
17

23
79
49
121

241
31

254
18

199
73

79

Observation
group no. (%)

n =122 (44.8)

99 (81.2)
23(18.8)

72 (59.0)
50 (41.0)

0(0.0)
122 (100.0)

102 (83.6)
20 (16.4)

113(92.6)
9(7.4)

88 (72.1)
34(27.9)

45(36.9)

Intervention
group no. (%)

n =150 (55.2)

111 (74.0)
39 (26.0)

82 (54.7)
68 (45.3)

2(1.3)
148 (98.7)

12(8.0)
24 (16.0)
76 (50.7)
38(25.3)

4(2.7)
51(34.0)
54 (36.0)
41 (27.3)

1(0.6)
16 (10.7)
61 (40.7)
72 (48.0)

94 (62.7)
47 (31.3)
9 (6.0)

14 (9.3)
41(27.3)
33 (22.00)
62 (41.4)

139 (92.7)
11(7.3)

141 (94.0)
9 (6.0)

111 (74.0)
39 (26.0)

34 (22.7)

2a

1.95

0.52

1.07

434

547

0.21

0.12

8.96

0.162

0.472

0.503

0.797

0.147

0.596

0.587

0.227

0.019

0.650

0.729

0.030
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TABLE 1 (Continued)
Observation Intervention
Characteristics group no. (%) group no. (%) %2 P?
Residue N 147 1(50.0) 86 (57.3)
(with RLNs) 42 21(17.2) 21(14.0)
(without RLNs) 105 0(32.8) 65 (43.3)
Residue TN 46 6(13.1) 30 (20.0)
Residue T category® - 0.257
Residue TO 147 61 (50.0) 86 (57.3)
Residue T1 8 3(2.5) 5(3.3)
Residue T2 27 14 (11.5) 13 (8.7)
Residue T3 48 24 (19.6) 24 (16.0)
Residue T4 42 20(16.4) 22 (14.7)
Residue N category® - 0.009
Residue NO 79 45 (36.9) 34 (22.7)
Residue N1 135 56 (45.9) 79 (52.7)
Residue N2 31 13(10.7) 18(12.0)
Residue N3 27 8(6.5) 19 (12.6)
Residual tumor stage’ - 0.696
Residue | 6 3(2.5) 3(2.0)
Residue Il 126 57 (46.7) 69 (46.0)
Residue [lI 71 33(27.0) 38 (25.3)
Residue IV 69 29 (23.8) 40 (26.7)
Post-EBV DNA (copies/ml) 8.730 0.013
Undetectable 146 61 (50.00) 85 (56.7)
Detectable 44 14 (11.5) 30 (20.0)
NA 82 47 (38.5) 35(23.3)

Abbreviations: 2D-RT, two-dimensional radiotherapy; CCRT, concurrent chemoradiotherapy; GTVnd, gross tumor volume of metastatic cervical lymph
nodes; GTVnx, gross tumor volume of nasopharynx; IC, induction chemotherapy; IMRT, intensity modulated radiotherapy; MRI, magnetic resonance
imaging; N, lymph node(s); NA, unknown; post-EBV DNA, three-month post-treatment plasma EBV DNA,; pre-EBV DNA, pre-first routine treatment
plasma Epstein-Barr virus deoxyribonucleic acid; RLNs, retropharyngeal lymph nodes; RT, radiotherapy; T, tumor.

Pearson's y test or Fisher's exact test for categorical variables and Mann-Whitney U test for non-normally distributed variables were used to analyze
patients' characteristics between the two groups.

bAccording to the World Health Organization (WHO) histologic classification (2005).

“All patients' diseases were re-staged according to the eighth edition of the American Joint Committee on Cancer (AJCC).

9The classification of residue T: residue TO = no residual tumor identified in the primary tumor site; residue T1 = residual tumor confined to the
nasopharynx, or extension to the oropharynx and/or nasal cavity without parapharyngeal involvement; residue T2 = residual tumor extension to the
parapharyngeal space and/or adjacent soft tissue involvement; residue T3 = residual tumor with infiltration of bony structures at the skull base, cervical
vertebra, pterygoid structures, and/or paranasal sinuses; residue T4 = residual tumor with intracranial extension.

®The classification of residue N: residue NO = no residual tumor in RLNs or cervical lymph nodes (CLNs); residue N1 = unilateral or bilateral residual tumor
in RLNs and/or unilateral residual tumor in CLNs, above the caudal border of the cricoid cartilage; residue N2 = bilateral residual tumor in CLNs, above the
caudal border of the cricoid cartilage; residue N3 = unilateral or bilateral residual tumor in CLNs, and extension below the caudal border of the cricoid
cartilage.

The clinical stage of residual disease: residue | = residue TINOMO; residue Il = residue T2NO and/or TO-2N1 MO; residue Il = residue T3NO-1 and/or
T0-3N2 MO; residue IV = residue T4NO-2 and/or TO-4N3 MO.

1.21-2.87], p = .005; Figure 3A). The 3-year PFS and LRRFS rates
were also significantly different (PFS, 10.2% vs. 18.1%, HR: 1.29
[1.01-1.67], p = .041; LRRFS, 10.2% vs. 20.6%, HR: 1.39 [1.08-
1.80], p = .009; Figure 3B-C). However, the 3-year DMFS rate did
not differ significantly (p = .189; Figure 3D). In Cox proportional
hazards treatment mode was an

analyses, the adjuvant

independent prognostic factor for OS (HR: 1.92 [1.23-2.99],
p =.004), PFS (HR: 1.34 [1.03-1.73], p =.028), and LRRFS (HR
1.45[1.12-1.89], p = .006) (Table 2).

Furthermore, we compared the survival curves of patients
according to treatment modality in detail. The 3-year OS rates for the

observation, local therapy, comprehensive therapy, metronomic
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chemotherapy, and intravenous groups were 84.4%, 88.1%, 96.4%,
92.0%, and 67.7%, respectively (p = .016; Figure 4A). Additionally, the
3-year PFS and LRRFS rates were significantly different between

N .
) I
50

25

CR/PR

mm SD/PD

Percent weight (%)

0 T T T T T
(0] L C M |
O: Observation (n=122)
L: Local therapy (n=29)
C: Comprehensive therapy (n=36)
M: Metronomic chemotherapy (n=53)
I: Intravenous chemotherapy (n=32)

FIGURE 1 Comparison of the short-term clinical efficacy
following observation (additional 3 months) or intervention among
patients with 3 months post-treatment MRI-detected residual NPC.
CR, complete remission; PD, progressive disease; PR, partial
remission; SD, stable disease.

(A)
S
g
3
]
=
g
o
0.2+
P=0.014
0.0 T T T T 1
0 12 24 36 48 60
Time, mo
Number at risk
Residue T 79 78 65 46 28 19
—— Residue N (with RLNs) 42 42 34 28 18 1
—— Residue N (without RLNs) 105 104 93 70 49 35
—— Residue TN 46 42 35 22 12 6

(©)

Locoregional Relapse-free Survival

0.0 T T T T 1
0 12 24 36 48 60
Time, mo
Number at risk
Residue T 79 46 26 13 6 5
—— Residue N (with RLNs) 42 19 7 4 3 2
—— Residue N (without RLNs) 105 68 38 18 8 7
—— Residue TN 46 18 7 3 3 1

groups (PFS, 10.6% vs. 46.0% vs. 20.5% vs. 10.5% vs. 8.7%, p < .001;
LRRFS, 10.4% vs. 53.2% vs. 29.4% vs. 12.6% vs. 10.6%, p < 0.001;
Figure 4B-C), respectively. The 3-year DMFS rates were 88.9%,
60.8%, 83.9%, 90.3%, and 73.7% (p = .594; Figure 4D).

According to the short-term efficacy in patients with residual dis-
ease after observation or intervention (median, 10.6 months; inter-
quartile range [IQR], 7.7-14.6 months), they were subdivided into
three subgroups: 32 observation-CR patients, 65 intervention-CR
patients, and 175 non-CR patients. The 3-year OS rates for three sub-
groups were 93.2%, 96.2%, and 73.5% (p < .001; Figure 5A), respec-
tively. The 3-year PFS, LRRFS, and DMFS rates also differed
significantly (PFS, 25.0% vs. 36.3% vs. 4.4%, p < .001; LRRFS, 25.0%
vs. 36.3% vs. 6.6%, p < .001; and DMFS, 93.1% vs. 96.6% vs. 72.1%,
p < .001; Figure 5B-D).

3.5 | Treatment toxicities

The type and frequency of treatment toxicities are summarized in
Table Sé6. During the available follow-up period, dermatitis was the
most common grade 1-2 acute adverse event (90/122 [73.8%)] in the
observation group; 112/150 [74.7%] in intervention group, p = .866),
followed by xerostomia (73/122 [59.8%] in the observation group;

(B)

S
2
>
@
Q
£
&
.2
[
0
o
=)
9
a
0.0 T T T T 1
0 12 24 36 48 60
Time, mo
Number at risk
Residue T 79 44 25 13 6 5
—— Residue N (with RLNs) 42 19 7 4 3 2
— Residue N (without RLNs) 105 66 36 18 8 7
—+— Residue TN 46 17 6 2 2 1
(D) E 1'077‘:%._‘_‘, ST
£
@ 0.8
g
E 0.6
[}
I
e 044
°
=
€ 0.2
8 P =0.056
]
8 oo T T T T 1
0 12 24 36 48 60
Time, mo
Number at risk
Residue T 79 73 55 43 28 18
—— Residue N (with RLNs) 42 39 33 28 17 "
—— Residue N (without RLNs) 105 97 77 57 40 29
—— Residue TN 46 38 30 19 9 5

FIGURE 2 Kaplan-Meier curves for (A) overall survival, (B) progression-free survival, (C) locoregional relapse-free survival, and (D) distant
metastasis-free survival in patients with MRI-detected residual disease at 3 months post-treatment stratified by residual tumor type. mo,
month; N, lymph node(s); RLNs, retropharyngeal lymph nodes; T, tumor; TN, tumor and lymph node(s).
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TABLE 2 Cox proportional hazards
analyses identified prognostic variables
with significant value in the 272
nasopharyngeal carcinoma patients with
MRI-detected residual disease

Endpoint
oS

PFS

LRRFS

DMFS

1887

Variables®

Treatment (observation)

Residue type (residue T, reference)
Residue N (with RLNs)
Residue N (without RLNs)
Residue TN

Residual tumor stage (residue Il1-1V)

Treatment (observation)

Residue type (residue T, reference)
Residue N (with RLNs)
Residue N (without RLNs)
Residue TN

Treatment (observation)

Residual tumor type (residue T, reference)
Residue N (with RLNs)
Residue N (without RLNs)
Residue TN

NA

HR 95% Cl p
1.92 1.23-2.99 .004
.046
1.18 0.56-2.51 662
0.93 0.53-1.64 .803
2.06 1.13-3.74 .018
1.70 1.02-2.75 .032
1.34 1.03-1.73 .028
.001
1.44 0.97-2.12 069
0.91 0.67-1.25 .578
1.83 1.24-2.70 .002
1.45 1.12-1.89 .006
.001
1.53 1.04-2.27 .033
0.92 0.67-1.27 .613
1.75 1.18-2.59 .005
NA NA NA

Abbreviations: Cl, confidence interval; DMFS, distant metastasis-free survival; HR, hazard ratio; LRRFS,
locoregional relapse-free survival; MRI, magnetic resonance imaging; NA, unknown; OS, overall survival;
PFS, progression-free survival.
aThe following variables were included in the Cox proportional hazards model multivariate analysis
with forward elimination (LR): age (< 45 vs. > 45 years), gender (male vs. female), residual tumor type
(residue T vs. residue N [with RLNs] vs. residue N [without RLNs] vs. residue TN), residual tumor stage
(residue I-11 vs. llI-1V) and treatment (observation vs. intervention).

HR: 1.29, 95% CI 1.01-1.67, P = 0.041

T T T T 1

12 24 36 48 60
Time, mo
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95/150 [63.3%)] in the intervention group, p = .555) in both groups.
Overall, xerostomia, neck fibrosis, and hearing impairment were the
most commonaly observed grade 1-2 late adverse events in both
groups, whereas the incidences of acute and late grade 3-4 adverse
events were relatively low. No significant differences of acute or late

toxicities were observed between the two groups.

4 | DISCUSSION

Despite the innovation of RT technologies, 3%-13% of patients
with NPC experience locoregional residual disease after definitive
irradiation.*®~1% Over the past two decades, considerable effort
has been made to investigate the prognostic value of”'”"1? and
forecast the occurrence of residual disease as well as their preven-
tive effects,'® compare the capability to diagnose and differentiate

residual 615

disease among available medical procedures, or
develop predictive models for prognostic stratification and risk
adjustment’ in this field. However, an optimal adjuvant treatment
for residual NPC that effectively improves both short- and long-
term benefits remains unexplored. To the best of our knowledge,

this study is the first to report the real survival trajectories of

patients with radiographically visible residual disease at 3 months
post-treatment on MRI for NPC, following observation for an addi-
tional 3 months or prompt intervention. Moreover, we compared
the clinical benefits of observation and intervention, in terms of
short-term efficacy and
residual NPC.

Detecting residual tumors in a timely and precise manner is

long-term survival, in patients with

necessary to provide prompt additional treatment.?°~2° Based on a
prospective study investigating the time course of tumor regression
in patients with NPC residual lesions, performing an imaging evalu-
ation at 3 months post-treatment was dependable.?® Currently,
MRI has been regarded as the best imaging procedure due to its
greater overall accuracy in detecting residual foci.® When residual
lesions can be detected with high sensitivity, the nature of the
residual disease is difficult to be clarified. The feasibility of biopsy
in diagnosing residual foci has been overshadowed in clinical prac-
tice because of its invasive properties or the hard-to-reach location
of residual lesions.2¢"2? In addition, the salvage treatments for per-
sistent tumors recommended in the current guidelines are aggres-
sive, along with inevitable complications. Oncologists often
struggle to promptly provide additional interventions to patients

with unclarified residual diseases.
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FIGURE 5

Kaplan-Meier curves for (A) overall survival, (B) progression-free survival, (C) locoregional relapse-free survival, and (D) distant

metastasis-free survival in patients with NPC residual disease with CR and non-CR detected 3 months post-treatment after observation
(additional 3 months) or prompt intervention. CR, complete remission; mo, month; non-CR, non-complete remission.

In our study, oncologists were more aggressive in the treatment
of patients with residual disease, both at the primary tumor site and in
metastatic CLNs. As observed in our study, those patients with a
residual TN type exhibited inferior survival in OS, PFS, LRRFS, or
DMFS than those with the other three types, indicating a possible
correlation between the degrees of residual disease. In the same vein,
patients with advanced residual disease in CLNs are more likely to
receive prompt intervention and can be explained by the fact that
neck dissection is more convenient and effective for patients with
residual CLNs. As more patients with residual CLNs were treated in
the intervention arm, a higher incidence of neck fibrosis was observed
compared with the observation group; however, there was no signifi-
cance. However, due to the limited indications and difficulty of per-
forming local therapy in the primary site, oncologists were irresolute
whether to provide intervention to these patients. Thus, there was no
distribution difference in the two groups for patients with residual dis-
ease at the primary tumor site.

Clinically, gross tumor regression after RT is an independent
prognostic factor in patients with NPC.2° In our study, patients
who achieved CR exhibited superior survival compared with those
who did not achieve CR. Our results further indicated that even
for patients with residual disease, timely and effective strengthen-

ing of interventions might reverse poor outcomes. On the other

hand, the 3-year OS, PFS, LRRFS, and DMFS rates for the patients
who achieved observation-CR and intervention-CR were 93.2%
and 96.2%, 25.0% and 36.3%, 25.0% and 36.3%, and 93.1% and
96.6%, respectively. These results demonstrated that patients with
observation-CR have inferior outcomes compared with those with
intervention-CR. Although there may be a few “negative” cases,
we speculate that there may be an ambush of residual malignant
cell populations within the residual lesions, which requires further
and prompt intervention.

By stratifying patients into subgroups by remedies, patients
with residual disease were more likely to reveal elevated CR rates
and have superior OS, PFS, and LRRFS after receiving local therapy
or comprehensive therapy with curative intent. In other words, the
effect of a straightforward elimination method for localized macro-
residues surpassed that of a relatively moderate systemic treatment.
Admittedly, the magnitude of benefit was maximized by strictly con-
trolled indications for local therapy. However, the results suggest
that even if the residual disease is not locally treatable at the outset,
clinicians should localize the foci through systemic treatment. Once
a broad residual disease is localized, clinicians should provide
patients with local therapy. Furthermore, the survival curves in the
DMFS plot demonstrated that local treatment alone might not be
sufficient to eradicate subclinical micrometastases that are not
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detected by current imaging procedures. Previous studies have sug-
gested that systemic chemotherapy can improve survival and
reduce the risk of distant metastasis in NPC.2%32 Oncologists and
patients should not be concerned only with the elimination of locor-
egional residual diseases; once the local lesions are well controlled,
long-term survival benefits should be pursued through further sys-
temic therapy with sufficient intensity.

Similar to the results of other studies investigating high-risk NPC,
patients with residual disease who underwent metronomic chemo-
therapy exhibited improved OS and reduced risk of distant metastasis
when compared with those in the observation group only.33-3¢
Another unique result of this study was that the clinical benefits to
patients in the metronomic chemotherapy group were equivalent to
those in the intravenous chemotherapy group. There are two possible
explanations for this observation. Although NPC is a type of cancer
with initial chemosensitivity to platinum-based regimens, a study has
revealed that the use of a conventional strategy of platinum-based
regimens failed to demonstrate any survival benefit in the adjuvant
treatment mode for NPC.%” Similarly, residual tumors may respond to
fluorouracil metronomic chemotherapy after the initial platinum-
based regimen (93.8% of patients received platinum-based regimen in
the intravenous chemotherapy group). Moreover, owing to the neces-
sary intensity of the intravenous chemotherapy regimen, a prolonged
break of at least 21 days is required between successive cycles of
therapy. Additionally, poor tolerability and compliance with burden-
some intravenous chemotherapy may partly contribute to inferior
efficacy.3’ 2% In part, a prolonged interval between drug administra-
tion allows for the repair and recovery of tumor blood vessels as well
as the regeneration of tumor deposits.*® Considering the available evi-
dence, the use of continuous, break-free, low-dose oral metronomic
chemotherapy may serve as a promising therapeutic option with com-
parable survival benefits to intravenous chemotherapy for patients
with residual NPC.

The retrospective nature of this study may cause inevitable bias
encompassing patient selection, diagnosis, and efficacy evaluation.
Our diagnostic criteria for residual tumors were based on MRI obser-
vations, which could be subjective, and some RT-induced foci are dif-
ficult to differentiate without histopathological verification. Thus,
certain false-negative and false-positive probabilities cannot be cir-
cumvented. To reduce potential bias, two professional radiologists
independently assessed all cases, with discrepancies settled by con-
sensus. Additionally, more patients with residual CLNs were treated in
the intervention arm, which may have led to a sampling bias. How-
ever, the number of patients with residual disease in the cervical
regions is a result of improved regional control due to the accessibility
of anatomical positions and the exquisite workmanship of neck dis-
section with strictly controlled indications; this is a veritable phenom-
enon observed in medical care. Therefore, our results encourage
customized treatments on a patient-by-patient basis. Second, the
number of samples enrolled in this study was limited because of the
advanced locoregional control rate of IMRT. Third, this study was a

single-institution analysis of an endemic region. Larger-scale

randomized prospective clinical studies are required to further reduce

the presence of bias.

5 | CONCLUSION

After comparison of treatment modalities, patients who achieved
CR via intervention exhibited superior survival benefits with
acceptable toxicities than patients who achieved delayed sponta-
neous CR (>3 months). In conclusion, patients with MRI-detected
residual NPC should be encouraged to receive additional interven-
tion instead of observation for 3 months. Prospective studies

investigating treatment strategies for patients with residual NPC
are warranted.
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