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Definition and risk factors for
early recurrence in patients with
laryngeal cancer after initial
surgery

Qin Lin©®%2, Longxiang Zheng®'?, Xiaogiang Chen** & Desheng Wang**

To determine an optimal cut-off value for distinguishing early and late recurrence in patients with
laryngeal cancer after initial surgery and to evaluate the risk factors for early recurrence. This
retrospective study included 328 patients with laryngeal cancer who underwent initial resection in our
hospital from January 2014 to April 2018. A minimum P-value approach was used to determine the
optimal cut-off value to divide patients into early and late recurrence groups. The clinicopathological
characteristics were compared between the two groups. The risk factors for early recurrence were
evaluated using logistic regression analysis. The optimal cut-off value to identify between early
recurrence (n=51, 50.5%) and late recurrence (n=50, 49.5%) was 17 months (p< 1le 7). The overall
survival of the late recurrence group (48.36 +16.02 months) was longer than the early recurrence group
(32.61 £19.65 months) significantly (p <0.001). Lymphovascular invasion (p =0.038), patients without
adjuvant radiotherapy (p=0.043), advanced tumor, node, metastasis (TNM) stage (p=0.035), and
positive surgical margins (p=0.045)

were independent risk factors for early recurrence. The best cut-off value to identify early recurrence
after initial surgery for laryngeal cancer was 17 months. Intensive follow-up and adjuvant radiotherapy
may be beneficial for patients with risk factors for early recurrence.
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Laryngeal squamous cell carcinoma (LSCC) is a common malignant tumor of the head and neck originating
from the laryngeal mucosal epithelium, with a higher incidence in males than in females as reported in
2020 (160,265 versus 24,350)!. Worldwide, an estimated 184,615 new laryngeal cancer cases occurred, and
approximately 99,840 people died from laryngeal cancer in 2020%. Although several studies** have shown
that radiotherapy has the advantage of organ preservation and shows no differences in survival compared with
surgery for local advanced LSCC, surgery has historically been the mainstay treatment for laryngeal cancer and
remains irreplaceable to date. Despite significant advances in the treatment of laryngeal cancer in the last decade,
the recurrence of tumors after surgery remains a great challenge for surgeons.

Previous studies have shown that the time interval between primary surgery and recurrence is related to
the survival of patients in many malignancies, such as pancreatic cancer’, lung cancer®, rectal cancer’, gastric
cancer®, and liver cancer’, and have clearly defined “early recurrence”, which is considered to be associated with
poorer survival. However, to the best of our knowledge, the association between recurrence interval and survival
in LSCC has been rarely evaluated, and the “early recurrence” of LSCC has not been defined. This study aimed to
determine an optimal cut-off value for distinguishing early and late recurrence in patients with laryngeal cancer
after initial surgery and to evaluate the risk factors for early recurrence.

Materials and methods

Patients and strategy of adjuvant therapy

The medical records of 377 patients with laryngeal cancer who underwent curative resection without induction
chemotherapy in our hospital from January 2014 to April 2018 were retrospectively reviewed. The eligibility
criteria were: (1) completion of curative resection; (2) without an invagination of the common artery or internal
carotid artery or mediastinum; and (3) without distant metastases. The exclusion criteria were: (1) histologically

1Department of Otolaryngology, Fujian Medical University Union Hospital, No. 29, Xinquan Road, Fujian, Fuzhou
350001, Fujian, China. ?Qin Lin and Longxiang Zheng contributed equally. *email: cxq7177223446@163.com;
wangds@fjmu.edu.cn

Scientific Reports|  (2025) 15:13033 | https://doi.org/10.1038/s41598-025-89223-6 nature portfolio


http://orcid.org/0000-0002-7068-4650
http://orcid.org/0000-0002-5844-0813
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-89223-6&domain=pdf&date_stamp=2025-4-14

www.nature.com/scientificreports/

confirmed non-squamous cell carcinoma (n=2); (2) concomitant other malignancies at diagnosis (n=25); (3)
incomplete medical data (n=4); and (4) received chemotherapy or radiotherapy as initial treatment (n=18).
Finally, a total of 328 patients were included in our study.

The indication for surgery as initial treatment was based on NCCN (National Comprehensive Cancer
Network) guidelines for laryngeal cancer'?, all diseases included were resectable. Surgery was not the initial
treatment for patients with distant metastases (stage IVC), an invagination of the common artery or internal
carotid artery or mediastinum, and those who requested non-surgical treatment in our hospital. We performed
lymph node dissection for all supraglottic diseases, T3-T4 diseases, and T1-T2 diseases with suspected neck
metastases based on CT/MRI. Besides, we performed bilateral cervical lymph node dissection for all supraglottic
diseases, and other subsites of tumor were selected for unilateral or bilateral lymph node dissection based on
CT/MRI examination.

Patients were recommended to adjuvant radiotherapy 4-6 weeks after surgery based on final pathologic risk
factors assessment (perineural or lymphovascular invasion, positive margins, subglottic extension over 1 cm, T3-
T4 disease with bone invasion, and N2-N3 disease), and total treatment dose for postoperative beds and areas at
high risk of recurrence was 60-66 Gy. Concurrent platinum-based chemotherapy was recommended for these
patients every 3 weeks for 2-4 cycles unless they had a contraindication to or cannot tolerate chemotherapy.

Follow-up

All patients were followed up every three to six months in the first five years after surgery and annually after
five years and had been strongly encouraged to quit smoking and alcohol. Physical examinations, laryngoscope
examination, and neck computed tomography (CT) or magnetic resonance imaging (MRI) scans were performed
at each follow-up. Chest CT was performed annually. If tumor recurrence was suspected, a positron emission
tomography (PET) scan was performed to localize the sites of recurrence, and patients were treated based on
multidisciplinary assessment and their consent. Salvage surgery or chemoradiotherapy was recommended for
patients without distant metastasis based on the extent of local recurrence, lymph node metastasis, and strategy
of initial treatment, palliative chemotherapy was recommended for patients with distant metastasis.

Definition

The tumor staging was classified according to the American Joint Committee on Cancer (AJCC) eighth edition
criteria'l. The positive margins were defined as the presence of high-grade intraepithelial neoplasia (HGN) or
invasive carcinoma at the resection margins on the final pathologic assessment. Residual disease refers to a
manifestation of disease within 6 months after surgery, and recurrence is defined as local recurrence, lymph
node metastasis, and distant metastasis presented after 6 months of surgery. Overall survival (OS) was calculated
from the date of surgery to the date of death or the final follow-up. Recurrence-free survival (RFS) was calculated
from the date of surgery to the date of recurrence or last follow-up.

Statistical analysis

The statistical analyses were conducted with SPSS 23.0 (IBM, USA) and software R (version 4.2.1). Normally
distributed continuous data parameters were presented as mean + standard deviation and were compared using
the Student t-test. The Fisher test or chi-square test was used for comparing categorical variables. Ordered
variables were compared using the Mann-Whitney test was used. The survival rate was calculated by the
Kaplan—Meier method and survival curves were compared with the log-rank test. Univariable and multivariable
logistic regression models were used to determine factors associated with early recurrence. A minimum p-value
approach>2 (R package survminer: https://CRAN.R-project.org/package=survminer) was used to determine
the optimal cut-off value to divide patients into early and late recurrence groups based on overall survival.
Pp<0.05 was considered statistically significant.

Results

Optimal cut-off value to define early and late recurrence

A total of 101 (30.8%) patients experienced tumor recurrence after primary surgery. The best cut-off value to
categorize patients into early recurrence (ER) group (n=51, 50.5%) and late recurrence (LR) group (n=50,
49.5%) based on OS was 17 months (p < le™'?) (Table 1; Fig. 1), the c-index was 0.730. The OS of the LR group
(48.36£16.02 months) was longer than the ER group (32.61+19.65 months) significantly (p<0.001). The
median RFS was 29 months and 11 months in the LR group and ER group respectively.

The clinicopathological characteristics of included patients

Kaplan-Meier survival curves showed that patients with tumor recurrence had worse OS than those without
recurrence, with 5-year OS rates of 28.7% and 92.3%, respectively (p <0.001) (Fig. 2a). Patients who experienced
recurrence were associated with lymph node metastasis (p<0.001), absence of radiotherapy (p<0.001),
perineural invasion (p<0.001), lymphovascular invasion (p<0.001), positive surgical margins (p<0.001),
surgical approaches (p =0.006), poorer differentiation (p <0.001), advanced tumor classification (p <0.001), and
advanced tumor, node, metastasis (TNM) stage (p <0.001) compared with no recurrence. However, there were
no significant differences regarding age, gender, tobacco addiction, alcohol addiction, and subsites of tumor
(Table 2).

Comparison of early and late recurrence

The 5-year OS rate of included patients was 66.2%, and the 5-year OS rate in patients with ER (21.6%) was
worse than those in patients with LR (36.9%) and no recurrence (92.3%) (Fig. 2b). Patients who experienced
ER were associated with perineural invasion (p=0.022), absence of radiotherapy (p=0.034), lymphovascular
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Evaluated Potential Early Recurrence Potential Late Recurrence
Cut-off (months) | P-value N | RFS (months) | OS (months) | N | RFS (months) | OS (months)
10 0.00000000000036515290 |23 |7 18 78 |21 40
11 0.00000000000001714270 |27 | 8 18 74 | 22 40.5
12 0.00000000000000006760 | 37 | 9 24 64 | 24 42
13 0.00000000000000003202 | 39 | 9 24 62 | 24.5 42
14 0.00000000000000002305 | 40 | 9 24 61 |25 42
15 0.00000000000000000835 | 44 | 10 24 57 |26 42
16 0.00000000000000000488 | 48 | 11 24 53 |27 42
17 0.00000000000000000446 | 51 | 11 24 50 | 29 42
18 0.00000000000000000533 | 54 | 11.5 25.5 47 |30 42
19 0.00000000000000000698 | 56 | 12 25.5 45 |30 42
20 0.00000000000000003202 | 62 | 12 28 39 |32 43
21 0.00000000000000003202 | 62 | 12 28 39 |32 43
22 0.00000000000000016085 | 66 | 12 28 35 |34 44
23 0.00000000000000025954 | 67 | 12 28 34 | 345 44
24 0.00000000000000130539 | 70 | 12 29 31 |35 44
25 0.00000000000000445377 | 72 | 12 29.5 29 | 36 45
26 0.00000000000000860696 | 73 | 12 30 28 | 36 46.5
27 0.00000000000003519121 | 75 | 13 30 26 |36 48.5
28 0.00000000000007446215 |76 | 13 30 25 |36 49
29 0.00000000000007446215 | 76 | 13 30 25 |36 49
30 0.00000000000084638778 | 79 | 14 30 22 |37 50
31 0.00000000000084638778 | 79 | 14 30 22 |37 50
32 0.00000000001266441518 | 82 | 15 32 19 |39 50
33 0.00000000003318851420 | 83 | 15 33 18 | 40 51
34 0.00000000008971229666 | 84 | 15 33 17 |41 52
35 0.00000000071989812554 | 86 | 15 33 15 |43 57
36 0.00000006792691415919 | 90 | 16 34.5 11 | 45 59
37 0.00000006792691415919 | 90 | 16 34.5 11 | 45 59
38 0.00000022978056084008 | 91 | 16 35 10 | 47.5 59.5
39 0.00000080420409120571 | 92 | 16 35 9 |50 59
40 0.00000080420409120571 |92 | 16 35 9 |50 59
41 0.00000291498342468658 |93 | 16 35 8 |50 60.5
42 0.00000291498342468658 | 93 | 16 35 8 |50 60.5
43 0.00001095779583662580 | 94 | 16 355 7 |50 59
44 0.00001095779583662580 | 94 | 16 35.5 7 |50 59
45 0.00017427671695225400 | 96 | 16.5 36 5 |50 59
46 0.00017427671695225400 | 96 | 16.5 36 5 |50 59
47 0.00017427671695225400 | 96 | 16.5 36 5 |50 59
48 0.00017427671695225400 | 96 | 16.5 36 5 |50 59
49 0.00017427671695225400 | 96 | 16.5 36 5 |50 59
50 0.01623193191731040000 |99 | 17 36 2 |6l 70
The optimal cut-off threshold with the lowest p-value and the corresponding median RFS and OS were shown in
bold. OS =overall survival; RFS = recurrence-free survival

Table 1. Evaluated cut-off thresholds for defining early and late recurrence based on theoverall survival.

invasion (p=0.032), positive surgical margins (p=0.006), and advanced TNM stage (p=0.044) compared with
LR (Table 3). In the early recurrence group, 15 (29.4%) patients refused salvage therapy, 9 (17.6%) patients
received palliative chemotherapy, 11 (21.6%) patients received chemoradiotherapy, and 16 (31.4%) patients
received salvage surgery. In the late recurrence group, 13 (26%) patients refused salvage therapy, 8 (16.0%)
patients received palliative chemotherapy, 10 (20.0%) patients received chemoradiotherapy, and 19 (38.0%)
patients received salvage surgery. A total of 90 deaths were due to tumor-related factors in the recurrence
group, and we found the OS of patients with salvage therapy (37.53+19.56) was better than those without
salvage therapy (19.20+7.01) in the early recurrence group (p=0.001), and the OS of patients with salvage
therapy (47.05 +13.65) was better than those without salvage therapy (37.77 £ 6.66) in the late recurrence group
(p=0.003). Local recurrence was the most common recurrence site in ER group (72.5%) and LR group (66.0%)
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Fig. 1. A minimum P-value approach showed that the optimal threshold to distinguish early and late
recurrence based on overall survival was 17 months.

(p=0.48), and the lungs were the most common site of distant metastases in ER group (19.6%) and LR group
(22.0%) (p=0.77).

Risk factors for early recurrence

Univariate analysis showed that perineural invasion, lymphovascular invasion, patients without adjuvant
radiotherapy, advanced TNM stage, and positive surgical margins were risk factors for ER. Multivariate analysis
showed that lymphovascular invasion (odds ratio: 2.81, 95% confidence interval: 1.06-7.43, p=0.038), patients
without adjuvant radiotherapy (odds ratio: 3.12, 95% confidence interval: 1.04-9.39, p=0.043), advanced TNM
stage (odds ratio: 1.96, 95% confidence interval: 1.05-3.66, p=0.035), and positive surgical margins (odds ratio:
3.03, 95% confidence interval: 1.02-8.92, p =0.045) were independent risk factors for ER (Table 4).

The benefit of adjuvant radiotherapy

In the recurrence group, 56 patients were recommended adjuvant radiotherapy based on final pathologic risk
factors assessment, 16(28.6%, 11 in the ER group and 5 in the LR group) patients refused radiotherapy due
to financial reasons or personal intentions, and 11(68.75%) patients suffered early recurrence, and we found
patients who refused radiotherapy were more likely to have early recurrence compared with those who received
radiotherapy as we recommended (p=0.034). We found the overall survival (OS) of lymphovascular invasion
group with adjuvant radiotherapy (38.30+16.73) was better than those without radiotherapy (31.27+18.23)
(p=0.028), the OS of positive surgical margins group with adjuvant radiotherapy (38.31+19.71) was better than
those without radiotherapy (29.20 + 14.10) (p=0.034), and the OS of stage IIl and IV with adjuvant radiotherapy
(37.27 £15.79) was better than those without radiotherapy (30.08 +15.08) (p=0.048).

Discussion

Despite considerable achievements have been made in the surgical management of tumors in recent years,
postoperative tumor recurrence remains a significant concern for surgeons, and early recurrence (ER) has been
reported as a risk factor for survival in many tumors®”?. Studies have shown that approximately 30% of patients
with LSCC experienced recurrence after treatment'>4, however, the association between recurrence interval
and prognosis in LSCC has been rarely evaluated and the ER of LSCC has not been defined. Philippe et al.'®
reported that the time to locoregional recurrence in laryngeal cancer was a prognostic factor correlated with
post-recurrence survival, and recurrence within 12 months was significantly associated with poorer survival
regardless of primary treatment. However, patients with distant metastases were excluded and the 12-month
recurrence interval had not been defined in this study. Our study was the first study to define ER and LR of LSCC
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Fig. 2. The overall survival curves of the recurrence and no recurrence group (a), late recurrence, early
recurrence, and no recurrence group (b).

after surgery, we found 17 months was the best cut-off value to distinguish ER and LR. Besides, we evaluated
all recurrence patterns of laryngeal cancer including distant metastasis compared with Philippe Gorphe’s study.
Consistently, we found patients with ER had worse OS than those with LR. In our opinion, recurrence-free
survival (RFS) is associated with the biological behavior of tumors, poor tumor biology may result in shorter
RFS and quick progression to death, and patients with better tumor biological behavior are more likely to have
better RES and overall survival.

The standard of care for patients with laryngeal cancer remains controversial. Previous studies>'®!”have
found that there is no difference in survival between surgery and radiation therapy for early-stage LSCC.
However, other studies'*!®!"showed that patients with advanced LSCC who underwent surgery had better
overall survival than those who received radiotherapy or chemoradiotherapy. Additionally, salvage surgery is
the only standard of care for patients with recurrence cancer after non-surgical treatment?*?!. Nowadays, larynx
preservation surgery has become the main approach for surgical treatment of laryngeal cancer. Steven M Sperry
et al.?? suggested that supracricoid partial laryngectomy (SCPL) seemed to be a feasible option for patients with
advanced LSCC, even after the failure of radiation therapy, Xin Xia et al.?* found SCPL could be used to avoid
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Recurrence | No recurrence

Total (n=328) | (n=101) (n=227) p-value
Age (years) 61.73£9.94 | 60.96+9.16 0.495
Gender 0.056
Male 320 (97.6%) 101 (31.6%) | 219 (68.4%)
Female 8(2.4%) 0 (0.0%) 8 (100.0%)
Tobacco addiction 0.48
YES 272 (82.9%) 86 (31.6%) | 186 (68.4%)
NO 56 (17.1%) 15(26.8%) | 41 (73.2%)
Alcohol addiction 0.705
YES 174 (53.0%) | 52(29.9%) | 122 (70.1%)
NO 154 (47.0%) 49 (31.8%) | 105 (68.2%)
Lymph node metastasis <0.001
YES 51 (15.5%) 27 (52.9%) | 24 (47.1%)
NO 277 (84.5%) 74 (26.7%) | 203 (73.3%)
Adjuvant radiotherapy <0.001
YES 88 (26.8%) 40 (40.5%) | 48 (54.5%)
NO 240 (73.2%) 61 (25.4%) | 179 (74.6%)
Perineural invasion <0.001
YES 30 (9.1%) 24(80.0%) | 6 (20.0%)
NO 298 (90.9%) 77 (25.8%) | 221 (74.2%)
Lymphovascular invasion <0.001
YES 43 (13.1%) 41(95.3%) | 2 (4.7%)
NO 285 (86.9%) 60 (21.1%) | 225 (79.8%)
Positive surgical margins <0.001
YES 39 (11.9%) 31(79.5%) | 8(20.5%)
NO 289 (88.1%) 70 (24.2%) | 219 (75.8%0
Subsites of tumor 0.062
Subglottic 22 (6.7%) 11 (50.0%) | 11 (50.0%)
Glottic 254 (77.4%) | 71 (28.0%) | 183 (72.0%)
Supraglottic 52 (15.9%) 19 (36.5%) | 33 (63.5%)
Surgical approaches 0.006
Transoral laser surgery 94 (28.6%) 25(26.6%) | 69 (73.4%)
Partial laryngectomy 157 (47.9%) 41 (26.1%) | 116 (73.9%)
Total laryngectomy 77 (23.5%) 35(45.5%) | 42 (54.5%)
Differentiation <0.001
Poor 25 (7.6%) 20 (80.0%) | 5(20.0%)
Moderate 89 (27.1%) 31 (34.8%) | 58 (65.2%)
Well 214 (65.3%) | 50 (23.4%) | 164 (76.6%)
pT classification <0.001
T1 89 (27.1%) 9 (10.1%) 80 (89.9%)
T2 125 (38.1%) 36 (28.8%) | 89 (71.2%)
T3 61 (18.6%) 27 (44.3%) | 34 (55.7%)
T4 53 (16.2%) 29 (54.7%) | 24 (45.3%)
TNM stage <0.001
i 89 (27.1%) 8 (8.0%) 81 (91.0%)
1I 118 (36.0%) 31(26.3%) | 87 (73.7%)
III 57 (17.4%) 26 (45.6%) | 31 (54.4%)
IVA and IVB 64 (19.5%) 36 (56.25%) | 28 (43.75%)
BMI =body mass index; TNM = tumor, node, metastasis

Table 2. Clinicopathological characteristics of included patients.

total laryngectomy in some patients with advanced LSCC, and Vincent Vander Poorten et al.*° indicated that
transoral laser surgery (TLS) could be selected in recurrence LSCC cases with limited localized lesions. Similarly,
we found surgical approaches were not a risk factor for ER. TLS or partial laryngectomy can be performed to
preserve the larynx on the premise of following indications strictly.
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Early recurrence group | Late recurrence group

Total (n=101) | (n=51) (n=50) p-value
Age (years) 60.00+9.60 63.50+10.09 0.077
Tobacco addiction 0.75
YES 86 (85.1%) 44 (51.2%) 42 (48.8%)
NO 15 (14.9%) 7 (46.7%) 8(53.3%)
Alcohol addiction 0.92
YES 52 (51.5%) 26 (50.0%) 26 (50.0%)
NO 49 (48.5%) 25 (51.0%) 24 (49.0%)
Lymph node metastasis 0.287
YES 27 (26.7%) 16 (59.3%) 11 (40.7%)
NO 74 (73.3%) 35 (47.3%) 39 (52.7%)
Adjuvant radiotherapy 0.034
YES 40 (39.6%) 15 (37.5%) 25 (62.5%)
NO 61 (60.4%) 36 (59.0%) 25 (41.0%)
Perineural invasion 0.022
YES 24 (23.8%) 17 (70.8%) 7 (29.2%)
NO 77 (76.2%) 34 (44.2%) 43 (55.8%)
Lymphovascular invasion 0.032
YES 41 (40.6%) 26 (63.4%) 15 (36.6%)
NO 60 (59.4%) 25 (41.7%) 35 (58.3%)
Positive surgical margins 0.006
YES 31 (30.7%) 22 (71.0%) 9 (29.0%)
NO 70 (69.3%) 29 (41.4%) 41 (58.6%)
Subsites of tumor 0.65
Subglottic 11 (10.9%) 7 (63.6%) 4(36.4%)
Glottic 71 (70.3%) 35 (49.3%) 36 (50.7%)
Supraglottic 19 (18.8%) 9 (47.4%) 10 (52.6%)
Surgical approaches 0.48
Transoral laser surgery 25 (24.7%) 10 (40.0%) 15 (60.0%)
Partial laryngectomy 41 (40.6%) 22 (53.7%) 19 (46.3%)
Total laryngectomy 35 (34.7%) 19 (54.3%) 16 (45.7%)
Differentiation 0.75
Poor 20 (19.8%) 13 (65.0%) 7 (35.0%)
Moderate 31 (30.7%) 12 (38.7%) 19 (61.3%)
Well 50 (49.5%) 26 (52.0%) 24 (48.0%)
pT classification 0.401
T1 9 (8.9%) 2(22.2%) 7 (77.8%)
T2 36 (35.7%) 20 (55.6%) 16 (44.4%)
T3 27 (26.7%) 13 (48.1%) 14 (51.9%)
T4 29 (28.7%) 16 (55.2%) 13 (44.8%)
TNM stage 0.044
I 8(7.9%) 1(12.5%) 7 (87.5%)
1I 31 (30.7%) 15 (48.4%) 16 (51.6%)
I 26 (25.7%) 13 (50.0%) 13 (50.0%)
IVA and IVB 36 (35.7%) 22 (61.1%) 14 (38.9%)

Table 3. Clinicopathological characteristics of patients with early and late recurrence laryngeal cancer. All
patients with recurrence cancer were male. BMI =body mass index; TNM = tumor, node, metastasis

Recurrence of tumors is associated with poor prognosis, it is essential to identify the recurrence pattern of
tumors for more targeted follow-up. In the present study, we have found local recurrence is the most common
recurrence site, similar results have been reported in other studies'?*2?>, the possible reason is nodal and distant
spread are limited by the cartilage barrier and lack of lymphatic drainage in the glottic region. Besides, we have
found lungs are the most common site of distant metastases in both ER group and LR group, which is consistent
with Huang et al.?®. Therefore, in addition to laryngoscopy and cervical CT or MR, chest CT is essential for
postoperative follow-up.

Lymphovascular invasion refers to lymphatic or blood arteries invaded by tumors, which is related to the
recurrence and prognosis of tumors. Studies*”-*® reported that lymphovascular invasion increased the risk of
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Univariate analysis Multivariate analysis

OR | 95%CI P-value | OR | 95%CI P-value
Age 0.96 | 0.93-1.00 | 0.08
BMI(Kg/m) 1.06 | 0.95-1.18 | 0.31
Tobacco addiction (yes vs. no) 1.20 | 0.40-3.60 | 0.75
Alcohol addiction (yes vs. no) 1.32 | 0.60-2.90 | 0.49
Surgical approaches 0.48 0.65
Partial laryngectomy Ref | Ref Ref Ref | Ref Ref
Transoral laser surgery 0.58 | 0.21-1.58 | 0.28 0.76 | 0.22-2.67 | 0.67
Total laryngectomy 1.03 | 0.42-2.54 | 0.96 0.57 | 0.17-1.94 | 0.37

Subsites of tumor (glottic vs. the others) | 0.77 | 0.32-1.83 | 0.55 0.82 | 0.26-2.58 | 0.82

E;g:'j:ﬁgggme and well 251 | 0.87-7.24 | 009 | 247 | 0.65-9.43 | 0.19
Perineural invasion (yes vs. no) 3.07 | 1.14-8.25 | 0.026 2.30 | 0.72-7.41 | 0.16
Lymphovascular invasion (yes vs. no) 2.43 | 1.07-5.49 | 0.033 2.81 | 1.06-7.43 | 0.038
Adjuvant radiotherapy (no vs. yes) 2.40 | 1.06-5.44 | 0.036 3.12 | 1.04-9.39 | 0.043
TNM stage 1.53 | 1.04-2.27 | 0.032 1.96 | 1.05-3.66 | 0.035

Positive surgical margins (yes vs. no) 3.46 | 1.39-8.58 | 0.008 3.03 | 1.02-8.98 | 0.045
Lymph node metastasis (yes vs. no) 1.62 | 0.66-3.96 | 0.29 1.36 | 0.39-4.72 | 0.63

Table 4. Univariate and multivariate logistic regression models to determine risk factors for early recurrence.
OR =o0dds ratio; CI: confidence interval; BMI=body mass index, Ref=reference; TNM = tumor, node,
metastasis.

local recurrence in patients with laryngeal cancer significantly. Positive surgical margins imply that the margins
of resection are insufficient, which may lead to early recurrence. Tassone P et al.*’reported that positive surgical
margins were associated with recurrence of LSCC and poorer survival. Radiotherapy plays an integral role in
the treatment of laryngeal cancers, adjuvant radiotherapy for patients with high-risk postoperative features may
achieve better local control and reduce the risk of recurrence®®3!. TNM stage represents the invasiveness of the
tumors, which has been reported as an independent risk factor for disease-free survival in many multivariate
analyses®>*. Similarly, we found lymphovascular invasion, patients without adjuvant radiotherapy, advanced
TNM stage, and positive surgical margins were independent risk factors for early recurrence in our study, and
adjuvant radiotherapy improved the overall survival even when patients were exposed to other risk factors.
Consequently, adjuvant radiotherapy is recommended for this high-risk population.

Salvage therapy is critical for recurrent laryngeal cancer. Salvage surgery is the standard treatment for
laryngeal cancer after failure of initial radiotherapy, and total laryngectomy is the classical salvage approach.
Recent studies?***3> have shown that partial laryngectomy also can be used to treat limited localized disease
after radiotherapy failure with a comparable survival rate and preserve laryngeal function. Sati Akbaba et al.*
reported that salvage radiotherapy for recurrent laryngeal cancer after first-line treatment with surgery alone
improved the local progression-free survival rate. Similarly, we found salvage total laryngectomy and lymph
node dissection for limited localized disease and chemoradiotherapy for those who underwent surgery alone
prolonged the survival of patients. Consequently, intensive follow-up is recommended for this high-risk
population and salvage therapy is required once tumor recurrence is detected.

Perineural invasion, lymph node metastasis, and nodal extracapsular extension are common negative
prognostic factors, perineural invasion correlates with tumor recurrence and spread and predicts poor survival
in head and neck carcinomas, including LSCC?’. Jacques Bernier et al.* found that nodal extracapsular spread
was the most significant prognostic factor for poor outcomes in patients with laryngeal cancer. In our study,
perineural invasion and lymph node metastasis were not independent risk factors for early recurrence, the
possible reason may be selection bias caused by single-institution retrospective studies and many patients with
T1-T2 glottic disease who underwent transoral surgery without lymph node dissection. Nevertheless, we found
that perineural invasion and lymph node metastasis were significantly associated with the recurrence of LSCC
(p<0.001). The nodal extracapsular extension has not been included in our study, because only 8 patients with
extracapsular extension received initial surgery instead of neoadjuvant chemotherapy.

The present study has some limitations. First, this study is subject to the limitations of retrospective studies.
Second, this single-institution study may lead to a selection bias. Finally, the nodal extracapsular extension has
not been included in our study. Therefore, multicenter prospective studies are needed to validate our results.

Conclusion
The best cut-off value to distinguish early and late recurrence after laryngeal cancer surgery was 17 months, and
more intensive follow-up and adjuvant radiotherapy for the high-risk population may be beneficial.
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