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Purpose: To date, no guidelines have been proposed for the ideal treatment of postoperative
larynx squamous cell carcinoma (LSCC) patients with lymphovascular invasion due to a lack
of similar studies. The present study was conducted to compare the survival and toxicity in
LSCC patients with lymphovascular invasion receiving either postoperative radiotherapy
(PORT) or postoperative chemoradiotherapy (POCRT). The results can be applied for
more appropriate treatment of these patients.

Patients and Methods: Three hundred eighty-eight eligible LSCC patients with lympho-
vascular invasion were enrolled in this retrospective study. Survival and treatment-related
toxicities were compared in the POCRT and PORT group using propensity score matching
(PSM) methodology (1:1).

Results: Five-year overall survival (OS), disease-specific survival (DSS), and recurrence-
free survival (RFS) of all patients were 48.7%, 58.2%, and 56.0%, respectively. Significantly,
higher RFS rates (P=0.040) were found in the POCRT group than the PORT group in the
PSM cohort. In the multivariate analysis, higher OS, DSS, and RFS rates were observed in
the POCRT group than the PORT group (P=0.049, 0.024, and 0.011 respectively). Patients in
the POCRT group presented more acute toxicities than those in the PORT group such as
hematological toxicities (25.0% vs 0.9%, P<0.001) and mucositis (35.0% vs 19.1%,
P=0.002).

Conclusion: In the context of no ideal treatment for LSCC patients with lymphovascular
invasion, the present study proposes POCRT as a preferable modality compared with PORT,
as POCRT was associated with higher RFS rates. Higher RFS, DFS, and OS rates were also
observed in the POCRT group in the multivariate analysis.

Keywords: head and neck carcinoma, larynx carcinoma, lymphovascular invasion,
propensity score, chemoradiotherapy, survival

Introduction

The incidence rate of laryngeal squamous cell carcinoma (LSCC) ranks second
among all respiratory system carcinomas after lung cancer.' > LSCC is also
a common malignant tumor in the head and neck region.* In China, the incidence
rate and mortality have been increasing in recent years.” Most patients with
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laryngeal cancer have developed advanced disease (stage
Il or IV) at diagnosis.®’ For these patients, regional
recurrence and distant metastases are prevalent after surgi-
cal resection. The risk is especially high in patients with
adverse features, including extranodal extension, positive
margins, lymphovascular invasion, perineural invasion,
pT3 or pT4 primary, and pN2 or pN3 nodal disease.®

For patients with adverse features, surgery is frequently
followed by concurrent chemoradiotherapy (CCRT) or
radiotherapy alone, as proposed in the NCCN Guidelines
for head and neck cancer. CCRT is recommended for
patients with extranodal extension and/or positive margins,
but for patients with other risk features such as lympho-
vascular invasion, there are no guidelines regarding
whether postoperative chemotherapy should be applied.
Several studies have shown that combining chemotherapy
with postoperative radiotherapy significantly improved
local or regional control of locally advanced head and
neck squamous cell carcinoma (HNSCC),”!" but these
studies defined “locally advanced” differently, and patients
with lymphovascular invasion were not studied alone.
Additionally, chemotherapy also increased the incidence
of anemia, granulocytopenia, thrombocytopenia, func-
tional mucosal reactions, and acute skin toxicity.
Therefore, for patients with lymphovascular invasion,
whether to apply chemotherapy should be considered
deliberately.

Currently, no studies have addressed the impact of com-
bining chemotherapy with postoperative radiotherapy among
patients with lymphovascular invasion of LSCC. Therefore,
herein we performed a propensity score matching (PSM)
analysis in these patients to compare postoperative radiother-

apy (PORT) to postoperative chemoradiotherapy (POCRT).

Patients and Methods

Patient Population

A total of 388 patients were consecutively enrolled in this
study at Peking Union Medical College Hospital
(PUMCH) from January 2007 to December 2017.
Eligible patients should meet all the following criteria:
(1) pathologically confirmed, previously untreated LSCC
undergoing radical resection; (ii) had at least one of the
following adverse features: vascular invasion, lymphatic
invasion (iii) received PORT or POCRT. The exclusion
criteria were as follows: (i) extranodal extension or posi-
tive margin; (ii) loss during follow-up; (iii) presence of
other malignant tumors. TNM stages of all participants

were identified according to the American Joint
Committee on Cancer (AJCC) in 2017. Clinical informa-
tion such as age, sex, overall stage, differentiation grade,
comorbidity score, treatment, tumor site, and tobacco and
alcohol consumption were obtained from the medical his-
tory of the participants. HPV16 (human papillomavirus
16) DNA was detected by quantitative real-time PCR
(qRT-PCR) as previously indicated.'?

“Smokers” were defined as patients who had smoked
>100 cigarettes during their lifetime; otherwise, they were
defined as “never smokers”. “Drinkers” were defined as
those who drank alcohol at least once a week for a year or
longer; whereas “never drinkers” had drunk less. The adult
comorbidity score was graded by the Adult Comorbidity
Evaluation 27 index (a disease-specific comorbidity
index), which is a reliable predictor of survival in patients
with laryngeal squamous cell carcinoma.'?

Surgical Procedures

All patients in the study received curative surgery. Primary
tumor resection and neck dissection were performed fol-
lowing accepted criteria for adequate resection depending
on the location and extent of the tumor. Resection margins
were also evaluated by frozen section diagnosis to ensure
adequate resection. All surgeries were completed by the
same surgical team to assure comparability.

Histological Analysis

Pathological data were extracted from pathological reports
and original pathology slides were re-examined by two
pathologists who were blinded to the clinical outcomes.
Lymphovascular invasion was defined as the presence of
carcinoma cells in an endothelial-lined space.

Radiotherapy

All patients in the study started to receive PORT within
6 weeks after surgical resection. In brief, patients who under-
went PORT received a total of 6066 Gy in 30-33 fractions
in regions at high risk for malignant dissemination.

Chemotherapy

The POCRT regimen comprised mainly a combination of
identical PORT plus concurrent cisplatin administrated
every 3 weeks at 100 mg/mz. Two to three cycles of
chemotherapy were used depending on the radiation frac-
tionation scheme. If needed, the dose was modified at the
physician’s discretion. Few patients were given 30 to
50 mg/m? of cisplatin weekly because of adverse effects.
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Patient Follow-Up

After surgery, patients were evaluated every 3 months over
the first 3 years and every 6 months thereafter by physical
examination and CT/MRI scans. All patients were fol-
lowed up for at least 2 years or until death. Patients were
regarded as recurrence-free if cancer absence was recorded
on the last visit. Recurrences were diagnosed by biopsy,
PET, bone scan or CT/MRI.

Overall survival (OS) was assigned as the primary end-
point, which was the time from the beginning of therapy to
the date of death due to any cause or last follow-up. The
secondary end-points were recurrence-free survival (RFS)
and disease-specific survival (DSS). DSS was the time
from the beginning of treatment to the date of death
from LSCC or the last follow-up. RFS was the time from
starting treatment to the date of recurrence or last follow-
up. Toxicities related to chemotherapy and radiotherapy
were graded using Common Terminology Criteria for
Adverse Events (CTCAE) v4.0."

Statistical Analysis

The results are presented as the number of cases and per-
centages. Baseline characteristics between the POCRT
group and the PORT group were compared with the
Pearson > test. PSM was applied because several significant
differences were found in the baseline data between the two
groups. Nearest neighbor 1:1 matching was applied in the
matching for the POCRT and PORT group. Matching cov-
ariates included age, gender, adult comorbidity score, tumor
site, clinical stage, differentiation grade, HPV status, and
tobacco and alcohol consumption. Survival analyses com-
paring the two groups were performed using Kaplan—-Meier
methodology and the Log-rank test. The unadjusted Cox
proportional hazards model was applied in the univariate
and multivariate analyses to estimate the hazard ratio
(HR). All statistical tests were two-sided, and P-values
<0.05 were considered statistically significant. Statistical
analyses were conducted using SPSS version 23.0 (IBM
Corporation, Armonk, NY, USA).

Results

Baseline Characteristics

From January 2007 to December 2017, 388 eligible
patients were enrolled in this study. Most patients were
between 56 and 70 years old (61.3%). The male:female
ratio was 23.2:1 (372 males:16 females). Most patients
(51.5%) were diagnosed with stage III-IV diseases. Two

hundred and seventy-eight patients were treated with
POCRT and 110 with PORT.

The baseline characteristics of the two groups before
and after PSM are presented in Table 1. Before PSM, no
significant differences were found between the two groups
regarding age, gender, alcohol consumption, clinical stage
and tumor site. Compared with the PORT group, the
POCRT group had a significantly higher proportion of
smokers (P=0.033), HPV-negative patients (P=0.041),
patients with poorly differentiated LSCC (P=0.043), and
patients with none to mild morbidity score (P=0.015). We
selected all the characteristics in Table 1 as independent
variables for the propensity score calculation. Using PSM
(1:1), 110 patients who received POCRT were paired with
110 patients who received PORT. After PSM, the baseline
characteristics between the two groups were well balanced
as shown in Table 1.

Treatment Exposure

The median cumulative radiation dose in the whole cohort
was 65 Gy. Nine patients (5 patients in the PORT group and
4 in the POCRT group) received <60 Gy. The median cumu-
lative radiation dose was the same in both groups (65 Gy),
and there was no significant difference in the radiation dose
between the two groups. In the POCRT group, 19 patients
stopped chemotherapy within two courses.

Treatment Outcomes

The median OS, DSS, and RFS time for the entire cohort
were 48, 48, and 43 months, respectively. At the end of the
study, 173 patients were alive. A total of 167 patients
(POCRT, n=108; PORT, n=59) expired due to LSCC. Forty-
eight patients expired due to intercurrent diseases. The 3- and
S-year OS rates for the whole cohort were 76.0% and 48.7%,
respectively. The 3- and 5-year DSS rates for the whole cohort
were 77.2% and 58.2%, respectively.

Recurrences were observed in 176 patients. The 3- and
5-year RFS rates for the whole cohort were 70.7% and
56.0%, respectively. Despite recurrence, the patients could
still survive for several months after the diagnosis of
relapse. The median survival time of patients with recur-
rence was 9.0 months (range: 0-26 months). However,
most patients with recurrence experienced related symp-
toms, including dyspnea, tissue infections requiring anti-
biotics, dysphagia, and bucking.

As shown in Figure 1, before PSM, the POCRT group
was associated with better OS (P=0.045) and RFS
(P=0.040). After PSM, the 5-year OS was 50.5% in the
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Table | Baseline Characteristics of LSCC Patients Before and After Propensity-Score Matching Between POCRT and PORT Groups

Before Matching After Matching
POCRT (n=278) PORT (n=110) P POCRT (n=110) PORT (n=110) P
Number % Number % Number % Number %
Age (y) 0.933 0.46
<55 65 234 24 21.8 17 15.5 24 21.8
56 -70 169 60.8 69 62.7 73 66.4 69 62.7
>70 44 15.8 17 15.5 20 18.2 17 15.5
Gender (%) 0.407 |
Male 268 96.4 104 94.5 104 94.5 104 94.5
Female 10 3.6 6 55 6 55 6 5.5
Smoking status 0.033 0.069
Smokers 216 77.7 74 67.3 86 78.2 74 67.3
Nonsmokers 62 22.3 36 327 24 21.8 36 327
Alcohol 0.92 0.066
Drinkers 191 68.7 75 68.2 87 79.1 75 68.2
Nondrinkers 87 31.3 35 31.8 23 20.9 35 31.8
Adult comorbidity score 0.015 0.122
None to mild 226 81.3 77 70 87 79.1 77 70
Moderate to severe 52 18.7 33 30 23 20.9 33 30
Differentiation 0.043 0.658
Highly differentiated 82 29.5 40 36.4 34 30.9 40 36.4
Moderately differentiated 99 35.6 46 41.8 48 43.6 46 41.8
Poorly differentiated 97 349 24 21.8 28 25.5 24 21.8
Clinical stage (%) 0.10 0.407
-l 142 51.1 46 41.8 40 36.4 46 41.8
-1V 136 48.9 64 58.2 70 63.6 64 58.2
HPV 0.041 0.369
Positive 16 5.8 13 11.8 9 8.2 13 11.8
Negative 262 94.2 97 88.2 101 91.8 97 88.2
Site of tumor
Glottic larynx 169 60.8 62 56.4 0.423 68 61.8 62 56.4 0411
Supraglottic larynx 109 39.2 48 43.6 42 382 48 43.6

Note: P was calculated with Chi-square test.

Abbreviations: LSCC, laryngeal squamous cell carcinoma; POCRT, postoperative concurrent chemotherapy and radiotherapy; PORT, postoperative radiotherapy; HPV,

human papillomavirus.

POCRT group compared with 42.4% in the PORT group.
The 5-year DSS was 61.6% in the POCRT group com-
pared with 52.4% in the PORT group. The 5-year RFS was
58.1% and 48.0% in the POCRT and PORT group, respec-
tively. A significant difference in RFS was found between
the two groups (P=0.040).

Univariate and Multivariate Analyses
As shown in Table 2, before PSM, the treatment group
(PORT vs POCRT) was associated with OS (P=0.048) and

RFS (P=0.042) in the univariate analysis. After adjustment
for age, gender, smoking status, alcohol, adult comorbidity
score, differentiation, clinical stage, tumor site, and HPV
status, patients in the POCRT group were associated with
a better RFS (HR=1.441; 95% CI 1.052-1.975; P=0.023).

After PSM, the treatment group (PORT vs POCRT) was
associated with RFS (HR=1.494; 95% CI 1.013-2.202;
P=0.043) in the univariate analysis. In the multivariate analy-
sis, the treatment group (PORT vs POCRT) was a significant
predictive factor for OS (HR=1.432; 95% CI 1.002-2.407;
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Figure 1 Overall survival (OS), disease-specific survival (DSS) and recurrence-free survival (RFS) in LSCC patients treated with POCRT or PORT, before (A) and after (B)

propensity score matching.

Abbreviations: LSCC, laryngeal squamous cell carcinoma; POCRT, postoperative concurrent chemotherapy and radiotherapy; PORT, postoperative radiotherapy.

Cancer Management and Research 2020:12

submit your manuscript 4067

Dove


http://www.dovepress.com
http://www.dovepress.com

Yu et al

Dove

Table 2 Univariate and Multivariate Cox Regression Analyses in Patients Received POCRT or PORT

PORT vs POCRT Before Matching (n=388)

After Matching (n=220) P

HR (95% CI)

P HR (95% CI)

Univariate analysis

(ON 1.328 (1.003-1.760) 0.048 1.328 (0.935-1.885) 0.113

DSS 1.363 (0.992-1.874) 0.056 1.468 (0.980-2.198) 0.063

RFS 1.380 (1.012—1.884) 0.042 1.494 (1.013-2.202) 0.043
Multivariate analysis

(ON 0.134 1.432 (1.002-2.047) 0.049

DSS 1.377 (0.997-1.903) 0.052 1.607 (1.065-2.424) 0.024

RFS 1.441 (1.052-1.975) 0.023 1.667 (1.123-2.474) 0.011

Abbreviations: POCRT, postoperative concurrent chemotherapy and radiotherapy; PORT, postoperative radiotherapy; Cl, confidence interval; HR, hazard ratio; OS,

overall survival; DSS, disease-specific survival; RFS, recurrence-free survival.

P=0.049), DSS (HR=1.607; 95% CI 1.065-2.424; P=0.024)
and RFS (HR=1.667; 95% CI 1.123-2.474; P=0.011).

Treatment-Related Complications

The incidences of treatment toxicities were recorded for
the POCRT group and PORT group and are shown in
Table 3. Patients receiving POCRT had significantly
higher incidences of grade 1-3 acute hematologic toxici-
ties (25% vs 0.9%, P<0.001) and mucositis (35.0% vs
19.1%, P=0.002). There was no significant difference in
dermatitis (9.7% vs 8.2%, P=0.636) between the two
groups. Regarding late toxicities, no significant differences
were found in the incidence of xerostomia (19.8% vs
23.6%, P=0.398) or dysphagia (6.2% vs 9.1%, P=0.322)
between the two groups. There were no grade 4 toxicities

in either group.

Table 3 Incidence of Toxicities During Postoperative Treatment
Between POCRT and PORT Groups

Toxicity POCRT (%, n=288) | PORT (%, n=110) P
Grade Grade Grade Grade
1-3 4-5 1-3 4-5
Acute toxicity
Hematological 72 (25.0) 0 1 (0.9) 0 <0.001
toxicities
Mucositis 101 35.0) | O 21 (19.1) 0 0.002
Dermatitis 28 (9.7) 0 9(8.2) 0 0.636
Late toxicity
Xerostomia 57 (19.8) 0 26 (23.6) 0 0.398
Dysphagia 18 (6.2) 0 10 (9.1) 0 0.322

Abbreviations: POCRT, postoperative concurrent chemotherapy and radiother-
apy; PORT, postoperative radiotherapy.

Discussion

Lymphovascular invasion is a significant pathological diag-
nosis for HNSCC patients. Several studies have explored the
correlation of lymphovascular invasion with clinicopatholo-
gical factors and prognosis in HNSCC. Studies have shown
that lymphovascular invasion may be related to lymph node
metastasis and a poor prognosis in HNSCC, including larynx
carcinoma, tongue carcinoma, oral carcinoma, and hypo-
pharyngeal carcinoma.'>>° However, NCCN guidelines for
head and neck cancer mostly recommend “radiotherapy or
consider chemoradiotherapy” for postoperative patients with
lymphovascular invasion, and to our knowledge, no studies
in the literature focus specifically on ideal postoperative
treatments for HNSCC patients with lymphovascular
invasion.

In the 1990s, two significant trials, EORTC22931 and
ETOG95-01, were conducted to further compare POCRT
with PORT as adjuvant treatment for high-risk head and
neck cancer.''*! Combining these two trials, it was indi-
cated that POCRT with cisplatin was superior to PORT
alone for patients with either of the common risk factors in
the two studies: positive margins and extracapsular nodal
extension from neck nodes.** Although patients with lym-
phovascular invasion were also included in the EORTC
trial, and a possible advantage of POCRT was observed in
these patients, no conclusion could be drawn due to the
aggregation of all risk factors in the study.

In the current study, we evaluated the prognosis of
LSCC patients with lymphovascular invasion receiving
either POCRT or PORT. In addition to completing
a review of all pathological specimens, a PSM method
was applied to adjust confounding factors between the
two groups. The present study showed significantly better
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RFS of patients in the POCRT group than the PORT group
(3 and 5 years: 73.5% and 58.1% versus 66.0% and
48.0%). These results revealed that concurrent chemother-
apy using cisplatin might generate substantial radiosensi-
tization of LSCC, as demonstrated in prior studies.”* 2’
The results could also be explained by the observed syner-
gistic effects between cisplatin and radiation, which might
also improve locoregional control of the primary tumor in
patients who have received POCRT.?® No significant dif-
ferences in OS and DSS were found between the two
which could be
explained by the median survival time of 9.0 months
(026 months) of patients with LSCC recurrence. Thus,
the RFS benefit due to POCRT did not convert into
a survival advantage. Regarding the health care of patients

groups in Kaplan—Meier analysis,

with malignancy, the aims are not only to extend overall
survival but also to improve quality of life. Thus, the
significant reduction of the recurrence rate in these
LSCC patients receiving POCRT is believed to be clini-
cally important. In the multivariate analysis of the propen-
sity matched cohort, POCRT was the significant variable
related to RFS (P=0.011), DSS (P=0.024) and OS
(P=0.049), which indicated that the addition of chemother-
apy was associated with higher RFS as well as higher DSS
and OS.

In terms of treatment toxicity, the proportion of grade 1-3
late toxicities was similar between the two groups, whereas
patients who received POCRT had more acute hematological
toxicities (25% vs 0.9%, P<0.001) and mucositis (35.0% vs
19.1%,
observed in either group. Our results are in line with other

P=0.002). Life-threatening toxicities were not

studies in the literature. Several randomized clinical trials have
shown that POCRT increases grade 3—4 acute toxicities in
comparison with PORT alone (RTOG 9501: 77% vs 34%,
P<0.001; EORTC 22931: 41% vs 2%, P=0.001)"'2! in
patients with head and neck cancers, while the incidences of
grade 3-4 late complications between the two groups are
comparable (long-term report of RTOG 9501: 24.9% vs
20.5%, P=0.34).> The higher occurrence of acute toxicities
in the POCRT group might delay postoperative treatments,
lead to more unplanned hospitalizations and impact the quality
of life in these patients. Therefore, acute toxicities should be
noted and the dose of chemotherapy should be modified at the
physician’s discretion.

To our knowledge, few studies have explored whether
HNSCC patients with lymphovascular invasion should
receive concurrent chemoradiotherapy. The intention of
our study was not to assess a new therapy, but to identify

the optimal treatment effect and fewer treatment-related
toxicities for these patients. Several unavoidable limita-
tions inherent in this study should be acknowledged. First,
this was a retrospective study conducted in a single insti-
tution and therefore involved possible selection bias. The
patients enrolled in our study tended to have larynx cancer
of more adverse clinical stage. Therefore, the PSM method
was applied to ensure the compatibility between the two
groups to draw the conclusion. Second, the relatively small
sample size in this study and other unmeasured factors
(such as underestimation of undocumented treatment-
induced side effects in patients and subjective treatment
decisions) might bias our results. Medical history of
patients and telephone follow-up were applied to ensure
the sufficient records of side effects in Form CTCAE, and
further studies conducted with more patients will be per-
formed to verify our conclusion.

Conclusions

In conclusion, our PSM study demonstrated that adding
concomitant chemotherapy to PORT was associated with
higher RFS rates in LSCC patients with lymphovascular
invasion. In addition to RFS, POCRT also had a significant
impact on OS and DFS in these patients in the multivariate
analysis. However, the addition of concurrent chemother-
apy to PORT also led to more treatment-induced acute
toxicities, which were not life-threatening.

Abbreviations

LSCC, larynx squamous cell carcinoma; PORT, postopera-
tive radiotherapy; POCRT, postoperative chemoradiother-
apy; PSM, propensity score matching; OS, overall survival;
DSS, disease-specific survival; RFS, recurrence-free survi-
val; HNSCC, head and neck squamous cell carcinoma.
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