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ABSTRACT

Background: There is currently no definite clinical implication for the subtypes of lung squamous cell
carcinoma according to the 2015 WHO classification. This study aimed to investigate postoperative
recurrence of the two major subtypes of lung squamous cell carcinoma: keratinizing squamous cell
carcinoma (KSCC) and nonkeratinizing squamous cell carcinoma (NKSCC).
Methods: We identified the patients with KSCC and NKSCC who had undergone complete resection in
Shanghai Chest Hospital between April 2015 and June 2016. Disease-free survival (DFS) was compared
using Kaplan-Meier statistical analysis. Variables selected by univariate analysis were evaluated in
multivariate analysis using the Cox proportional hazard model.
Results: A total of 334 patients included 231 (69.2%) cases with KSCC and 103 (30.8%) cases with NKSCC.
There were more smokers in keratinizing than nonkeratinizing subtype (84.8% versus 72.8%, p = 0.009).
The percentage of stage Ill was higher in NKSCC than that in KSCC (35% versus 22.9%, p = 0.012). The 2-
year DFS rates of stage |, stage Il and stage Il were 90.1%, 66.4% and 37.7% in KSCC, 83.3%, 67.7% and 52.8%
in NKSCC, respectively. There were no significant differences of 2-year DFS rates between KSCC and
NKSCC. Furthermore, KSCC and NKSCC had no significant differences in recurrence patterns and meta-
static sites.
Conclusion: There were no significant differences of postoperative recurrence between KSCC and NKSCC.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical
Oncology. All rights reserved.

Introduction

patient management. Lung squamous cell cancer (LSCC), as a
distinct clinical entity, is a particularly challenging disease to

Non—small cell lung cancer (NSCLC) accounts for 85% of all lung
cancers. Lung adenocarcinoma and squamous cell carcinoma are
the most frequent histologic subtypes, accounting for 50% and 30%
of NSCLC cases, respectively [1]. Complete resection is a corner-
stone of the management of localized NSCLC. However, 30—60% of
the patients with stage llor Il disease who have undergone resec-
tion experience recurrence and may ultimately die from disease
progression [2—4]. Even if the patients with stage | NSCLC after
surgical resection have five-year survival rates of around 70% [5,6].

In recent years, NSCLC subtyping has been recognized as vital for
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manage in clinical practices because of potential antiangiogenic-
associated toxicity [7], and limited pemetrexed sensitivity [8], and
decreased frequency of response to epidermal growth factor re-
ceptor (EGFR) inhibitors [9,10]. Discontinued the classification of
papillary carcinoma, clear cell carcinoma and small cell variant of
squamous cell carcinoma, the subtyping of lung squamous cell
carcinoma was modified to incorporate keratinizing, non-
keratinizing, and basaloid subtypes in the 2015 classification
scheme of World Health Organization (WHO) [11]. However, there
is currently no definite clinical implication for the new subtyping of
lung squamous cell carcinoma.

In this study, we investigated postoperative recurrence of the
two major subtypes of lung squamous cell carcinoma: keratinizing
squamous cell carcinoma (KSCC) and nonkeratinizing squamous
cell carcinoma (NKSCC).

0748-7983/© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical Oncology. All rights reserved.
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Materials and methods
Patients and eligibility

Between April 2015 and June 2016, all consecutive cases of
operable LSCC patients undergoing radical lobectomy or pneumo-
nectomy in Shanghai Chest Hospital were subjected to retrospec-
tive review. Our inclusion criterion was a diagnosis of LSCC, with
hematoxylin and & eosin—stained slides, and immunohistochem-
ical slides available for pathologic review. Our exclusion criteria
were positive resection margins (R1 or R2), less than 10 regional
LNs resected [12] and pathological diagnosis of basaloid squamous
cell carcinoma. Disease staging was based on the eighth edition
TNM classification of NSCLC [3]. Histological typing was confirmed
as LSCC according to the 2015 WHO classification [11]. After sur-
gery, the patients with IIA-IlIA stage were recommended for adju-
vant chemotherapy, and those with [lIIA-N2 stage were
recommended to receive postoperative chemoradiotherapy. This
study was approved by the institutional review board of Shanghai
Chest Hospital.

Histological evaluation

All these primary tumor samples were fixed in 10% neutral
buffered formalin, embedded in paraffin and stained with hema-
toxylin and eosin in the routine manner. The average number of
slides from each case reviewed in the present study was 10 (range
4-26). Tumors were classified according to 2015 classification
scheme of World Health Organization (WHO) of lung squamous cell
carcinoma as keratinizing, nonkeratinizing, and basaloid subtypes
[11]. Tumors are classified as keratinizing subtype if any amount of
keratinization is present, and basaloid squamous cell carcinoma if
basaloid component is greater than 50% of the tumor, regardless of
the presence of any keratinization. NKSCC, in the absence of un-
equivocal keratinization, was detected by immunohistochemistry
with positive squamous markers. The following factors were also
investigated: visceral pleural invasion, lymphatic and vascular
invasion.

Follow-up

Follow-up information was collected from the case records,
electronic medical records, and telephonic conversation with pa-
tients or their relatives. Each patient was followed up for 2 years
and followed up every three months. The date of last follow-up was
June 30, 2018. The end point of study was recurrence after initial
resection with curative intent. Diagnosis of recurrence was
confirmed via biopsy, and imaging (positron emission tomography
or brain magnetic resonance imaging or chest computed tomog-
raphy) was performed to support the clinical diagnosis. In our
cohort, 153 (45.8%) patients received the positron emission to-
mography (PET)before surgery. 62 (61.4%) patients received the PET
scan when they experienced relapse. Recurrences were defined as
followed [13]: local recurrence was defined by evidence of a tumor
at the surgical margins. Regional recurrence was defined by evi-
dence of a tumor in a second ipsilateral lobe, in the ipsilateral hilar
lymph nodes (N1), or in the ipsilateral mediastinal lymph nodes
(N2). Distant recurrence was defined by evidence of a tumor in the
contralateral lung, in the contralateral mediastinal or ipsilateral
supraclavicular lymph nodes (N3), or elsewhere outside the hem-
ithorax [13].

Statistical analysis

Data were analyzed using SPSS 22.0 (IBM). Categorical variables

were demonstrated as frequencies with percentages and were
compared between the two groups using chi-square test or Fisher's
exact test. DFS curves were generated using the Kaplan—Meier
method, and a log-rank test was used for comparison. Variables
selected by univariate analysis (p value less than 0.1) were evalu-
ated in multivariate analysis using the Cox proportional hazard
model. P values were two-sided and considered significant if less
than 0.05.

Results

We identified all consecutive patients with resected lung cancer
in Shanghai Chest Hospital between April 2015 and June 2016. A
total of 481 patients had lung squamous cell carcinoma. We
excluded 16 patients undergoing sublobar resection, 17 patients
with positive surgical margins, 57 patients who had less than 10
regional LNs resected, 18 patients with basaloid squamous cell
carcinoma, 39 patients failed to follow up, leaving a final cohort of
334 patients with pathological diagnoses of keratinizing squamous
cell carcinoma and nonkeratinizing squamous cell carcinoma. Eight
patients died of other causes during follow-up.

A total of 334 patients included 231 (69.2%) cases with KSCC and
103 (30.8%) cases with NKSCC. Smokers accounted for 271/334
(81.1%) of all patients. There were more smokers in keratinizing
subtype than nonkeratinizing subtype (84.8% versus 72.8%,
p=0.009). The percentage of stage Ill was higher in NKSCC than
that in KSCC (35% versus 22.9%, p=0.012). No significant rela-
tionship existed between pathological subtypes and other charac-
teristics (Table 1). The representative pathological images of KSCC
and NKSCC in this cohort were shown in Fig 1.

Of the 334 patients identified, 109 (32.6%) experienced recur-
rence in two years. On univariable analysis, smoking history
(p=0.008), pneumonectomy (p = 0.022), higher pathological stage

Table 1
Relationship between clinicopathologic characteristics and lung keratinizing/non-
keratinizing squamous cell carcinoma subtypes.

Characteristic No. (%) KSCC NKSCC P value
All patients 334 231 (69.2) 103 (30.8)

Age 0.557
<60 138 (41.3) 93 (40.3) 45 (43.7)

>60 196 (58.7) 138 (59.7) 58 (56.3)

Sex 0.108
Female 19 (5.7) 10 (4.3) 9(8.7)

Male 315 (94.3) 221 (95.7) 94 (91.3)

Smoking history 0.009
Never 63 (18.9) 35(15.2) 28 (27.2)

Ever 271 (81.1) 196 (84.8) 75 (72.8)

Surgical procedure 0.078
Lobectomy 304 (91.0) 206 (89.2) 98 (95.1)
pneumonectomy 30(9.0) 25(10.8) 5(4.9)

Pathologic stage 0.012
I 107 (32.0) 71 (30.7) 36 (35.0)

1 138 (41.3) 107 (46.3) 31 (30.1)

111 89 (26.6) 53(22.9) 36 (35.0)

Location type 0.277
Central 231 (69.2) 164 (71.0) 67 (65.0)

Peripheral 103 (30.8) 67 (29.0) 36 (35.0)
Lymphovascular invasion 0.343
Yes 17 (5.1) 10 (4.3) 7 (6.8)

No 317 (94.9) 221 (95.7) 96 (93.2)

Visceral pleural invasion 0.116
Yes 73 (21.9) 45 (19.5) 28 (27.2)

No 261 (78.1) 186 (80.5) 75 (72.8)

Tumor location 0.860
Right lobe 184 (55.1) 128 (55.4) 56 (54.4)

Left lobe 150 (44.9) 103 (44.6) 47 (45.6)

KSCC, keratinizing squamous cell carcinoma, NKSCC, nonkeratinizing squamous cell
carcinoma.
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Fig. 1. Representative pathological images of KSCC and NKSCC. A, HE staining of KSCC. B, IHC result showed P40 positive in this patient with KSCC. C, HE staining of NKSCC. D, IHC

result showed P40 positive in this patient with NKSCC.

(p=0.000), lymphovascular invasion (p=0.02) and visceral
pleural invasion (p = 0.029) were correlated with a higher risk of
recurrence for all patients; pneumonectomy (p=0.018), higher
pathological stage (p=0.000), lymphovascular invasion
(p=0.049) and visceral pleural invasion (p=0.012) were corre-
lated with a higher risk of recurrence for the patients with KSCC;
higher pathological stage (p = 0.000) was correlated with a higher
risk of recurrence for the patients with NKSCC (Table 2). Multivar-
iable analysis of primary tumor factors revealed that, smoking
history (HR, 2.411; p=0.006), pathological stagell (HR, 2.814;
p =0.001), and pathological stage Ill (HR, 5.596; p =0.000) were
significantly associated with higher risk of recurrence in all

patients. Pathological stagell (HR, 3.722; p=0.002), and patho-
logical stage IlI(HR, 8.035; p = 0.000) were significantly associated
with higher risk of recurrence for the patients with KSCC. Patho-
logical stage Il (HR, 3.825; p = 0.005) were significantly associated
with higher risk of recurrence for the patients with NKSCC
(Table 3).

The 2-year DFS rates of stage I, stage Il and stage Ill were 87.9%,
66.7% and 43.8%, respectively (p = 0.000) (Fig 2A). The 2-year DFS
rates of NO, N1 and N2 were 79.9%, 64.5% and 35.5%, respectively
(p=0.000) (Fig 2B). No differences in 2-year DFS rates of KSCC and
NKSCC were observed in all patients (Fig 2C) and each pathologic
stage (Fig. 2D—F). The further analyses based on treatment arm in

Table 2
Univariate analysis of DFS according to clinical factors.
Characteristic Total KSccC NKSCC
2-Year DFS rate P value 2-Year DFS rate P value 2-Year DFS rate P value
All patients 67.4 0.859 67.1 68.0
Age 0.499 0.498 0.860
<60 68.8 68.8 68.9
>60 66.3 65.9 67.2
Sex 0.645 0.117 NA
Female 73.7 50.0 100
Male 67.0 67.9 64.9
Smoking history 0.008 0.056 0.067
Never 82.5 829 82.1
Ever 63.8 64.3 62.7
Surgical procedure 0.022 0.018 0.753
Lobectomy 69.1 69.4 68.4
pneumonectomy 50.0 48.0 60.0
Pathologic stage 0.000 0.000 0.015
I 87.9 90.1 833
Il 66.7 66.4 67.7
111 43.8 37.7 52.8
Location type 0.063 0.129 0.295
Central 64.1 64.0 64.2
Peripheral 74.8 74.6 75.0
Lymphovascular invasion 0.02 0.049 0.195
Yes 41.2 40.0 429
No 68.8 68.3 69.8
Visceral pleural invasion 0.029 0.012 0.694
Yes 57.5 533 64.3
No 70.1 704 69.3

DFS, disease-free survival. KSCC, keratinizing squamous cell carcinoma, NKSCC, nonkeratinizing squamous cell carcinoma. NA: not applicable.
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Table 3
Multivariate Cox proportional hazards model analyses of various factors affecting DFS.
Multivariate Total KSCC NKSCC
HR (95% CI) P value HR (95% CI) P value HR (95%CI) P value
Smoking history
Never*
Ever 2411 (1.285—4.524) 0.006 2.088 (0.905—4.815) 0.084 2.615 (0.997—6.859) 0.051
Surgical procedure
Lobectomy*
pneumonectomy 1.194 (0.673—-2.117) 0.544 1.181 (0.634—2.200) 0.601 NA NA
Pathologic stage
Iﬂ
Il 2.814 (1.502—-5.271) 0.001 3.722 (1.647-8.413) 0.002 1.956 (0.708—5.403) 0.195
11 5.596 (2.890—10.837) 0.000 8.035 (3.404—18.964) 0.000 3.825 (1.503-9.738) 0.005
Location type
Peripheral®
Central 1.144 (0.701—1.866) 0.591 NA NA NA NA
Lymphovascular invasion
No*
Yes 1.174 (0.595—2.316) 0.644 0.987 (0.414—2.357) 0.977 NA NA
Visceral pleural invasion
No*
Yes 1.252 (0.784—1.999) 0.347 1.359 (0.803—-2.301) 0.253 NA NA

@ Reference group, DFS, disease-free survival. NA: not applicable. KSCC, keratinizing squamous cell carcinoma, NKSCC, nonkeratinizing squamous cell carcinoma.
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Fig. 2. 2-year disease-free survival (DFS) in this cohort. A, DFS based on pathologic stage. B, DFS based on lymph node involvement status. C, DFS based on histologic subtype. D, DFS
of KSCC and NKSCC in stage I. E, DFS of KSCC and NKSCC in stage II. F, DFS of KSCC and NKSCC in stage III.

each pathologic stage showed that the 2-year DFS rate of NKSCC
patients receiving adjuvant chemoradiotherapy in stage Il was
higher than that in KSCC patients (75% versus 30.8%, p = 0.049) (Fig
3G). All of 21 patients who received adjuvant chemoradiotherapy
were treated with sequential chemoradiotherapy and the total dose
of radiotherapy was 50.4 Gy, in 1.8 Gy per fraction. The chemo-
therapy regimens of them were vinorelbine plus cisplatin (seven
cases), vinorelbine plus carboplatin (four cases), paclitaxel plus
carboplatin (six cases), gemcitabine plus cisplatin (three cases) and
gemcitabine plus carboplatin (one case), respectively. However, no
differences in 2-year DFS rate were detected based on other
treatment arms in each pathologic stage of KSCC and NKSCC
(Fig. 3A—F).

Of the 109 patients who experienced relapse, 76 cases (69.7%)
were KSCC and 33 cases (30.3%) were NKSCC. Among them, eight
patients with recurrence did not have follow-up information,
including five KSCC patients and three NKSCC patients. Analysis of
recurrence patterns showed that 34.7% had locoregional recur-
rence, 34.6% had distant recurrence, and 30.6% had both. The pro-
portions of intrathoracic metastasis and extrathoracic metastasis
were 51.5% and 48.5%. The frequencies of single site recurrence and
multiple sites recurrence were 48.5% and 51.5% respectively. The
common metastatic sites were bone (24.8%), contralateral lung
(20.8%), pleural effusion (19.8%), brain (11.9%), liver (9.9%), and
adrenal (5.0%). KSCC and NKSCC had no significant differences in
recurrence patterns and metastatic sites (Table 4).
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Table 4
Recurrence patterns and metastatic sites of KSCC and NKSCC subtypes.

Variable Total KSCC NKSCC P value
No. (%) No. (%) No. (%)

Total No. of patients 101 (100) 71 (70.3) 30 (29.7)

Recurrence pattern 0.093

Locoregional 35(34.7) 26 (36.6) 9(30.0)

Distant 35(34.7) 20 (28.2) 15 (50.0)

Both 31(30.7) 25(35.2) 6 (20.0)

Recurrence pattern 0.529

Intrathoracic 52 (51.5) 38 (53.5) 14 (46.5)

Extrathoracic 49 (48.5) 33 (46.7) 16 (53.3)

Recurrence pattern 0.846

Single site 49 (48.5) 34 (47.9) 15 (50.0)

Multiple site 52 (51.5) 37 (52.1) 15 (50.0)

Bone metastasis 0.194

Absent 76 (75.2) 56 (78.9) 20 (66.7)

Present 25 (24.8) 15 (21.1) 10(33.3)

Brain metastasis 1.000

Absent 89 (88.1) 63 (88.7) 26 (86.7)

Present 12 (11.9) 8(11.3) 4(13.3)

Contralateral lung metastasis 0.344

Absent 80(79.2) 58 (81.7) 22(73.3)

Present 21(20.8) 13 (18.3) 8(26.7)

Pleural effusion 0.289

Absent 81(80.2) 55(77.5) 26 (86.7)

Present 20 (19.8) 16 (22.5) 4(133)

Adrenal metastasis 1.000

Absent 96 (95.0) 67 (94.4) 29 (96.7)

Present 5(5.0) 4 (5.6) 1(3.3)

Liver metastasis 1.000

Absent 91 (90.1) 64 (90.1) 27 (90.0)

Present 10(9.9) 7(9.9) 3(10.0)

Note: Eight out of 109 relapsed patients did not have follow-up specific recurrence
information, including 5 KSCC patients and 3 NKSCC patients.

Discussion

In the 2015 WHO classification, subtyping of lung squamous cell
carcinoma was modified to incorporate keratinizing, non-
keratinizing, and basaloid subtypes [11].To our knowledge, this was
the first study to investigate postoperative recurrence of the two
major subtypes of LSCC according to the new classification.

Tobacco smoking has been regarded as the most important risk
factor for lung cancer. Toh et al.‘'s study showed that smoking was
associated with a worse prognosis in NSCLC [14]. Sun et al.’s study
also showed the similar results that never-smokers had a better
prognosis than smokers in small cell lung cancer (SCLC) [15]. In this
study, we found that smoking was an independent poor prognostic
factor for DFS in LSCC patients. In addition, visceral pleural invasion
and lymphovascular invasion were considered as poor factors of
prognosis [16—20]. Our study showed that they were correlated
with a higher risk of recurrence by univariable analysis. Takeda
et al.'s study showed the 5-year-survival rate of the pneumonec-
tomy group was lower than that of the sleeve lobectomy group
[21].0ur study also showed the pneumonectomy group correlated
with a higher risk of recurrence by univariable analysis. The
possible reason was that the patients who underwent pneumo-
nectomies in clinical practice often had advanced stage, or heavy
tumor burden.

To date, pathological stage of disease is considered as the most
important prognostic factor [3,22]. The percentage of stage Ill was
higher in NKSCC than that in KSCC. However, there were no dif-
ferences of 2-year DFS rates between the two subtypes. Analyzing
the two subtypes in each stage, we found that the trend of the DFS
curves of KSCC and NKSCC from stage | to stage Il was similar, and
there were no significant differences between the two subtypes.
Furthermore, we explored whether the differences existed based
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on different treatments (adjuvant chemotherapy or adjuvant che-
moradiotherapy versus observation) between the two subtypes in
each stage. Up to date, postoperative radiotherapy (PORT) is not
recommended for patients with pathologic stage NO-1 disease,
because it has been associated with increased mortality [23]. In
patients with pathologic stage N2 disease, PORT appears to improve
survival significantly as an adjunct to postoperative chemotherapy
in non-randomized analyses. Although the optimal sequence is not
established, PORT is generally administered after postoperative
chemotherapy [24—27]. The ongoing randomized European Lun-
gART trial (NCT00410683) will provide useful guidelines for PORT.
However, in clinical practice, some patients give up postoperative
radiotherapy. In this study, only 21 patients received postoperative
radiotherapy in 62 patients with N2 disease. We found that the
recurrence rate of NKSCC was significantly less than that of KSCC in
the patients with stage Ill received adjuvant chemoradiotherapy.
However, there was no significant difference in recurrence between
KSCC and NKSCC patients who only received adjuvant chemo-
therapy. In 2015, the WHO classified lung squamous cell carcinoma
as keratinizing, nonkeratinizing, and basaloid subtypes, similar to
the Head and Neck WHO classification of nasopharyngeal carci-
nomas [28]. Radiotherapy is the standard of care for nasopharyn-
geal squamous cell carcinoma [29]. Reddy et al.'s study showed
non-keratinizing carcinoma of the nasopharynx were more often
controlled by ionizing radiation than keratinizing histology, and
had better 5-year survival rate than keratinizing squamous cell
carcinoma of the nasopharynx [30].The similar finding was also
reported previously by Chan et al. [31] Vazquez et al.'s study
showed when only patients who received radiation therapy were
considered, overall survival was significantly higher for non-
keratinizing carcinoma of the nasopharynx, and keratinizing car-
cinoma of the nasopharynx was associated with a nearly two-fold
higher hazard of death [32]. Therefore, we suspect that post-
operative radiotherapy may afford more benefits to the patients
with pN2 NKSCC. This hypothesis needs large sample prospective
studies to validate in future.

This study did not include statistical analysis of basaloid squa-
mous cell carcinoma because of it was a rare histological subtype
accounts for only 5% in our previous study [33]. Among 18 patients
with pathological diagnosis of basaloid squamous cell carcinoma
(BSCC), we followed up 17 cases. Among them, three patients (60%)
in five cases with stage Il had recurrence, two patients (33.3%) in
six cases with stage Il had recurrence, and one patient (16.7%) in six
cases with stage | had recurrence.

However, there were still some inherent limitations in our
study. The follow-up period was short because this study was based
on the 2015 WHO classification scheme. On the other hand, the
sample size of the current study was relatively small because this
was a single-center study.

In conclusion, there were no significant differences of post-
operative recurrence between KSCC and NKSCC. But in patients
with pN2 diseases who received adjuvant chemoradiotherapy, the
recurrence rate of NKSCC was lower than that of KSCC. Considering
the sample size of patients who received adjuvant chemo-
radiotherapy was small, caution should be taken when drawing the
conclusions.
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