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Background: The AJCC/UICC TNM (tumor, node, metastasis) classification is a
standardized system for the description of anatomical extent and stage grouping of solid
malignant tumors and is regularly updated. We aimed at testing the new 2017 8th edition
of the TNM classification (TNM8) compared to the former 2009 7th edition (TNM7), in
pulmonary squamous cell carcinomas (pSQCC).

Methods: We analyzed a clinico-pathologically well-annotated Western single-center
cohort of 354 consecutive pSQCC, resected 2000-2013, without previous neocadjuvant
therapy. Patients with a clinical history of SQCC of other organs were excluded to
reliably exclude lung metastases. Patients in whom TNM was unclear due to multiple
tumor nodules were excluded. We reevaluated all pathological records and slides and
retrospectively validated pleural invasion for all cases. Raw data of our cohort are
provided as Supplementary Material.

Results: The stage distribution according to TNM7 was as follows: IA (2009): 59
(16.7%), 1B: 75 (21.2%), IIA: 71 (20.1%), lIB: 53 (15.0%), llIA: 79 (22.3%), llIB: 7
(2.0%), IV: 10 (2.8%). Staging the cases according to TNM8, 7/354 (2.0%) cases were
down-staged, 154 (43.5%) were upstaged; most pronounced between stages IIA(TNM7)
and IIB(TNM8), and IIB(TNM7) and IlIA(TNM8). Both staging systems showed significant
prognostic impact for overall survival, disease free and disease specific survival and time
to recurrence, without significant differences regarding goodness-of-fit criteria (Akaike
Information Criterion and Schwarz Bayesian Criterion).

Conclusion: In conclusion, we show a significant stage migration between tumors
staged using TNM7 and TNM8, without benefit regarding prognostication in our cohort
of primary resected pSQCC.

Keywords: TNM, staging, lung cancer, squamous cell carcinoma, NSCLC

Frontiers in Medicine | www.frontiersin.org

1 September 2019 | Volume 6 | Article 196


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2019.00196
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2019.00196&domain=pdf&date_stamp=2019-09-04
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:sabina.berezowska@pathology.unibe.ch
http://orcid.org/0000-0001-5442-9791
https://doi.org/10.3389/fmed.2019.00196
https://www.frontiersin.org/articles/10.3389/fmed.2019.00196/full
http://loop.frontiersin.org/people/40710/overview
http://loop.frontiersin.org/people/760231/overview

Neppl et al.

TNM Staging in Pulmonary SQCC

INTRODUCTION

The tumor-node-metastasis (TNM) classification aims at
standardizing the description of the anatomical extent of solid
malignant tumors, resulting in the classification of patients into
standardized stage groups for determining their prognosis and
the resulting treatment plan. Effort is made to continuously
refine classification criteria. The current 8th edition of the
TNM classification (TNM8) was published by the Union for
International Cancer Control (UICC) in 2017 (1), as a revision of
the 2009 7th edition (TNM7) (2) and concurrently published by
the American Joint Committee on Cancer (AJCC), with effective
implementation in 2018 (3). The adaptations in TNMS8 are based
on recommendations provided by the Staging and Prognostic
Factors Committee (SPFC) of the International Association for
the Study of Lung Cancer (IASLC) published in 2014-2016,
informed on the analysis of large international case collections
with data supplied by 46 institutions in 19 countries (4-7).

Major changes of TNM8 compared to TNM7 applicable to
pulmonary squamous cell carcinomas (pSQCC) are (a) more
refined tumor size cut points in every T-category, using 1cm
intervals up to the size of 5cm, (b) the classification of main
bronchus involvement as T2, with removal of the 2 cm distance
from the carina as a limit to separate pT2 and pT3 tumors, (c)
classification of partial as well as total atelectasis as T2, and (d)
regarding diaphragm invasion as a T4 instead of T3 descriptor.
Mediastinal pleural invasion was removed from the criteria of T3
definition due to infrequent use. Furthermore, distant metastases
outside the chest cavity are now subdivided according to number
of metastatic foci.

TNM stage groupings are altered accordingly (7). There are no
changes in the N-category.

Several groups from Asia and North America have validated
the data in mixed cohorts of non-small cell lung cancer,
showing mostly improved prognostication for TNM8 (Table 1)
(8-14). Of note, in a large population based European study
on resected T3NO NSCLC improved prognostication of TNM8
depended on histological tumor typing (15). SQCC is usually
underrepresented in mixed cohorts (Table 1).

In the present study we aimed to compare the new
TNMS with the previous TNM7 regarding stage migration and
prognostication in a clinico-pathologically very well-annotated
Swiss single-center pure and large cohort of pSQCC.

PATIENTS AND METHODS
Patient Cohort

The patient cohort consisted of all consecutive patients with
primary resected pSQCC, without neoadjuvant treatment,
resected between January 2000 and December 2013, and
diagnosed at the Institute of Pathology, University of Bern.
The cohort was assembled according to the pathology files, and
subsequently validated by re-checking clinical hospital files and
contacting general practitioners as described elsewhere (16).

In order to include only SQCC originating from the lung
and reliably exclude metastases, patients with previously or
concomitantly diagnosed SQCC of other organ systems were

excluded. We excluded patients who died within 30 days
following surgery (perioperative death) from survival analyses in
order to avoid bias by surgery related short-term mortality. This
retrospective single center study was approved by the Cantonal
Ethics Commission of the Canton of Bern (KEK 200/14), which
waived the requirement for written informed consent. The study
was conducted and is reported according to the REMARK-
guidelines (17).

Histological Tumor Typing Including

Immunohistochemistry
Histological tumor type and histological staging-parameters were
reevaluated for each tumor by two pathologists specializing
in lung pathology (CN, SB) according to the current WHO
classification guidelines, using routine histomorphology and
immunohistochemistry (IHC) (18).

IHC was performed using an automated immunostainer
(Bond III, Leica Biosystems, Muttenz, Switzerland).
Deparaffinized tissue-sections were rehydrated, followed by
antigen retrieval. Endogenous peroxidase activity was blocked
with H202 solution (Leica Biosystems). The anti-TTF1 clone
8G7G3/1 (Cell Marque, Rocklin, CA, USA) was used at a dilution
of 1:400. After antigen retrieval performed with Tris-EDTA,
pH 9 for 30 min at 95°C, TTF1 was incubated for 15min at
RT. The polyclonal anti-p40 (Biocare Medical, Biosystems
Switzerland AG, Switzerland) was used at a dilution of 1:100.
After antigen retrieval performed with Tris-EDTA, pH 9.0
for 30min at 100°C, anti-p40 was incubated for 30min at
RT. Subsequently, samples were incubated with the secondary
antibody using the Bond Polymer Refine Detection Kit with
3-3"-diaminobenzidine-DAB as chromogen (Leica Biosystems),
counterstained with hematoxylin, and mounted in Aquatex
(Merck, Darmstadt, Germany).

Staging
For the purpose of this study all tumors were re-staged according
to TNM7 and TNMS (1, 2).

Information on tumor size and location was re-evaluated,
extracted from the pathology reports and validated using clinical
files and histological slides. Pleural invasion is stage relevant
in tumors up to 3cm, and was re-assessed for the purpose of
this study in all cases according to current recommendations
by reviewing all histological slides per tumor and if necessary
additionally performing elastica-van-Gieson stains according to
standard protocols, thereby visualizing tumor confined by or
breaking through pleural elastic fibers (19). Lymph-node staging
was validated using the IASLC lymph node map (20).

Clinical Parameters
Clinical parameters were collected as previously reported (21).
In short, data was collected from the patients’ hospital files.
We contacted patients’ general practitioners for additional data
provision, especially regarding progression, survival data and
cause of death.

Time to recurrence (TTR) was defined as the time elapsed
from the day of resection to loco-regional or metastatic
recurrence or disease-specific death. Disease-specific survival
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TABLE 1 | External validation studies of TNM8 vs. TNM7.

Cohort N total Improved discrimination N SQCC Subanalysis on Country
cohort of prognostic groups SQCC
using TNM8 vs. TNM7
Jung et al. (12) pPNOMO primary resected 1,316 No (equal) 385 (29.3%) n.a. Korea—single
NSCLC (1999-2012) institution
Yun et al. (14) <IlIB Primary resected 3,950 yes 1,069 (27.1%) n.a. Korea—single
NSCLC (2006-2012) institution
Chen et al. (9) Primary resected NSCLC 2,043 yes 378 (18.8%) n.a. China—single
(2006-2015) institution
Sui et al. (10) Primary resected 3,599 yes 1,094 (30.4%) n.a. China—two
IA-IIA (TNM7) institutions
NSCLC (2005-2012)
Yang et al. (13) NSCLC (2004-2013) 368,367 (cT)  yes n.a. n.a. North
177,409 (pT) American—NCDB
Chansky et al. (11) NSCLC* (2000-2012) 612,534 (cT)  yes 25% n.a. North
182,616 (pT) American—NCDB
Okami et al. (8) Resected NSCLC (2010) 18,973 yes 3,776 (20.1%) n.a. Japan—JJCLCR
Blaauwgeers et al. (15)  pT3NOMO (TNM7) NSCLC 683 Depending on tumor type 257 For pT3 due to 2 Netherlands—
(2010-2013) nodules poorer IKNL and
prognosis for SQCC PALGA

*If surgically treated, only primary resected tumors included.

NSCLC, non-small cell lung cancer; NCDB, National Cancer Data Base; IKNL, Netherlands Comprehensive Cancer Organization; PALGA, Nationwide Network and Registry of
Histopathology and Cytopathology in the Netherlands; JJCLCR, Japanese Joint Committee of Lung Cancer Registry Database.

(DSS) was measured from the day of resection to disease-specific
death. Patients who died due to unrelated causes or secondary
malignancies were censored at the time of death. Disease-free
survival (DFS) was defined as the time elapsed from the day of
resection to loco-regional or metastatic recurrence or death of
any cause. Overall survival (OS) was assessed from the day of
resection to death of any cause.

Statistical Analysis

IBM SPPS Statistics 24 (IBM Corporation, Armonk, USA) was
used for analysis. Group comparisons were performed using
crosstabs, Chi?-tests and Fisher’s exact tests, where appropriate.
Kaplan-Meier curves and log-rank tests were calculated for
univariate survival analysis. Cox regression analysis was used for
multivariate analysis. The significance level for all statistical tests
was set at 0.05.

The Akaike Information Criterion (AIC) and Schwarz
Bayesian Information Criterion (SBC) were used for comparison
of the goodness-of-fit between TNM7 and TNM8. Both methods
adjust the —2 log likelihood statistics for the number of
parameters in the model and number of observations used. Lower
values of AIC and SBC indicate superior model fit with the “best”
model showing the lowest values for both.

RESULTS
Patient Cohort

The initial cohort included 385 patients. Twenty-three cases
without clear morphological diagnostic criteria for SQCC
(keratinization or intercellular bridges) were excluded: 7 due to
TTF1 positivity, suggestive of adenocarcinoma, 12 due to no or
only weak p40 expression in a screening approach as well as in

whole slide re-evaluation, insufficient for final diagnosis of SQCC
(18), and four cases due to an alternative histological diagnosis
on re-evaluation. Insufficient clinical data and inconsistency
between clinical and pathological staging lead to the exclusion of
eight cases. Finally, 354 cases were available for analysis. All data
on the patient cohort is provided in Table S1.

There were 302 (85.3%) males and 52 (14.7%) females, with a
median age of 69 years at the time of resection (range 43-85).

Survival data were available for finally 256 patients, after
thirteen patients were excluded due to perioperative death.
Survival data up to 5-years after resection was included for
analysis, due to the multimorbidity of the cohort. Median DFS
was 44 months (95% CI = 36-41 months) and median OS was 47
months (95% CI = 38-43 months). Median TTR (data available
for 213 patients) was 47 months (95% CI = 37-43 months).

Of note, 34/88 (38.6%) deaths were unrelated to pSQCC (e.g.,
heart attack, secondary lung adenocarcinoma).

Tumor Characteristics

Median tumor size was 4.5cm (range 0.8-15cm). Pleural
invasion was seen in 94/354 (26.6%) patients, with penetration
through the pleural elastic membrane (PL1) in 43 (12.1%), tumor
cells on the pleural surface (PL2) in 28 (7.9%), and invasion of the
parietal pleura (PL3) in 23 (6.5%) patients.

Ipsilateral mediastinal lymph node metastases (pN2) were
detected in 40 (11.3%) patients, hilar-parenchymal lymph node
metastases (pN1) in 110 (31.1%), and 204/354 (57.6%) patients
had no nodal disease (pNO). There was no patient with
contralateral or station 1 lymph node metastases (pN3), therefore
no patient classified as UICC stage IIIC. Ten (2.8%) patients had
distant metastases.
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Shifts of the T-Descriptor Between the
TNM7 and TNM8

Detailed data on the frequencies of the T-descriptors according
to TNM7 and TNMS are provided in Table 2A.

In the new TNMS classification, the pT1-category was further
subdivided by adding the pTlc-subdivision that is equivalent
regarding size descriptors to the TNM7 pT1b subdivision (>2-
3 cm). Accordingly, all 48 TNM7 pT1b cases were included in
TNMS pTlc.

The TNM?7 pT1la was split between the TNMS8 subdivisions
pTla (<1cm) and pTlb (>1-2cm). Accordingly, 6/32 (18.8%)
of patients from the TNM7 pT1la group remained in the TNM8
pTla group, 26/32 (81.2%) were staged as TNM8 pT1b.

The size categories were also shifted in the TNM7 pT2a group
(>3-5cm), now encompassing TNM8 pT2a (>3-4cm) and
pT2b (>4-5cm). This resulted in 48/113 (42.5%) TNM7 pT2a
tumors to be up-staged to pT2b. Because the size equivalence
of the TNM7 pT2b subdivision with the TNM8 pT3 category
(>5-7 cm), all TNM7 pT2b tumors were up-staged to pT3.

The only tumors down-staged were from the TNM7 pT3
category (Table 2A). Down-staging of 7/80 (8.8%) TNM7 pT3
cases resulted from the removal of the 2 cm distance from the

TABLE 2 | Comparison of the T-descriptor and Stage distribution as assessed by
TNM7 vs. TNM8 (N = 354).

A pT (TNM7) Total (%)
pTia pTib pT2a pT2b pT3 pT4
T pTia 6 0 0 0 0 0 6(1.7)
(TNM8)  pT1p - 0 0 0 0 0 26 (7.3)
pic o [ o 0 0 0 48 (13.6)
pT2a 0 0o 6 0 0 69(19.5)
pT2b 0 o @ o . 0 52 (14.7)
R 0 o B 0 81 (22.9)
pT4 0 0 0 o B 2 72009
Total (%) 32 48 113 54 80 27  354(100)
©0 (136) (81.9) (153) (22.6) (7.6)
B Stage (TNM7) Total (%)
A IB NA 1B WA B IV
Stage A1 4 0 0 0O O 0 0 4(1.)
(TNM8) A2 21 0 0 0 0 0 0 21 (5.9)
IA3 3 0 0 0 0O 0 0 34098
1B 0 47 0 0 0 0 49(138
iAo [B8 o . o 0 0 29 8.2)
e o o @l 15 P o o 9esy
ma o o o [ s5 o 0 o054
e o o o o [ 7 o 2@e
NA 0 0o ©O0o ©0o o0 o0 7 7.0
NB O 0O O ©0o O0 0 3 3(00.8)
Total (%) 59 75 71 53 79 7 10  354(100)
(16.7) 21.2) (20.1) (15.0) (22.3) (2.0) (2.8)

Gray squares depict cases with stage migration.

carina as a limit to separate pT2 and pT3 tumors with main
bronchial involvement. Four tumors were down-staged to TNM8
pT2a (Pat ID 248, 249, 250, 251), another 3 to pT2b (Pat
ID 252, 255, 254; see Table S1). One patient (Pat ID 253, see
Table S1) was down-staged to pT2b due to reclassification of
tumors with total atelectasis from TNM?7 pT3 to pT2. Forty-
five/80 (56.3%) TNM7 pT3 category tumors were up-staged to
pT4, now encompassing all tumors over 7 cm diameter.

In summary, pT was significantly up-staged in 147/354
(41.5%) patients and down-staged in 8/354 (2.3%) patient
using TNMS.

Shifts of Tumor-Stage Between TNM7 and
TNMS8

Detailed data on the frequencies of UICC-stages according to
TNM7 and TNMS are provided in Table 2B.

The TNM?7 stage IA was subdivided into TNMS8 stages A1
(pT1a), IA2 (pT1b), and IA3 (pT1c). Thus, the stage-distribution
of the 59 N0O-MO tumors among 80 pT1-tumors mirrored the
pT1-subdivisions. Of 75 TNM?7 IB tumors, 28 (37.3%) were up-
staged to TNMS8 IIA, all of them due to up-staging from TNM7
pT2a to TNMS8 pT2b. N1 lymph-node involvement was staged as
IIA in pT1-pT2a tumors and as IIB in pT2b tumors according
to TNM7. In TNMS, any tumors up to pT2b with N1-lymph-
node involvement are staged as IIB. All TNM?7 IIA tumors were
thus up-staged to TNMS IIB. In total, 7/354 (2%) tumors were
down-staged using TNM8 due to down-staging TNM7 pT3 cases
through removal of atelectasis and the 2 cm distance from the
carina as a limit to separate pT2 and pT3 tumors, in node-
negative (TNM?7 IIB to IB: Pat. ID 248, 250; to IIA: 254) and
N1-node-positive tumors (TNM7 IIIA to IIB: Pat. ID 249, 251,
252, 253; see Table S1).

Thirty-five/53 (66%) TNM?7 IIB tumors were up-staged to
IIIA, 15 NO-tumors due to up-staging TNM7 pT3 to pT4, 20 N1-
tumors due to up-staging TNM7 pT2b to pT3. pT3-N2 tumors
are newly staged as IIIB instead of IIIA. This resulted in up-
staging of 16 tumors, among them 9 were up-staged from pT2b
to TNM8 pT3. Four tumors were size dependently up-staged
from TNM?7 pT3 to pT4. In total 20/79 (25.3%) tumors were up-
staged from TNM7 IIIA to TNMS8 IIIB. There was no change in
distributions of stages IIIB and IV.

In summary, 154/354 (43.5%) tumors were up-staged and
71354 (2.0%) down-staged using TNM8.

Survival Analysis and Prognostic Value of
TNM7 and TNM8

Survival data were available for 256 patients. Both staging systems
showed significant prognostic impact regardless if assessment
was conducted using the isolated pT-descriptor (Figure 1) or the
combined UICC stage (Figure 2) for OS (pT-TNM?7 p = 0.003,
pT-TNMS p < 0.001; UICC both p < 0.001), DSS (both TNMs pT
and UICC stage p < 0.001), DFS (both TNMs pT and UICC stage
p < 0.001), and TTR (both TNMs pT and UICC stage p < 0.001).
The Kaplan-Meier curves for T'TR are provided as Figure S1.
Although TNM staging showed prognostic significance in
overall analysis, patients with TNM8 UICC stage IIA seemed
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FIGURE 1 | Kaplan-Meier curves showing the overall survival (A,B), disease-specific survival (C,D) and disease-free survival (E,F) by pT-descriptor according to the
seventh and eighth editions of the TNM classification. Comparisons were conducted using a log-rank test. cens, censored.

to have a worse outcome compared to stage IIB, though not  swapped curves in the Kaplan-Meier plots for pT2b- and
statistically significant, for OS (p = 0.204), DSS (p = 0.066), pT3-grouped tumors in TNMS only (Figure 1). The reason for
and DFS (p = 0.350) (Figure 2). This was mirrored in seemingly  the discrepancy between TNM7 and TNMS was the shift of 62%
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FIGURE 2 | Kaplan-Meier curves showing the overall survival (A,B), disease-specific survival (C,D) and disease-free survival (E,F) by stage according to the seventh
and eighth editions of the TNM classification. Comparisons were conducted using a log-rank test. cens, censored.

(32/52) TNM7 pT3 tumors into the TNM8 pT4 category due  categories, and the TNMS8 pT2b group with very poor survival.
to tumor size >7cm. The TNM7 pT2a group was subdivided = The poor survival of the 36 patients shifting from TNM7 pT2a
between TNMS8 pT2a, showing a prognosis similar to the pT1 ~ to TNMS8 pT2b is not easily explained. In particular, there are no
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differences regarding age, or gender distribution between patients
with TNM8 pT2b and pT3 tumors. Incomplete resections were
more prevalent in the pT3 group (11/51 vs. 1/38, p = 0.026),
as was administration of adjuvant chemotherapy (18/42 vs. 4/33,
p=0.044).

We used the Akaike Information Criterion (AIC) and the
Schwarz Bayesian Criterion (SBC) as parameters for goodness-
of-fit. The only minimal variance of AIC and SBC denotes no
significant difference in model fit between TNM7 and TNMS8 in
our cohort (Table 3).

DISCUSSION

In the present study, we compared the TNM7 system (2) with the
recently published updated TNM8 (1) in a clinico-pathologically
well-annotated, large, Swiss single-center cohort of pSQCC.
Although there was a stage migration regarding the pT-descriptor
and UICC stage in a significant number of cases, both TNM7 and
TNMS8 were prognostically highly significant regarding OS, DSS,
DES, and TTR. Presumably due to the relatively small cohort size,
we could not demonstrate a statistically significant superiority of
TNMS8 comparing the two systems.

The strength of our study is the histologically homogeneous
cohort and the re-validated clinico-pathological parameters for
each patient. Especially in studies including tumors resected over
a long period of time, it must be considered that pathological
workup, histological assessment and diagnostic criteria have
changed during the last years. For the present study, we re-
evaluated all cases according to current WHO 2015-diagnostic
criteria for pSQCC (18).

Additionally, SQCC in the lung may also represent metastases
from extrathoracic primaries. Because risk factors for the
development of SQCC of the lung and oral cavity are virtually
identical, some patients suspected to suffer from pSQCC may
in fact harbor lung-metastases from oral SQCC. As there are no
histological or immunohistochemical differences between SQCC
from different organ systems, care should be administered in
assembling cohorts. In a unique approach, we have assured
true primary pulmonary disease in our cohort by excluding all
patients with synchronous SQCC elsewhere or a history thereof,
thereby reliably excluding possible metastatic disease.

TABLE 3 | Comparison of goodness-of-fit criteria between TNM7 and TNM8.

TNM7 TNM8

oS AIC 890.698 900.33
SBC 905.562 9156.194
DFS AlIC 1142.98 1159.392
SBC 11569.397 1175.809

DSS AIC 421.923 436.518
SBC 432.628 447.223

TNM7, TNM 7th ed.; TNM8, TNM 8th ed.; AIC, Akaike Information Criterion;, SBC,
Schwarz Bayesian Information Criterion; OS, overall survival; DFS, disease free survival;
DSS, disease specific survival.

Even though the database used for developing the
recommendations for TNMS8 contained a very large number of
94,708 lung cancer patients, only 30,018 patients had sufficiently
assessable information to settle a pathological pT descriptor,
and data was gained from 35 sources in 16 countries. Half of
the included patients originated from European sources, but no
patients from Switzerland were included (5).

Several validation studies were subsequently published as
summarized in Table 1. We consider our study valuable as
an additional source for elucidating specific aspects of the
TNM-classification in real life, by concentrating on one specific
histological subtype with very consistent pathological and clinical
data that were reassessed and validated for this study.

Our cohort size is comparable to the SQCC content of
previous single-center studies validating TNMS8 (9, 12). In
a Chinese cohort of resected NSCLC including only 18.5%
(378/2043) SQCC Chen and co-workers reported a marginally
superior performance of TNM8 regarding prognostication for
the whole cohort (9). A group from South Korea found no
differences between TNM7 and TNM8 assessing the prognostic
value of the pT-descriptor in primary resected node-negative
lung carcinomas without specifying histological type (12). In
a two-center study on a Chinese population, prognostication
using TNM8 was superior to TNM7 in a cohort or primary
resected NSCLC including 1094 SQCC (10). Studies investigating
large national databases validate the TNMS8 applicability in
discriminating patient groups (8, 11, 13). To date, none of
the studies validating TNM8 vs. TNM7 reported a subanalysis
for pSQCC.

The evaluation of the National Cancer Data Base (NCDB;
cT: 612,534; pT: 182,616) rendered no significant prognostic
differences between clinically staged ITA (T2b) and IIB (T3)
groups (11). Only 30% of the total cohort was pathologically
staged (N = 182.616), and the overlap between T2b/T3 and
ITA/IIB was lost in this subgroup. The authors speculate that
imprecise radiological tumor measurement may account for
the findings (11). There was also no significant difference in
survival between cITA and cIIB in a large Japanese Database study
including 18,973 patients (8). An overlap between ITA and IIB or
T2b and T3 groupings was also present in our cohort. Although
both TNM7 and TNMS8 were prognostically highly significant
regarding OS, DSS, DFS, and TTR in overall analysis, patients
with TNM8 UICC stage IIB had a worse outcome compared
to stage IIA, mirrored by a worse outcome of patients with
TNMS8 pT2b vs. pT3 tumors in TNMS8 only, although those
differences were not statistically significant. Our data provide
further validation for splitting TNM7 pT2a tumors into TNM8
pT2aand pT2b, as TNMS8 pT2a patients showed a better survival,
but we could not sufficiently explain the poor prognosis of our
TNMS8 pT2b group e.g., by differing clinico-pathological patient
characteristics. The finding warrants careful monitoring of the
respective subgroups in subsequent studies.

One limitation of our study is the relatively small cohort size
compared to nationwide databases, which is inherent in the single
center approach and the narrowly defined study population. To
alleviate this concern, we provide full raw data of our cohort to
be available for subsequent meta-analyses (Table S1).
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The pivotal studies establishing adjuvant chemotherapy in
NSCLC were based on the 5th and 6th edition of the TNM
classification (TNM5 and TNMS6). Even though we show a
significant stage migration regarding pT and tumor stage,
the decision criteria for adjuvant chemotherapy (AC) remain
unaffected. The indication for AC is mainly based on the nodal
stage, which has not been amended since TNM5. The value
of AC in patients with lymph node involvement (N1 and N2
disease) corresponding to stages II and III was confirmed by
meta-analysis after more than two decades, translating into a
4-5% absolute increase in 5-year OS (22). This benefit was
achieved with cisplatin-based doublets, administering at least 300
mg/m? in 3-4 cycles. Most data support the use of vinorelbine in
combination with cisplatin in the adjuvant setting. The role of
AC in node-negative disease is less evident. A small OS benefit
was observed in a subgroup analysis for node-negative patients
with tumor diameters > 4cm (23, 24). Importantly though,
tumor stage often presents one inclusion criteria for clinical
studies, and adaptation of stage-defining parameters must be
taken into account.

In conclusion, we show a significant stage migration between
tumors staged using TNM7 and TNMS, without benefit
regarding prognostication in our cohort of pSQCC.

DATA AVAILABILITY

The datasets analyzed for this study can be found in the
Supplementary Material of this manuscript.

REFERENCES

1. Sobin LH, Gospodarowicz MK, Christian Wittekind C, editors. International
Union Against Cancer (UICC): TNM Classification of Malignant Tumours. 8th
ed. Oxford: Wiley-Blackwell (2017).

2. Sobin LH, Gospodarowicz MK, Christian Wittekind C, editors. International
Union Against Cancer (UICC): TNM Classification of Malignant Tumours. 7th
ed. Oxford: Wiley-Blackwell (2009).

3. Amin MB, editor. AJCC Cancer Staging Manual. 8th ed. New York:
Springer (2017).

4. Nicholson AG, Tsao MS, Travis WD, Patil DT, Galateau-Salle F, Marino
M, et al. Eighth edition staging of thoracic malignancies: implications
for the reporting pathologist. Arch Pathol Lab Med. (2018) 142:645-
61. doi: 10.5858/arpa.2017-0245-RA

5. Rami-Porta R, Bolejack V, Giroux DJ, Chansky K, Crowley ], Asamura H,
et al. The IASLC lung cancer staging project: the new database to inform the
eighth edition of the TNM classification of lung cancer. J Thorac Oncol. (2014)
9:1618-24. doi: 10.1097/JT0.0000000000000334

6. Rami-Porta R, Bolejack V, Crowley J, Ball D, Kim J, Lyons G, et al. The TASLC
lung cancer staging project: proposals for the revisions of the T descriptors
in the forthcoming eighth edition of the TNM classification for lung
cancer. | Thorac Oncol. (2015) 10:990-1003. doi: 10.1097/JT0O.0000000000
000559

7. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, Eberhardt
WE, et al. The TASLC lung cancer staging project: proposals for revision
of the TNM stage groupings in the forthcoming (eighth) edition of
the TNM classification for lung cancer. J Thorac Oncol. (2016) 11:39-
51. doi: 10.1016/j.jtho.2015.09.009

8. Okami ], Shintani Y, Okumura M, Ito H, Ohtsuka T, Toyooka S, et al.
Demographics, safety and quality, and prognostic information in both the
seventh and eighth editions of the TNM classification in 18,973 surgical cases

AUTHOR CONTRIBUTIONS

CN and SB conceived and designed the study and wrote the
manuscript. CN, MK, AS, PD, RS, IZ, and SB researched and
analyzed data, and edited and reviewed the manuscript. SB takes
full responsibility for the work as a whole, including the study
design, access to data and the decision to submit and publish the
manuscript. All authors gave final approval for publication.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the Translational Research
Unit of the Institute of Pathology for excellent technical support,
and the support of the Tissue Bank Bern at the Institute
of Pathology, University of Bern, in acquiring patient tissue.
We thank the Cancer registry Bern for support in acquiring
survival data. Preliminary data were presented at the 30th
European Congress of Pathology.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2019.00196/full#supplementary-material

Figure S1 | Kaplan-Meier curves showing the time to recurrence by T-descriptor
(A,B) and stage (C,D) according to the seventh and eighth editions of the TNM
classification. Comparisons were conducted using a log-rank test. cens,
censored.

Table S1 | Complete data on the patient cohort (N = 354).

of the japanese joint committee of lung cancer registry database in 2010. J
Thorac Oncol. (2018) 14:212-22. doi: 10.1016/j.jtho.2018.10.002

9. Chen K, Chen H, Yang E Sui X, Li X, Wang J. Validation of the eighth
edition of the TNM staging system for lung cancer in 2043 surgically treated
patients with non-small-cell lung cancer. Clin Lung Cancer. (2017) 18:e457-
66. doi: 10.1016/j.cllc.2017.04.001

10. Sui X, Jiang W, Chen H, Yang F, Wang ], Wang Q. Validation of the stage
groupings in the eighth edition of the TNM classification for lung cancer. |
Thorac Oncol. (2017) 12:1679-86. doi: 10.1016/j.jtho.2017.07.028

11. Chansky K, Detterbeck FC, Nicholson AG, Rusch VW, Vallieres E, Groome
P, et al. The IASLC lung cancer staging project: external validation
of the revision of the TNM stage groupings in the eighth edition of
the TNM classification of lung cancer. J Thorac Oncol. (2017) 12:1109-
21. doi: 10.1016/j.jtho.2017.04.011

12. Jung HS, Lee JG, Lee CY, Kim DJ, Chung KY. Validation of the T descriptor in
the new 8th TNM classification for non-small cell lung cancer. ] Thorac Dis.
(2018) 10:162-7. doi: 10.21037/jtd.2017.12.20

13. Yang L, Wang S, Zhou Y, Lai S, Xiao G, Gazdar A, et al. Evaluation of
the 7(th) and 8(th) editions of the AJCC/UICC TNM staging systems for
lung cancer in a large North American cohort. Oncotarget. (2017) 8:66784-
95. doi: 10.18632/oncotarget.18158

14. Yun JK, Lee GD, Kim HR, Kim YH, Kim DK, Park SI, et al. Validation
of the 8th edition of the TNM staging system in 3,950 patients with
surgically resected non-small cell lung cancer. ] Thorac Dis. (2019) 11:2955-
64. doi: 10.21037/jtd.2019.07.43

15. Blaauwgeers H, Damhuis R, Lissenberg-Witte B, de Langen AJ, Senan S,
Thunnissen E. A population-based study of outcomes in surgically resected
T3NO non-small cell lung cancer in the Netherlands, defined using TNM-
7 and TNM-8; justification of changes and an argument to incorporate
histology in the staging algorithm? ] Thorac Oncol. (2018) 14, 459-
67. doi: 10.1016/j.jtho.2018.10.164

Frontiers in Medicine | www.frontiersin.org

September 2019 | Volume 6 | Article 196


https://www.frontiersin.org/articles/10.3389/fmed.2019.00196/full#supplementary-material
https://doi.org/10.5858/arpa.2017-0245-RA
https://doi.org/10.1097/JTO.0000000000000334
https://doi.org/10.1097/JTO.0000000000000559
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.jtho.2018.10.002
https://doi.org/10.1016/j.cllc.2017.04.001
https://doi.org/10.1016/j.jtho.2017.07.028
https://doi.org/10.1016/j.jtho.2017.04.011
https://doi.org/10.21037/jtd.2017.12.20
https://doi.org/10.18632/oncotarget.18158
https://doi.org/10.21037/jtd.2019.07.43
https://doi.org/10.1016/j.jtho.2018.10.164
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Neppl et al.

TNM Staging in Pulmonary SQCC

16.

17.

18.

19.

20.

21.

22.

Keller MD, Neppl C, Irmak Y, Hall SR, Schmid RA, Langer R, et al.
Adverse prognostic value of PD-L1 expression in primary resected pulmonary
squamous cell carcinomas and paired mediastinal lymph node metastases.
Mod Pathol. (2017) 31:101-10. doi: 10.1038/modpathol.2017.111

Altman DG, McShane LM, Sauerbrei W, Taube SE. Reporting
Recommendations for Tumor Marker Prognostic Studies (REMARK):
explanation and elaboration. PLoS Med. (2012) 9:e1001216. doi: 10.1371/
journal.pmed.1001216

Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG, editors. WHO
Classification of Tumours of the Lung, Pleura, Thymus and Heart. 4th ed. Lyon:
International Agency for Research on Cancer (IARC) (2015).

Travis WD, Brambilla E, Rami-Porta R, Vallieres E, Tsuboi M, Rusch V; et al.
Visceral pleural invasion: pathologic criteria and use of elastic stains: proposal
for the 7th edition of the TNM classification for lung cancer. J Thorac Oncol.
(2008) 3:1384-90. doi: 10.1097/JTO.0b013e31818e0d9f

Rusch VW, Asamura H, Watanabe H, Giroux DJ, Rami-Porta R, Goldstraw
P, et al. The IASLC lung cancer staging project: a proposal for a new
international lymph node map in the forthcoming seventh edition of
the TNM classification for lung cancer. J Thorac Oncol. (2009) 4:568-
77. doi: 10.1097/JTO.0b013e3181a0d82e

Keller M. Completion of the Clinico-Pathological Parameters und Survival Data
of a Collective of Squamous Cell Carcinomas of the Lung. Bern: University of
Bern (2017).

Artal Cortes A, Calera Urquizu L, Hernando Cubero J. Adjuvant
chemotherapy in non-small cell lung cancer: state-of-the-art. Transl Lung
Cancer Res. (2015) 4:191-7. doi: 10.3978/j.issn.2218-6751.2014.06.01

23. Butts CA, Ding K, Seymour L, Twumasi-Ankrah P, Graham B,
Gandara D, et al. Randomized phase III trial of vinorelbine plus
cisplatin compared with observation in completely resected stage
IB and II non-small-cell lung cancer: updated survival analysis
of JBR-10. J Clin Oncol. (2010) 28:29-34. doi: 10.1200/JCO.2009.
24.0333

24. Strauss GM, Herndon JE III, Maddaus MA, Johnstone DW, Johnson
EA, Harpole DH, et al. Adjuvant paclitaxel plus carboplatin compared
with observation in stage IB non-small-cell lung cancer: CALGB
9633 with the Cancer and Leukemia Group B, Radiation Therapy
Oncology Group, and North Central Cancer Treatment Group Study
Groups. ] Clin Oncol. (2008) 26:5043-51. doi: 10.1200/JCO.2008.
16.4855

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Neppl, Keller, Scherz, Dorn, Schmid, Zlobec and Berezowska.
This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

September 2019 | Volume 6 | Article 196


https://doi.org/10.1038/modpathol.2017.111
https://doi.org/10.1371/journal.pmed.1001216
https://doi.org/10.1097/JTO.0b013e31818e0d9f
https://doi.org/10.1097/JTO.0b013e3181a0d82e
https://doi.org/10.3978/j.issn.2218-6751.2014.06.01
https://doi.org/10.1200/JCO.2009.24.0333
https://doi.org/10.1200/JCO.2008.16.4855~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Comparison of the 7th and 8th Edition of the UICC/AJCC TNM Staging System in Primary Resected Squamous Cell Carcinomas of the Lung—A Single Center Analysis of 354 Cases
	Introduction
	Patients and Methods
	Patient Cohort
	Histological Tumor Typing Including Immunohistochemistry
	Staging
	Clinical Parameters
	Statistical Analysis

	Results
	Patient Cohort
	Tumor Characteristics
	Shifts of the T-Descriptor Between the TNM7 and TNM8
	Shifts of Tumor-Stage Between TNM7 and TNM8
	Survival Analysis and Prognostic Value of TNM7 and TNM8

	Discussion
	Data Availability
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


