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Abstract

There are no universally accepted grading systems in pulmonary squamous cell carcinoma (pSQCC). Recently, tumor
budding, cell nest size, and spread through airspaces (STAS) have been proposed as grading scheme candidates. Tumor
budding is a well-established independent prognostic factor in colorectal cancer. The International Tumor Budding Consensus
Conference (ITBCC) provided consensus on scoring in 2016, albeit for colorectal cancers. Here, we aimed to validate the
ITBCC method in pSQCC and evaluate additional proposed grading parameters. We analyzed a fully clinico-pathologically
annotated Western single-center cohort of 354 consecutive primary resected pSQCC (resected 2000-2013). Patients with
SQCC of other organs were excluded to reliably exclude lung metastases. We assessed conventional grading, keratinization,
STAS, and tumor budding according to ITBCC recommendations, and correlated them with clinico-pathological parameters
and survival. Tumor budding was low (0—4 buds/0.785 mm?) in 41%, intermediate (5-9 buds/0.785 mm?) in 30%, and high
(210 buds/0.785 mm?) in 29% of cases (mean bud count = 7.45 (H&E), min = 0, max = 84). Cell nests of 1, 24, 5-15, >15
cells were present in 68%, 20%, 5%, 7%, respectively. We detected STAS in 33% of cases, desmoplasia in 68%. Tumor
budding assessed as continuous and categorized variables was highly concordant between hematoxylin and eosin (H&E) and
pancytokeratin (AE1/AE3) stained slides (P <0.001) and significantly associated with tumor size, UICC/AJCC pT, pN, stage
(all P<0.001) and presence of mediastinal lymph node metastases (H&E: P =0.028). Tumor budding was a significant
prognostic parameter for overall, disease-specific, and progression-free survival (PFS) (all P <0.001). ITBCC tumor budding
categories were independent prognostic factors for overall survival (HR = 1.581; 95% CI 1.186-2.108; P = 0.002), disease-
specific survival (HR =1.710; 95% CI 1.111-2.632; P =0.015), and PFS (HR = 1.457; 95% CI 1.123-1.890; P = 0.005).
STAS or conventional tumor grade had no prognostic value. In conclusion, we confirm tumor budding as an independent
prognostic marker in pSQCC and validate the ITBCC 2016 scoring recommendations in pSQCC.

Introduction

Pulmonary squamous cell carcinoma (pSQCC) represents
about one third of non-small cell lung cancers. There is still
no recommended grading system for pSQCC that allows
sound prognostic stratification [1].

Although there is no universally agreed on WHO-
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recommended grading scheme for pulmonary adenocarci-
nomas, prognostication is currently mostly performed
according to the morphologic features of predominant
growth patterns as proposed by the International Associa-
tion for the Study of Lung Cancer [1, 2]. Additional mor-
phological parameters have been evaluated for their
prognostic impact, namely spread through airspaces (STAS)
[3, 4], proliferative index [5], subtypes of acinar adeno-
carcinoma [6], and tumor budding [7, 8].
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In pSQCC, in particular tumor budding and cell nest size
including single cell invasion are considered possible can-
didates for grading purposes [9, 10].

Budding emerged first as a prognostic marker in colorectal
cancer, where it is discussed for many decades now [11-15].
Its prognostic relevance has subsequently been established in
other cancer entities such as pancreatic cancer [16, 17], oral
squamous cell carcinoma [18], and cervical squamous cell
carcinoma [19]. Numerous studies have been published using
various approaches to count tumor buds, with differences in
staining method, number of evaluated high-power fields, or
categorical versus continuous values [20, 21]. Eventually,
the International Tumor Budding Consensus Conference
(ITBCC) 2016 provided a consensus on how to evaluate
tumor budding in colorectal cancer, scoring one hotspot
region in hematoxylin and eosin (H&E) stained slides, using
%20 objective magnification, thus evaluating 0.785 mm? [22].
This approach has been validated in colorectal cancer
[23-25], pancreatic cancer [26], intrahepatic cholangiocarci-
noma [27], cutaneous squamous cell carcinoma [28], and oral
tongue squamous cell carcinoma [29]. In colorectal cancer,
tumor budding is now included as an additional prognostic
factor in the 8th edition of the Union for International Cancer
Control’s TNM classification and as a feature for reporting in
the current College of American Pathologists (CAP) reporting
guidelines [12, 30, 31].

Here, we aimed to validate the ITBCC scoring method in
a large and well-characterized cohort of pSQCC and eval-
uate the additional morphological features recommended
for prognostication.

Materials and methods
Patient cohort and clinical parameters

In this retrospective, single-center study, we analyzed 354
patients with primary resected pSQCC diagnosed con-
secutively at the Institute of Pathology, University of Bern
between January 1, 2000 and December 31, 2013. The
patients were naive to preoperative treatment and have not
been diagnosed with squamous cell carcinoma of other sites
previously or concomitantly in order to reliably exclude
metastatic pulmonary lesions. In 75 patients adjuvant che-
motherapy was applied according to standard oncological
guidelines. Clinical information and histological typing
were reevaluated as reported previously [32].

Correct tumor typing was confirmed according to the
current WHO guidelines for this study, by re-evaluating all
slides using H&E-morphology and standard immunobhis-
tochemistry with antibodies to TTF-1 and p40 in unclear
cases [1]. All tumors were restaged according to the UICC
2017 TNM 8th edition [30, 33]. The details regarding the

patient cohort and tumor characteristics are provided in
Table 1 and as Supplementary material (Supplementary
Table S1).

Overall survival (OS) was defined as the time from
surgical resection to death of the patient. Time from surgical
resection until disease-specific death was defined as disease-
specific survival (DSS), with censoring of patients who died
due to unrelated diseases. PFS marked the time span from
surgical resection to development of recurrence or death to
any cause.

The study was conducted and is reported according to the
REMARK-guidelines [34] and was approved by the local
Ethics Commission (KEK 200/14), which waived the
requirement for written informed consent.

Assessment of tumor grade and desmoplasia

For this study, all cases were graded according to the
recommendations published in the cancer grading manual as
follows: tumors were assigned grade 1 (well-differentiated
squamous cell carcinoma) in case of prominent keratiniza-
tion, easily visible intercellular bridges, and polygonal tumor
cells with prominent cell borders. Tumors showing scattered
foci of keratinization, less frequent intercellular bridges,
smaller sized tumor cells with well-defined cell membranes,
or central comedo-like necrosis were assigned grade 2
(moderately differentiated squamous cell carcinoma).
Tumors were assigned grade 3 (poorly differentiated) if
intercellular bridges were rare or missing, no keratin pearls
formation but single cell keratinization was observed or
tumors displayed sheet-like growth or single cell infiltration
with prominent cytological atypia. Grades 1-3 are exem-
plified in the Supplementary Fig. S1. Accordingly, grade 1
and 2 of this grading scheme correspond to the current WHO
classification category of keratinizing carcinomas, and grade
3 carcinomas represent non-keratinizing carcinomas [1].
Desmoplasia was noted to be present or absent.

Assessment of tumor budding

Tumor budding was assessed by a pathologist according to
the scoring system proposed by the ITBCC 2016 [22].
Tumor buds were defined as tumor cell clusters of four or
less tumor cells infiltrating the adjacent parenchyma.
Assessment of buds was performed on H&E stained slides.
All available tumor slides per case were scanned at medium
power [x10], and slides with the highest amount of budding
at the invasive front (“hotspot”) were selected. Tumor buds
located in one “hotspot” were counted at x20 magnification
(adjusted to an area of 0.785mm? Nikon Eclipse Ci
microscope; Nikon AG Instruments, Egg, Switzerland).
Budding was recorded using a three-tier system as recom-
mended (0-4 buds: low budding, BDI1; 5-9 buds:
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Table 1 Clinical and pathological characteristics of the cohort in relation with tumor budding
Factors n=354 Budding categories Budding continuous
BD1 BD2 BD3 P value H&E mean P value CK mean P value
n=146 (41%) n=106 (30%) n=102 (29%)
Gender
Male 302 (85%) 121 (34%) 91 (26%) 90 (25%) 0.494 7.6 02205 85 0.2344
Female 52 (15%) 25 (7%) 15 (4%) 12 (3%) 7.6 6.3
Age, median (min-max) 69.09 (median; 69.72 () 67.81 () 68.15 (%) 0.086 (%) R=-0.021 0.689 R=0.013 0.8
43-85 years)
Tumor size (median; 44.5 mm (median; 39.91 (%) 51.12 (%) 53.67 (b) <0.001  R=02 0.0002 R=0.24 <0.001
min-max) 8-150 mm)
pT-stage UICC TNM 8th edition
pTla 6 (2%) 5 (1%) 1 (<1%) 0 <0.001 2.48 <0.001  2.07 <0.001
pTlb 26 (7%) 12 (3%) 7 (2%) 7 (2%) 6.26 5.82
pTlc 48 (14%) 31 (9%) 7 (2%) 10 (3%) 4.98 5.46
pT2a 69 (20%) 29 (8%) 22 (6%) 18 (5%) 6.89 7.69
pT2b 52 (15%) 23 (7%) 20 (6%) 9 (3%) 6.55 7.60
pT3 81 (23%) 33 (9%) 25 (7%) 23 (7%) 7.87 8.74
pT4 72 (20%) 13 (4%) 24 (7%) 35 (10%) 10.64 11.90
pN-stage UICC TNM 8th edition
pNO 204 (58%) 104 (29%) 55 (16%) 45 (18%) <0.001 6.34 <0.001 6.94 <0.001
pN1 110 (31%) 33 (9%) 37 (11%) 40 (11%) 8.86 9.83
pN2 40 (11%) 9 (3%) 14 (4%) 17 (5%) 9.19 10.48
Distant metastasis (pM)
Absent (MO0) 344 (97%) 144 (41%) 103 (29%) 97 (27%) 0.255 7.36 0.180 8.05 0.024
Present (M1) 10 (3%) 2 (1%) 3 (1%) 5 (1%) 10.5 14.88
Stage UICC TNM 8th edition
1Al 4 (1%) 3 (%) 1 (<1%) 0 <0.001 2.89 <0.001 2.48 <0.001
1A2 21 (6%) 12 (3%) 4 (1%) 5 (1%) 5.23 4.76
1A3 34 (10%) 24 (7%) 6 (12%) 4 (1%) 3.48 3.96
1B 49 (14%) 22 (6%) 17 (5%) 10 (3%) 6.38 7.0
A 29 (8%) 14 (4%) 11 (3%) 4 (1%) 6.73 7.44
1B 90 (25%) 46 (13%) 21 (6%) 23 (7%) 6.51 7.59
mA 90 (25%) 16 (5%) 35 (10%) 39 (11%) 10.62 11.05
1B 27 (8%) 7 (2%) 8 (2%) 12 (3%) 8.97 10.62
IVA 7 (2%) 2 (1%) 2 (1%) 3 (1%) 7.67 12.99
VB 3 (1%) 0 1 (<1%) 2 (1%) 17.08 19.28
Grade
Gl 7 (2%) 3 (1%) 1 (<1%) 3 (1%) 0.598 6.02 0.712 6.49 0.245
G2 176 (50%) 74 (21%) 57 (16%) 45 (13%) 6.84 7.19
G3 171 (48%) 69 (20%) 48 (14%) 54 (15%) 8.13 9.39
Pleural invasion
PLO 260 (73%) 120 (34%) 71 (20%) 69 (20%) 0.005 6.98 0.020 7.58 0.009
PLI1 43 (12%) 12 (3%) 20 (6%) 11 (3%) 7.86 9.86
PL2 28 (8%) 10 (3%) 9 (3%) 9 (3%) 7.64 8.83
PL3 23 (7%) 4 (1%) 6 (2%) 13 (4%) 11.64 11.93
Resection status
RO 306 (86%) 139 (39%) 88 (25%) 79 (22%) <0.001 6.87 <0.001 7.61 <0.001
R1/2 48 (14%) 7 (2%) 18 (5%) 23 (7%) 11.14 12.24
Total 354

#Kruskal-Wallis-test

"Mean

intermediate budding, BD2; >10 buds: high budding, BD3)
in addition to the absolute bud counts [22]. Areas with
extensive peritumoral inflammation and subsequent tumor
tissue fragmentation were excluded from evaluation. To
evaluate the necessity of immunohistochemical
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pancytokeratin (AE1/AE3) staining in the assessment of
tumor budding, tumor budding was scored on AEl/
AE3 stained slides containing budding “hotspot” areas in an
analogous manner in all cases. Representative BD1-BD3
cases are shown in Fig. la—f.
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Fig. 1 Different categories of
tumor budding, cell nest size and
spread through airspaces. Tumor
budding category low (BD1; a,
d; case #174), intermediate
(BD2; b, e; case #172), and high
(BD3; ¢, f; case #343). Different
categories of cell nest size, with
cell nests >15 cells (g; case
#162), and cell nests 5-15 cells
(h; case #126). Exemplary case
depicting spread through
airspaces (i; case #271).
(BD1-BD3: a—c: HE upper
panel, d-f: pancytokeratin AE1/
AE3 lower panel, overall
magnification x200; cell nest
size: g, h: HE, overall
magnification x200; spread
through airspaces: i: HE, overall
magnification x50)

Assessment of tumor cell nests

The presence of tumor cell nests was evaluated on H&E
stained whole slide sections as described previously [9, 10].
Accordingly, tumor nest size was classified as single cell
invasion, small tumor nests (2—4 cells), intermediate tumor
nests (5—15 cells), and large tumor nests (215 cells). Tumor
nest size was evaluated at the tumor invasive front and
tumor center separately, and the smallest nest size was
recorded. Single cell invasion and small tumor nests cor-
respond to tumor buds. Intermediate and large tumor nests
are shown in Fig. 1g, h.

Assessment of STAS

STAS was assessed as described by Kadota and colleagues,
defining STAS as spreading of tumor cell nests in airspaces
beyond the edge of the main tumor (Fig. 1i) [3, 35]. Pre-
sence or absence of STAS was noted.

Immunohistochemical analysis

Whole slide sections were immunohistochemically stained
on an automated immunostainer (Leica BOND RX, Leica
Biosystems, Switzerland) using the following antibodies:
anti-cytokeratin AE1/AE3 (Dako-Agilent, M3515 mouse
monoclonal antibody; dilution 1:200, pretreatment with
citrate buffer, 20 min at 100 °C); anti-TTF-1 clone 8 G7G3/1
(Cell Marque, Rocklin, CA, USA; dilution 1:400, antigen
retrieval by Tris-EDTA, pH 9, 30 min at 95 °C) and anti-

p40 (Biocare Medical, Biosystems Switzerland AG, Swit-
zerland; dilution 1:100, antigen retrieval Tris-EDTA, pH 9,
30 min at 100 °C).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics 24 software (IBM Corporation, Armonk, USA).
Crosstabs and y*-test were applied for group comparisons,
and Kruskal-Wallis test or Pearson’s correlation for
continuous values. Agreement of bud counts assessed
using H&E and AE1/AE3 was determined using interclass
correlation analysis and kappa analysis. Univariate ana-
lysis was calculated wusing log-rank tests and
Kaplan—Meier curves, and multivariate analysis was per-
formed using Cox regression analysis. Effect size was
determined by Hazard ratios (HR) and 95% CI. P values
were two-sided and P <0.05 was considered statistically
significant.

Results

High correlation of tumor bud counts between H&E
and pancytokeratin stains

Tumor budding ranged from 0 to 84 buds/0.785 mm?, with a
mean of 7.45 buds (H&E; AE1/AE3: 8.24 buds). Low-grade
peritumoral budding (0—4 buds/0.785 mm?, BD1) was found
in 41% of patients (H&E, n = 146; AE1/AE3: 37%, n=
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Fig. 2 Correlation between absolute tumor bud counts evaluated using
H&E and pancytokeratin AE1/AE3 stained slides (continuous values;
n=2354). R=0.92, P<0.001

131), intermediate-grade budding (5-9 buds/0.785 mm?,
BD2) in 30% (H&E, n = 106; AE1/AE3: 27%, n = 96), and
high-grade budding (210 buds/0.785 mm?, BD3) in 29%
(H&E, n=102; AE1/AE3: 36%, n = 126).

There was a highly significant correlation of tumor bud
counts at the tumor’s invasive front using H&E and
pancytokeratin AE1/AE3 stained slides, both for con-
tinuous values (Fig. 2; r=0.92; P=<0.001) and tumor
budding categories (Table 2; P<0.001). In addition,
interclass correlation analysis confirmed a very high
agreement between continuous values of tumor budding
assessed using H&E versus AEI/AE3 (ICC =0.91). The
weighted kappa coefficient showed a good level of
agreement for tumor budding categories (kappa = 0.78,
Table 2).

Tumor budding is associated with higher tumor
stage including presence of mediastinal lymph node
metastases

ITBCC assessed tumor budding showed a significant cor-
relation with pleural invasion (H&E: P =0.005; AE1/AE3:
P =0.037), higher tumor size, higher pT-category, pN-
category, UICC/AJCC-stage (Fig. 3) and resection status
(all P<0.001, H&E and AE1/AE3), but not with distant
metastases (H&E: P =0.255; AE1/AE3: P=0.152) or
conventional tumor grading (H&E: P =0.598; AE1/AE3:
P =0.645) (Table 1). In particular, tumor budding was
significantly correlated with the presence of mediastinal
lymph node metastases, defining the pN2-category [36]
(H&E: P=0.028; AE1/AE3: P =0.001).
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Cell nest sizes are associated with higher tumor
stage but not the presence of mediastinal lymph
node metastases

Cell nests at the invasive front were present as single cell
invasion in 68% (n = 242), 2—4 cells/nest in 20% (n =171),
5-15 cells/nest in 5% (n = 17), and clusters of >15 cells in
7% (n=24), respectively. When analyzing the central
tumoral area, 59% cases showed single cell invasion (n =
207), 28% cell nests of 2—4 cells (n =99), 6% tumor cell
nests of 5—15 cells (n =21), and 8% had central cell nests of
>15 cells (n=27). There was a significant correlation of
cell nest size at the invasive front with cell nest size in the
central tumoral area (P <0.001).

The presence of smaller cell nests at the tumor invasive
front significantly correlated with larger tumor size (P =
0.001), higher pT (P =0.028) and UICC-stage (P <0.001;
Fig. 3), but not with lymph node metastases, distant
metastases or conventional tumor grading (Supplementary
Table S2). Cell nest size at the invasive front did not show a
significant association with the presence of mediastinal
lymph node metastases (P =0.173).

Desmoplasia is associated with tumor budding
categories and cell nest size

Desmoplasia was present in 240 cases (68%). The presence
of desmoplasia was significantly associated with higher
tumor budding categories and lower cell nest size at the
invasive front (P <0.001). In line with this, desmoplasia was
significantly associated with higher pT-stage (P =0.001),
larger tumor size, pN-stage, UICC-stage (P <0.001 each),
and resection status (P = 0.002) (Supplementary Table S3).

STAS is associated with higher tumor stage but not
the presence of mediastinal lymph node metastases

STAS was present in 115 cases (33%). STAS was sig-
nificantly associated with larger tumor size (P =0.002),
higher pT (P=0.011), pN (P =0.001), and UICC-Stage
(P =0.004), but not with distant metastases or tumor grade
(Supplementary Table S3). STAS did not show a significant
association with the presence of mediastinal lymph node
metastases (P = 0.472).

Grading shows no association with tumor size or
tumor stage

Half of the tumors were grade 2 (176/354; 50%), the other
half grade 3 (171/354; 48%). Only 7/354 (2%) tumors
classified as grade 1.

Grading was significantly associated with resection sta-
tus (P=0.021), but not with other clinico-pathological
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Table 2 Agreement of tumor
budding categories (H&E and

Pancytokeratin AE1/AE3

K (simple) K (weighted)

AEI/AE3) and kappa statistic H&E Low (BD1) Intermediate (BD2) High (BD3)
(k). P<0.001
Low (BD1) 89 17 0
Intermediate (BD2) 8 44 21 0.69 (0.62-0.77) 0.78 (0.72-0.84)
High (BD3) 0 4 65
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single cell

features (tumor size: P =0.147; age: P =0.406; pT-stage:
P=0.401; pN-stage: P=0.351; M-stage: P =0.360;
UICC-stage: P =0.739; pleural invasion: P = 0.063).

Survival analysis
In univariate analysis, the following clinico-pathological fac-

tors were associated with longer OS: smaller tumor size (OS,
DSS, PFS: P<0.001), lower pT (OS, DSS, PES: P<0.001),

24 cells 5-15 cells >15 cells

Cell nest size

pN (OS: P =0.004; DSS: P=0.005; PFS: P=0.003), pM
(OS: P=0.001, DSS and PFS: P<0.001), and UICC-stage
(OS, DSS, PFS: P<0.001), complete resection (OS, DSS,
PFS: P <0.001), and lack of pleural invasion (OS: P = 0.002;
DSS: P=0.016; PFS: P<0.001).

Women lived significantly longer than men (OS: P =
0.008; DSS: P=0.024; PFS: P=0.014). Younger patients
had a longer OS (P =0.001) and PFS (P = 0.002), but not
DSS (P =0.085).
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Fig. 4 Kaplan—Meier curves showing overall survival (a), disease-
specific survival (b) and progression-free survival (c¢) stratified by
tumor budding categories assessed according to the recommendations
by the International Tumor Budding Consensus Conference (ITBCC)

Adjuvant chemotherapy showed no significant associa-
tion with survival (OS: P=0.641; DSS: P =0.402; PFS:
P=0.601).

Among the parameters assessed for this study, higher
tumor budding was significantly associated with shorter OS,
shorter DSS and PES, both in ITBCC categories (P <0.001,
all; H&E and AE1/AE3; Fig. 4) and continuous tumor bud
numbers (H&E; OS: HR 1.039; 95% CI: 1.022-1.055; P<
0.001; DSS: HR 1.036; 95% CI: 1.011-1.062; P = 0.004;
PFS: HR 1.037; 95% CI 1.023-1.051; P<0.001) (AEl/
AE3; OS: HR 1.047; 95% CI: 1.032-1.062; P<0.001;
DSS: HR 1.046; 95% CI; 1.023-1.069; P <0.001; PFS: HR
1.044; 95% CI: 1.031-1.057; P <0.001).

Smaller cell nest sizes at the tumor invasive front were
associated with shorter survival (OS: P =0.022; DSS: P =
0.023; PFS: P =0.004; Supplementary Fig. S2).

Presence of desmoplasia was associated with shorter
DSS (P =0.013) and PFS (P =0.002), but not OS (P =
0.050).

STAS or conventional tumor grade were not associated
with survival in our cohort (STAS: OS: P =0.838; DSS:
P=0.317; PFS: P=0.695; tumor grade: OS: P =0.630;
DSS: P=0.652; PFS: P=0.984; Supplementary Fig. S3
and S4).

Tumor budding is an independent prognostic
marker for shorter survival

In multivariate analysis, ITBCC tumor budding categories
assessed in H&E stained slides were an independent prog-
nostic factor for OS, additionally to tumor size, age, and
sex, as well as DSS, additionally to tumor size, and PFS,
additionally to UICC-stage and age (Table 3).

The assessment of ITBCC tumor budding categories
assessed in pancytokeratin AE1/AE3 stained slides rendered
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2016 in H&E stained slides (low budding, BD1; intermediate budding,
BD2; high budding, BD3). Comparisons were conducted using a log-
rank test

equal results, with budding categories being an independent
prognostic marker for OS, together with patient age, sex,
and tumor size, as well as DSS, in addition to tumor size,
and PFS, together with UICC-stage and patient age (Sup-
plementary Table S4).

Continuous tumor bud values were an independent
prognostic marker for OS and PFS, but not for DSS (Sup-
plementary Table S5).

Discussion

Tumor grading should quantify the probable -clinical
aggressiveness of a neoplasm. Currently, there is no uni-
versally accepted grading scheme for pSQCC. Tumor
budding at the invasion front, cell nest size, keratinization,
and stromal content/desmoplasia were proposed as candi-
dates to be used alone or in combination to grade pSQCC,
due their prognostic value observed in several studies
[9, 10].

From this list, tumor budding is a particularly promising
parameter, as its association with tumor aggressiveness has
been established in several tumor entities, amongst them
lung cancer. In pSQCC, tumor budding consistently has
been shown to be prognostic by several groups using dif-
ferent scoring criteria: selecting the maximal score in 1 HPF
at x200 total magnification after scanning 10 HPF [37],
scoring 10 HPF at x200 total magnification in hotspot areas
[9] or 10 HPF at x400 total magnification corresponding to
2.4 mm? [10].

Unfortunately, the lack of consensus regarding the
scoring of budding in pSQCC impedes easy implementation
of this parameter into internationally accepted grading or
reporting systems. In colorectal cancer, where tumor bud-
ding is established now as a prognostic marker for the
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Table 3 Multivariate analysis of tumor budding using the tumor
budding scoring system proposed by the International Tumor Budding
Consensus Conference (ITBCC) 2016

Factor P value HR 95% CI for HR
Lower  Upper
Multivariate analysis for disease-specific survival
Tumor budding (ITBCC)  0.015 1.710 1.111 2.632
UICC-stage 0.470 1.105 0.843 1.448
Sex 0.092 0.290  0.069 1.224
Tumor size 0.024 1.018  1.002 1.033
Resection status 0.099 1.929 0.884 4.209
Pleural invasion 0.783 1.044  0.769 1.418
Desmoplasia 0.602 1.246  0.544 2.855
Multivariate analysis for progression-free survival
Tumor budding ITBCC)  0.005 1457  1.123 1.890
UICC-stage 0.014 1.219  1.041 1.427
Age <0.001 1.049  1.024 1.073
Sex 0.055 0.521  0.268 1.013
Tumor size 0.318 1.005  0.995 1.015
Resection status 0.414 1.246  0.735 2.112
Pleural invasion 0.685 1.042  0.853 1.274
Desmoplasia 0.375 1.233  0.776 1.958
Multivariate analysis for overall survival
Tumor budding ITBCC)  0.002 1.581 1.186 2.108
UICC-stage 0.192 1.131  0.940 1.361
Age <0.001 1.059  1.031 1.089
Sex 0.033 0.399  0.171 0.928
Tumor size 0.036 1.012  1.001 1.023
Resection status 0.089 1.642  0.927 2910
Pleural invasion 0.786 0969 0.773 1.215

longest time, scoring methodology could finally be homo-
genized in 2016, as a result of an international consensus
conference, resulting in the ITBCC scoring method [22],
enabling subsequent inclusion into the current UICC TNM
classification and CAP protocol for cancer reporting
[30, 31]. Counting 10 HPF showed no advantage over
counting 1 HPF in colorectal cancer, and is less practical in
everyday practice [38].

The most practical way to go would be to extend the
ITBCC scoring guidelines to other neoplasms including
lung cancer, in order to avoid the confusing landscape of
organ specific scoring methodology as currently experi-
enced for e.g. determining tumor regression after neoadju-
vant therapy [39]. ITBCC scoring methodology has not yet
been validated in lung carcinoma.

Thus, we tested the ITBCC scoring approach on our
well-characterized cohort of 354 primary resected pSQCC
patients and not only confirm tumor budding as an inde-
pendent prognostic factor, but also validate the ITBCC

scoring scheme including the recommended 3-tier tumor
budding categorization (BD1-BD3). In short, counting
tumor buds in one HPF (hotspot, x20 objective magnifi-
cation, 0.785 mmz) at the tumor invasion front as defined by
the ITBCC rendered highly prognostic results and showed
an association with the presence of mediastinal lymph node
metastases. Of note, our cohort comprises true primary
PSQCC, as patients with previous or concomitant squamous
cell carcinoma of other organ systems have been excluded
[32].

Addressing another controversy in discussions on tumor
budding, we show that applying immunohistochemical
stains for pancytokeratin does not significantly alter bud-
ding scores in pSQCC. Even though scoring budding on
AE1/AE3 stained slides was subjectively easier and faster,
scoring on H&E stained slides rendered equal results, is less
costly and can be performed immediately at the time of
diagnosis. AEI/AE3 staining may thus be reserved for
difficult cases, without danger to overestimate the number
of tumor buds. This contrasts the situation in colorectal
cancer, where some cases may be underscored using H&E
staining alone. The reason for this difference is in our
experience most likely the different composition of the
stroma between colorectal cancer and pSQCC. No cases in
our cohort had to be excluded due to excessive inflamma-
tion or fragmentation of the tumor.

Tumor cell nest size has been proposed as an adjunct to
tumor budding to be included in a new grading scheme [10].
In our cohort, smaller cell nest size was also associated with
worse prognosis, though failed to be statistically sig-
nificantly associated with presence of mediastinal lymph
node metastases. Importantly, two of the four cell nest size
increments—namely single cell invasion and small tumor
nests (2—4 cells)—represent tumor buds. This renders
assessment of cell nest size in routine pathological practice
redundant in our view. The presence of desmoplasia was
also associated with shorter survival, but likewise associated
with higher budding and smaller cell nest size.

The majority of data on STAS in lung cancer focusses on
adenocarcinoma, where STAS was shown to be sig-
nificantly correlated with more aggressive clinic-
pathological features [40, 41], an increased risk of recur-
rence of stage I carcinomas treated by limited resection [42],
and shorter survival [41]. In pSQCC, STAS has been
reported to be an independent prognostic factor regarding
recurrence-free survival in a Japanese cohort of 216 primary
resected stage I-IV tumors [3]. STAS was also an inde-
pendent factor for recurrence or cancer-specific death, but
not for the OS, in a North American cohort of 445 primary
resected stage I-III pSQCC [35]. In a cohort of another
group from Japan, STAS was an independent prognostic
factor for the recurrence and OS only in stage I, but not in
higher stage pSQCC [43]. It could be speculated that the
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prognostic impact of STAS might depend on the resection
procedure. STAS was shown to be an adverse prognostic
factor for the OS in early stage pulmonary adenocarcinoma
[44, 45] and pSQCC patients [43] treated with
sublobar resection. Conversely though, other studies
reported an adverse prognostic effect of STAS in adeno-
carcinoma patients who received lobectomy [46]. We could
not validate a prognostic value of STAS in our cohort.
Likewise, conventional tumor grade was not associated with
survival in our cohort, again confirming the necessity to
reassess the grading scheme in pSQCC.

In conclusion, we validate the independent prognostic
value of tumor budding in pSQCC and ITBCC scoring
methodology, thereby paving the way for harmonization of
assessing tumor budding across cancer entities and organ
systems.
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