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Abstract
Grading of squamous cell carcinomas (SCCs) based on tumour budding and cell nest size has been termed cellular
dissociation grading (CDG) and was suggested as a robust outcome predictor when assessed in biopsies and
resections of various extrapulmonary SCCs. In pulmonary SCC (pSCC), this has so far been shown only for
resected cancers. As most lung cancers are inoperable, it is of utmost importance to clarify whether the prognos-
tic impact of CDG is retained in the biopsy setting. Two independent pSCC biopsy cohorts from Munich
(n = 134, non-resected) and Heidelberg (n = 135, resected) were assessed. Tumour budding and cell nest size
measures were assembled into the three-tiered CDG system (G1–G3). Data were correlated with clinicopathologi-
cal parameters and overall- (OS), disease-specific- (DSS), and disease-free survival (DFS). Interobserver variability
and concordance between biopsy and resection specimen were also investigated. CDG was highly congruent
between biopsy and resection specimens (κ = 0.77, p < 0.001). In both pSCC cohorts, biopsy-derived CDG
strongly impacted on OS, DSS, and DFS (e.g. DFS: p < 0.001). In multivariate survival analyses, CDG remained a
stage independent predictor of survival in both cohorts (DFS: p < 0.001 respectively; hazard ratio Munich cohort:
CDG-G2: 4.31, CDG-G3; 5.14; Heidelberg cohort: CDG-G2: 5.87, CDG-G3: 9.07). Interobserver agreement for
CDG was almost perfect (κ = 0.84, p < 0.001). We conclude that assessment of CDG based on tumour budding
and cell nest size is feasible on pSCC biopsies and harbours stage independent prognostic information in resect-
able as well as non-resectable pSCC. Integration of this grading approach into clinicopathological routine should
be considered.
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Introduction

Lung cancer is the leading cause of cancer-related
death in the western world. Pulmonary squamous cell
carcinoma (pSCC) is the second most prevalent histo-
logic subtype of lung cancer, comprising approxi-
mately 20% of all cases [1]. Tremendous progress has
been made in the battle against lung cancer based on
the molecular selection of patients for targeted treat-
ments [2]; however, it has been the patients with pul-
monary adenocarcinoma who have been benefitting
the most from these developments [3,4].
Despite the fact, that broad molecular characterisa-

tion has been introduced to the clinical handling of
lung cancer patients [5], the last decade has also
brought a resurge of morphologic parameters as useful
tools to predict patient outcomes and even responses
to conventional chemotherapeutics [6–8]. But again,
these developments took place mainly in lung
adenocarcinomas.
For pSCC however, pathologists find themselves in a

different situation, as currently morphology-based pre-
dictors for patients’ outcome are nearly irrelevant for
clinical decision making. The commonly proposed
grading algorithm for squamous cell carcinomas
(SCCs) – based on keratinisation, nuclear atypia, and
mitotic rate – that is used commonly to grade pulmo-
nary and extrapulmonary SCCs, shows high interob-
server variability and – at best – is of minimal
prognostic relevance, which is probably why it is no
longer even mentioned in the pSCC chapter of the cur-
rent WHO classification of thoracic tumours [9,10].
Recently, tumour budding and cell nest size, two

parameters that quantitatively and qualitatively describe
the extent of cellular dissociation, have been introduced
as potentially relevant morphologic grading factors that
might show a higher correlation with patients’ outcome
than conventional grading approaches. In previous stud-
ies, the combination of these cellular dissociation parame-
ters was used to develop a novel grading approach that
was consequently termed ‘cellular dissociation grading’
(CDG). In those studies, cellular dissociation based grad-
ing outperformed established grading algorithms in
resected SCCs (and adenocarcinomas) from various ana-
tomical sites, including oesophageal [11–14], head and

neck [15,16], and cervical SCCs [17–19]. For head and
neck and oesophageal SCC, it has already been confirmed
that CDG is also feasible and clinically meaningful
when assessed in pre-therapeutic biopsies of these
tumours [14,16].
Based on early works by Kadota et al [10], our

group – and others’ – were able to show that cellular
dissociation based grading also holds strong predictive
power in resected pSCC [9,10,20,21]. However, for
pSCC it remains entirely unclear whether the CDG
approach is transferable to the biopsy situation, and if
so whether CDG derived from pSCC biopsies is con-
gruent between different observers and mirrors the
grade derived from consecutive resection specimens.
The latter is obviously specifically important, since it
has to be answered whether an assessment on tiny
biopsy samples is able to recapitulate the extent of cel-
lular dissociation of a large, usually non-resected [22]
lung neoplasm. In addition, it is yet entirely unclear
whether CDG holds prognostic power in the clinical
scenario of stage IV pSCC.
To address these questions, our study assessed tumour

budding and cell nest size in pSCC biopsies from two
independent and clinically distinct cohorts (non-resected
versus resected). We investigated the prognostic value of
the resulting CDG approach in the biopsy scenario of
pSCC and compared the results with data previously
obtained from consecutive resection specimen.

Materials and methods

Patient cohorts
This study was approved by the local ethical commit-
tees of the University Hospital Heidelberg (reference:
301/2001) and of the University Hospital Rechts der
Isar of the Technical University of Munich (reference
number: 2022-119-S).
Two independent pSCC biopsy cohorts were investi-

gated. The first pSCC biopsy cohort (Munich cohort)
comprised 134 non-resected cases treated between 1999
and 2018. The median age of patients was 68 years,
104 (77.6%) patients were male, 30 (22.4%) were
female. As these patients were not surgically treated,
only clinical staging data were available: 16 (11.5%)
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pSCCs were clinical stage I, stage II was diagnosed in
5 cases (3.7%), stage III was present in 29 (21.7%)
cases, and stage IV was evident in 84 (62.7%) cases.
The second cohort was a subcohort of 135 patients

with operable pSCC from the University Hospital Hei-
delberg, from which pre-therapeutic biopsies were avail-
able (Heidelberg cohort, patients treated between 2005
and 2010). These patients were part of a much larger col-
lective of resected pSCCs, which were investigated
regarding tumour budding and cell nest size in a previous
study [21]. Therefore, all cases from the Heidelberg
cohort had available data from consecutive re-
section specimen that could be compared to the newly
generated data from the preoperative biopsies that were
investigated in this study. The median age of patients in
this cohort was 65 years. One-hundred and fifteen
(85.2%) patients were male, 20 (14.8%) were female:
39 (28.9%) cases of this cohort were pathological UICC
stage I, 19 (14.1%) were UICC stage II, 71 (52.6%) were
UICC stage III, and 6 (4.4%) were UICC stage
IV. Compared to one another, the two cohorts showed a
similar ratio between males and females, a comparable
median age as well as a similar distribution of
keratinising and non-keratinising carcinomas (p = n.s.).
Although clinical and pathological stage cannot exactly
be compared and are only an approximation of one
another, a massive enrichment of stage IV patients com-
pared to the Heidelberg cohort was evident in the
Munich cohort (p < 0.001, clinical versus pathological
stage). Detailed clinicopathological characteristics includ-
ing survival associations are given in Table 1 (Munich
cohort) and Table 2 (Heidelberg cohort).

Histopathological evaluation
Three experienced pathologists (MJ, MB, and WW)
who were blinded to clinicopathological data were
involved in the evaluation of H&E-stained slides of pSCC
biopsy specimens. MJ performed the initial evaluation of
all biopsies. MB blindly reassessed cases initially evaluated
by MJ to test interobserver variability. For discrepant cases,
WW was called in as a reference pathologist in order to
reach a consensus. All section levels on the available slides
were taken into account. Only diagnostic biopsies
harbouring clearly invasive carcinomas were considered,
cases that only showed minimal invasive cancer surround-
ing an in situ lesion were excluded. An Olympus BX46
microscope (Olympus, Shinjuku, Tokyo, Japan) with a
field diameter of 0.55 mm (0.24 mm2) was used. Re-
section specimens from the Heidelberg cohort had previ-
ously been evaluated in an independent study [21].
Tumour budding and cell nest size and the resulting

CDG were quantified as described previously (Figure 1

and Table 3) [14]. In brief, tumour budding was used as
a quantitative parameter to determine the extent of disso-
ciative growth and defined as the presence of small,
stroma invasive tumour complexes of fewer than five
tumour cells. Tumour buds were counted in one high-
power-field (HPF) in biopsies in the area showing maxi-
mal budding activity at a scanning magnification. The
presence of 1–4 tumour buds in one HPF was defined as
a low budding activity. Tumours with ≥5 buds in one
HPF were assigned to the high budding activity sub-
group. Cell nest size was assessed as a qualitative param-
eter for the maximal capability of dissociative growth of
a given tumour. Tumour cell nests were classified
according to the size of the smallest invasive cell nest as
follows: >15 tumour cells = large nests, 5–15 tumour
cells = intermediate size nests, 2–4 tumour cells = small
nests, and discohesive tumour cells without nested
architecture = single-cell invasion. The criteria applied
for budding activity and cell nest size evaluation were
similar to already published algorithms for the evaluation
of CDG in biopsies and resection specimen
[11,15,16,21]. A scoring system for both the extent of
tumour budding activity (1 = no budding activity;
2 = low budding activity; 3 = high budding activity)
and cell nest size (1 = large cell nests; 2 = intermediate
cell nests; 3 = small cell nests; 4 = single-cell invasion)
was used in order to generate a composite CDG score.
Similarly to the cutoffs used in previous studies from our
group [11,15,16,21], both scores for tumour budding and
cell nest size were incorporated into a sum score ranging
from 2 to 7, raw scores were used to classify cancers of
being not dissociative (CDG G1; sum scores 2–3), mod-
erately dissociative (CDG G2; sum scores 4–6), and
highly dissociative (CDG G3; sum score 7). The detailed
algorithm to determine the CDG is depicted in Table 3.

Assessment of interobserver variability
A total of 90 cases (randomly selected from both
cohorts) were independently evaluated by two experi-
enced pathologists (MJ and MB) to assess
interobserver variability (see above).

Statistics
Associations of morphological characteristics with clinico-
pathological parameters were calculated with χ2 tests and
Fisher’s exact test. Survival probabilities were plotted
with the Kaplan–Meier method, a log-rank test was used
to probe the significance of differences. Multivariate sur-
vival analysis was performed with the Cox proportional
hazard model. P values ≤0.05 were considered significant.
Interobserver variability was analysed by using κ
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statistics, the interpretation of kappa-values was guided
by the classification proposed by Landis and Koch [23]
(κ < 0: less than chance agreement, κ = 0.01–0.20: slight
agreement, κ = 0.21–0.40: fair agreement, κ = 0.41–
0.60: moderate agreement, κ = 0.61–0.80: substantial
agreement, κ = 0.81–0.99: almost perfect agreement).

Results

Distribution of tumour budding/cell nest size and
the resulting CDG within both biopsy cohorts
In the Munich cohort (Table 1), 14 (10.5%) out of
134 biopsies showed no tumour budding, while

68 (50.7%) cases showed intermediate tumour budding
activity. A high tumour budding activity was noted in
52 (38.8%) pSCC biopsies. Five (3.7%) cases showed
large cell nests of more than 15 cells as their smallest cell
nest size, 9 (6.9%) biopsies showed intermediate cell nests,
a small cell nest size (minimal size of 2–4 cells) was noted
in 41 (30.6%) biopsies. Single cell invasion was present in
79 (59.0%) cases. The combination of both parameters
(Table 3) resulted in 14 (10.4%) CDG-G1 (10%),
73 (54.5%) CDG-G2, and 47 (35.1%) CDG-G3 cases.
In the resected Heidelberg cohort (Table 2), the num-

ber of cases with increased tumour budding and
decreased cell nest sizes was considerably lower. Fifty-
six (41.5%) out of 135 biopsies showed no tumour bud-
ding, 55 (40.7%) cases showed intermediate tumour

Table 1. Clinicopathological characteristics of the Munich cohort and their association with patient survival
Overall
n (%)

Mean OS (SE)
(months)

P value Mean DSS (SE)
(months)

P value Mean DFS (SE)
(months)

P value

Age 0.359 0.529 0.668
Below median 62 (46.3%) 17.26 (2.3) 17.54 (2.4) 15.11 (2.2)
Above median 72 (53.7%) 14.78 (2.0) 16.15 (2.2) 14.44 (2.1)
Sex 0.698 0.891 0.828
Male 104 (77.6%) 15.87 (1.7) 16.95 (1.9) 14.99 (1.8)
Female 30 (22.4%) 16.08 (3.1) 16.08 (3.1) 13.61 (3.1)
cT (not all data available) 0.003 0.003 0.006
1 5 (7.0%) 51.16 (11.2) 51.16 (7.9) 50.80 (8.2)
2 25 (35.3%) 20.70 (3.4) 21.44 (3.7) 18.02 (3.5)
3 17 (23.9%) 16.63 (3.5) 16.63 (3.5) 13.89 (3.5)
4 24 (33.8%) 12.19 (2.2) 12.19 (2.2) 11.55 (2.4)
cN (not all data available) 0.106 0.079 0.022
0 29 (39.7%) 26.31 (4.2) 27.27 (4.4) 25.46 (4.3)
1 8 (11.0%) 16.69 (6.5) 16.69 (6.5) 11.88 (4.0)
2 22 (30.1%) 15.65 (2.1) 15.65 (2.1) 11.92 (1.9)
3 14 (19.2%) 12.29 (2.6) 12.29 (2.6) 9.25 (1.5)
cM 0.050 0.061 0.021
0 51 (38.1%) 19.98 (2.8) 20.62 (2.9) 19.01 (2.9)
1 83 (61.9%) 13.44 (1.7) 14.40 (1.8) 11.89 (1.6)
Clinical stage 0.025 0.015 0.014
1 16 (11.9%) 31.44 (5.9) 33.28 (6.3) 30.52 (6.2)
2 5 (3.7%) 18.38 (9.7) 18.38 (9.7) 16.72 (9.8)
3 29 (21.7%) 13.37 (2.0) 13.37 (2.0) 12.45 (2.1)
4 84 (62.7%) 13.36 (1.7) 14.30 (1.8) 11.82 (1.6)
Tumour budding 0.002 0.002 <0.001
0 14 (10.5%) 53.01 (13.1) 58.84 (13.3) 56.54 (13.0)
1–4 68 (50.7%) 15.15 (2.2) 16.13 (2.5) 15.48 (2.6)
≥5 52 (38.8%) 15.14 (3.4) 16.22 (3.6) 13.08 (3.1)
Cell nest size 0.002 0.002 0.001
>15 5 (3.7%) 59.48 (25.6) 59.48 (25.6) 53.33 (21.9)
5–15 9 (6.7%) 47.29 (15.6) 55.14 (16.7) 54.38 (16.8)
2–4 41 (30.6%) 18.78 (3.6) 20.72 (4.4) 18.65 (4.2)
Single cell invasion 79 (59.0%) 13.68 (2.4) 14.31 (2.5) 12.42 (2.9)
CDG biopsy 0.001 0.001 <0.001
CDG-G1 14 (10.4%) 53.00 (13.10) 58.84 (13.28) 56.54 (12.98)
CDG-G2 73 (54.5%) 16.57 (2.69) 18.02 (3.21) 17.43 (3.31)
CDG-G3 47 (35.1%) 13.30 (2.89) 14.34 (3.11) 10.95 (2.37)

P values in bold are statistically significant.
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budding (41%). A high tumour budding activity was
noted in 24 (17.8%) pSCC biopsies. Twenty-one
(15.6%) cases harboured large cell nests, 36 (26.7%)
cases had intermediate sized cell nests (27%), a small
cell nest size (minimal size of 2–4 cells) was noted in
31 (23%) biopsies. Single cell invasion was present in
47 (34.8%) cases. The combination of both parameters
(Table 3) resulted in 56 (41.5%) CDG-G1, 57 (42.2%)
CDG-G2, and 22 (16.3%) CDG-G3 cases.

When we compared the distribution of CDG-grades
between both cohorts, we observed a significantly
higher frequency of highly dissociative CDG-G3 neo-
plasms (35.1% [Munich] versus 16.3% [Heidelberg];
p < 0.001) and a significantly lower frequency of non-
dissociative CDG-G1 tumours in the non-resected
Munich cohort compared to the resected Heidelberg
cohort (10.4% [Munich] versus 41.5% [Heidelberg];
p < 0.001).

Table 2. Clinicopathological characteristics of the Heidelberg cohort and their association with patient survival
Overall
n (%)

Mean OS (SE)
(months)

P value Mean DSS (SE)
(months)

P value Mean DFS (SE)
(months)

P value

Age 0.136 0.162 0.500
Below median 65 (48.1%) 56.09 (2.9) 56.85 (2.9) 48.23 (3.5)
Above median 70 (51.9%) 46.32 (3.0) 47.45 (2.9) 42.83 (3.2)
Sex 0.126 0.060 0.379
Male 115 (85.2%) 50.32 (2.5) 51.08 (2.5) 45.45 (2.7)
Female 20 (14.8%) 39.68 (2.2) 41.33 (1.5) 34.23 (3.4)
pT 0.024 0.009 0.028
1a 20 (14.8%) 58.23 (5.2) 58.23 (5.2) 55.00 (5.8)
1b 17 (12.6%) 43.62 (5.4) 43.62 (5.4) 33.28 (5.8)
2a 41 (30.4%) 45.07 (2.1) 46.86 (1.8) 40.86 (2.6)
2b 23 (17.0%) 38.87 (3.3) 38.87 (3.3) 33.29 (3.9)
3 27 (20.0%) 32.33 (2.6) 33.13 (2.6) 29.03 (3.0)
4 7 (5.2%) 23.14 (3.1) 23.14 (3.1) 17.23 (4.4)
pN 0.211 0.087 0.210
0 64 (47.4%) 52.78 (3.1) 52.78 (3.1) 45.86 (3.6)
1 50 (37.0%) 44.10 (2.5) 46.31 (2.3) 40.88 (2.8)
2 21 (15.6%) 30.47(2.8) 30.47 (2.8) 25.87 (3.3)
pM <0.001 <0.001 <0.001
0 129 (95.6%) 54.05 (2.2) 55.15 (2.2) 48.32 (2.5)
1a 6 (4.4%) 17.00 (7.0) 16.99 (7.0) 6.28 (1.4)
Pathological UICC stage <0.001 <0.001 <0.001
1 39 (28.9%) 59.18 (3.3) 59.18 (3.3) 51.48 (4.2)
2 19 (14.1%) 48.22 (4.6) 48.22 (4.6) 39.37 (5.0)
3 71 (52.6%) 42.17 (2.2) 43.63 (2.1) 38.17 (2.5)
4 6 (4.4%) 16.99 (7.0) 16.99 (7.0) 6.38 (1.4)
Tumour budding biopsy <0.001 <0.001 <0.001
0 56 (41.5%) 63.89 (2.0) 64.86 (1.8) 60.65 (2.6)
1–4 55 (40.7%) 45.38 (3.5) 46.09 (3.5) 37.87 (3.8)
≥5 24 (17.8%) 33.83 (4.2) 34.91 (4.3) 25.68 (4.1)
Cell nest size biopsy <0.001 <0.001 <0.001
>15 21 (15.6%) 66.07 (1.4) 66.07 (1.4) 62.47 (3.7)
5–15 36 (26.7%) 55.52 (3.0) 56.83 (2.8) 53.75 (3.4)
2–4 31 (23.0%) 50.38 (3.4) 51.82 (3.2) 42.00 (4.1)
Single cell invasion 47 (34.8%) 35.13 (2.3) 35.76 (3.8) 30.05 (4.1)
CDG biopsy <0.001 <0.001 <0.001
CDG-G1 56 (41.5%) 63.89 (2.0) 64.86 (1.8) 60.65 (2.6)
CDG-G2 57 (42.2%) 45.36 (3.4) 46.79 (3.4) 38.16 (3.7)
CDG-G3 22 (16.3%) 33.32 (4.6) 33.32 (4.6) 24.15 (4.3)
CDG resection <0.001 <0.001 <0.001
CDG-G1 60 (44.4%) 63.07 (2.1) 63.97 (1.9) 56.28 (3.2)
CDG-G2 55 (40.7%) 46.82 (3.4) 48.31 (3.4) 42.59 (3.8)
CDG-G3 20 (14.8%) 31.62 (5.0) 31.62 (5.0) 22.24 (5.0)

P values in bold are statistically significant.
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Correlation of tumour budding/cell nest size and
the resulting CDG with clinicopathological
parameters
In the Munich cohort, CDG (p = 0.04) and cell nest
size (p = 0.007) were associated with higher clinical
stages, while tumour budding only trended towards
higher clinical stages (p = 0.067) without reaching

statistical significance. No association of any of the
parameters with age was noted.
In the Heidelberg cohort, pathological UICC stage

was not significantly associated with tumour budding
and cell nest size. The derived CDG trended to be
higher in high tumour stages (p = 0.075), but this
association did also not reach statistical significance.
No correlation of any of the parameters with age and
sex was observed.

Correlation of tumour budding/cell nest size and
the resulting CDG assessed on pSCC biopsies with
survival parameters
Both cellular dissociation parameters, tumour budding
as well as cell nest size as assessed on pSCC biopsies
were significant survival predictors for overall (OS),
disease-specific (DSS), and disease-free survival
(DFS) in the Munich cohort as well as in the Heidel-
berg cohort (see Table 1 [Munich] and supplementary
material, Figure S1, and Table 2 [Heidelberg] and sup-
plementary material, Figure S2).

Figure 1. Histopathology of pSCC biopsies with different CDGs. (A–C) (A: �1.25) Scanning magnification from a biopsy of a CDG-G1
invasive pSCC showing a neoplasm without tumour budding consisting of (B: �10) very large cell-nests of more than 15 cells (C: �40,
arrows mark the large cell-nests). (D–F) (D: �1.25) Scanning magnification from a biopsy of a CDG-G2 invasive pSCC with moderate dis-
sociative growth featuring moderate tumour budding with small cell nests but no single cell invasion. (E: �10) While also larger cell
nests are seen, there are (F: �40, arrow) few small invasive cell nests that consist of less than five cells. No single-cell invasion was
noted. (G–I) (G: �1.25) Scanning magnification from a biopsy of a CDG-G3 pSCC with (H: �10) highly dissociative growth. The tumour
shows high tumour budding with numerous invasive clusters of less than 2–4 cells (black arrows) and (I: �40) numerous invasive single
cells (blue arrows).

Table 3. Algorithm for the calculation of CDG on pSCC biopsies
Algorithm for the assembly of CDG for biopsy specimens
of pSCC Score

Tumour budding/1 HPF
No tumour budding 1
1–4 tumour buds detectable 2
5 or more tumour buds detectable 3
Smallest cell nest size
>15 cells 1
5–15 cells 2
2–4 cells 3
Single cell invasion 4
CDG
CDG-G1 (well differentiated) 2–3
CDG-G2 (moderately differentiated) 4–6
CDG-G3 (poorly differentiated) 7
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In univariate survival analyses of the Munich cohort
(Table 1, Figure 2), the CDG derived from a combina-
tion of tumour budding and cell nest size (Table 1)
was strongly associated with OS (p = 0.001;
CDG-G1: 53.00 months versus CDG-G2: 16.57 months
versus CDG-G3 13.30 months), DSS (p = 0.001; CDG-
G1: 58.84 months versus CDG-G2: 18.02 months versus
CDG-G3: 14.34 months), and DFS (p < 0.001; CDG-G1:
56.54 months versus CDG-G2: 17.43 months versus CDG-
G3: 10.95 months). In multivariate analyses of the Munich
cohort (Cox-regression) including CDG, age, gender, and

clinical stage, CDG remained a stage independent prognos-
ticator (DFS: p < 0.001, hazard ratio CDG-G2: 4.31, haz-
ard ratio CDG-G3: 5.14, Table 4; DSS: p = 0.001, hazard
ratio CDG-G2: 2.94, hazard ratio CDG-G3: 3.15, data not
shown; OS: p = 0.002, hazard ratio CDG-G2: 3.34, hazard
ratio CDG-G3: 3.41, data not shown).
As expected, and previously published [21], CDG

as extracted from resection specimens in the Heidel-
berg cohort was a survival predictor for OS, DSS, and
DFS (Table 2, Figure 3) in univariate analyses
(p < 0.001 for all comparisons).

Figure 2. Impact of CDG derived from pSCC biopsies on OS, DSS, and DFS probability in (A–C) the Munich cohort and (D–F) in the
Heidelberg cohort.

Table 4. Multivariate survival analysis for disease-free survival (Munich cohort)
HR (DFS) Lower CI (95%) Upper CI (95%) P value

CDG on biopsy <0.001
CDG-G1 1.00
CDG-G2 4.31 1.93 9.6
CDG-G3 5.14 2.25 11.72
Gender 0.50
Male 1.00
Female 0.85 0.54 1.34
Age group 0.98
Median and above 1.00
Below median 0.96 0.68 1.44
Clinical UICC stage 0.004
Stage I 1.00
Stage II 1.51 0.47 4.84
Stage III 2.02 0.97 4.21
Stage IV 2.62 1.35 5.06

P values in bold are statistically significant.
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CDG as assessed on biopsies in the resected Heidel-
berg cohort was also strongly associated with OS
(p < 0.001; CDG-G1: 63.89 months versus CDG-G2:
45.36 months versus CDG-G3: 33.32 months), DSS
(p < 0.001; CDG-G1: 64.86 months versus CDG-G2:
46.79 months versus CDG-G3: 33.32 months), and
DFS (p < 0.001; CDG-G1: 60.65 months versus CDG-
G2: 38.16 months versus CDG-G3: 24.15 months)
(Table 2, Figure 2). In multivariate analyses of the

Heidelberg cohort (Cox-regression) including biopsy
derived CDG, age, gender, and clinical stage, the
biopsy derived CDG remained a stage independent
prognosticator (DFS: p < 0.001, hazard ratio CDG-G2:
5.87, hazard ratio CDG-G3: 9.07, Table 5; DSS:
p < 0.001, hazard ratio CDG-G2: 8.04, hazard ratio
CDG-G3: 9.83, data not shown; OS: p = 0.002, haz-
ard ratio CDG-G2: 11.36, hazard ratio CDG-G3:
14.92, data not shown).

Figure 3. (A–C) Impact of CDG derived from resection specimens on OS, DSS, and DFS probability in the Heidelberg cohort as well as
concordance of (D) the CDG between biopsies and resections and (E) between different observers.

Table 5. Multivariate survival analysis for disease-free survival (Heidelberg cohort)
HR (DFS) Lower CI (95%) Upper CI (95%) P value

CDG on biopsy <0.001
CDG-G1 1.00
CDG-G2 5.87 2.38 14.45
CDG-G3 9.07 3.32 24.80
Gender 0.27
Male 1.00
Female 0.58 0.22 1.53
Age group 0.87
Median and above 1.00
Below median 0.94 0.50 1.79
Pathological UICC stage <0.001
Stage I 1.00
Stage II 1.88 0.67 5.21
Stage III 1.10 0.50 2.41
Stage IV 18.42 4.28 79.14

P values in bold are statistically significant.
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Concordance of tumour budding/cell nest size and
the resulting CDG between biopsies and resections
We compared the congruency of the CDG derived from
biopsies with those from resection specimens (Heidelberg
cohort) and observed a substantial concordance between
resections and previous biopsies (κ = 0.77, p < 0.001,
Figure 3). Of the 53 pSCCs that were classified as CDG-
G1 on biopsy, 47 were also classified CDG-G1 on the
resection, while only 5 tumours were allocated to the
post-operative CDG-G2 and only 1 neoplasm was allo-
cated to the post-operative CDG-G3 category. Of the
60 CDG-G2 pSCCs on biopsy, 44 were also classified
CDG-G2 on the resection, while 13 were CDG-G1 and 3
were CDG-G3 on the resection specimen. Of the 22
CDG-G3 pSCCs on biopsy, 16 were concordantly CDG-
G3 on the resection, 6 were diagnosed as CDG-G2 on
the resection.

Interobserver variability of tumour budding/cell
nest size and the resulting CDG
Cases from both cohorts (Heidelberg cohort: n = 50,
Munich cohort: n = 40) were consecutively and inde-
pendently evaluated by two pathologists to assess
interobserver variability. All assessments showed sub-
stantial interobserver agreement for both tumour bud-
ding (κ = 0.75, p < 0.001, data not shown) and cell
nest size (κ = 0.63, p < 0.001, data not shown).
This resulted in an almost perfect concordance of the
CDG (κ = 0.84, p < 0.001; Figure 3). Only six cases
were classified discordantly, in none of the cases was
a deviation of more than one grade category noted. Of
the 22 cases diagnosed as CDG-G1 by the main
observer, 19 were similarly classified by the second
pathologist, while 3 of those neoplasms were diag-
nosed as CDG-G2 by the second observer. The main
observer diagnosed 45 tumours as CDG-G2, which
were also diagnosed as CDG-G2 by the second pathol-
ogist in 40 cases (CDG-G1, n = 2; CDG-G3, n = 3).
Of the 23 cases allocated to the CDG-G3 category by
the main observer, only 1 biopsy was classified differ-
ently by the second pathologist (CDG-G2).

Discussion

Histopathological grading has relevant impact on
patient management in a variety of tumour entities
including breast cancer, prostate cancer, colorectal
cancer, and sarcomas, just to mention a few [24–26].
In stark contrast, the WHO endorsed grading system for
SCCs of the diverse anatomic sites throughout the body,

which is based on the evaluation of nuclear pleomor-
phism, degree of keratinisation, and mitotic activity, is
literally irrelevant for clinical decision making. This is
due to the fact, that this grading approach has – at best –
minimal prognostic power [12,15,17,21] and is known
to show substantial interobserver variability [27].
In order to address the lack of a clinically relevant

grading approach in these tumour entities, a variety of
different groups, including ours, independently
explored alternative algorithms for histopathological
grading of SCCs. Examples of alternative grading
algorithms proposed for SCCs are the malignancy
grading of invasive margins, the tumour budding, and
depth of invasion model or the histological risk model
[28–30], which are not suitable for biopsies as they
are either only applicable at the invasive front or com-
bine histopathological parameters that describe the
tumour architecture with non-architectural parameters
(e.g. depth of invasion, perineural invasion, inflamma-
tory response, etc).
In our view, the currently most promising alternative

approach in this regard focuses on a quantification of the
maximal capacity of dissociative growth of a given can-
cer and combines the quantitative cellular dissociation
parameter ‘tumour budding’ with the qualitative cellular
dissociation parameter ‘cell nest size’ to a new SCC
grading scheme, that has consequently been termed Cel-
lular Dissociation Grading (CDG).
CDG has been shown to be highly predictive of patient

survival when assessed on resection specimen in a variety
of SCC from different anatomic sites including head and
neck, oesophagus, and cervix [11–13,15,17,31]. Addi-
tional studies on head and neck as well as oesophageal
SCCs suggested an excellent transferability to the pre-
therapeutic biopsy situation at these sites [14,16].
Likewise, for pSCC, Kadota et al as well as our

group were able to demonstrate that grading based on
cellular dissociation parameters is a strong predictor of
patient survival and relapse when assessed in re-
section specimens of pSCC [10,21]. However, for
pSCC it remained entirely unclear, whether the CDG
approach is transferable to diagnostic pSCC biopsies
and especially, if the prognostic impact is retained in
advanced, non-operable pSCCs.
Filling this knowledge gap, our data from two pSCC

cohorts show that CDG derived from pSCC biopsies
allows for an excellent demarcation of patient survival
and relapse, which is also retained in multivariate ana-
lyses including tumour stage.
Although CDG generally worked fine with respect

to patient stratification in both cohorts, some obvious
differences were observed. The mean survival was
substantially shorter in the non-resected cohort from
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Munich than in the resected Heidelberg cohort, as the
latter strongly biased towards earlier stages when com-
pared to the overall lung cancer population. Compared
to the resected cohort from Heidelberg, we observed
significantly higher levels of tumour budding and
smaller cell nest sizes and thus higher CDG grades in
the non-resectable cohort from Munich. This is not
surprising from a biological point of view, since it is
likely that tumours with an unfavourable biology – for
which an increased cellular dissociation capacity is a
reliable surrogate parameter – are more common in
more advanced/non-resectable pSCC.
We observed a fine prognostic delineation between the

three CDG biopsy grades in the resected cohort, which
was comparable to the CDG based prognostic delineation
which we obtained from the corresponding re-
section specimen. In the non-resected Munich cohort,
however, we observed a strong prognostic separation for
CDG-G1 pSCCs from all other pSCC, while survival dif-
ferences were significantly less pronounced between
CDG-G2 and CDG-G3 pSCC, which both showed dis-
mal survival characteristics. Considering the fact, that a
significant number of CDG-G2 tumours in this high stage
cohort showed single cell invasion, but only showed
intermediate tumour budding in the biopsies, it is possible
that a considerable fraction of these tumours might show
higher tumour budding activity in other parts of the
tumour and would therefore be upgraded to CDG-G3 on
a hypothetical resection specimen, which would be even
more consistent with their highly aggressive clinical
behaviour. Furthermore, if we consider that the three-
tiered CDG system has been shown to be extremely
prognostic in almost all other study cohorts [11–17,32]
including our second cohort of resected pSCCs, we
would not advocate introducing a two-stage CDG system
especially for non-operable pSCC.
One factor which is also important for the use of

morphology-based prognostic/predictive factors in
patient management is how reliable a given classifica-
tion can be done. Thus, interobserver variability must
be known, before any implementation of such parame-
ters into routine diagnostics. For grading based on cel-
lular dissociation parameters there is already some
data out there suggesting reproducibility, however, most
of these data were obtained from resection specimen
[32]. Here, we were able to show that even the suppos-
edly more difficult evaluation on biopsies can be done
with an almost perfect interobserver agreement [23].
One of the shortcomings of our work is that our analy-

sis is retrospective in nature. However, to at least mitigate
cohort bias, we included two entirely independent cohorts
from different clinical centres in our project and could
show that the effect of biopsy based CDG on prognosis

was robust and reproducible. Another shortcoming is, that
we did not include any treatment modalities (except from
surgical resection) into our analysis. Although some infor-
mation on postoperative adjuvant or first line palliative
treatment was available in both cohorts, due to the fact
that we included patients from a time span of more than
two decades, treatments were too diverse to compile any
meaningful groups with sufficient sample size from these
data. In addition, given the timeline of case recruitment
only very few patients received something else than con-
ventional (radio)chemotherapy. Thus, it has to be deter-
mined in the future whether the specific prognostic
impact of CDG somehow interacts with the administered
adjuvant or palliative therapeutic regimens. This will be
particularly interesting in the context of novel immune
oncology approaches such as immune checkpoint inhibi-
tor treatment, since it has been suggested that epithelial to
mesenchymal transformation – for which both tumour
budding and cell nest size are believed to be
morphology-based surrogates [33,34] – significantly
impacts on the response to immune checkpoint inhibitors
[35] as it is associated with tremendous changes in the
composition of the immune microenvironment [36].
Taken together, our study demonstrates that CDG

based on tumour budding and cell nest size of pSCCs
is feasible on diagnostic biopsy specimen and provides
stage independent prognostic information. Thus, we
believe that routine diagnostic evaluation of these
parameters should be considered.
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