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Teaser Text

Current staging systems do not accurately stratify high-risk cutaneous squamous cell carcinoma
(cSCC). The present systematic review and meta-analysis showed a strong association between tumour
budding in cSCC and lymph node metastasis and therefore, worse prognosis. Our results suggest that
incorporating tumour budding in clinical practice could help identify people with high-risk cases of
¢SCC and individualize management.

Abstract

Background Current staging systems have limitations in stratifying high-risk cutaneous squamous cell
carcinoma (cSCC). Tumour budding (TB) has emerged as a potential prognostic factor in various
cancers.

Objectives To evaluate the prognostic significance of TB in predicting lymph node metastases (NM) in
cSCC.

Methods A comprehensive search of the PubMed, Web of Science, Embase and Cochrane databases was
conducted. Studies investigating the association of TB using a 5-bud cutoff and NM in cSCC were
included. A meta-analysis was performed using odds ratios (OR) to evaluate the association between
TB and NM.

Results Six retrospective studies comprising 793 patients with cSCC were included. The random-effects
analysis showed a significant association between high TB (= 5 buds) and NM (OR = 13.29, 95%
confidence interval 5.55-31.86).

Discussion TB is a promising histopathological feature for predicting NM in cSCC. The results show a
strong association between high TB and NM, supporting its utility as a risk factor for NM in cSCC. Its
inclusion in clinical practice and cSCC staging might be helpful in the stratification of patients with
high-risk cases and to guide optimal management strategies for each patient. However, further
investigation is needed to determine standardized reporting guidelines for TB in cSCC.

Cutaneous squamous cell carcinoma (cSCC) is the second most common cutaneous cancer after basal
cell carcinoma. The reported mortality is relatively low (about 2%), and lymph node metastases (NM)
occur in around 5% of patients, worsening the prognosis.1 However, because of its high incidence, the
death rate is similar to that of other cancers, such as melanoma or leukemia.2



Current staging systems3 and their modifications by other groups,4 are limited and do not adequately
identify all patients where there is a poor prognosis. Several research groups therefore have
investigated additional features1,5 that could help to accurately stratify patients with high-risk cases
and to select optimal individualized treatment strategies.

In recent years, clinical or histopathological features with prognostic value in cSCC that could be
implemented in clinical practice are being studied.1,6-8 One of these is tumour budding (TB), which
represents an invasion pattern in which isolated or small clusters of tumour cells are thought to
acquire mesenchymal characteristics, allowing them to separate from the tumour mass and infiltrate
the surrounding tissue.9

TB is an established prognostic factor for NM and is associated with poor prognosis in tumours such as
colorectal cancer10 or oral SCC.11,12 It is being studied with promising results in other cancers such
as lung13 and cervical14 carcinomas and also in cSCC.1,7 However, although most authors use a TB
assessment method similar to that utilized for colorectal cancer15 there is still no formal consensus on
recommendations for TB reporting, and it is not currently included in the cSCC staging systems.3,4,16
With this systematic review and a meta-analysis, we aimed to provide a comprehensive evaluation of
the current evidence on the prognostic significance of TB in predicting NM in cSCC and, therefore, high-
risk cSCC.

Methods

This review was performed according to the PRISMA guidelines (see Table S1 and S2 in the Supporting
Information), and the protocol explained in the Methods section (not previously published in
PROSPERO). GRADE was not used since our aim was to synthesize the available data.

Search strategy and selection

The PubMed, Web of Science, Embase, and Cochrane databases were systematically searched by two
reviewers (P.G.-P. and ].M.S.-P) for English or Spanish language articles on the prognostic role of TB in
patients with cSCC to 1 October 2023. The following keywords were used: tumour budding AND
squamous cell carcinoma AND (cutaneous OR skin). The article titles and abstracts were screened for
articles providing information on the prognostic role of TB in patients with cSCC. References from the
eligible studies were also searched for related articles.

We included prospective or retrospective studies with histologically confirmed invasive cSCC, in which
the association of TB and NM was studied with either reported or extractable data. Articles including
cSCC with metastases detected both at the time of the diagnosis and during follow-up were included.
Similar to what has been reported in other tumours,12,13 and according to the International Tumour
Budding Consensus Conference (ITBCC),15 buds were defined as groups of < 5 tumour cells either at
the invasive front or intratumoral (Figure 1), and high budding as the presence of = 5 buds at a hotspot
in the selected area. Only studies that met these criteria or in which these data could be extracted were
included.

Studies without specific data for cSCC, noncomparative studies, letters or posters were excluded.

Data extraction

Two reviewers (P.G.-P. and ].M.S.-P.) independently performed data extraction from the six studies
finally included. Data were extracted from the text or tables, and the authors were contacted if relevant
data were missing.

Statistical analysis

The odds ratio (OR) and 95% confidence interval (CI) were calculated to evaluate the risk of TB for
NM. P-values < 0.05 were considered statistically significant. Given the limited number of studies and
foreseeable heterogeneity, a random-effects meta-analysis model was performed. Heterogeneity was
evaluated using Cochran’s Q-test and 2 test, and the presence or absence of outliers was examined
through the Galbraith plot. Sensitivity analysis was performed using the leave-one-out method to
evaluate the influence of individual studies. Fixed-effects analyses were conducted to determine the
robustness of the results. Publication bias was assessed with a funnel plot, the rank correlation test of
funnel plot asymmetry with continuity correction, Macaskill’s linear regression test of funnel plot
asymmetry, and the trim-and-fill method. The Newcastle-Ottawa Scale (NOS) was used to assess the
risk of bias in the included studies. Analysis was performed using R (R Foundation for Statistical
Computing, Vienna, Austria).

Results
Study selection and characteristics



Of the 117 articles initially screened, 13 were found eligible. However, only six articles could be
included because two used a different method to assess TB,9,17 specific data for ¢cSCC could not be
extracted from one article, which also included oral SCC,6 and four were either noncomparative letters
or poster abstracts (Figure 2). The search for eligible studies in references yielded no additional
articles.

All the selected articles were retrospective studies, and 793 cases were included. Extracted data can
be found in Table 1. Two of the six studies were conducted in Spain, two in Japan, one in the USA, and
one in Chile. The estimated mean follow-up period for the nonmetastatic groups was 3 years, during
which no metastases were observed.

Three studies restricted the inclusion of cSCC to those thicker than 0.5 mm,1 thicker than 2 mm,18 and
smaller than 4 cm in size,19 respectively. Two studies excluded patients who were
immunosuppressed,19,20 whereas two included them.18,21 One of the articles included only cSCC
located in the head and neck,18 whereas the others also included extremities and the trunk. However,
two articles excluded cSCC in the oral mucosa or genitalia,7,19 one excluded periorbital tumours1 and
one cSCC of the eyelid.19 One study excluded micrometastases found in sentinel lymph node biopsy,19
one excluded individuals who received adjuvant therapy18 and one individuals who received
neoadjuvant therapy20, while the rest did not specify if these groups were included or excluded (Table
2).

All studies had a low risk of bias (scores of 8-9) on the NOS scale (Table S3; see Supporting
Information).

Tumour budding assessment

All selected studies defined buds as foci of < 5 tumour cells at the invasive front and one assessed them
both intratumorally and at the invasive front.19 Magnification of x 200 was used in four
studies,1,7,19,20 and the other two used a x 400 magnification power.18,21 The presence of = 5 buds
was considered high or positive budding by five studies,1,7,18,20,21 and two followed the ITBCC15
grading.7,19

Meta-analysis

The meta-analysis for NM included all the selected studies (n = 6). The random-effects analysis for NM
comparing high vs. low TB showed higher OR for NM with high TB (OR = 13.29, 95% CI 5.55-31.86,

P <0.001) (Figure 3). Although heterogeneity was moderate with the 12 test (52%), Cochran’s Q-test
was not statistically significant, and the absence of outliers in the Galbraith plot indicates a consistent
and homogeneous distribution of effect estimates across the included studies (Figure S1; see
Supporting Information). In addition, the leave-one-out analysis did not show excessive influence of
any specific study (Figure 4), and in all possibilities, the OR for NM with high TB remained > 11.04
(lowest bound of all CI of 4.41). Fixed-effects analysis showed similar results with a shorter confidence
interval (OR = 10.96, 95% CI 6.49-18.49, P < 0.001), absence of outliers in the Galbraith plot and
similar leave-one-out analysis outcomes (Supporting information, Figure S2-S4; see Supporting
Information).

Although the funnel plot (Figure S5; see Supporting Information) exhibited certain asymmetry, both
the rank correlation test of funnel plot asymmetry with continuity correction (z = 1.13, P = 0.26) and
Macaskill’s Linear regression test of funnel plot asymmetry (t = 1.00, degrees of freedom = 4, P = 0.38)
did not find evidence of publication bias. Furthermore, the adjusted OR after applying the trim-and-fill
method (Figure S6; see Supporting Information) remained statistically significant and showed no
changes in the direction of the effect (new OR =9.60, 95% CI = 4.34-21.24), reassessing the lack of
evidence of publication bias.

Discussion

cSCC is the second most common cancer worldwide, and although its metastatic rate is low, precise
staging systems to stratify its risk are lacking. The availability of new therapeutic options, such as
immune checkpoint inhibitors,22-24 and the necessity to identify patients who could benefit most
from sentinel lymph node biopsy25-27 make this need even more pressing. A recent study, which
included a large dataset of metastatic and nonmetastatic cSCC, compared the ability of four staging
systems to predict cSCC behaviour, concluding that further improvement and refining of current cSCC
staging is essential.16 Although the Brigham and Women's Hospital staging system showed the highest
overall discriminative ability and highest specificity, positive predictive value and C-index, the 8th
edition of the American Joint Committee on Cancer system performed best in terms of negative
predictive value. In this context, the study of the prognostic value of some new histopathological



features of cSCC, such as TB, has shown promising results, revealing it as an independent risk factor for
nodal metastases,7,18,20 and also showing association with myxoid stroma, another independent
factor for NM in some cohorts.21 The same as in other tumours, this could indicate that TB is a
previous step to metastasis.12 The present systematic review and meta-analysis, which comprises six
retrospective studies including a total of 793 cases, showed a strong association between high TB and
NM, suggesting that TB could be a valuable prognostic factor that could improve the accuracy of cSCC
staging.

Criteria for TB assessment in cSCC have yet to be defined, which may explain some variability between
studies. The ITBCC15 recommendations (buds counting in one field of 0.785 mm2 at a hotspot) were
originally described for colorectal cancer. All studies included in this meta-analysis evaluated TB in one
field. However, research in other cancers, such as lung cancer, have shown that buds counting in 10
fields at a hotspot could have an extended prognostic effect with higher interobserver
reproducibility.13 With regard to magnification, four studies used x 200 magnification,1,7,19,20 of
which only one7 followed the ITBCC recommended field area, whereas two19,20 considered a

1.23 mm2 area. The other two studies used x 400 magnification.18,21 This would be expected to result
in a smaller field, potentially leading to false negatives. Nevertheless, all the studies found similar
results, which could mean that buds counting in a x 400 field at a hotspot might give similar results to
conducting the count at x 200 with a 5-bud cutoff, possibly making it easier to identify them. Likewise,
all studies evaluated TB at a hotspot at the invasive front, except for one study that also included
intratumoral TB.19 However, the lack of difference in the results suggests that both locations could be
valid, as in colorectal cancer.15

The 5-bud cutoff as a definition of high budding has been widely used in various tumours, including
cSCC, although with different names (positive TB,7,20,21 high TB1,18 or TB grade = 27,19). The
ITBCC15 proposed a grading classification (0-4 buds: low, 5-9: intermediate, = 10: high). However, the
two studies that followed this classification found the same results as the rest of the articles: the
presence of 2 5 buds (TB grade = 2) was associated with an increased risk of NM in ¢SCC.7,19
Alternative methods have been proposed, such as the mean number of buds in five adjacent high-
power fields (x 250) at a hotspot that was used by two excluded articles.9,17 The presented results
suggest that the 5-bud threshold for the definition of high TB allows a good prediction of NM. However,
further studies are warranted to establish standardized criteria for reporting TB in cSCC, similar to
what has been done in other tumours.15

The present meta-analysis has some limitations. The small number of studies made a comprehensive
assessment of heterogeneity difficult and led us to use a random-effects model to account for potential
variability. Nevertheless, fixed-effects analysis showed consistent results.

Considering articles with certain differences in the inclusion criteria was another limitation. Some
studies involved patients who were immunosuppressed18,21 but they did not find higher NM in the
immunosuppressed group.18 Similarly, one study only included head and neck tumours,18 three
studies restricted the size of the included tumours1,18,19 and three excluded micrometastases,19 use
of adjuvant18 and neoadjuvant20 therapies, respectively, while the rest of the studies did not specify
these inclusion or exclusion criteria. Although more studies are needed to confirm the results in each
specific subgroup, the consistent results of the random effects and leave-one-out analyses indicate a
robust relationship despite certain variations in inclusion criteria.

Moreover, because it was not possible to extract comparable data on the main prognostic factors for
cSCC from all the included studies, a multivariate meta-analysis or a subgroup analysis could not be
conducted. Nevertheless, it would be important to consider standardized data reporting on various
prognostic factors, facilitating further data comparison and analysis.

Although concern regarding publication bias could arise because of all papers reporting an OR > 1 and
the asymmetry shown in the funnel plot, the conducted tests (rank correlation test of funnel plot
asymmetry with continuity correction, Macaskill’s Linear regression test of funnel plot asymmetry and
trim-and-fill method) did not show evidence of publication bias, which reinforces the likelihood that
the observed effect is real. Finally, the reliance on retrospective studies alone represents another
limitation of this study.

Nonetheless, the meta-analysis shows a strong association between NM and high TB with a pooled TB
OR 0f 13.29 (95% CI 5.55-31.86, P < 0.001 ) supporting TB’s importance in cSCC prognosis. These
results could fill a gap in the current literature, providing valuable information for the management of
cSCC. Therefore, TB, a simple, cheap and reproducible7 histopathological feature, could help to
identify the best candidates for sentinel lymph node biopsy or adjuvant therapies, among other
options.

In conclusion, our meta-analysis supports TB as a robust and promising risk factor for NM in cSCC.
Although further validation studies are needed to consolidate the role of TB in the management of



cSCC, the consistent findings across sensitivity analyses reinforce the importance of incorporating TB
assessment into clinical practice, which could improve risk stratification and offer individualized
strategies for patients with cSCC.

Learning points

Current staging systems for cutaneous squamous cell carcinoma (cSCC) do not accurately
stratify those with high-risk cSCC.

High tumour budding, defined as = 5 buds, has a strong association with lymph node
metastases in cSCC.

Inclusion of tumour budding in staging systems could help to individualize cSCC management.
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Figure legends

Figure 1 (a) Example of cutaneous squamous cell carcinoma [haematoxylin and eosin (H&E) x 20]
showing tumour budding (TB) in the deep infiltrating margin. ( b) At x 200, TB number (some of them
marked with arrows) can be easily evaluated. Figure courtesy of Dr Maria Blanco-Bellas.

Figure 2 PRISMA 2020 flow diagram for new systematic reviews.

Figure 3 Forest plot. The random effects analysis shows a significant odds ratio for high tumour
budding and lymph node metastases of cutaneous squamous cell carcinoma. CI, confidence interval;
OR, odds ratio.

Figure 4 Leave-one-out analysis (random effects). None of the studies showed excessive influence, and
significance was maintained in all cases. CI, confidence interval; OR, odds ratio.
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Table 2. Main differences in patient selection criteria and tumor budding assessment among the
included studies

1 Sentinel lymph node biopsy

2 Not specified
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CPD questions

Learning objective

To gain up-to-date knowledge of the usefulness of tumor budding in the prognosis of cutaneous
squamous cell carcinoma.

Question 1|

Which of the following statements about cutaneous squamous cell carcinoma (cSCC) staging systems is
correct?

(a) Both the Brigham and Women's Hospital and the 8th edition of the American Joint Committee on
Cancer staging systems accurately stratify high-risk cases of cutaneous squamous cell carcinoma.

(b) The Brigham and Women's Hospital and the 8th edition of the American Joint Committee on Cancer
(AJCC) staging systems showed similar overall discriminative ability and highest specificity, positive
predictive value, c-index and negative predictive value in all studies.

(c) The 8th edition of the AJCC is the only staging system available for cutaneous squamous cell
carcinoma.

(d) Tumour budding is not included in current cutaneous squamous cell carcinoma staging systems.
(e) All statements are correct (a) to (d).

Answer 1

Which of the following statements about cutaneous squamous cell carcinoma (cSCC) staging systems is
correct?

(a) Incorrect. Current staging systems are limited and do not adequately identify all patients where
there is a poor prognosis.

(b) Incorrect. A recent study by Venables et al. showed that the Brigham and Women's Hospital staging
system had the highest overall discriminative ability and specificity, positive predictive value and c-
index. The 8th edition of the AJCC system performed best in terms of negative predictive value.

(c) Incorrect. Other cutaneous squamous cell carcinoma stratification systems such as Brigham and
Women's Hospital, staging system is also used in clinical practice.

(d) Correct. Current cutaneous squamous cell carcinoma staging systems do not consider tumour
budding.

(e) Incorrect. Statements in options (a) to (d) are not all correct; only (d).

Question 2

Which of the following statements about tumour budding is not correct?

(a) It represents an invasion pattern in which isolated or small clusters of tumour cells separate from
the tumour mass and infiltrate the surrounding tissue.

(b) Tumour cells are thought to acquire mesenchymal characteristics.

(c) Tumour budding is associated with poor prognosis in colorectal cancer and oral squamous cell
carcinoma.

(d) Tumour budding utility has only been studied for cutaneous squamous cell carcinoma.

(e) The statements (a), (b), and (c) are all correct.

Answer 2

Which of the following statements about tumour budding is not correct?

(a) Incorrect. Tumour budding represents an invasion pattern in which the cells are believed to lose
adhesion between them, separate from the tumour mass, and infiltrate the surrounding tissues.

(b) Incorrect. In tumour budding, the cells potentially undergo epithelial-mesenchymal transition,
losing cell adhesion.

(c) Incorrect. Tumour budding is an established prognostic factor for lymph node metastases and is
associated with poor prognosis in colorectal cancer and oral squamous cell carcinoma.

(d) Correct. Tumour budding demonstrated its utility in colorectal cancer and oral squamous cell
carcinoma and is being studied in other tumours, such as lung or cervical carcinomas.

(e) Incorrect. (a), (b), and (c) are all true.

Question 3

Which of the following statements is correct?

(a) According to the International Tumour Budding Consensus Conference 2016 (ITBCC), buds are
defined as groups of < 5 tumour cells either at the invasive front or intratumoral.



(b) According to the ITBCC recommendations, the presence of = 2 buds is considered high budding.

(c) According to the ITBCC, tumour budding is assessed by counting the number of buds at a hotspot in
the selected area.

(d) All published studies of tumour budding in cutaneous squamous cell carcinoma follow the ITBCC
recommendations for reporting tumour budding in colorectal cancer.

(e) The statements (a) and (c) are correct.

Answer 3

Which of the following statements is correct?

(a) Incorrect. Although the sentence is correct according to the ITBCC recommendations for reporting
tumour budding, this is not the only correct answer.

(b) Incorrect. The ITBCC proposed a grading classification: 0-4 buds: low, 5-9: intermediate, = 10:
high.

(c) Incorrect. Although the sentence is correct according to the ITBCC recommendations for reporting
tumour budding, this is not the only correct answer.

(d) Incorrect. Only the study by Heredia et al. followed all the ITBCC recommendations, including the
recommended field area for tumour budding asessment.

(e) Correct. (a) and (c) are both correct.

Question 4

Which of the following statements is correct?

(a) According to the meta-analysis results, a 5-bud cutoff for defining high budding could allow a good
prediction of cSCC prognosis.

(b) In some studies, tumour budding showed association with other independent factors for lymph
node metastasis in cSCC, such as myxoid stroma.

(c) In the presented meta-analysis, tumour budding shows as a strong prognostic factor of lymph node
metastases in cSCC.

(d) Tumour budding is being studied in other tumours, such as lung or cervical carcinomas, with
promising results.

(e) All statements (a) to (d) are correct.

Answer 4

Which of the following statements is correct?

(a) Incorrect. Although the results using a 5-bud cutoff for defining high budding showed a strong
association between high budding and lymph node metastases, this is not the only correct answer.
(b) Incorrect. Although Herndnez-Ruiz et al. found that tumour budding was associated with myxoid
stroma, which was an independent factor for lymph node metastasis in cSCC in their study, this is not
the only correct answer.

(c) Incorrect. Although the random effects analysis showed a significant association between high
budding and lymph node metastases (odds ratio = 13.29, 95% confidence interval 5.55-31.86), this is
not the only correct answer.

(d) Incorrect. Although tumour budding has shown promising results as a prognostic factor for lung
and cervical cancer, this is not the only correct answer.

(e) Correct. (a), (b), (c), and (d) are all correct.

Question 5

Which of the following statements is not correct?

(a) More studies are needed to establish standardized criteria for reporting tumour budding in
cutaneous squamous cell carcinoma.

(b) The inclusion of tumour budding in cutaneous squamous cell carcinoma staging systems could
improve risk stratification.

(c) Tumour budding assessment requires specific equipment.

(d) Tumour budding assessment showed good reproducibility.

(e) Tumour budding could help individualize cSCC management.

Answer 5
Which of the following statements is not correct?



(a) Incorrect. There are certain differences in tumour budding assessment methods among the articles,
which, in the case of two of the excluded articles made extraction of comparable data impossible.
Standardized criteria for reporting criteria would facilitate tumour budding interpretation and analysis
of the results of future studies.

(b) Incorrect. The meta-analysis results show a strong association between high budding and lymph
node metastases, which could complement current cSCC staging systems.

(c) Correct. Tumour budding is assessed using the standard equipment employed in routine
histopathological examinations without requiring any additional tools.

(d) Incorrect. Gonzalez-Gerrero et al., among other authors, demonstrated good reproducibility in
intra- and interobserver agreement studies for tumour budding assessment.

(e) Incorrect. Authors like Fujimoto et al. even suggest that [UdM043] tumour budding could be useful
for selecting patient’s cases that would benefit from sentinel lymph node biopsy.



