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Abstract
Squamous cell carcinomas are among the most common skin tumors and show a risk of metastasis depending on various 
factors such as tumor thickness, localization, histological subtype and immune status of the patient. Sentinel lymph node 
biopsy (SLNB) SLNB represents a possibility for assessing the locoregional lymph node status. In this study, the role of the 
SLNB in lymph node status and survival was analyzed. Retrospectively, 720 patients with high-risk squamous cell carcinoma 
(tumor thickness > 5 mm) were examined. 150 patients agreed to SLNB, 570 patients did not undergo histologic confirma-
tion of lymph node status and were included directly in follow-up. In 101 patients, a sentinel lymph node was successfully 
marked and extirpated, followed by regular follow-up examinations.
A total of 11.11% of the patients showed lymph node metastasis in the course of their treatment, with no difference in the 
proportion of patients in the SLNB group (11.9%) and the observation group (11.4%) (p = 0.873). The proportion of distant 
metastasis also did not differ between the groups (p = 0.898). In 3.96% of the patients in the SLNB group, a metastasis was 
found in the sentinel lymph node. Tumor-specific death was observed in 7.14% of the patients in the SLNB group and 4.74% 
in the observation group (p = 0.269). Although SLNB is a principally suitable method for determining lymph node status, 
the available data do not provide any benefit regarding further metastasis or tumor-specific survival.
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Introduction

Cutaneous squamous cell carcinomas (cSCC) are the second 
most frequent skin tumors [23]. Thereby about 20% of all 
non-melanocytic tumors are counted as cSCC, whereas an 
increased number of cases can be expected in the future dec-
ades [20]. A recent epidemiological study expects the inci-
dence of non-melanoma skin cancer to double by the year 
2030 [19]. This is also of considerable importance, as cSCC 
has not only metastatic potential but also shows aggressive 
courses in immunosuppressed patients [26, 29]. Various fac-
tors contribute to the risk of progressive disease in cSCC, 
including tumor parameters such as tumor thickness, histo-
logical subtype and tumor localization, as well as patient-
related factors such as the presence of immunosuppression 

[5, 32, 33]. Tumor thickness plays an important role for the 
risk of local recurrence after excision as well as for metas-
tasis [33]. Brantsch et al. were able to show that metastasis 
only occurred in patients with a tumor thickness of at least 
2 mm [5].

The therapy of first choice for cutaneous cSCC is com-
plete surgical removal, whereby micrographically controlled 
surgery is of great importance [6, 14, 22]. Therefore, spe-
cific techniques such as Mohs surgery or 3D histology can 
be used to ensure greater safety regarding the complete 
removal of the tumor as well as to achieve better esthetic 
results by minimizing the impact on healthy tissue [9, 22]. 
Since cSCC primarily causes lymphatic metastases, a senti-
nel lymph node biopsy (SLNB) is a method to evaluate the 
status of locoregional lymph nodes [4, 17, 25, 27]. SLNB is 
well established for melanoma, breast carcinoma and cer-
tain other tumor entities and has also been in use in cSCC 
for years [3, 8, 13, 17]. The significance of SLNB in cSCC 
has been discussed controversially, whereby the indication 
is usually made based on an increased risk for metastasis 
(’high-risk patients’). Various risk factors associated with a 
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higher risk of metastasis are used for this purpose, includ-
ing tumor thickness, tumor diameter greater than 2 cm, 
degree of differentiation or histological subtype, as well as 
tumor localization and immune status [31, 33]. According 
to the German guideline, an SLNB can be considered if an 
increased risk of metastatic disease is expected for a specific 
patient [6].

The aim of the present study was to evaluate the role of 
SLNB in high-risk patients with a tumor thickness of at least 
5 mm and to analyze the impact of this procedure regarding 
lymph node metastasis and survival.

Methods

Patients and study design

Patients with cSCC and a tumor thickness of at least 5 
mm who underwent surgery between 1999 and 2014 at the 
Department of Dermatology at the University Hospital of 
Tübingen were included. The diagnosis was histologically 
confirmed in all patients and the primary tumor was com-
pletely resected whereby 3D histology was used. The tumor 
thickness cutoff is based on published data on risk stratifica-
tion [5].An increased metastasis rate has been described for 
tumors with a thickness of more than 2 mm, increasing with 
thickness. The tumor thickness of 5 mm was also chosen to 
take into account the risk that the tumor thickness might be 
underestimated due to tumor factors such as ulceration or 
for technical reasons in histological processing. Other risk 
factors such as immune status of the patient, histological 
subtype or localization of the tumor were considered in indi-
vidual cases; however, only patients with a tumor thickness 
of more than 5 mm were included in the present analysis.

All tumors included in this analysis were classified as 
’high risk’ according to German guidelines and SLNB was 
therefore indicated in conformity with the existing guide-
line at the time of surgery. Several risk factors for locore-
gional progress and tumor-specific survival were identified 
and described in the German guideline. These are tumor 
diameter, tumor thickness and depth of infiltration, as well 
as the degree of differentiation and perineural infiltration. 
In addition, the localization of the tumor (e.g., on the lip) 
and the presence of immunosuppression are also listed in 
the guidelines.

SLNB was offered to all patients, whereby the deci-
sion for this intervention was made individually by the 
patients after a detailed information was provided by an 
experienced physician. The procedures were performed 
under tumescent local anesthesia (TLA); analgosedation 
was added if necessary. Patients who underwent SLNB 
were subsequently included in regular follow-up with 
clinical and sonographic controls. Patients who chose not 

to have SLNB were also included in regular clinical and 
sonographic follow-up. Data analysis was performed ret-
rospectively. Therefore, patients were categorized as an 
observation group and an SLNB group. The patients were 
analyzed retrospectively. The patient’s decision regarding 
SLNB or clinical and sonographic controls was made after 
a detailed consultation with an experienced physician in 
the context of clinical routine in our hospital. The analysis 
of the patients in both the SLNB group and the observa-
tion group was carried out retrospectively based on the 
individual therapy decision of the patients.

Patients underwent close follow-up if the sentinel 
lymph node remained unmarked or the procedure had to 
be terminated intraoperatively to avoid iatrogenic vascular 
or nerve injury due to the location of the lymph node.

The follow-up examinations were carried out accord-
ing to a standardized protocol based on recommendations 
of the German guideline. Every 6 months, patients were 
clinically examined and sonography of the locoregional 
lymph node stations was performed. Follow-up examina-
tions were carried out for 3 years, after which, depending 
on individual risk factors (such as immune status, sec-
ondary tumors and primary tumor parameters), either the 
follow-up intervals were maintained or changed to annual 
visits in case of no relapse and a low-risk profile.

In patients who were immunosuppressed due to organ 
transplantation, follow-up examinations were carried out 
at shorter intervals and patients were monitored in a spe-
cialized department of our hospital. Shorter individual 
follow-up intervals were also defined for patients at higher 
risk, such as those with diagnosed leukemia.

The current study was approved by the Ethics Com-
mission of the University of Tübingen (Project Number: 
706/2017BO2).

Surgical approach

On the day of surgery, technetium-99 was injected peritu-
morally or around the resection scar at the Department for 
Nuclear Medicine. Immediately before surgery, a gamma 
probe collimated for technetium-99 (Neoprobe GDS, Devi-
cor Medical; Norderstedt) was used to verify the position 
of the sentinel node. Additionally, 0.5–1.0 mL of patent 
blue-dye solution (acid blue 3) was injected intradermally.

The technetium-99 signal was used to locate the lymph 
node. After skin incision and preparation, the sentinel 
lymph node was surgically removed from surrounding 
structures. Blood and lymph vessels were sealed using 
bipolar forceps. Surgery was discontinued, if no clear sig-
nal was detectable or the extirpation of the sentinel lymph 
node was not possible due to endangerment of vascular or 
nerve structures.
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Pathological processing of the sentinel lymph node

The specimen of the sentinel lymph node was fixed in for-
malin. Further microscopic investigation was performed at 
the University Institute of Pathology by experienced senior 
physicians. The specimens were stained with hematoxylin/
eosin stain as well as cytokeratin-5/6 if required. Accord-
ing to a standard operating procedure implemented at the 
University Institute of Pathology, sentinel lymph nodes were 
processed in two sections with two tissue slides per section 
and stained with hematoxylin/eosin. Further immune stain-
ing was performed on an individual basis if the hematoxylin/
eosin-stained section alone did not allow a precise diagnosis. 
Deeper incisions were also made individually if one of the 
board-certified pathologists decided this to be necessary in 
the individual case.

Statistical analysis

All data collected were analyzed using JMP (SAS Institute 
Cary/NC, USA). Clinical, histopathological and demo-
graphic features were statistically evaluated. Numerical 
variables were described by the mean value. The Wil-
coxon–Mann–Whitney test and the two-sided Chi-square-
test were used for the analysis. ANCOVA analyses were 
performed where necessary for covariance analysis.

Survival analyses were one sided according to the study 
protocol. p values below 0.05 were considered statistically 
significant.

Results

Description of the patient cohort

720 patients with cutaneous squamous cell carcinoma and 
a vertical tumor thickness of at least 5 mm were included. 
After individual information of each patients, 150 patients 
received SLNB (SLNB group) and 570 were closely moni-
tored clinically and sonographically without SLNB (obser-
vation group). Incomplete data sets were found in 24 patients 
of the SLNB group, which led to their exclusion from further 
analysis (see Fig. 1). In another 25 patients, it was not possi-
ble to detect the sentinel lymph node pre-, or intraoperatively 
or the procedure was discontinued to avoid endangering vas-
cular or nerve structures. Thus, in 101 patients a sentinel 
lymph node was removed and was therefore available for 
pathological workup (’technically successful SLNB’; see 
Fig. 1).

The median follow-up was 2.92 years in the SLNB 
group and 2.82 years in the observation group. Further-
more, patients of both groups did not differ with regard 
to the average tumor diameter, safety distance of primary 

excision, tumor differentiation of the primary tumor or 
the proportion of desmoplastic squamous cell carcinoma. 
The diameters of the enclosed tumors ranged between 
31.92 mm and 36.1 mm in the SLNB group and between 
30.95 mm and 39.15 mm in the observation group.

The SLNB group showed a higher average tumor thick-
ness (p = 0.001), a higher proportion of male patients 
(p < 0.001) and of immunosuppressed patients (p < 0.001). 
In contrast, a higher mean patient age was found in the 
observation group (p < 0.001) (see Table 1).

cSCC were found in 27 body sites, with the head and 
neck area being the most frequent localization in both 
the observation group (87.19%) and the SLNB group 
(80.67%). With regard to distribution, there was no differ-
ence for the SLNB and observation groups. Of all patients 
with evidence of tumor cells in the sentinel lymph node, 
the cSCC was located on their head or face region in 75% 
(n = 3) and on the upper limb in only 25% (n = 1).

Local recurrence

Local recurrence was found in 11.67% (n = 84) of all 
patients in this study. There was a significant increase 
in local recurrence in patients with desmoplastic cSCC 
(23.49%) compared to patients with non-desmoplastic 
cSCC (8.58%; p < 0.001). Local recurrence was more fre-
quent in the SLNB group (19.84%) compared to the obser-
vation group (10.35%; p = 0.003). However, there was no 
difference between the groups in the time to local recur-
rence (SLNB group mean 1.26 years, observation group 
mean 1.03 years; p = 0.94). An incomplete removal of the 

Fig. 1   Schematic representation of the groups (SLNB group and 
observation group)
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tumor was highly significantly associated with local recur-
rence (p < 0.001).

Metastasis

Overall, 11.11% of the patients (n = 80) showed metastasis 
of the locoregional lymph nodes. 11.9% of patients in the 
SLNB group and 11.4% of patients in the observation group 
developed metastases (p = 0.873). Patient age (p < 0.01), 
desmoplasia (p < 0.01) and tumor thickness of the primary 
tumor (p < 0.01) were found to be highly significant param-
eters for the development of lymph node metastasis.

The probability of developing metastases did not differ 
between patients with and without tumor detection in the 
sentinel lymph node. However, patients with desmoplastic 
cSCC developed metastases more frequently than patients 
with non-desmoplastic cSCC (p = 0.027). Further, an 
increased risk for the development of metastasis was noted 
for tumors located at the lips or ears (p < 0.001).

Among the 101 patients who successfully underwent 
SLNB, metastasis in the sentinel lymph node was detected 
in 4ur patients (3.96%). Three of these patients received a 
complete dissection of the lymph node, whereby tumor-
free lymph nodes were detected in all patients. One patient 
underwent irradiation of the primary tumor and locoregional 
lymph nodes immediately after positive SLNB. This deci-
sion was made based on rapid tumor growth in accordance 
with the interdisciplinary tumor board of Tübingen Univer-
sity Hospital.

Of all patients developing locoregional metastases, 90.9% 
showed tumor-free sentinel lymph nodes. Distant metastasis 
occurred in 1.58% of patients in the SLNB group and 1.75% 
of patients in the observation group (p = 0.898).

Survival

Within the follow-up of this study, 56.5% of the included 
patients died. However, only 11.2% of all deaths were tumor 

specific. In the SLNB group, more tumor-specific deaths 
were noticed (7.14%) than in the observation group (4.74%), 
whereby this relationship was not statistically significant.

Discussion

The extirpation of a sentinel lymph node after preopera-
tive labeling using a radioactive isotope is an established 
procedure in dermatologic surgery. It is used particularly 
for detailed nodal diagnosis of melanoma, but also for other 
tumors such as cSCC [2, 17, 25, 34]. It was speculated that 
early detection of subclinical metastases could possibly have 
an impact on survival. However, this is not supported by 
the available data. Prospective studies are needed to further 
clarify this point.

A systematic review by Ross and Schmults showed that 
SLNB is a possible option for diagnosing lymph node metas-
tases of cSCC with low morbidity [30]. However, a high pro-
portion of anogenital squamous cell carcinoma was included 
in this study, limiting the applicability of the data to cSCC. 
In addition, no systematic datasets, but mainly case series 
were available to the authors. In a retrospective analysis by 
Krediet et al., only a low sensitivity of SLNB was found 
regarding the development of lymph node metastases [17]. 
Both Navarette-Dechent et al. and Allen et al. indicate that 
SLNB has a high negative predictive value with regard to 
lymph node metastasis. Both studies could not, however, 
define a subgroup of patients with cSCC who clearly benefit 
from SLNB [4, 25].

In the present study, a positive sentinel lymph node was 
found in 3.96% of the patients. Renzi et al. and Rastrelli 
et al. [27, 28] reported a comparable proportion of positive 
sentinel lymph nodes. Locoregional lymph node metastasis 
was found in 11.11% of our patients, which is comparable 
to data on head and neck melanomas [18].

It has been shown that in patients without clinically 
detectable lymph node metastases, lymph node sonography 

Table 1   Patient characteristics SLNB group (n = 150) Observa-
tion group 
(n = 570)

Maximum tumor diameter (mm) 35.05 34.0
Tumor thickness (mm) 8.72 7.9
Mean safety margin at excision of primary tumor 

(mm)
6.65 6.37

Desmoplastic cSCC 25 (19.84%) 124 (21.75%)
Immunosuppression 34 (22.67%) 79 (13.86%)
Follow-up (years; median) 2.92 2.82
Age at time of diagnosis 71.78 81.04
Time to local recurrence (years; median) 1.26 1.03
Sex (male/female) 84%/16% 66.3%/33.7%
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is the imaging modality of choice in preference to CT or 
MRI [10]. It was suggested by Fox et al. that in high-risk 
patients without clinically detectable metastases, a sonogra-
phy of the regional lymph nodes should be performed and in 
case of a negative result SLNB might be considered, which 
is also reflected in the American guideline [10]. The impor-
tance of lymph node sonography is also evident in analogy 
to data from melanoma patients, although it should be noted 
that cSCC leads to a considerably lower proportion of nodal 
and distant metastases.

Our study demonstrated that age, desmoplasia and tumor 
thickness are highly significant risk factors for the develop-
ment of lymph node metastases in the further course of the 
disease. Schmitt et al. further demonstrated that cSCC with 
a diameter greater than 20 mm is more likely associated 
with a positive SLNB result [31]. These factors should be 
considered in the decision regarding SLNB and generally 
in the planning of follow-up care. Regular and close follow-
up visits are of utmost importance, especially for high-risk 
patients.

Through the use of immunotherapy in an adjutant set-
ting, SLNB has taken on a new significance in melanoma. 
A similar development might be possible with correspond-
ing data on immunotherapy in cSCC patients. Therefore, it 
seems important to re-evaluate the role of SLNB in the light 
of potential new treatment options in the future. However, 
sonographic controls are a suitable and non-invasive alter-
native for the early detection of metastases. Particularly due 
to the fact that no significant difference was found between 
the SLNB group and the observation group, ongoing sur-
veillance and ultrasound detection seem to be a reasonable 
strategy.

The proportion of patients who developed distant metas-
tasis did not differ between the study groups. In addition, 
90.9% of patients with metastases showed a tumor-free sen-
tinel lymph node. Our results reflect the recently published 
data of Jansen et al. which showed that no prognosis for the 
development of distant metastases can be made based on 
the SLNB result [16]. In this study, an increased risk for 
metastasis was demonstrated for positive SLNB [16]. In our 
cohort, one out of four patients with positive SLNB showed 
metastasis.

The high proportion of patients with false-negative 
SLNB results, i.e., lymph node metastasis in the course of 
initial negative SLNB, can be explained by various factors. 
The complex lymphatic drainage as well as the anatomi-
cal proximity of the tumor and sentinel lymph node at the 
head and neck area results in a technically difficult detec-
tion of the sentinel node [15]. Furthermore, the lymphatic 
drainage can be altered by previous surgeries. A particular 
problem is the frequent use of local flaps for defect closure 
for tumors located on the face. Local flaps typically result 
in relevant changes of the lymphatic drainage. In addition to 

these points, pathological workup must also be considered 
as a possible influencing factor for the false negative rate. 
The lymph nodes were processed according to a standard-
ized protocol at the University Institute of Pathology, for 
which two sections per lymph node were prepared. A higher 
number of sections and smaller gaps between sections might 
reduce the false negative rate and should be implemented in 
study protocols for prospective trials.

Analogously, the highest false negative rates for SLNB 
have been shown for head and neck melanomas compared 
to other localizations [18].

SLNB can be a challenge for both the surgeon and the 
pathologist. This is particularly true for the surgeon in the 
case of cervical SLNB, where, as shown, most SLNBs for 
cSCC are performed. In addition to a natural learning curve 
for the surgeon, the localization of the lymph nodes near 
large vessels or nerve structures is particularly challenging. 
Due to the complex lymph drainage in the head and neck 
region, atypical localization of the sentinel lymph node is 
also possible. Especially for the cervical region, an indi-
vidual surgical approach is required, which requires consid-
erable experience and appropriate training of the surgeon. 
In addition, due to the limited space between tumor site and 
sentinel lymph node in the head and neck region, detection 
with the gamma probe can be difficult due to diffuse radia-
tion or signal superposition.

Pathological methods are also important for the result 
and its interpretation. In particular, the number of sections 
through the lymph node and the staining performed are of 
great importance for the accuracy of the result. In addition to 
HE staining, immunohistochemical staining plays a decisive 
role and, like the number of slices, should be included in a 
standard protocol and reported with each finding. Overall, 
a standardization of both the surgical approach and further 
processing is necessary.

Patients with desmoplastic cSCC showed significantly 
more local recurrences (p < 0.001) in the current study, 
whereby the proportion of 23.49% is comparable to the data 
of Breuninger et al., who showed local recurrence in 27.3% 
[7]. Desmoplastic cSCCs have been associated with a higher 
proportion of lymph node metastases, which is also reflected 
in our data [7]. In accordance with the literature, our study 
also found an increased risk of metastasis for tumors located 
on the lip or ears [29, 33]. Perineural invasion has been iden-
tified as a risk factor for local recurrence, metastasis and 
tumor-specific death. There is a significant increase in the 
risk of local recurrence with the detection of perineural inva-
sion, whereby the diameter of the involved nerve is highly 
relevant with the relative risk increasing with larger diameter 
[33]. A meta-analysis by Thompson et al. showed that the 
relative risk for the occurrence of metastases was lower for 
perineural invasion (2.95) than for local recurrence (4.30) 
and tumor-specific death (4.06) [33].



124	 Archives of Dermatological Research (2021) 313:119–126

1 3

The tumor thickness was chosen as the major criterion for 
risk stratification analogous to the data of Brantsch et al. and 
tumors with a tumor thickness of less than 5 mm were not 
included in this analysis [5]. However, all tumors included 
showed a diameter of more than 20 mm, which corresponds 
to a tumor stage of at least T2 according to the current AJCC 
classification [24].

Whether the SLNB status has an influence on the survival 
of patients with clinically or sonographically negative lymph 
nodes cannot be answered based on evidence at present. In a 
recent systematic review by Fox et al., the authors point out 
that SLNB is a diagnostic option, but no convincing results 
have been obtained yet [10]. SLNB in patients with cSCC 
must therefore be discussed individually based on the pres-
ence of risk factors such as tumor thickness, tumor diameter 
and desmoplasia. Ahadiat et al. demonstrated that SLNB is 
underutilized for high-risk tumors [1]. Based on the avail-
able data, SLNB should only be considered for patients with 
high-risk cSCC and should be assessed individually in each 
case. Considering the associated morbidity, SLNB should be 
preferred over prophylactic lymph node dissection.

Although more than half of all patients died within the 
follow-up, only 11.2% tumor-specific deaths were observed. 
In the observation group, significantly more patients died of 
other causes of death, whereby patients in this group were 
on average older than in the SLNB group. Both, the pro-
portion of individuals with advanced age with comorbidi-
ties and cSCC-patients will increase within the next years 
in industrial nations [19]. Therapy decisions in geriatric 
patients with cSCC should ideally be based on a geriatric 
examination and the individual situation of the patients and 
also consider minimally invasive therapy options [12, 21].

Limitations

A relevant limitation is the study design as a retrospective 
analysis without randomization.

The classification of the included cSCC as ’high-risk 
tumors’ was made analogously to the stratification by tumor 
thickness published by Brantsch et al. [5]. For this reason, 
the present study included patients with a tumor thickness 
of 5 mm or more and did not include any other tumors at 
high-risk locations such as ears or lips with a smaller tumor 
thickness. Therefore, no statement can be made about the 
applicability of the SLNB for tumors with a smaller tumor 
thickness.

The present study is a retrospective analysis, which also 
leads to limitations for cofounders and covariates. In par-
ticular, it should be noted that a relatively smaller number 
of patients with SLNB were analyzed than patients in the 
control group. This is due to the retrospective design and 
the real-world setting of this data set. Further, there was no 

re-evaluation or reprocessing of the histological blocks by a 
higher number of sections or additional staining, since the 
present work is intended to reflect a real-world setting. A 
re-examination might reduce the false negative rate, as could 
be shown analogously for melanoma.

We refrained from presenting a Kaplan–Meier curve for 
the SLNB result, as the number of positive SLNB results 
was too small in relation to the negative results to display 
a valid curve.

Conclusion

It is possible to evaluate the lymph node status in patients’ 
cSCC by SLNB. Due to the frequent localization of these 
tumors at the head and face area with a complex lymphatic 
situation as well as possible changes of the lymph drainage 
caused by previous surgeries, the detectability of the senti-
nel lymph node is limited. The proportion of false-negative 
sentinel lymph nodes was high in the present study; only 
one patient with lymph node metastases in the course of the 
study already showed metastasis of the sentinel lymph node. 
While in melanoma it could be shown that wide local exci-
sion with subsequent linear repair does not have any impact 
on subsequent SLNB, there are only few data available for 
defect closure with local flaps [11]. However, the influence 
of surgery on lymphatic drainage is unknown in cSCC.

A large proportion of our patients refused to undergo 
SLNB despite the presence of a high-risk tumor. There was 
no difference concerning tumor-specific deaths in the two 
investigated groups. The available data do not indicate that 
SLNB provides an advantage in survival or nodal control. 
Therefore, SLNB should only be considered for high-risk 
tumors and needs be assessed individually.

Acknowledgements  Open Access funding provided by Projekt DEAL.

Funding  This study was not funded.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  This study was approved by the Ethics Commission 
of the University of Tübingen (Project Number: 706/2017BO2). The 
study was conducted in accordance with good clinical practice and the 
Declaration of Helsinki.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 



125Archives of Dermatological Research (2021) 313:119–126	

1 3

included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Ahadiat O, Higgins S, Kwon S, Wysong A (2018) Underuse of 
the sentinel lymph node biopsy for high-risk squamous cell car-
cinoma of the skin. JAMA Dermatol 154:101–101. https​://doi.
org/10.1001/jamad​ermat​ol.2017.4169

	 2.	 Albertini JJ, Cruse CW, Rapaport D, Wells K, Ross M, DeConti 
R, Berman CG, Jared K, Messina J, Lyman G, Glass F, Fenske 
N, Reintgen DS (1996) Intraoperative radio-lympho-scintigraphy 
improves sentinel lymph node identification for patients with mel-
anoma. Ann Surg 223:217–224

	 3.	 Alex JC, Krag DN (1996) The gamma-probe-guided resection 
of radiolabeled primary lymph nodes. Surg Oncol Clin N Am 
5:33–41

	 4.	 Allen JE, Stolle LB (2015) Utility of sentinel node biopsy in 
patients with high-risk cutaneous squamous cell carcinoma. 
Eur J Surg Oncol 41:197–200. https​://doi.org/10.1016/j.
ejso.2014.10.055

	 5.	 Brantsch KD, Meisner C, Schönfisch B, Trilling B, Wehner-Caroli 
J, Röcken M, Breuninger H (2008) Analysis of risk factors deter-
mining prognosis of cutaneous squamous-cell carcinoma: a pro-
spective study. Lancet Oncol 9:713–720. https​://doi.org/10.1016/
S1470​-2045(08)70178​-5

	 6.	 Breuninger H, Eigentler T, Bootz F, Hauschild A, Kortmann R-D, 
Wolff K, Stockfleth E, Szeimies R-M, Rompel R, Garbe C, Grabbe 
S (2013) Brief S2k guidelines–cutaneous squamous cell carci-
noma. J Dtsch Dermatol Ges 11(Suppl 3):37–45–39–47. https​://
doi.org/10.1111/ddg.12015​_7

	 7.	 Breuninger H, Schaumburg-Lever G, Holzschuh J, Horny HP 
(1997) Desmoplastic squamous cell carcinoma of skin and ver-
milion surface: a highly malignant subtype of skin cancer. Cancer 
79:915–919

	 8.	 Buscombe J, Paganelli G, Burak ZE, Waddington W, Maublant J, 
Prats E, Palmedo H, Schillaci O, Maffioli L, Lassmann M, Chiesa 
C, Bombardieri E, Chiti A, European Association of Nuclear 
Medicine Oncology Committee, and Dosimetry Committee 
(2007) Sentinel node in breast cancer procedural guidelines. Eur 
J Nucl Med Mol Imaging 34:2154–2159. https​://doi.org/10.1007/
s0025​9-007-0614-z

	 9.	 Eberle FC, Schippert W, Trilling B, Röcken M, Breuninger H 
(2005) Cosmetic results of histographically controlled excision of 
non-melanoma skin cancer in the head and neck region. J Dtsch 
Dermatol Ges 3:109–112

	10.	 Fox M, Brown M, Golda N, Goldberg D, Miller C, Pugliano-
Mauro M, Schmults C, Shin T, Stasko T, Xu YG, Nehal K, High 
Risk Squamous Cell Carcinoma Workgroup, Dermatologic 
Surgery Section of the Association of Professors of Dermatol-
ogy (2019) Nodal staging of high-risk cutaneous squamous 
cell carcinoma. J Am Acad Dermatol 81:548–557. https​://doi.
org/10.1016/j.jaad.2018.09.006

	11.	 Gannon CJ, Rousseau DL, Ross MI, Johnson MM, Lee JE, Mans-
field PF, Cormier JN, Prieto VG, Gershenwald JE (2006) Accu-
racy of lymphatic mapping and sentinel lymph node biopsy after 
previous wide local excision in patients with primary melanoma. 
Cancer 107:2647–2652. https​://doi.org/10.1002/cncr.22320​

	12.	 Garcovich S, Colloca G, Sollena P, Andrea B, Balducci L, Cho 
WC, Bernabei R, Peris K (2017) Skin cancer epidemics in the 
elderly as an emerging issue in geriatric oncology. Aging Dis 
8:643–661. https​://doi.org/10.14336​/AD.2017.0503

	13.	 Gutzmer R, Satzger I, Thoms K-M, Völker B, Mitteldorf C, Kapp 
A, Bertsch HP, Kretschmer L (2008) Sentinel lymph node status 
is the most important prognostic factor for thick (%3e or = 4 mm) 
melanomas. J Dtsch Dermatol Ges 6:198–203. https​://doi.org/10.
1111/j.1610-0387.2007.06569​.x

	14.	 Häfner H-M, Schnabl S, Breuninger H, Schulz C (2013) Surgical 
treatment of epithelial skin tumors and their precursors. Hautarzt 
64:558–566. https​://doi.org/10.1007/s0010​5-013-2541-1

	15.	 Hoetzenecker W, Guenova E, Böttinger TU, Häfner H-M, Bre-
uninger H (2011) Mapping of specific sentinel node locations for 
skin cancer of the head. Eur J Dermatol 21:354–358. https​://doi.
org/10.1684/ejd.2011.1290

	16.	 Jansen P, Petri M, Merz SF, Brinker TJ, Schadendorf D, Stang A, 
Stoffels I, Klode J (2019) The prognostic value of sentinel lymph 
nodes on distant metastasis-free survival in patients with high-risk 
squamous cell carcinoma. Eur J Cancer 111:107–115. https​://doi.
org/10.1016/j.ejca.2019.02.004

	17.	 Krediet JT, Beyer M, Lenz K, Ulrich C, Lange-Asschenfeldt 
B, Stockfleth E, Terhorst D (2015) Sentinel lymph node biopsy 
and risk factors for predicting metastasis in cutaneous squa-
mous cell carcinoma. Br J Dermatol 172:1029–1036. https​://doi.
org/10.1111/bjd.13508​

	18.	 Leiter U, Eigentler TK, Häfner H-M, Krimmel M, Uslu U, Keim 
U, Weide B, Breuninger H, Martus P, Garbe C (2015) Sentinel 
lymph node dissection in head and neck melanoma has prognos-
tic impact on disease-free and overall survival. Ann Surg Oncol 
22:4073–4080. https​://doi.org/10.1245/s1043​4-015-4439-x

	19.	 Leiter U, Keim U, Eigentler T, Katalinic A, Holleczek B, Martus 
P, Garbe C (2017) Incidence, mortality, and trends of nonmela-
noma skin cancer in Germany. J Invest Dermatol 137:1860–1867. 
https​://doi.org/10.1016/j.jid.2017.04.020

	20.	 Leverkus M (2012) Malignant epithelial tumors: Part I. Patho-
physiology and clinical features. J Dtsch Dermatol Ges 10:457–
471. https​://doi.org/10.1111/j.1610-0387.2012.07963​.x(quiz 472)

	21.	 Linos E, Parvataneni R, Stuart SE, Boscardin WJ, Landefeld CS, 
Chren M-M (2013) Treatment of nonfatal conditions at the end 
of life: nonmelanoma skin cancer. JAMA Intern Med 173:1006–
1012. https​://doi.org/10.1001/jamai​ntern​med.2013.639

	22.	 Löser CR, Rompel R, Möhrle M, Häfner H-M, Kunte C, Hassel 
J, Hohenleutner U, Podda M, Sebastian G, Hafner J, Kaufmann 
R, Breuninger H (2015) S1 guideline: microscopically controlled 
surgery (MCS). J Dtsch Dermatol Ges 13:942–951. https​://doi.
org/10.1111/ddg.12665​

	23.	 Madan V, Lear JT, Szeimies R-M (2010) Non-melanoma skin 
cancer. Lancet 375:673–685. https​://doi.org/10.1016/S0140​
-6736(09)61196​-X

	24.	 Metchnikoff C, Mully T, Singer JP, Golden JA, Arron ST (2012) 
The 7th edition AJCC staging system for cutaneous squamous cell 
carcinoma accurately predicts risk of recurrence for heart and lung 
transplant recipients. J Am Acad Dermatol 67:829–835. https​://
doi.org/10.1016/j.jaad.2012.01.010

	25.	 Navarrete-Dechent C, Veness MJ, Droppelmann N, Uribe P (2015) 
High-risk cutaneous squamous cell carcinoma and the emerging 
role of sentinel lymph node biopsy: a literature review. J Am Acad 
Dermatol 73:127–137. https​://doi.org/10.1016/j.jaad.2015.03.039

	26.	 Rangwala S, Tsai KY (2011) Roles of the immune system in 
skin cancer. Br J Dermatol 165:953–965. https​://doi.org/10.111
1/j.1365-2133.2011.10507​.x

	27.	 Rastrelli M, Soteldo J, Zonta M, Trifirò G, Mazzarol G, Vitali GC, 
Mosconi M, Testori A (2010) Sentinel node biopsy for high-risk 
cutaneous nonanogenital squamous cell carcinoma: a preliminary 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jamadermatol.2017.4169
https://doi.org/10.1001/jamadermatol.2017.4169
https://doi.org/10.1016/j.ejso.2014.10.055
https://doi.org/10.1016/j.ejso.2014.10.055
https://doi.org/10.1016/S1470-2045(08)70178-5
https://doi.org/10.1016/S1470-2045(08)70178-5
https://doi.org/10.1111/ddg.12015_7
https://doi.org/10.1111/ddg.12015_7
https://doi.org/10.1007/s00259-007-0614-z
https://doi.org/10.1007/s00259-007-0614-z
https://doi.org/10.1016/j.jaad.2018.09.006
https://doi.org/10.1016/j.jaad.2018.09.006
https://doi.org/10.1002/cncr.22320
https://doi.org/10.14336/AD.2017.0503
https://doi.org/10.1111/j.1610-0387.2007.06569.x
https://doi.org/10.1111/j.1610-0387.2007.06569.x
https://doi.org/10.1007/s00105-013-2541-1
https://doi.org/10.1684/ejd.2011.1290
https://doi.org/10.1684/ejd.2011.1290
https://doi.org/10.1016/j.ejca.2019.02.004
https://doi.org/10.1016/j.ejca.2019.02.004
https://doi.org/10.1111/bjd.13508
https://doi.org/10.1111/bjd.13508
https://doi.org/10.1245/s10434-015-4439-x
https://doi.org/10.1016/j.jid.2017.04.020
https://doi.org/10.1111/j.1610-0387.2012.07963.x
https://doi.org/10.1001/jamainternmed.2013.639
https://doi.org/10.1111/ddg.12665
https://doi.org/10.1111/ddg.12665
https://doi.org/10.1016/S0140-6736(09)61196-X
https://doi.org/10.1016/S0140-6736(09)61196-X
https://doi.org/10.1016/j.jaad.2012.01.010
https://doi.org/10.1016/j.jaad.2012.01.010
https://doi.org/10.1016/j.jaad.2015.03.039
https://doi.org/10.1111/j.1365-2133.2011.10507.x
https://doi.org/10.1111/j.1365-2133.2011.10507.x


126	 Archives of Dermatological Research (2021) 313:119–126

1 3

result. Eur Surg Res 44:204–208. https​://doi.org/10.1159/00031​
2649

	28.	 Renzi C, Caggiati A, Mannooranparampil TJ, Passarelli F, Tartag-
lione G, Pennasilico GM, Cecconi S, Potenza C, Pasquini P (2007) 
Sentinel lymph node biopsy for high risk cutaneous squamous cell 
carcinoma: case series and review of the literature. Eur J Surg 
Oncol 33:364–369. https​://doi.org/10.1016/j.ejso.2006.10.017

	29.	 Roozeboom MH, Lohman BGPM, Westers-Attema A, Nelemans 
PJ, Botterweck AA, van Marion AMW, Kelleners-Smeets NWJ 
(2013) Clinical and histological prognostic factors for local recur-
rence and metastasis of cutaneous squamous cell carcinoma: anal-
ysis of a defined population. Acta Derm Venereol 93:417–421. 
https​://doi.org/10.2340/00015​555-1501

	30.	 Ross AS, Schmults CD (2006) Sentinel lymph node biopsy in 
cutaneous squamous cell carcinoma: a systematic review of the 
English literature. Dermatol Surg 32:1309–1321. https​://doi.org/
10.1111/j.1524-4725.2006.32300​.x

	31.	 Schmitt AR, Brewer JD, Bordeaux JS, Baum CL (2014) Staging 
for cutaneous squamous cell carcinoma as a predictor of senti-
nel lymph node biopsy results: meta-analysis of American Joint 
Committee on Cancer criteria and a proposed alternative system. 

JAMA Dermatol 150:19–24. https​://doi.org/10.1001/jamad​ermat​
ol.2013.6675

	32.	 Schmults CD, Karia PS, Carter JB, Han J, Qureshi AA (2013) 
Factors predictive of recurrence and death from cutaneous squa-
mous cell carcinoma: a 10-year, single-institution cohort study. 
JAMA Dermatol 149:541–547. https​://doi.org/10.1001/jamad​
ermat​ol.2013.2139

	33.	 Thompson AK, Kelley BF, Prokop LJ, Murad MH, Baum CL 
(2016) Risk factors for cutaneous squamous cell carcinoma recur-
rence, metastasis, and disease-specific death: a systematic review 
and meta-analysis. JAMA Dermatol 152:419–428. https​://doi.
org/10.1001/jamad​ermat​ol.2015.4994

	34.	 Thompson JF, Uren RF (2005) Lymphatic mapping in manage-
ment of patients with primary cutaneous melanoma. Lancet Oncol 
6:877–885. https​://doi.org/10.1016/S1470​-2045(05)70423​-X

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1159/000312649
https://doi.org/10.1159/000312649
https://doi.org/10.1016/j.ejso.2006.10.017
https://doi.org/10.2340/00015555-1501
https://doi.org/10.1111/j.1524-4725.2006.32300.x
https://doi.org/10.1111/j.1524-4725.2006.32300.x
https://doi.org/10.1001/jamadermatol.2013.6675
https://doi.org/10.1001/jamadermatol.2013.6675
https://doi.org/10.1001/jamadermatol.2013.2139
https://doi.org/10.1001/jamadermatol.2013.2139
https://doi.org/10.1001/jamadermatol.2015.4994
https://doi.org/10.1001/jamadermatol.2015.4994
https://doi.org/10.1016/S1470-2045(05)70423-X

	Sentinel lymph node biopsy for high-thickness cutaneous squamous cell carcinoma
	Abstract
	Introduction
	Methods
	Patients and study design
	Surgical approach
	Pathological processing of the sentinel lymph node
	Statistical analysis

	Results
	Description of the patient cohort
	Local recurrence
	Metastasis
	Survival

	Discussion
	Limitations
	Conclusion
	Acknowledgements 
	References




