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ABSTRACT
The Brigham and Woman’s Hospital (BWH) classification system appears superior to the 

American Joint Committee on Cancer 8th edition (AJCC8) classification system in identifying 

a subgroup of cutaneous squamous cell carcinoma (cSCC) patients with poor outcome in 

literature, however larger cohort data are lacking.

The objective of this study was to assess whether the AJCC8 or the BWH classification 

system better predicts poor outcome in patients with cSCC of the head and neck (cSCCHN).

This retrospective single-center study included 748 patients with primary cSCCHN. 

Cumulative incidence function (CIF) tables were used to assess discriminatory ability. Areas 

under receiver operating characteristic (ROC) curves with death as a competing risk were used 

to compare predictive accuracy.

More patients were classified as high-stage by the AJCC8 (20.9%) compared to the 

BWH (14.3%) without identifying more poor outcome. CIF tables showed an increase in poor 

outcome with an increase of tumor stage for both systems. ROC analysis showed a higher 

predictive accuracy for BWH compared to AJCC8 (p=0.018 at 60 months).

In conclusion, a system using the cumulative number of high-risk factors, such as the 

BWH, is more accurate for patients with cSCCHN.
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INTRODUCTION
Cutaneous squamous cell carcinoma (cSCC) is the second most common malignancy of the 

skin and the incidence is increasing.1,2 Approximately 80% of cSCCs are located in the head 

and neck region (cSCCHN). Generally, the prognosis is excellent after excision, especially 

in low-stage tumors with low recurrence and metastasis rates.3,4 Staging is used to identify 

low- and high-risk tumors. Diagnostics (e.g. indication for imaging), the treatment plan and 

follow-up intensity are based on the tumor stage. Because of this clinical impact adequate 

staging of the tumor is of great importance. The most commonly used system for cSCC is 

the American Joint Committee on Cancer 8th edition classification system (AJCC8).5,6 This 

system is predominantly based on tumor size in the lower stages and extradermal or perineural 

invasion in the higher stages.

An alternative classification system for cSCC on all locations is the Brigham and Women’s 

Hospital classification system (BWH).7 This system is based on high-risk factors derived from 

tumor characteristics: tumor diameter ≥2 cm, poor differentiation, perineural invasion ≥0.1 

mm and tumor invasion beyond subcutaneous fat. The more high-risk factors the tumor 

presents, the higher the stage. Bone invasion always upstages a tumor to T3. An overview of 

both classification systems is displayed in Table 1.

Recent studies suggest a better prognostic value of the BWH compared to the AJCC8.8-11 

However, most of these studies included a limited number of cases, or did not assess the head 

and neck region specifically. Therefore, the aim of this study was to analyze which classification 

system predicts outcome better in a larger cohort of patients with cSCCHN.

Table 1. Overview of staging criteria for AJCC8 and BWH.

AJCC8

T1
T2
T3

T4a
T4b

Tumor smaller than 2 cm in greatest dimension
Tumor 2 cm or larger, but smaller than 4 cm in greatest dimension
Tumor 4 cm or larger in maximum dimension OR minor bone erosion OR 
perineural invasion OR deep invasion*
Tumor with gross cortical bone/marrow invasion
Tumor with skull base invasion and/or skull base foramen involvement

BWH

High-risk factors

T1
T2a
T2b
T3

Tumor diameter ≥2 cm, poor differentiation, perineural invasion ≥0.1 mm, tumor 
invasion beyond subcutaneous fat.
0 high-risk factors
1 high-risk factor
2-3 high-risk factors
4 high-risk factors or bone invasion

AJCC8, American Joint Committee on Cancer, 8th edition; BWH, Brigham and Women’s Hospital.
*Deep invasion is defined by the AJCC as invasion beyond the subcutaneous fat or >6 mm. Perineural invasion is 
defined as tumor cells within the nerve sheath of a nerve lying deeper than the dermis or measuring 0.1 mm or larger, 
or presenting with clinical or radiographic involvement of named nerves without skull base invasion or transgression.
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MATERIALS & METHODS
Patient and tumor characteristics
An institutional retrospective database was used comprising patients with histologically proven 

primary cSCCHN who were diagnosed or treated at the University Medical Center Groningen 

(UMCG) between 1 January 2000 and 1 January 2014 (N=770). Patient and tumor characteristics 

were extracted from the medical records. Patients with metastatic disease (nodal or distant) at 

the time of primary  tumor diagnosis were excluded (n=12). Histopathology was re-assessed if 

data were missing. All tumors were restaged according to the AJCC8 and the BWH. The tumor 

stage of 4 patients was unknown due to a missing tumor size; these patients were excluded 

from analysis. Another 6 patients were excluded due to a follow-up time shorter than 1 month, 

leaving a total of 748 patients to be analyzed. The Medical Ethical Committee of the UMCG 

confirmed that this study was not subject to the Medical Research Involving Human Subjects 

Act and released a waiver.

Data preparation
Since survival analyses were performed with death as competing risk, the analyses were 

performed at the patient level rather than per individual tumor. The 748 patients in our cohort 

had 1087 tumors. The tumor with poor outcome or the highest stage was chosen as index tumor. 

In case of poor outcome with uncertainty about the culprit tumor patients were discussed in 

our research group. AJCC8 T4a and T4b were combined for all analyses, to create an equal 

amount of stages in both staging systems. Lymphangitic carcinomatosis was classified as 

distant metastasis.

Survival time was measured from the diagnosis date of the tumor till the diagnosis date 

of the local recurrence (LR), nodal metastasis (NM), or distant metastasis (DM) or the date of 

death, or the date of last follow-up or censoring date (5 years after diagnosis). In the case of 

multiple events per patient, the event occurring first was analyzed.

Statistical analysis
Patient and tumor characteristics were summarized using descriptive statistics and compared 

with chi-squared tests. Due to our elderly population, competing risk analyses were performed 

to account for the risk of dying before developing poor outcome and presented with cumulative 

incidence function (CIF)12 tables for progression of disease (POD), comprising local recurrence, 

nodal metastasis and distant metastasis, and these events separately. Death was defined 

as a competing event. To compare the predictive accuracy of the staging systems for POD, 

time-dependent area under the curve (AUC) estimates with death as a competing risk were 

calculated in R with the methods implemented in the time-receiver operating characteristic 

package.13 The area under the ROC curve (AUC) can be used to compare accuracy and can 

be interpreted as a concordance index (C-index), meaning the AUC is equal to the probability 

that the staging of a random patient with poor outcome is higher than the staging of a random 

patient without poor outcome.13 Statistical analyses were performed using STATA (v. 14.2; 
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StataCorp) and R (v. 4.0.1; The R Foundation for Statistical Computing).

RESULTS
Characteristics and distinctiveness
Patient and tumor characteristics of the 748 included patients are shown in Table 2. More 

patients were classified as high-stage (T3 or higher for AJCC8, T2b or higher for BWH) by the 

AJCC8 (20.9%) compared to the BWH (14.3%, p<0.001 in chi-squared test), without identifying 

more poor outcomes: 28.2% of the high-stage AJCC8 tumors developed POD, compared to 

31.8% of the high-stage BWH tumors. On the contrary, low-stage AJCC8 tumors developed 

POD in 7.9%, compared to 8.9% in the BWH low-stage tumors. Table 3 shows the number 

of patients developing LR, NM, DM or POD per tumor stage for both staging systems. The 

AJCC8 and BWH both showed an increasing  percentage of patients with LR, NM, DM and 

POD with the increase of T stage.

Distinctiveness of the tumor stages for the poor outcome POD is displayed with CIF 

tables in Table 4. CIF tables for the poor outcomes local recurrence, nodal metastasis and 

distant metastasis are displayed in Supplementary Tables S1-S3. Investigating distinctiveness 

between adjoining stages, BWH only showed a significant difference between T1 and T2a, 

regardless of outcome (p=0.002 for LR, p<0.001 for NM, p=0.003 for DM and p<0.001 for 

POD in chi-squared test). For AJCC8, only the difference between T1 and T2 was significant 

for the NM (p<0.001) and POD (p<0.001) outcomes, but not for LR and DM.

All 23 AJCC8 T1 tumors that are BWH T2a tumors were upstaged in the BWH because 

of poor differentiation. Of the 80 AJCC8 T2 tumors, 88.8% were staged as BWH T2a, all 

others were staged as BWH T2b. Of the 152 patients staged as a AJCC8 T3, 58 were staged 

as a BWH T2a (38.2%), 84 as BWH T2b (55.3%) and 10 as BWH T3 (6.6%). Of the 58 T3/T2a 

patients, 12 (20.7%) developed a form of POD. The one patient with T4b did not develop 

POD after a cSCC of the ear canal with bone invasion and remained in complete remission 

after treatment until end of follow-up.

Survival and prognostic value
A total of 25 patients (3.4%) died of disease within five years, with a median time to death 

of 18 months (range 6-55). The median time till progression of disease was 7 months (range 

1-132 months).

The frequencies of POD, no POD, death and censored cases are shown in Table 5 

for each time point. At 60 months, 88 patients (11.8%) had developed POD. Three patients 

developed POD after 60 months. Censored patients did not develop POD but had a shorter 

follow-up than the respective time point. At 60 months, 147 patients (19.7%) were censored. 

The AUC estimates with 95% CI for different time points are also shown in Table 5. The AUC 

estimate was significantly higher for the BWH at 24, 36, 48 and 60 months compared to the 

AJCC8. Figure 1 shows the time-dependent ROC curve at 60 months for AJCC8 in red and 

for BWH in blue, with a significant higher prognostic value of the BWH (p=0.018).
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Table 2. Patient and tumor characteristics (N=748).

Median age, y (range) 74 (25-105)

Sex, n (%)
Men
Women

499 (66.7)
249 (33.3)

Median follow-up time, m (range) 53 (1-206)

Immunosuppression, n (%) 128 (17.1)

Tumor diameter, n (%)
<2 cm
≥2 cm and <4 cm
≥4 cm

575 (76.9)
129 (17.3)
44 (5.9)

Tumor differentiation, n (%)
Well
Moderate
Poor
Unknown

324 (43.3)
362 (48.4)
61 (8.2)
1 (0.1)

Invasion depth, n (%)
≤6 mm
≤6 mm and extradermal invasion (beyond subcutaneous fat)
>6 mm
>6 mm and extradermal invasion (beyond subcutaneous fat)

662 (88.5)
32 (4.3)
86 (11.5)
23 (3.1)

Perineural invasion, n (%) 68 (9.1)

T stage (AJCC8), n (%)
T1
T2
T3
T4*

512 (68.5)
80 (10.7)
152 (20.3)

4 (0.5)

T stage (BWH), n (%)
T1
T2a
T2b
T3

489 (65.4)
152 (20.3)
94 (12.6)
13 (1.7)

*AJCC8 T4 comprises patients with a T4a tumor (N=3) and a T4b tumor (N=1).
AJCC8, American Joint Committee on Cancer, 8th edition; BWH, Brigham and Women’s Hospital; cm, centimeter; m, 
months;mm, millimeter; N/n, number; T, tumor; y, years.
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Table 3. Poor outcome per T stage (N=748).

LR NM DM POD Total

AJCC8 T stage, n (%)

T1
T2
T3
T4*

24 (4.7)
6 (7.5)

25 (16.5)
1 (25.0)

9 (1.8)
12 (15.0)
26 (17.1)
2 (50.0)

1 (0.2)
1 (1.3)
8 (5.3)
1 (25.0)

32 (6.3)
15 (18.8)
42 (27.6)
2 (50.0)

512
80
152
4

BWH T stage, n (%)

T1
T2a
T2b
T3

19 (3.9)
16 (10.5)
18 (19.2)
3 (23.1)

6 (1.2)
22 (14.5)
16 (17.0)
5 (38.5)

1 (0.2)
4 (2.6)
4 (4.3)
2 (15.4)

26 (5.3)
31 (20.4)
27 (28.7)
7 (53.9)

489
152
94
13

Total, n (%) 56 (7.5) 49 (6.6) 11 (1.5) 91 (12.2)

* AJCC8 T4 comprises patients with a T4a tumor (N=2) and a T4b tumor (N=1). 
Due to some patients having multiple poor outcomes, the number of patients with POD is lower than when the 
numbers of LR, NM and DM are added together.
AJCC8, American Joint Committee on Cancer, 8th edition; BWH, Brigham and Women’s Hospital; DM, distant 
metastasis; LR, local recurrence; N/n, number; NM, nodal metastasis; POD, progression of disease, comprising of 
local recurrence, nodal metastasis and distant metastasis; T, tumor.

Table 4. Cumulative incidence function for progression of disease (comprised of local recurrence, nodal 
metastasis and distant metastasis) by staging system with death as competing risk.

t=12 t=24 t=36 t=48 t=60

AJCC8, CIF [95% CI]

T1

T2

T3

T4

0.028 [0.016-0.045]

0.143 [0.076-0.230]

0.231 [0.167-0.302]

0.500 [0.058-0.845]

0.042 [0.027-0.062]

0.172 [0.097-0.264]

0.266 [0.198-0.340]

0.500 [0.058-0.845]

0.044 [0.029-0.065]

0.187 [0.108-0.283]

0.288 [0.217-0.363]

0.500 [0.058-0.845]

0.051 [0.034-0.073]

0.204 [0.120-0.303]

0.288 [0.217-0.363]

0.500 [0.058-0.845]

0.061 [0.042-0.084]

0.204 [0.120-0.303]

0.288 [0.217-0.363]

0.500 [0.058-0.845]

BWH, CIF [95% CI]

T1

T2a

T2b

T3

0.023 [0.012-0.039]

0.156 [0.103-0.219]

0.242 [0.160-0.334]

0.413 [0.150-0.661]

0.034 [0.020-0.053]

0.185 [0.126-0.251]

0.288 [0.198-0.383]

0.497 [0.206-0.733]

0.034 [0.020-0.053]

0.207 [0.145-0.277]

0.300 [0.209-0.396]

0.580 [0.268-0.799]

0.041 [0.025-0.061]

0.215 [0.152-0.286]

0.300 [0.209-0.396]

0.580 [0.268-0.799]

0.051 [0.033-0.074]

0.215 [0.152-0.286]

0.300 [0.209-0.396]

0.580 [0.268-0.799]

AJCC8=American Joint Committee on Cancer, 8th edition; BWH=Brigham and Women’s Hospital; CI=confidence 
interval
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Table 5. Comparison of the area under the curve of AJCC8 and BWH at 12, 24, 36, 48 and 60 months 
(N=748).

t=12 t=24 t=36 t=48 t=60

Progression of 
disease, n (%)

61 (8.2) 75 (10.0) 80 (10.7) 84 (11.2) 88 (11.8)

No progression of 
disease, n (%)

588 (78.6) 507 (67.8) 431 (57.6) 364 (48.7) 287 (38.4)

Death, n (%) 56 (7.5) 110 (14.7) 155 (20.7) 199 (26.6) 226 (30.2)

Censored, n (%) 43 (5.7) 56 (7.5) 82 (11.0) 101 (13.5) 147 (19.7)

AUC, estimate [95% CI]

AJCC8 0.77 
[0.71-0.83]

0.74 
[0.69-0.80]

0.75 
[0.69-0.80]

0.73 
[0.63-0.78]

0.71 
[0.65-0.76]

BWH 0.79 
[0.73-0.84]

0.77 
[0.72-0.83]

0.78 
[0.73-0.83]

0.76 
[0.71-0.81]

0.74 
[0.68-0.79]

P-value 0.279 0.039 0.024 0.026 0.018

Estimates, confidence intervals and P values of the test of H0 : AUCAJCC8(t)=AUCBWH(t).
Progression of disease consists of local recurrence of the tumor, nodal metastasis and distant metastasis.
Three patients developed POD after 60 months. 
Censored patients did not develop POD but had a shorter follow-up than the respective time point.
Significant P values are bold.
AJCC8=American Joint Committee on Cancer, 8th edition; AUC=area under the curve; BWH=Brigham and Women’s 
Hospital; CI=confidence interval; POD, progression of disease, t=time in months.

ROC curve at month 60

p=0.018
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Figure 1. Time-dependent receiver operating characteristic curves with competing risks estimated by 
inverse probability of censoring weighting estimators (KM-weights) at t=60 months for AJCC8 (red) and 
BWH (blue) with POD as outcome measure.
AJCC8, American Joint Committee on Cancer 8th edition; AUC, area under the curve; BWH, Brigham and Women’s 

Hospital; KM, Kaplan-Meier; POD, progression of disease, comprising local recurrence, nodal metastasis and distant 

metastasis; ROC, receiver operating characteristic; t, time in months. 
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DISCUSSION
The choice of classification system is important because of the clinical impact the staging 

of tumors has on the diagnostics, treatment policy and follow-up of patients with cSCCHN. 

Therefore, with this study we aimed to compare the discriminatory ability and prognostic value 

of the AJCC8 and BWH classification systems. In the present study, the adverse outcomes of 

LR, NM and DM were combined into one outcome measure: POD. In this elderly population, 

we dealt with the competing risk of death before developing POD by performing competing 

risk analyses. We found a higher incidence of LR, NM, DM or POD with an increasing tumor 

stage in both staging systems, showing the discriminatory ability of both systems. Analysis 

of adjoining stages with chi-squared tests shows a greater discriminatory ability for the BWH 

compared to the AJCC8. The prognostic ability for POD was assessed by AUC estimates 

which translate to the probability that the staging of a random patient with poor outcome is 

higher than the staging of a random patient without poor outcome. With these AUC estimates, 

which can be interpreted as C-index, we demonstrated a higher prognostic value of the BWH 

compared to AJCC8 at all time points above 12 months.

Recent studies comparing the AJCC8 and BWH staging systems with different 

methodologies draw similar conclusions. All studies similarly show more poor outcomes for 

both AJCC8 and BWH with increasing stage, while no significant differences between the 

systems were described in the ability of predicting poor outcomes.8-10 However, one study 

comparing the number of correctly classified cSCCHNs describes that more tumors were 

classified as high-stage by the AJCC8 compared to the BWH, without identifying more poor 

outcomes. Predominantly because of a similar risk of poor outcome between AJCC8 T2 and 

T3 tumors.10 This suggests that the BWH more appropriately identifies high-risk tumors.10 An 

important difference between AJCC8 and BWH regarding the stages T2/T3 and T2a/T2b, is 

that a tumor can be staged as AJCC8 T3 based on one risk factor (perineural invasion or deep 

invasion), whereas one risk factor leads to a BWH T2a stage. This might also be an explanation 

for the relatively higher staging by the AJCC8 compared to the BWH described in our and 

previous studies without identifying more poor outcomes.9,10

Similar results are shown by a nested case-control study on 6721 patients with cSCC 

demonstrating a higher sensitivity, specificity, number of correctly classified tumors and 

C-index for the BWH compared to the AJCC8.11 Their C-indexes for BWH and AJCC8 are 

comparable to our AUC estimates. A different approach by directly comparing AJCC8 with 

BHW stages with disease-specific poor outcomes, which also includes disease-specific death, 

shows different results.9 Canueto et al. observed that a significant proportion of the cSCCHNs 

that were down-staged with the BWH staging system (39 of 93) developed poor outcomes 

during follow-up, whereas only 1 of the 17 tumors that was up-staged behaved aggressively. 

However, in this study AJCC8 T3 was compared to BWH T3, while we would consider AJCC8 

T4 and BWH T3 more alike because they are both defined by bone invasion. Furthermore, 

AJCC8 T3/BWH T2b tumors were considered down-staged, while it can be debated whether 

this is down-staging or that these stages are of equal risk. AJCC8 T3/BWH T2b tumors covered 
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the largest part of the down-staged tumors (44/92).

A limitation of this study is its retrospective nature and the single center setup. 

Furthermore, as we selected the tumor with the highest stage in patients with multiple tumors, 

low stage tumors might be underrepresented in our study. Because AJCC8 and BWH were 

compared using the same underlying data, the comparison will not be affected by this choice.  

The major strength of this study is that all missing histopathological data were reassessed 

by one dermatopathologist, leading to a complete and uniform high-quality assessment of 

tumor characteristics. The monocenter study setup lead to a uniform treatment protocol of all 

patients. However, these strengths of uniformity could be a limitation considering this might 

not be representative for other clinical settings. Another strength of this study is that data of 

a large cohort was analyzed, with detailed statistics in collaboration with an epidemiologist 

and statistician.

Our results indicate that a classification system based on the cumulative number of 

high-risk tumor characteristics gives a more accurate prediction of prognosis in cSCCHN. 

However,  an AUC value of 0.74 for the BWH shows there is still room for improvement, since a 

value over 0.8 is considered excellent and more than 0.9 is considered outstanding.14 The risk 

factors taken into account by the BWH, greatly correspond to the risk factors with the highest 

risk ratio for recurrence, metastasis or disease-specific death in the meta-analysis performed by 

Thompson et al.15 An earlier study performed in our own center with 545 cSCCHNs identified 

moderate differentiation as an independent risk factor for development of NM.16 Adding 

moderate differentiation as a risk factor in the BWH classification does not give a better 

predictive value for POD in our patient population when compared to the original BWH with 

ROC analysis (unpublished data). Future investigations to improve the prognostic accuracy of 

staging systems might explore the inclusion of tumor characteristics on a molecular level or 

patient characteristics such as immune status or age.

In conclusion, classification of a cutaneous squamous cell carcinoma of the head and 

neck region based on the cumulative number of risk factors, such as the BWH classification 

system, gives a more accurate prediction of progression of disease than the AJCC8 classification 

system and would therefore be our recommendation to use in clinical practice.



47

Comparing classification systems for cSCCHN 

2

REFERENCES
1. Hollestein LM, de Vries E, Nijsten T. Trends of 

cutaneous squamous cell carcinoma in the 
Netherlands: increased incidence rates, but stable 
relative survival and mortality 1989-2008. Eur J 
Cancer. 2012;48(13):2046-2053. doi:10.1016/j.
ejca.2012.01.003 [doi]

2. Karia PS, Han J, Schmults CD. Cutaneous 
squamous cell carcinoma: estimated incidence 
of disease, nodal metastasis, and deaths from 
disease in the United States, 2012. J Am Acad 
Dermatol. 2013;68(6):957-966. doi:10.1016/j.
jaad.2012.11.037 [doi]

3. Chadha P, Jakharia-Shah N, Geh J. Review of 
follow-up requirements of low-risk squamous cell 
carcinomas after surgical excision. J Plast Reconstr 
Aesthet Surg. 2018;71(3):441-443. doi:10.1016/j.
bjps.2017.11.017

4. Que SKT, Zwald FO, Schmults CD. Cutaneous 
squamous cell carcinoma: Incidence, risk 
factors, diagnosis, and staging. J Am Acad 
Dermatol. 2018;78(2):237-247. doi:10.1016/j.
jaad.2017.08.059

5. Stratigos AJ, Garbe C, Dessinioti C, et al. 
European interdisciplinary guideline on invasive 
squamous cell carcinoma of the  skin: Part 1. 
epidemiology, diagnostics and prevention. 
Eur J Cancer. 2020;128:60-82. doi:10.1016/j.
ejca.2020.01.007

6. (NVDV) NV voor D en V. Guideline squamous cell 
carcinoma of the skin. Published online 2018.

7. Jambusaria-Pahlajani A, Kanetsky PA, Karia 
PS, et al. Evaluation of AJCC tumor staging 
for cutaneous squamous cell carcinoma and a  
proposed alternative tumor staging system. JAMA 
dermatology. 2013;149(4):402-410. doi:10.1001/
jamadermatol.2013.2456

8. Blechman AB, Carucci JA, Stevenson ML. 
Stratification of Poor Outcomes for Cutaneous 
Squamous Cell Carcinoma in Immunosuppressed 
Patients Using the American Joint Committee 
on Cancer Eighth Edition and Brigham and 
Women’s Hospital Staging Systems. Dermatol 
Surg. 2019;45(9):1117-1124. doi:10.1097/
DSS.0000000000001774

9. Canueto J, Burguillo J, Moyano-Bueno D, et al. 
Comparing the eighth and the seventh editions 

of the American Joint Committee on  Cancer 
staging system and the Brigham and Women’s 
Hospital alternative staging system for cutaneous 
squamous cell carcinoma: Implications for clinical 
practice. J Am Acad Dermatol. 2019;80(1):106-
113.e2. doi:10.1016/j.jaad.2018.06.060

10. Ruiz ES, Karia PS, Besaw R, et al. Performance 
of the American Joint Committee on Cancer 
Staging Manual, 8th Edition vs the Brigham and 
Women’s Hospital Tumor Classification System 
for Cutaneous Squamous Cell Carcinoma. JAMA 
dermatology. 2019;155(7):819-825. doi:10.1001/
jamadermatol.2019.0032

11. Roscher I, Falk RS, Vos L, et al. Validating 4 
Staging Systems for Cutaneous Squamous 
Cell Carcinoma Using  Population-Based 
Data: A Nested Case-Control Study. JAMA 
dermatology. 2018;154(4):428-434. doi:10.1001/
jamadermatol.2017.6428

12. Lambert PC. The Estimation and Modeling 
of Cause-specific Cumulative Incidence 
F u n c t i o n s  U s i n g  T i m e - d e p e n d e n t 
Weights. Stata J. 2017;17(1):181-207. 
doi:10.1177/1536867X1701700110

13. Blanche P, Dartigues J-F, Jacqmin-Gadda H. 
Estimating and comparing time-dependent areas 
under receiver operating characteristic curves 
for censored event times with competing risks. 
Stat Med. 2013;32(30):5381-5397. doi:10.1002/
sim.5958

14. Mandrekar JN. Receiver operating characteristic 
curve in diagnostic test assessment. J Thorac 
Oncol  Off Publ Int Assoc  Study Lung 
Cancer. 2010;5(9):1315-1316. doi:10.1097/
JTO.0b013e3181ec173d

15. Thompson AK, Kelley BF, Prokop LJ, et al. Risk 
Factors for Cutaneous Squamous Cell Carcinoma 
Recurrence, Metastasis, and Disease-Specific 
Death: A Systematic Review and Meta-analysis. 
JAMA dermatology. 2016;152(4):419-428. 
doi:10.1001/jamadermatol.2015.4994 [doi]

16. Haisma MS, Plaat BEC, Bijl HP, et al. Multivariate 
analysis of potential risk factors for lymph 
node metastasis in patients with cutaneous 
squamous cell carcinoma of the head and neck. 
J Am Acad Dermatol. 2016;75(4):722-730. 
doi:S0190-9622(16)30387-5 [pii]



48

Chapter 2

SUPPLEMENTARY MATERIAL

Supplementary Table S1. Cumulative incidence function for local recurrence by staging system with 
death as competing risk.

t=12 t=24 t=36 t=48 t=60

AJCC8, CIF [95% CI]

T1

T2

T3

T4

0.016 [0.008-0.030]

0.053 [0.017-0.120]

0.116 [0.071-0.174]

0.250 [0.009-0.665]

0.028 [0.016-0.046]

0.068 [0.025-0.140]

0.144 [0.093-0.206]

0.250 [0.009-0.665]

0.032 [0.019-0.051]

0.068 [0.025-0.140]

0.173 [0.116-0.239]

0.250 [0.009-0.665]

0.039 [0.024-0.059]

0.084 [0.034-0.163]

0.173 [0.116-0.239]

0.250 [0.009-0.665]

0.046 [0.030-0.068]

0.084 [0.034-0.163]

0.173 [0.116-0.239]

0.250 [0.009-0.665]

BWH, CIF [95% CI]

T1

T2a

T2b

T3

0.013 [0.005-0.026]

0.069 [0.035-0.117]

0.144 [0.081-0.224]

0.083 [0.005-0.311]

0.023 [0.012-0.040]

0.083 [0.045-0.135]

0.177 [0.107-0.263]

0.167 [0.027-0.413]

0.023 [0.012-0.040]

0.105 [0.062-0.162]

0.201 [0.125-0.289]

0.250 [0.060-0.505]

0.030 [0.017-0.049]

0.113 [0.068-0.172]

0.201 [0.125-0.289]

0.250 [0.060-0.505]

0.038 [0.023-0.059]

0.113 [0.068-0.172]

0.201 [0.125-0.289]

0.250 [0.060-0.505]

AJCC8, American Joint Committee on Cancer, 8th edition; BW, Brigham and Women’s Hospital; CI, confidence 
interval.

Supplementary Table S2. Cumulative incidence function for nodal metastasis by staging system with 
death as competing risk.

t=12 t=24 t=36 t=48 t=60

AJCC8, CIF [95% CI]

T1

T2

T3

T4

0.010 [0.004-0.022]

0.103 [0.048-0.182]

0.156 [0.103-0.219]

0.500 [0.058-0.845]

0.014 [0.006-0.028]

0.131 [0.067-0.216]

0.177 [0.120-0.243]

0.500 [0.058-0.845]

0.014 [0.006-0.028]

0.146 [0.078-0.236]

0.177 [0.120-0.243]

0.500 [0.058-0.845]

0.014 [0.006-0.028]

0.162 [0.089-0.256]

0.177 [0.120-0.243]

0.500 [0.058-0.845]

0.016 [0.008-0.031]

0.162 [0.089-0.256]

0.177 [0.120-0.243]

0.500 [0.058-0.845]

BWH, CIF [95% CI]

T1

T2a

T2b

T3

0.008 [0.003-0.020]

0.108 [0.065-0.164]

0.143 [0.803-0.223]

0.413 [0.150-0.661]

0.008 [0.003-0.020]

0.136 [0.087-0.197]

0.177 [0.107-0.262]

0.413 [0.150-0.661]

0.008 [0.003-0.020]

0.144 [0.093-0.206]

0.177 [0.107-0.262]

0.413 [0.150-0.661]

0.008 [0.003-0.020]

0.152 [0.099-0.215]

0.177 [0.107-0.262]

0.413 [0.150-0.661]

0.011 [0.004-0.024]

0.152 [0.099-0.215]

0.177 [0.107-0.262]

0.413 [0.150-0.661]

AJCC8, American Joint Committee on Cancer, 8th edition; BWH, Brigham and Women’s Hospital, CI, confidence 
interval.
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Supplementary Table S3. Cumulative incidence function for distant metastasis by staging system with 
death as competing risk.

t=12 t=24 t=36 t=48 t=60

AJCC8, CIF [95% CI]

T1

T2

T3

T4

0.002 [0.000-0.011]

0.014 [0.001-0.065]

0.027 [0.009-0.063]

0.250 [0.009-0.665]

0.002 [0.000-0.011]

0.014 [0.001-0.065]

0.055 [0.026-0.101]

0.250 [0.009-0.665]

0.002 [0.000-0.011]

0.014 [0.001-0.065]

0.055 [0.026-0.101]

0.250 [0.009-0.665]

0.002 [0.000-0.011]

0.014 [0.001-0.065]

0.055 [0.026-0.101]

0.250 [0.009-0.665]

0.002 [0.000-0.011]

0.014 [0.001-0.065]

0.055 [0.026-0.101]

0.250 [0.009-0.665]

BWH, CIF [95% CI]

T1

T2a

T2b

T3

0.002 [0.000-0.011]

0.014 [0.003-0.045]

0.022 [0.004-0.069]

0.167 [0.027-0.413]

0.002 [0.000-0.011]

0.028 [0.009-0.065]

0.044 [0.014-0.101]

0.167 [0.027-0.413]

0.002 [0.000-0.011]

0.028 [0.009-0.065]

0.044 [0.014-0.101]

0.167 [0.027-0.413]

0.002 [0.000-0.011]

0.028 [0.009-0.065]

0.044 [0.014-0.101]

0.167 [0.027-0.413]

0.002 [0.000-0.011]

0.028 [0.009-0.065]

0.044 [0.014-0.101]

0.167 [0.027-0.413]

AJCC8, American Joint Committee on Cancer, 8th edition; BWH, Brigham and Women’s Hospital, CI, confidence 
interval.
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