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IMPORTANCE Brigham and Women’s tumor classification (BWH) better predicts poor
outcomes than American Joint Committee on Cancer (AJCC) 7th edition (AJCC 7). AJCC 8th
edition (AJCC 8) has not been evaluated.

OBJECTIVES To compare BWH and AJCC 8 tumor classifications for head and neck cutaneous
squamous cell carcinoma (HNCSCC).

DESIGN, SETTING, AND PARTICIPANTS A total of 459 patients with 680 HNCSCCs in this
cohort study were staged via BWH and AJCC 8 classifications and poor outcomes (ie, local
recurrence [LR], nodal metastasis [NM], disease specific death [DSD], and overall survival
[OS]) were compared. The study was carried out at a single academic tertiary care center in
Boston, Massachusetts.

MAIN OUTCOMES AND MEASURES Distinctiveness (outcome differences between tumor
class), homogeneity (outcome similarity within tumor class), monotonicity (outcome
worsening with increasing tumor class), and C statistic.

RESULTS A total of 680 HNCSCCs in 459 patients were included in this study, of which 313
(68%) were men with the mean (SD) age of 70.2 (12.7) years. The AJCC 8 (T3/T4) and BWH
(T2b/T3) high tumor classes accounted for 121 (18%) vs 63 (9%), 17 (71%) vs 16 (70%), and 11
(85%) vs 12 (92%) of total cases, metastases, and deaths, respectively. The AJCC 8 T2 and T3
comprised 23% of cases and had statistically indistinguishable outcomes. The BWH had
higher specificity (93%) and positive predictive value (30%) for identifying cases at risk for
metastasis or death. C statistics showed BWH to be superior in predicting NM and DSD
(P = .01 and P = .005, respectively), but there was no difference for LR and OS.

CONCLUSIONS AND RELEVANCE Lack of distinction between AJCC T2 and T3 resulted in a 23%
subset of HNCSCCs with significant risk of metastasis and death—too large of a group for
routine nodal staging or consideration of adjuvant therapy. The BWH identifies the same
number of poor outcomes in a 9% subset of HNCSCCs, thus minimizing inappropriate
upstaging of low-risk disease.
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A lthough most cutaneous squamous cell carcinomas
(CSCC)haveanexcellentprognosisandarecuredwithsur-
gical excision alone, a small subset of tumors have a high

risk of poor outcomes with 3.7% to 5.2% developing metastases
and 2.8% dying of disease.1-4 Most deaths (70%) are owing to un-
resectablelocoregionaldisease(includinglocalandnodaldisease)
rather than distant organ metastases.2 Identification of such tu-
mors with significant risk of recurrence, progression to unresect-
ability, or death is challenging owing to lack of accurate CSCC risk
stratification. The American Joint Committee on Cancer (AJCC)
Tumor Classification, 7th edition (AJCC 7) for CSCC introduced
several prognostic factors besides tumor diameter.5,6 However,
AJCC staging has suffered from an inability to validate and refine
the system via population-based data because CSCC is excluded
from the Surveillance, Epidemiology, and End Results Program.

The Brigham and Women’s Hospital (BWH) system is an
alternative tumor classification system. Prior analysis of a single
institution cohort demonstrated that the BWH staging sys-
tem offers improved distinctiveness, homogeneity, and mono-
tonicity over AJCC 7.6 A systematic review7 of sentinel node
biopsy in CSCC demonstrated that BWH T2b/T3 tumors have
a high risk of sentinel node positivity (29.4%). Such data
prompted the recommendation of some form of nodal stag-
ing for BWH T2b/T3 CSCCs.8

A major limitation to AJCC 7 is that the bulk of poor out-
comes (local recurrence [LR], nodal metastasis [NM], or death
from CSCC [DSD]) occurred in AJCC 7 T2 because higher tu-
mor classes (AJCC 7 T3 and T4) were reserved for bone
invasion.6 The AJCC Cancer Staging Manual, 8th Edition (AJCC
8) was brought into clinical use in January 2018 and includes
an updated CSCC tumor classification for cases located on the
head and neck only.9

A recent analysis of head and neck CSCC (HNCSCC) tu-
mors showed that AJCC 8 had superior homogeneity and
monotonicity to AJCC 7 because a greater number of tumors
(AJCC 7: 0.7% vs AJCC 8: 17.8%) and 70% of poor outcomes
occurred in AJCC 8 T3 and T4 classes.10 This is an improve-
ment over AJCC 7, wherein only 14% of poor outcomes oc-
curred in AJCC 7 T3/T4 classes. Another recent study found
that AJCC 7, AJCC 8, and BWH tumor classifications did not
identify CSCC tumors at risk for metastasis.11 However, infor-
mation on the primary tumor was unavailable in many meta-
static cases, prohibiting accurate T staging.

The purpose of the present study was to compare the per-
formance of AJCC8 and BWH tumor classifications (summa-
rized in Table 1) in patients diagnosed with CSCC of the head
and neck without evidence of distant metastesis (N0M0) with
regard to distinctiveness, homogeneity, and monotonicity as
defined below. The sensitivity and specificity of high tumor
classes (AJCC 8 T3/T4 and BWH T2b/T3) to predict poor out-
comes were also evaluated.

Methods
Data Collection
The study was approved by the Partners Human Research Com-
mittee, which waived written informed consent because all

data were deidentified. Data used in the present study in-
cluded the subset of CSCCs located on the head and neck
(HNCSCC) from a previously published Brigham and Wo-
men’s CSCC cohort study.12 Data collection procedures have
been previously published.6,12 In brief, patients with CSCC di-
agnosed at BWH from January 1, 2000, through December 31,
2009, were identified via a department of pathology elec-
tronic database. Pathology reports were reviewed and noncu-
taneous SCC, in situ CSCC, and recurrent CSCC were ex-
cluded. Only tumors located on the head and neck were
included in the present analysis because AJCC 8 staging sys-
tem is specific for HNCSCC. Tumors were classified according
to BWH and AJCC 8 tumor classifications. The medical rec-
ords of all eligible patients were reviewed for features of the
primary tumor needed for tumor classification (clinical diam-
eter, millimeter and/or anatomic depth of invasion, and pres-
ence and location and/or caliber of perineural invasion with
nerve caliber measured and recorded if absent in pathology re-
port) and analyzed by outcomes of interest (LR, NM, DSD, and
overall survival [OS]). When risk factors were not reported on
the pathology report or Mohs operative note, they were as-
sumed to be absent. Pathologists and Mohs surgeons at BWH
routinely report histologic differentiation, the presence of peri-
neural invasion (PNI), and tumor invasion beyond the der-
mis. Thus, if there was no mention of depth of invasion, PNI,
or differentiation, the tumor was assumed to be well differ-
entiated, less than 6 mm, and confined to fat with no PNI. His-
tologic review was performed for cases with reported PNI to
ensure there was tumor present in the nerve sheath and to rec-
ord millimeter caliber of involved nerves.

Statistical Analyses
Cox proportional hazards regression with competing risks was
performed for LR, NM, and DSD. Death from non-CSCC causes
was considered a competing event. Cox proportional hazards re-
gression models were used for overall survival (OS) owing to the

Key Points
Question How does the performance of American Joint
Committee on Cancer Staging Manual, 8th Edition (AJCC 8)
compare with Brigham and Women’s Hospital Tumor Classification
System (BWH) in patients diagnosed with cutaneous squamous
cell carcinoma of the head and neck (HNCSCC)?

Findings In this cohort study of 459 patients with 680 HNCSCC,
twice as many tumors were classified as AJCC 8 (T3/T4) high
tumor class compared with BWH (T2b/T3) high tumor classes
(AJCC 8 18% vs BWH 9%). The AJCC 8 T2 and T3 comprised 23%
of cases and had statistically indistinguishable outcomes, whereas
the BWH had higher specificity (93%) and positive predictive
value (30%) for identifying cases at risk for metastasis or death; C
statistics showed BWH to be superior in predicting nodal
metastasis and disease-specific death.

Meaning There was a lack of distinction between AJCC T2 and T3
results in a subset of 23% of HNCSCC with significant risk of
metastasis and death whereas BWH identified the same number
of poor outcomes in a 9% subset of HNCSCC, thus minimizing
inappropriate upstaging of low-risk disease.
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absence of competing risks for this outcome. Overall survival was
calculated by patient rather than for each individual tumor. Sur-
vival time for each end point of interest was calculated from the
date of CSCC tumor diagnosis to date of outcome occurrence. For
tumors without any poor outcome, survival time was censored
on the date of death or medical record review if patient was alive
at the time of data collection. The proportional hazards assump-
tion was checked using Schoenfeld residuals. Cumulative inci-
dence function curves for LR, NM, and DSD, and Kaplan-Meier
survival curves for OS were generated by BWH tumor classifica-
tion for HNCSCC. The curves for AJCC 8 for this cohort have pre-
viously been published, but are displayed in the Figure to facili-
tate comparison with BWH.10

For analyses comparing high vs low tumor classes, high tu-
mor class for BWH was considered BWH T2b or T3 and AJCC 8
was considered AJCC 8 T3, T4a, and T4b. Performance of tumor
classification system was assessed in terms of homogeneity (out-
comes are similar within tumor class), monotonicity (outcomes
worsen with increasing tumor class), and distinctiveness (out-
comes differ between tumor class). To evaluate tumor classifi-
cation homogeneity and monotonicity, the proportion of poor
outcomes occurring in low and high tumor classes was compared
using the McNemar test. To evaluate tumor classification distinc-
tiveness, the 10-year cumulative incidences with corresponding
95% confidence intervals (CI) and C statistic were compared by
tumor classification system by outcome. Discrimination was
measured by the C statistic (or concordance statistic), which is
a measure of the area under the receiver operating characteris-
tic (ROC) curve and is used to determine distinctiveness. The C
statistic in the present study is the probability a tumor with a poor
outcome had a higher chance of being high tumor class in the
modeled data than a randomly chosen patient without the out-
come in the same model. A value of 1.0 indicates the model
(in this case, high vs low tumor class) has perfect distinctiveness
whereasavalueof0.5indicatesthemodelhasnodistinctiveness.
The Gray test was used for statistical comparisons of cumulative
incidence estimates and log-rank test was used to compare cu-
mulative survival estimates. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) of
the high tumor class’ ability to predict NM and DSD (considered
as 1 outcome for this analysis) were calculated. Sensitivity and
specificity were compared using the McNemar test.

All reported P values were 2-sided with type I error (α <.05)
considered to be statistically significant. Statistical analyses were
performed using SAS statistical software (version 9.4, SAS Insti-
tute) and Stata statistical software (version 14.0, StataCorp).

Results
The pathology database search yielded a total of 1980 primary
CSCC cases. After medical record review, 1152 tumors not located
on head and neck region and 148 tumors with insufficient pri-
mary tumor information were excluded, leaving a total of 680
HNCSCC in 459 patients. One additional tumor was excluded
from BWH staging analysis owing to missing tumor diameter, but
was able to be staged as an AJCC 8 T3 based on presence of PNI
in the subcutaneous fat (eTable in the Supplement).

The Figure shows cumulative incidence function curves
for LR, NM, and DSD, and Kaplan-Meier survival curves for OS
by BWH and AJCC 8 tumor classification for HNCSCC.

Table 2 shows results of homogeneity and monotonicity
evaluations for AJCC 8 vs BWH tumor classifications. The AJCC
8 (T3/T4) and BWH (T2b/T3) high tumor classes accounted for
121 (18%) and 63 (9%) of total cases and 50 (70%) DROs (22
[65%] LRs, 17 [71%] NMs, 11 [85%] DSDs) and 47 (67%) DROs
(19 [56%] LRs, 16 [70%] NMs, 12 [92%] DSDs), respectively. The
2 systems had comparable monotonicity and homogeneity
(McNemar P not significant for all end points of interest) cap-
turing similar fractions of poor outcomes in high tumor classes.

The 10-year cumulative incidences of outcomes of inter-
est by AJCC 8 and BWH tumor classifications are shown in
Table 3. For both AJCC 8 and BWH tumor classification sys-
tems, most tumors were classified as T1 (AJCC 8: 523 [76.9%];
BWH: 488 [72%]). A smaller proportion of tumors were clas-
sified as AJCC 8 T2 (5.3%) compared with BWH T2a (19%) and
the opposite trend was seen for AJCC 8 T3 (17.5%) compared
with BWH T2b (8%). No tumors were classified as AJCC 8 T4a
and only 2 tumors AJCC 8 T4b (0.3%). Similarly, only 5 tu-
mors (1%) were staged as BWH T3. For AJCC 8, there was sub-
stantial overlap in the CIs for AJCC 8 T2 and T3, whereas for
BWH T2b and T3 there was no overlap for LR and NM and only
slight overlap for DSD (there is substantial overlap in CIs for
OS for both systems). Calculation of C statistics by ROC analy-
ses revealed similar discriminative ability between BWH and
AJCC 8 tumor classification for LR (C statistic, 0.86; 95% CI,
0.79-0.92 vs C statistic, 0.81; 95% CI, 0.73-0.88; P = .09) and
OS (C statistic, 0.54; 95% CI, 0.50-0.57 vs C statistic, 0.53;

Table 1. Summary of the BWH and AJCC 8 Tumor Classification Systems

Tumor Staging
System Definition
AJCC 8th Edition

T1 <2 cm in greatest diameter

T2 ≥2 cm, but <4 cm in greatest diameter

T3 Tumor ≥4 cm in greatest diameter or minor bone invasion
or perineural invasion or deep invasiona

T4a Tumor with gross cortical bone and/or marrow invasion

T4b Tumor with skull bone invasion and/or skull base foramen
involvement

BWH

T1 0 High-risk factorsb

T2a 1 High-risk factor

T2b 2-3 High-risk factors

T3 4 High-risk factors or bone invasion

Abbreviations: AJCC, American Joint Committee on Cancer; BWH, Brigham and
Women’s Hospital; T, tumor stage from TNM staging system.
a Deep invasion defined as invasion beyond the subcutaneous fat or >6 mm (as

measured from the granular layer of adjacent normal epidermis to the base of
the tumor), perineural invasion defined as tumor cells in the nerve sheath of a
nerve lying deeper than the dermis or measuring 0.1 mm or larger in caliber or
presenting with clinical or radiographic involvement of named nerves without
skull base invasion or transgression.

b BWH high-risk factors include tumor diameter �2 cm, poorly differentiated
histology, perineural invasion of nerve(s) �0.1 mm in caliber, or tumor invasion
beyond subcutaneous fat (excluding bone invasion, which upgrades tumor to
BWH stage T3).
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Figure. Cumulative Incidence Function Curves

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2
T3
T4b

Local recurrence by AJCC 8E

60

189
10
28

0

48

237
12
41

0

36

312
19
57

0

24

379
24
71

1

12

439
29
90

2

0

511
36

130
2

T1
T2
T3

T4b

40

30

20

10

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2
T3
T4b

Nodal metastasis by AJCC 8F

36

315
20
59

1

24

381
23
76

2

12

439
30
98

2

0

511
36

130
2

T1

T2
T3

T4b

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2b
T2a
T3

Disease-specific death by BWHC

84

88
21

9
0

72

132
27
13

0

60

184
36
17

0

48

238
44
20

0

36

303
74
24

3

24

370
86
32

4

12

422
102

49
5

0

488
128

58
5

T1T2a

T2b

T3

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2
T3
T4b

Disease-specific death by AJCC 8G

84

92
6

19
0

72

136
9

26
0

60

190
12
34

0

48

239
14
49

1

36

315
21
68

2

24

381
25
83

2

12

440
30

105
2

0

511
36

130
2

T1
T2
T3

T4b

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2b
T2a
T3

Nodal metastasis by BWHB

0

488
128

58
5

12

422
100

45
3

24

370
84
26

2

36

303
72
19

1

T1
T2a

T2b

T3

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2
T3
T4b

Overall survival by BWHD

96

62
16

5
0

108

34
11

2
0

48

244
46
20

0

60

190
37
17

0

72

136
26
12

0

84

89
22

7
0

36

309
75
24

2

24

380
91
34

3

12

433
107

51
4

0

488
128

58
5

T1

T2a
T2b

T3

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2
T3
T4b

Overall survival by AJCC 8H

108

35
4
9
0

48

245
14
51

1

60

196
12
36

0

72

139
8

27
0

96

64
4

15
0

84

93
5

20
0

36

319
20
71

1

24

392
26
88

2

12

540
30

112
2

0

510
36

130
2

T1

T2

T3

T4b

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

In
ci

de
nc

e
Fu

nc
tio

n

Follow-up Duration, mo
No. at risk

T1
T2b
T2a
T3

Local recurrence by BWHA

T1
T2a

T2b

T3

60

182
33
13

0

48

235
41
14

0

36

300
69
18

0

24

368
80
25

1

12

420
96
40

4

0

488
128

58
5

A, Local recurrence; B, nodal
metastasis; and C, disease-specific
death. D, Kaplan-Meier survival
curves for overall survival by Brigham
and Women’s Hospital (BWH) tumor
classification for cutaneous
squamous cell carcinomas of the
head and neck (HNCSCC).
E, Cumulative incidence function
curves for local recurrence; F, nodal
metastasis; and G, disease-specific
death. H, Kaplan-Meier survival
curves for overall survival by
American Joint Committee on Cancer
8th Edition (AJCC 8) tumor
classification for HNCSCC. Figures
E-H are adapted from figures
previously published in JAMA
Dermatology.10

Research Original Investigation Accuracy of the AJCC Staging Manual 8th Edition vs the BWH Tumor Classification System for HNCSCC

822 JAMA Dermatology July 2019 Volume 155, Number 7 (Reprinted) jamadermatology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamadermatology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2019.0032


95% CI, 0.50-0.56; P = .69). However, the BWH tumor classi-
fication demonstrated superior discriminative ability for
NM (C statistic, 0.91; 95% CI, 0.85-0.96 vs C statistic, 0.84;
95% CI, 0.76-0.91; P = .01) and DSD (C statistic, 0.97; 95% CI,
0.94-0.99 vs C statistic, 0.91; 95% CI, 0.88-0.94; P = .005) com-
pared with AJCC 8 tumor classification.

Table 4 shows the sensitivity, specificity, PPV, and NPV
of the high stages of the BWH (T2b and T3) and AJCC 8 (T3,
T4a, and T4b) tumor classification systems to detect NM and
DSD. The sensitivity, probability that an NM/DSD will be a
high tumor class, of both staging systems is similar (AJCC 8,
0.78 vs BWH, 0.73; McNemar P = .20). The specificity, prob-
ability that someone without NM/DSD will be a low tumor
class, was higher with BWH (AJCC 8, 0.85 vs BWH, 0.93;
McNemar P < .001). The PPV, probability of developing a
NM/DSD with a high-class tumor, was higher for BWH
(AJCC8, 0.17 vs BWH, 0.30) because 50% more cases were
high tumor class under AJCC 8 compared with BWH, but
both high tumor classes detected the same number of poor
outcomes. The NPV, probability of not developing a NM/DSD
if the tumor was a low tumor class, was high for both classi-
fication systems, as expected for a disease with few poor
outcomes overall (AJCC 8/BWH, 0.99).

Discussion

Although both tumor classification systems have similar mono-
tonicity and homogeneity, the BWH staging system was found
to be more distinct than AJCC 8, with a higher specificity (93%)
and PPV (30%) for identifying cases at risk for metastasis and
death. The AJCC 8 is limited owing to equivalent risks for all
end points of interest between AJCC 8 T2 and T3 tumors. This
results in a large (155 [23%] of the cohort) heterogeneous AJCC
8 T2/T3 group with an approximate 13% risk of NM and 8% risk
of DSD. Conversely, most poor outcomes (16 [70%] NM and 12
[92%] DSD) were confined to just 63 (9%) of the cohort in BWH
T2b/T3. The BWH T2b group had a 24% risk of NM, consis-
tent with prior data, and a 17% risk of DSD.6,7 Rare (n = 5) T3
cases had a high risk of poor outcomes, with 3 of 5 developing
nodal metastases and all 5 dying from disease.

One reason for the equivalent outcomes in AJCC 8 T2 and T3
is that poor differentiation is not a risk factor. Approximately 50%
of nodal metastasis and overall death in AJCC 8 T2 occurred in
patients with poorly differentiated tumors, increasing the risk
of poor outcomes in this group. The risk of poor outcomes was
lower in AJCC 8 T3 compared with BWH T2b because AJCC 8 T3

Table 3. Evaluation of BWH and AJCC 8 Tumor Classification System Distinctiveness

Tumor
Classification

Tumors,
No. (%)

Local Recurrence Nodal Metastasis Disease-Specific Death Overall Survivala

Events,
No.

10-y CIN
(95% CI)

Events,
No.

10-y CIN
(95% CI)

Events,
No.

10-y CIN
(95% CI)

Events,
No.

10-y Survival
(95% CI)

BWH

T1 488 (72) 4 0.9 (0.4-2.1) 1 0.2 (0.04-1.1) 0 NA 103 55.0 (47.0-62.2)

T2a 128 (19) 11 9.8 (5.4-17.7) 6 5.2 (2.3-11.9) 1 1.2 (0.1-12.2) 32 35.0 (19.2-51.2)

T2b 58 (8) 15 28.4 (18.9-42.8) 13 23.8 (14.8-38.4) 7 17.4 (9.0-33.8) 21 33.4 (14.6-53.6)

T3 5 (1) 4 84.2 (74.1-95.7) 3 62.1 (31.4-123.0) 5 94.8 (83.5-107.7) 5 0 (0.0-0.0)

AJCC 8

T1 523 (76.9) 7 1.1 (0.4-2.6) 3 0.4 (0-1.9) 0 NA 113 52.4 (44.3-59.8)

T2 36 (5.3) 5 15.8 (7.5-33.0) 4 12.2 (5.4-27.6) 2 7.6 (4.4-13.1) 10 29.9 (7.5-57.0)

T3 119 (17.5) 20 19.7 (13.0-29.7) 16 14.1 (9.7-20.7) 9 9.3 (6.8-14.0) 35 39.5 (24.4-54.3)

T4a 0 0 NA 0 NA 0 NA 0 NA

T4b 2 (0.3) 2 73.6 (66.8-81.0) 1 42.6 (12.6-100) 2 82.2 (68.3-91.5) 2 0.0 (0.0-0.0)

Abbreviations: AJCC, American Joint Committee on Cancer; BWH, Brigham and
Women’s Hospital; CIN, cumulative incidence; T, tumor stage from TNM staging
system.

a Overall survival was calculated for each patient. All other outcomes were
calculated for each tumor.

Table 2. Evaluation of BWH and AJCC 8 Tumor Classification System Homogeneity and Monotonicitya

Tumor Classification

No./No. (%)

LR NM DSD Overall Events
Homogeneity: Proportion of Poor Outcomes Occurring in Low Tumor Classes

BWH T1/T2a 15/34 (44) 7/23 (30) 1/13 (8) 23/70 (33)

AJCC 8 T1/T2 12/34 (35) 7/24 (29) 2/13 (15) 21/71 (30)

P value .46 .92 .53 .67

Monotonicity: Proportion of Poor Outcomes Occurring in High Tumor Classes

BWH T2b/T3 19/34 (56) 16/23 (70) 12/13 (92) 47/70 (67)

AJCC 8 T3/T4a/T4b 22/34 (65) 17/24 (71) 11/13 (85) 50/71 (70)

P value .46 .92 .54 .67

Abbreviations: AJCC, American Joint
Committee on Cancer; BWH, Brigham
and Women’s Hospital;
DSD, disease-specific death; LR, local
recurrence; NM, nodal metastasis;
T, tumor stage from TNM staging
system.
a P values based on the McNemar

test.
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tumors are only required to have 1 of 4 risk factors whereas 2 risk
factors are required for BWH T2b tumor class. Of the 130 AJCC
8 T3, 101 (78%) only had 1 risk factor, with 74 being upstaged to
T3 owing to PNI, 24 owing to depth beyond fat, 2 owing to diam-
eter larger than 4 cm, and 1 owing to minor bone erosion. The
AJCC 8 excluded differentiation because the designation of well,
moderate, and poor differentiation may differ between centers,
limiting clinical application. The decision to use a single risk fac-
tor for upstaging was based on insufficient data to quantify the
prognostic impact of accumulating risk factors with only 2 co-
hort studies having investigated this methodology.5,6 Upstaging
on a sole risk factor and not including poor differentiation appear
to result in convergence of AJCC 8 T2 and T3 such that their risks
of poor outcomes are identical.

Risk stratification for CSCC is central to clinical treatment
because it allows identification of tumors that are at high risk
for poor outcomes and may benefit from lymph node evalu-
ation or adjuvant therapy. A recent retrospective cohort study
and retrospective review of published literature supported the
use of radiologic imaging for high-stage CSCCs (BWH T2b/T3
tumors)8,13 and, although data are limited, sentinel lymph node
biopsy (SLNB) of high-risk tumors is more sensitive than ra-
diologic imaging and allows early identification and treat-
ment of nodal metatstasis.7 However, it is important to select
only the subset of cases likely to benefit from additional workup
and treatment owing to the morbidity and costs associated with
such procedures. Because AJCC 8 T2 and T3 grades have simi-
lar risks of nodal metastases (10-year cumulative incidence
rates of 12% and 14%, respectively) and account for approxi-
mately a quarter of all HNCSCC in this cohort, it is difficult to
use AJCC 8 to select tumors appropriate for nodal staging or
adjuvant care. On the other hand, the BWH T2b grade con-
tained only 58 (8%) of the cohort and had a much higher risk
of nodal metastasis compared with BWH T2a (10-year cumu-
lative incidence rates of 24% vs 5%, respectively). Based on the
positive predictive value of BWH, a high tumor class tumor has
a 30% risk of developing a metastasis or dying from disease.
This risk is substantial enough to warrant nodal screening and
close surveillance. Conversely, the specificity of the BWH in-
dicates that patients who are BWH low tumor class have a 93%
chance of never developing metastasis or dying from disease.
Thus, these cases as a group, are unlikely to benefit from ad-
ditional staging or treatment.

To our knowledge, only 2 prior studies compare the AJCC
8 and BWH tumor classification systems. Roshcer et al11 per-
formed a study of 103 CSCC tumors with metastasis and 81
without metastasis. The authors concluded that neither AJCC
8 nor BWH adequately risk stratify CSCC tumors. However, pri-
mary tumor characteristics needed for BWH classification were
not available for many metastatic cases such that BWH tumor
class could not be accurately assigned (8% missing tumor di-
ameter, 19% depth of invasion, 15% differentiation, and 100%
millimeter diameter of involved nerves) underscoring the
need for prospective data collection or careful retrospective
T-classification in validation studies. A recent analysis by
Marrazzo et al14 found the overall risk of NM to be 4.8%. Of the
647 HNCSCC treated with Mohs micrographic surgery in a pri-
vate practice, most poor outcomes occured in AJCC 8 T2
whereas BWH T2B/T3 identified 79% of LR, 77% of NM, and
100% of DM, which is similar to the analysis presented herein.

Limitations
Theprimarylimitationofouranalysisisthatit isbasedonasingle-
institution cohort. This is particularly important with regard to
factors that may not be uniformly measured across centers such
as measurement of perineural invasion (which has specific para-
meters in both BWH and AJCC 8 staging) and grading of differ-
entiation. These will require standardization before tumor clas-
sification systems can be validated in multicenter studies.
Another limitation is that an independent review of histologic
analyses was not undertaken, except for cases with PNI, and so
it was assumed that risk factors were absent if not reported. Some
pathologic features were not routinely recorded, such as tissue
level of PNI and millimeter tumor depth, and could have altered
AJCC 8 staging in a few cases. However, AJCC 8 intentionally al-
lows 2 ways of classifying PNI (tissue level or nerve caliber) and
tumor depth (millimeter or tissue level) to allow flexibility in ac-
cordance with various current reporting standards. One of these
methods was employed in all cases in the present study. The cur-
rent analysis thus reflects how the staging systems may perform
under current histologic reporting practices. Finally, the analy-
sis presented herein used a subset of the cohort from which the
BWH staging system was derived and so verification of the BWH
staging system was not feasible. However, this would not influ-
ence the performance of AJCC 8, including the lack of distinction
noted between AJCC 8 T2 and T3.

Conclusions
Although both AJCC 8 and BWH high tumor classes capture
most poor outcomes, twice the number of tumors are staged
as a high tumor class by AJCC 8. Use of BWH tumor classifi-
cation may minimize the number of patients recommended
for radiologic evaluation, close surveillance, and possible
adjuvant therapy while still identifying most patients at risk
for recurrence, metastasis, and death. Additional cohort or
population-based studies with accurate tumor classification
are needed to further validate and compare current CSCC
staging systems and to provide data for future refinements
to AJCC staging.

Table 4. Sensitivity, Specificity, Positive Predictive Value, and Negative
Predictive Value of BWH and AJCC 8 Tumor Classification High Stages
(AJCC 8, T3/T4 and BWH, T2b/T3) to Detect NM/DSD

Variable AJCC 8 BWH P Valuea

Sensitivity 0.78 0.73 .20

Specificity 0.85 0.93 <.001

Positive predictive value 0.17 0.30 NAb

Negative predictive value 0.99 0.99 NAb

Abbreviations: AJCC, American Joint Committee on Cancer; BWH, Brigham and
Women’s Hospital; DSD, disease specific death; NM, nodal metastasis; T, tumor
stage from TNM staging system.
a P values based on the McNemar test.
b P values cannot be estimated for positive and negative predictive values

because they are based on prevalence of disease.
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