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ABSTRACT

Background: The UICC TNM 7th edition introduced stage groups for anal cancer which in 2019 has
not yet come into general use. The new TNM 8th edition from 2016 defines 7 sub-stages. Background
data for these changes are lacking. We aimed to investigate whether the new classification for anal
cancer reliably predict the prognosis in the different stages.

Patients and methods: The Nordic Anal Cancer Group (NOAC) conducted a large retrospective study
of all anal cancers in Norway, Sweden and most of Denmark in 2000-2007. From the Nordic cohort
1151 anal cancer patients with follow-up data were classified by the TNM 4th edition which has identi-
cal T, N and M definitions as the TNM 7th edition, and therefore also can be classified by the TNM 7th
stage groups. We used the Nordic cohort to translate the T, N and M stages into the TNM 8th stages
and sub-stages. Overall survival for each stage was assessed.

Results: Although the summary stage groups for TNM 8th edition discriminates patients with different
prognosis reasonably well, the analyses of the seven sub-stages show overlapping overall survival: HR
for stage IlA 1.30 (95%Cl 0.80-2.12) is not significantly different from stage | (p =.30) and HR for stage
IIB 2.35 (95%Cl 1.40-3.95) and IIIA 2.48 (95%Cl 1.43-4.31) are also similar as were HRs for stage IlIB
3.41 (95%Cl 1.99-5.85) and IlIC 3.22 (95%Cl 1.99-5.20). Similar overlapping was shown for local recur-
rence and distant spread.

Conclusion: The results for the sub-stages calls for a revision of the staging system. We propose a
modification of the TNM 8th edition for staging of anal cancer into four stages based on the T, N and
M definitions of the TNM 8th classification.
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Introduction

Anal cancer is a rare tumour entity with rising incidence [1].
Globally the disease is diagnosed in 27,000 new cases each
year [2]. The clinical outcome is very good for early stages,
but for locally advanced stages the recurrence rates and sur-
vival give room for improvements.

Tumour size and nodal status have generally been used
separately as prognostic factors for anal cancer, but also
combined as tumour and node status (TN categories) for
patients without distant metastases at presentation [3,4]. The
composite TNM stages have not been generally used for
anal cancer, in contrast to e.g., colorectal cancer where the
TNM stage is the accepted standard classification in clinical
and scientific reports.

The Union for International Cancer Control (UICC) TNM
Classification of Malignant Tumours 8th edition (TNM8)

published in 2016, introduced several changes in the lymph
node classification for anal cancer [5]. Anal margin cancer
within 5cm from anal verge is now classified as anal cancer
and not skin cancer. The T classification was unchanged. The
external iliac lymph nodes are considered as a site of
regional disease (N), previously they were not specified and
could be classified as a site of distal metastasis (M). Lymph
node status was previously recorded as NO and N1-N3 in the
TNM 7th edition (TNM7) [6]. It is now divided into two main
cathegories: NO and N1 as used by Ajani et al., however with
a new subclassification into 1a, 1b, and 1c [5-7]. Note that
N1a may include multiple malignant lymph nodes in several
regional locations as long as the external iliac nodes are not
involved. Furthermore, the TNM8 introduces additional stage
sub-categories relative to TNM7: Stage Il is divided into IIA
and IIB depending on T stage, while stage Ill is grouped in
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three, llIA, 1B, and 1lIC depending on T and N stage (Table 1).
Subtle changes have also been made in which stage the dif-
ferent combinations of T and N status belong [5,6]. In general,
the prognostic importance of nodal disease involvement has
been downplayed, while T3 or T4 status is considered more
severe. To our knowledge, the changes implemented in the
TNM8 classification and staging have not been validated by
any clinical prognostic data except the division of stage Il [8].

We here retrospectively apply the TNM 8th edition stag-
ing system for classifying a large cohort of 1151 patients
from the Nordic countries [9] previously classified by the
TNM 4th edition (TNM4). TNM4 for anal cancer is identical to
TNM7 regarding what constitutes T, N and M, but lacks the
summary stages included in TNM7 [10].

Methods and patients
The Nordic study

The Nordic Anal Cancer Group (NOAC) conducted a large
retrospective study of all anal cancers (including squamous
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cell cancer, cloacogenic and basaloid cancer; excluding
adenocarcinomas) admitted to oncology departments in
Sweden and Norway and Herlev University Hospital, Vejle
University Hospital and Odense University Hospital in
Denmark from July 2000 to June 2007. The standard examin-
ation included proctoscopy with biopsy, computer tomog-
raphy (CT) of chest and abdomen, and magnetic resonance
imaging (MRI) of the pelvic area was gradually introduced
during the study period. CT-(18)F-fluorodeoxyglucose posi-
tron emission tomography (FDG-PET), CT-PET was not used.
The majority of the patients were treated according to one
of seven different NOAC protocols (NOAC 1-7), the treat-
ments given are summarised in Table 2 [9]. Radiation dose
to primary tumour and involved nodes varied between 54
and 60 Gy in combination with chemotherapy according to
the stage and protocols, others were treated with radiation
(54-64 Gy) or surgery alone in early stages. Elective lymph
node regions received a radiation dose of 42-46 Gy, except
in some centres for well differentiated TINO tumours, where
elective inguinal lymph node irradiation was omitted.
Different chemotherapy schedules were used, either one or

Table 1. Changes from the TNM 7th edition to the TNM 8th edition for classification of anal cancer.

TNM 7

TNM 8

Primary Tumor (T)
Tx-T4 No change from TNM 7 to TNM 8.

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph nodes
N1 Metastasis in perirectal lymph node(s)
N2 Metastasis in u te t ar
g al o e |

N3 Metastasis in perirectal and inguinal lymph

Distant metastasis (M)

Regional lymph nodes cannot be assessed
No regional lymph nodes
¥ Nia: Metastasis in inguinal, mesorectal and/or internal iliac nodes
—¥ N1b: Metastasis in external iliac lymph nodes
> N1c: Metastasis in external iliac with any N1a nodes

MO No distant metastasis No distant metastasis
M1 Metastasis to external iliac lymph nodes _—
Metastasis to other distal sites Distant metastasis
TNM7 TNM 8
Stage | T1 NO MO I T1NO MO
Stage Il T2/T3 NO MO IIA T2 NOMO
L » 1B T3 NOMO
Stage IIA  T1/T2 N1 MO » IIA T1/T2 N1 MO
T4 NO MO
T3 N1 MO
StagelllIB  T1MN2/3 MO 1 $» 1IB T4 NO MO
T2N2/3M0 ]
T3 N2/3 MO
T4 Any N MO
» IIC T3/T4 N1 MO
Stage IV T1/2 Any N M1 (due to ext — T

4 An 11 (due to ext ac nodes)

Any T Any N M1 (due to other distant sites)

IV Any T Any N M1 (due to other distant sites)

Text in green colour highlights categories or stages that are considered less advanced in the TNM 8th edition, while text in red represents categories or stages
considered more advanced in TNM 8th edition compared with the TNM 7th edition.
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two courses of 5-fluorouracil and mitomycin C concurrent
with the radiation, or three cycles of cisplatin and 5-fluorour-
acil given prior to the radiation or two cycles prior and the
third cycle concurrent with radiation.

From the database with 1266 patients we excluded 115
patients due to early stages (TO n=1, Tis n=6), lack of
proper metastasis classification (MX n=61), lack of proper
local stage assessment (TX or NX n=42) and lack of follow-
up data (n=25), leaving 1151 patients with details on the pri-
mary TNM stage, treatment and follow-up. The patients had
a median follow-up period of 7.2 years (range 6.5-7.9).

The patients were classified according to TNM 4th edition
[10], which is identical to the TNM 7th edition [6]. Note that
we treated external iliac lymph node metastases that could
be included in standard radiotherapy volumes as locore-
gional disease and not as M1. These patients were therefore
restaged as N1MO in the TNM8 classification, and thus can
be retrospectively correctly classified according to the new
stages of TNM8. Also, skin squamous cell cancers within 5cm
from the anal verge were treated as anal cancers, in accord-
ance with the current TNM8. A retrospective assessment of
the TNM 8th edition stage classification was therefore con-
sidered appropriate using the Nordic NOAC cohort.

Table 2. Patient characteristics in the Nordic NOAC database of anal cancer.

Nordic database
2000-2007

1151
Median 63 (range 26-96)

Period treated
Total number
Age (years)

Male 329
Female 822
T stage
Tx 3
T 151
T2 483
T3 300
T4 214
N stage
Nx 8
NO 765
N1 110
N2 147
N3 121
Metastases
Mo 1082
M1 69
Treatment
Surgery alone or combined 100
Rt alone or combined 1048
CT alone or combined 635
Missing some treatment details 68

Radiation dose Range 54-64 Gy

N classified after the TNM 4th edition which is identical to the TNM 7th edi-
tion. Combined means that surgery, radiation (RT) or chemotherapy (CT) were
the main treatment together with other modalities.

Statistics

The primary endpoint was overall survival. Survival was
defined as the time from diagnosis to death of any cause or
censored at last follow-up. Survival was estimated by the
Kaplan Meier method, and differences tested by the log-rank
method using the IBM SPSS 25 package (IBM Corp., Armonk,
NY, USA). A two-tailed p-value below .05 was considered
statistically significant. Hazard ratios with 95% confidence
intervals (95%Cl) were calculated by Cox regression propor-
tional hazards model using SPSS 25.

The NOAC study received ethics approval in all Nordic
countries including patients.

Results
Results of the Nordic cohort

For clinical assessment of the prognosis the T category is
central. In the Nordic cohort there were small differences by
T categories in rate of locoregional recurrence: T1 15%, T2
14%, T3 16%, and T4 15%. The risk of combined locoregional
failure and distant metastases was for the T stages 1%, 3%,
5% and 5%, respectively. Slightly larger differences were
observed for the risk of distant metastases: T1 4%, T2 4%, T3
7%, and T4 11%.

The main assessment of nodal status for anal cancer in
the TNMB8 classification is whether there is clinical or imaging
signs of nodal metastases at all or not. We do not have
access to a prospective classification according to the TNM8
classification of lymph node involvement. As a proxy we
therefore analysed the prognostic prediction of the nodal
classification of the TNM7 (identical to TNM4). The local
recurrence rates did not change much by N-stage (range 13
- 16% locoregional only, and 15 - 23% with distant metasta-
ses), while distant metastases without or with local recur-
rences varied more: NO 4%, N1 7%, N2 10%, and N3 15%.
The total recurrence rate in stage NO was 19%, N1 23%, N2
33%, and N3 35%, respectively.

Results after reclassification

The distribution of the patients according to the TNM7 and
TNM8 staging is shown in Table 3. Stage | and stage IV are
unchanged in the new classification. External iliac lymph
node metastases are regarded as M1 according to TNM7
(and TNM4) classification, but in our NOAC series they were
recorded (and treated) as locoregional disease as in TNM8.
For patients classified as stage Il in TNM7, 72% are classified
in TNM8 as stage IIA while 28% are allocated to stage IIB. In
TNM?7 stage llIA, 18% remained in TNM8 as stage IlIA, while

Table 3. Correlation between anal cancer stage according to the previous TNM 7th edition and the new TNM 8th edition.

TNM7\TNM8 Stage 1 Stage IIA Stage 11B Stage IlIA Stage 1IB Stage IIIC Stage IV Total
Stage | 132 0 0 0 0 0 0 132
Stage Il 0 390 149 0 0 0 0 539
Stage IIIA 0 0 0 30 82 53 0 165
Stage IliB 0 0 0 65 0 181 246
Stage IV 0 0 0 0 0 0 69 69
Total 132 390 149 95 82 234 69 1151
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Overall survival

TNM 7 crude
Stage |
—I1 Stage |l
—I1 Stage lll
—I1 Stage IV

0 T T T T T
0 1 2 3 4 5
Number at risk Years
Stage | 132 115 91 65 50 29
Stage Il 539 481 384 297 218 153
Stage Il 411 326 253 179 125 74
Stage IV 69 26 14 13 5 0

Figure 1. Overall survival for anal cancer in the NOAC study, classified by TNM7 stages. As we treated positive external iliac lymph nodes as regional spread, we

assume that TNM8 stages are practically identical.

50% were recorded as stage llIB and 32% stage llIC. None of
the patients classified as TNM7 stage IlIB remained in this
category in TNM8: 26% were classified as stage IlIA while the
remaining 74% were classified as stage IIIC.

Overall survival according to the crude TNM7 stage classi-
fication is shown in Figure 1. The overall survival for the
TNM7 substages is presented in Figure 2. Hazard ratio (HR)
for Stage Il was 1.56 (95%Cl 0.98-2.50 (p=.62), not signifi-
cantly different from Stage |, while the other stages were sig-
nificantly inferior to stage | with HR 2.57 (95%Cl 1.55-4.26),
3.45 (95%Cl 2.15-5.55 and 12.34 (95%C| 7.38-20.64), for
stage llIA, stage llIB and stage IV (p <.000 for all), respect-
ively. Overall survival according to crude TNM8 stage classifi-
cation is identical to survival presented in Figure 1 as we
already treated external iliac lymph nodes as N stage and
not M1. At first glance, the new classification therefore seems
to predict prognosis well. However, when evaluating the sur-
vival of the substages in TNM8, as shown in Figure 3, it
becomes clear that both Stage | and Stage IIA as well as
Stage IIB and Stage IlIA partly overlap, and that stage IlIB
and stage llIC also have similar estimated survival. HR for
stage IIA 1.30 (95%Cl 0. 80-2.12) is not significantly different
from stage | (p=.29) and HR for stage IIB and llIA are also
similar as were HRs for stage llIB and llIC, see Table 4. We
also analysed the local recurrences and distant spread
according to the TNM8 sub-stages and found similar overlap-
ping curves (data not shown).

Based on the data presented we propose a modified stag-
ing based on the TNM8 subclassification where stage | and
stage lIA, stage IIB and stage IlIA, and stage IlIB and stage
lIC, are merged into three categories for anal cancers with-
out metastases and a fourth stage for patients presenting
with metastases, see Figure 4.

Discussion

The TNM classification system serves several purposes, firstly
to define tumour extent at the time of diagnosis, serving as
the main basis for selection of appropriate therapy, secondly
as a prognostic tool to assess the predicted outcome, and
thirdly to compare different patient series [11]. To our know-
ledge this is the first attempt to assess of the ability of the
TNM 8th edition sub-classification to separate anal cancer
patients into prognostic groups. Being a rare disease in most
institutions, a classification system with seven categories may
be difficult to handle. Our analysis indicates that the prog-
nostic difference between the separate substages seems bet-
ter in the previous TNM 7th edition than in the recent TNM
8th edition where survival in several of the substages are
overlapping (Figures 2 and 3). The proposed modified four
stage system (Figure 4) may be more suitable for clinical use,
but it needs of course validation in an independent pro-
spective cohort.
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Number at risk

Stage |
Stage Il
Stage IlIIA
Stage IlIB
Stage IV

Overall survival

Figure 2. Overall survival for anal cancer in the NOAC study classified by TNM7 substages.

Overall Survival

Number at risk

Stage |
Stage IIA
Stage IIB
Stage IlIA
Stage IlIB
Stage llIC
Stage IV

100 TNM 7
Stage |
—Stage I
—Stage Il A
—Stage lll B
—Stage IV
80
60
"
40—
20
0 T T T T T
0 1 2 3 4 5
Years
132 115 91 65 50 29
539 480 382 296 218 152
165 134 107 77 61 38
246 192 146 102 64 36
69 26 14 13 5 0
100 TNM 8
Stage |
—Stage Il A
—Stage || B
= Stage Il A
—Stage Il B
80 —Stage Il C
|~ Stage IV
60— r
'.
404
204
0 T T T T T
0 1 2 3 4 5
Years
132 115 91 65 50 29
390 356 290 227 164 115
149 124 92 69 54 37
95 81 62 46 31 16
82 65 50 37 29 17
234 180 141 96 65 40
69 26 14 13 5 0

Figure 3. Overall survival for anal cancer in the NOAC study classified by TNM8 substages.



The TNM summary or ‘stages’ introduced in the TNM7 edi-
tion have, as far as we understand from reading articles
about treatment outcomes in anal cancer, and informal con-
tacts, not been generally used in clinical practice for anal
cancer. Instead separate analyses of T and N categories are
still used [4,12]. Our analyses show that the prognostic pre-
diction by T and N stage alone is limited when treatment is
adjusted to the different T and N stages.

Recently a lymph node stage migration for anal cancer
has been documented as a result of the use of MRI for
detection of the primary tumour and regional lymph nodes
and CT-FDG-PET for visualisation of malignant deposits [13].
The role of CT is today primarily to detect distant metastases
and for planning of radiation therapy. Note that NO status
had similar recurrence rates as N1 in the NOAC cohort. This
may be related to some degree of underdiagnosis of nodal

Table 4. Cox regression analysis of the influence of TNM8 stage on hazard
ratios for overall survival of anal cancer in the NOAC study.
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metastases as neither MRl nor FDG-PET was in general use
when recruitment started for the NOAC cohort. PET may
detect more lymph nodes, but we need larger series to
assess its impact on staging and prognosis for anal cancer
patients [14]. The NOAC protocols also included more inten-
sive therapy in higher stages, thus prescribing a risk adapted
strategy which may mask real differences. Thus the different
radiation doses and chemotherapy regimens may also to
some degree have had an impact on the results presented.

The division of TNM8 substage Il in A and B has been vali-
dated in a large American database study including 8428
anal squamous cell cancer patients, which reported 15% and
19% difference in 5year overall survival for the National
Cancer Database and Surveillance, Epidemiology, and End
Results databases, respectively [8]. The stage IIA and B
patients were not related to stage | and Stage Il patients in
this study. Our results confirm their data as we report 16%
difference in 5year overall survival from 60.6% (95%Cl
59.7-61.5%) to 76.6% (95% Cl 76.1-77.1%), respectively for
stage IIA and stage IIB.

TNM8 Stage Hazard ratio 95%Cl p Value
| Based on the presented data TNM8th stage | and IIA have
IIA 130 0.80-2.12 294 an excellent prognosis. Due to the overall toxicity and quality
::5\ 235 1.40-3.95 001 of life issues after combined radiation and chemotherapy for
248 1.43-4.31 .001 . .
1B 341 199-5.85 1000 anal cancer [15—.17] the Sfele.ctlon of stage | (TINO) as candi-
[[le 3.22 1.99-5.20 .000 dates for reduction of radiation dose can be endorsed [18]. It
v 1235 7.38-20.66 000 remains to be shown whether stage IIA can be
Stage | is the reference. treated similarly.
| Modified
100 TNMS
Stage |
|1 Stage Il
L1 Stage Il
80 1 Stage IV
©
2
S 60
5
7]
©
S
]
>
O 40
20 I—l_
0 T T T T T
0 1 2 3 4 5
Number at risk Years
Stage | 522 471 381 292 214 144
Stage Il 244 205 154 115 85 53
Stage Il 316 245 191 133 94 58
Stage IV 69 26 14 13 5 0

Figure 4. A new proposed model (NOAC model) with three stages for localised anal cancer and stage IV for metastatic presentation based on TNM8 definitions of

T, N and M categories.
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Anal cancer patients presenting with TNM8 stage IlIB and
C have approximately 40% risk of recurrence and death after
treatment according to current guidelines (Stage Il in Figure
4). These patients are clearly candidates to test new treat-
ments to improve outcomes.

The strength of the current study is the large sample size
(1151 patients) and that it includes all patients referred for
oncological therapy on national or regional levels (including
> 90% of all patients with anal cancer in Sweden and
Norway). A limitation is that all patients were not examined
with MRI and that the external iliac lymph nodes were not
specifically registered and may occasionally have been
regarded as metastatic disease in some centres according to
TNM4 (and TNM7).

Presence of human papilloma virus type 16, HPV16, and
expression of cyclin-dependent kinase inhibitor 2A (CDKN2A
or p16™**), in tumour tissues are documented prognostic
factors in anal cancer [19-22]. Patients with p16 negative pri-
mary tumours generally have poor prognosis. The level of
infiltration of lymphocytes in tumour tissues was also shown
as a prognostic marker [23]. These molecular classifiers have
been proposed to select patients suitable for immunotherapy
with immune checkpoint inhibitors in advanced anal cancer
[20,24]. The HPV16 and p16 markers predict poor survival
[22], but seem in some series primarily to predict for local
recurrence. Introduction of molecular factors may in the
future further define prognostic groups.

Conclusion

The TNM 8th edition classification has kept earlier T staging
and the distinction between NO and N1 with sub-classifica-
tion 0, 1a, 1b and 1c. The new classification presents a more
detailed stage classification including seven categories which
partly overlap with respect to prognostic impact when tested
in a large clinical cohort. We therefore introduce a simpler
modified four stage system based on the T and N categories
of the TNM 8th edition combined. This may serve as a prac-
tical tool for clinical assessment of prognosis for newly diag-
nosed anal cancer patients, but these results need
verification in a prospective cohort.
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