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Introduction

Radiotherapy (RT), often combined with chemotherapy (CRT),
is the primary treatment strategy for squamous cell carcin-
oma of the anus (SCCA) [1]. The treatment has been opti-
mised through a series of phase Il and Il studies [2-10] and
is an effective and organ-preserving treatment strategy with
around 80% of patients obtaining long-term tumour control
[11,12]. The molecular biological features causing some SCCA
tumours to be resistant to CRT are unknown. This is a central
area for an investigation to ensure the best outcome for all
SCCA patients. Hypoxia is a well-described biological feature
that can influence radiosensitivity [13]. Only limited attention
has been paid to hypoxia in SCCA [14], and no studies have
yet investigated hypoxia in relation to treatment outcomes
in SCCA. A 15-gene hypoxia classifier has been developed for
head and neck squamous cell carcinomas (HNSCC) [15]. The
classifier categorises the tumours into a group of less hyp-
oxic tumours and a group of more hypoxic tumours. The
classifier was tested for its predictive value to identify
patients who could benefit from treatment with the hypoxic
radiosensitiser Nimorazole to increase loco-regional tumour
control [16]. Later, the classifier has been proved to have a
prognostic value for the risk of loco-regional recurrence in
both HNSCC [15], uterine cervical SCC [17] and SCC of the
oesophagus [18]. In a hypothesis-generating study, we inves-
tigated the expression of the 15 genes in the hypoxia classi-
fier to examine if the gene expression was similar in SCCA as
in the previously investigated SCC tumours. Furthermore, we
compared the hypoxia classification to local tumour control
in the SCCA cohort.

Methods

Diagnostic biopsies with verified invasive SCC from SCCA
patients were evaluated for p16 status using immune histo-
chemical staining with a cut-off for positivity of 70% [19].
Hypoxia gene expression was measured using RNA extracts
and quantified by RTqPCR, according to a previous described
and validated in-house method [15,20].

All patients were included in the Danish Anal Cancer
Group (DACG) study I, Plan-A, from 2015 to 2020. The study
was approved by the Danish Data Protection Agency (2007-
58-0010) and the Regional Ethical Committee (1-10-72-79-16).

Patients were staged according to the American Joint
Committee on Cancer staging system version 7.0 and treated
according to the Danish national guidelines [21] with chemo-
radiotherapy. Patients with T1 or smaller T2 tumours (<4 cm)
were considered for treatment with radiotherapy alone using
a total dose of 64 Gy. Standard radiotherapy described doses
were 60-64 Gy delivered in 30-32 fractions to the tumour
and pathological lymph nodes. The elective clinical target
volume was treated with 48-51.2Gy in 30-32 fractions.
Concomitant chemotherapy comprised cisplatin and fluorour-
acil or capecitabine alone or combined.

Local treatment failure was defined as treatment failure
located in the pelvic region. Time of treatment failure was
calculated from the day of end of treatment until the date of
biopsy-proven SCCA.

Results

The mean expression levels for the 15 genes were compared
between the 79 tissues from patients with SCCA and tissues
from a representative cohort of 108 patients diagnosed with
HNSCC and included in the DAHANCA studies 18 and 24
[22,23]. No samples were excluded due to technical issues.
All 15 genes were expressed with comparable mean levels in
the SCCA cohort as in the HNSCC cohort and the distance
from the y=x line was within one standard deviation (SD)
for all genes. The median SD for all genes in the SCCA sam-
ples was 0.26 (range 0.04-0.67) compared to 0.23 (range
0.03-1) for the HNSCC cohort. Results are outlined in
Figure 1(A).

Classification of the SCCA tissues, as either less- or more
hypoxic resulted in 53 (67%) less hypoxic tumours and 26
(33%) more hypoxic tumours.

Tumour stages for the SCCA cohort were 22% T1, 58% T2,
8% T3, and 10% T4, respectively. Lymph node involvement
was found in 23%, and p16 overexpression was detected in
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Figure 1. Results on hypoxia classification of squamous cell carcinoma of the anus (SCCA) tissues using a 15-gene hypoxia classifier. A: Comparison between the
mean expression level of each of the 15 genes between the SCCA samples on the x-axis and a representative head and neck squamous cell carcinoma (HNSCC)
cohort on the y-axis. B: The sum scores for the 15 genes. A negative score categorises the tumour as less hypoxic, and a positive score categorises the tumour as

more hypoxic. Each bar represents a case. For patients with local recurrence, the

number of months from the end of treatment to the time for diagnosis of recur-

rence and tumour characteristics are measured in the table. C: Aalen-Johansen estimated correlation between hypoxia classification and local tumour control.

82% of the tumours. There was no difference between the
more hypoxic and the less hypoxic tumours regarding
patient- or tumour characteristics, including p16 status.
Details are outlined in Table 1.

After a median of 46 months (range 9—70 months), eight
patients had local treatment failure. The failures included
both low stage (T2-T3, node-negative) and high stage
(T3-T4, or node-positive) tumours and both p16-positive and
p16-negative tumours. All the patients with local treatment
failure received 60-64 Grey, and six of eight patients
received concomitant chemotherapy.

Classification of the local treatment failures placed four
tumours in the more hypoxic group and four tumours in the
less hypoxic group. The fraction of local treatment failures in

the more hypoxic group comprised four of 26 tumours
(15%), compared to four of 53 tumours in the less hypoxic
group (8%). Fishers exact test for equal variance between
groups found no significant difference between classification
and risk of local treatment failure, p=0.4. The mean time
from end of treatment to local treatment failure was
4 months (range 2—5 months) for patients with a more hyp-
oxic tumour and 16 months (range 3—23 months) for patients
with a less hypoxic tumour. The hypoxia scores are outlined
in Figure 1(B).

Using univariable Cox regression analysis and competing
risk analysis by the Aalen-Johansen estimator, no significant
difference was detected for increased risk for reduced local
tumour control for patients with a more hypoxic tumour
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Table 1. Pretreatment Characteristics.

Hypoxia classification

Pretreatment characteristics Total (%) Less (%) More (%) p Value
n 79 (100) 53 (100) 26 (100)
Age (median) 62 years, Range 26-82 0.64
<62 years 40 (50) 28 (53) 12 (46)
>62 years 39 (50) 25 (47) 14 (54)
Gender 1.00
Female 59 (75) 40 (75) 19 (73)
Male 20 (25) 13 (25) 7 (27)
Performance status 0.35
0 57 (72) 35 (66) 22 (85)
1 18 (23) 14 (26) 4 (15)
2 34 3 (6) 0
3 1(1) 12 0
P16 status 0.11
Negative 11 (14) 10 (19) 1(4)
Positive (82) 2 (79 23 (88)
Unknown 3 (4) 1) 2(8)
T-stage 0.33
T 17 (22) 13 (24) 4 (15)
T2 46 (58) 31 (58) 15 (58)
T3 6 (8) 2 (4) 4 (15)
T4 10 (13) 7 (13) 3(12)
N-stage 0.39
NO 43 (81) 18 (69)
N1 (15 6(11) 6 (23)
N2 4 (8) 2 (8)
N3 0
M-Stage 1.00
Mo 78 (99) 52 (98) 26 (100)
M1 1(1) 1(2) 0
Risk* 0.46
Low 51 (65) 36 (68) 15 (58)
High 28 (35) 17 (32) 11 (42)

TNM version 7.0. *Low risk (T1-2, NO), high risk (T3-4 and/or N+).

than for patients with a less hypoxic tumour. The hazard
ratio was 2.22 (Cl 0.56—8.89) p =0.26 and risk difference was
7.5% (Cl —8.2%—23.3%), p = 0.35, as illustrated in Figure 1(C).

Discussion

The expression levels of each of the 15 genes found for the
SCCA cohort is in line with the results on LACC [17] and
oesophageal SCC [18]. All studies used the validated method
with pre-defined cut-off values for the 15-gene hypoxia clas-
sifier developed by the DAHANCA group [20]. Moreover, the
distribution of around one-third of the tumours classified as
more hypoxic and two-thirds of the tumours classified as less
hypoxic is also in line with results found in the hypoxia stud-
ies on HNSCC, LACC and oesophageal SCC [17,18,20]. The
similar results on mean gene expression levels and distribu-
tion between less- and more hypoxic tumours indicates that
the 15-gene hypoxia classifier may represent SCCs in general
unrelated to the tumour site.

Evaluation of local treatment failures found a higher frac-
tion of failures in the more hypoxic tumours compared to
the less hypoxic tumour. Moreover, the failures in the more
hypoxic tumours had a shorter mean time from end of treat-
ment until diagnosis of the failure. Patients with local treat-
ment failure within 6 months since end of treatment are
often classified as having persistent disease and the results
could indicate that the 15 gene hypoxia classifier could be
predictive for the risk of persistent disease.

However, the low number of events and short follow-up
time do not allow conclusions. A low number of events is
often a limitation in SCCA studies due to the rarity of the
disease and the high response rates to treatment. Only one
other study has investigated hypoxia in SCCA [14]. The study
used oxygen enhanced T1 MRI scans to visualise the perfu-
sion in the tumour, aiming at investigating the use of MRI
imagine before and during RT to identify patients with a
hypoxic tumour. Limitations in data completion from the 12
evaluated patients in the previous study did not allow for
prognostic conclusions.

Conclusion

This hypothesis-generating study indicates that the 15-genes
in the hypoxia classifier are expressed equally in SCCs from
different sites. Therefore, it may be representative of SCCs in
general. Hypoxia classification by the 15-gene classifier is a
potential area for further investigation in SCCA with correl-
ation to local treatment outcome. The low number of events
in this dataset limits conclusions regarding the relationship
between hypoxia and local tumour control in SCCA, but
interesting trends were detected.
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