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Abstract

variables for prediction of outcomes.

=0.04 and 0.03, respectively).

Background: We aimed to assess the prognostic value of CYFRA 21-1 in a series of patients with anal canal
squamous cell carcinoma treated by radiation-based therapy.

Methods: All patients with anal cancer referred between September 2005 and July 2013 were considered. Patients
with diagnosis of anal squamous cell carcinoma and in whom pre- and post-treatment serum CYFRA 21-1 levels
were available were included. Serum CYFRA 21-1 levels at initial workup and after therapy were collected. Survival
rates were estimated using the Kaplan—-Meier method. Cox regression analysis was used to evaluate prognostic

Results: Eighty-two patients were included. Median follow-up was 60 months (range: 8-128). Pre-treatment serum
CYFRA 21-1 levels were significantly correlated with tumour stage (p < 0.001). Normal post-treatment serum CYFRA
21-1 level was significantly correlated with tumour complete response (p = 0.004). Elevated post-treatment serum

CYFRA 21-1 level was significantly associated with poorer progression-free survival (p = 0.02) and overall survival (p
=0.003). T stage and post-treatment serum CYFRA 21-1 were independent prognostic factors for overall survival (p

Conclusions: Serum CYFRA 21-1 appears to be a useful marker for the monitoring of anal squamous cell carcinoma
patients. Elevated post-treatment value appears to be correlated with treatment failure.

Keywords: CYFRA 21-1, Anal carcinoma, Tumour marker, Recurrence, Prognosis

Background

Anal canal squamous cell carcinoma (ASCC) is a rare but
increasingly common malignancy, accounting for less than
1% of all malignancies and cancer deaths [19]. The major-
ity of ASCCs are diagnosed at a localized or locally ad-
vanced stage, with a 5-year survival of 65% [6, 19].
Concomitant chemoradiotherapy (CRT) is the standard of
care for locally advanced tumours, with a complete
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response rate of more than 80% [1]. Salvage abdominoper-
ineal resection (APR) is the standard treatment for local
failure or recurrence after radiation-based therapy, which
is observed in more than 30% of patients [5, 10].

Tumour size and lymph node involvement are the two
major prognostic factors reported and used in clinical
practice to guide treatment of ASCC patients [2]. Better
selection of patients at high risk of failure of radiation-
based therapy and new pre-treatment prognostic factors
are required in this setting. Squamous cell carcinoma anti-
gen (SCC Ag) has recently been reported to be a poten-
tially useful serum prognostic marker in ASCC patients
[25]. Cytokeratin 19 fragment 21-1 (CYFRA 21-1) is a
soluble fragment of cytokeratin 19. Elevated levels of
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serum CYFRA 21-1 have been described in various malig-
nancies, such as lung [13] and breast [18] cancers, but its
usefulness in ASCC has not yet been evaluated.

In our department, serum CYFRA 21-1 assay has been
routinely performed at the initial diagnostic workup and
after radiation-based therapy since 2005.

The aim of this study was to assess the prognostic
value of CYFRA 21-1 in a series of patients with ASCC
treated by radiotherapy (RT) or CRT.

Methods

Study population

All patients with ASCC referred to one of the two hospi-
tals of our institution between September 2005 and July
2013 were retrospectively reviewed. Inclusion criteria
were patients with a recent histologically proven diagno-
sis of ASCC, treated with exclusive RT or CRT and for
whom serum CYFRA 21-1 samples were available before
and after treatment. Exclusion criteria were other histo-
logical types of anal canal tumours and patients with dis-
tant metastases (stage IV). Patients were staged
according to the AJCC classification [6]. Treatment was
decided during a multidisciplinary meeting.

Tumour markers assays

Serum CYFRA 21-1 levels were measured with a Time-
Resolved Cryptate Emission assay (BRAHMS CYFRA 21-
1 Kryptor, Thermo Scientific) according to the manufac-
turer’s instructions and were determined at initial diagnos-
tic workup and after radiation-based therapy. The upper
limit of normal values with this assay is 1 ng/ml. Pre-
treatment CYFRA 21-1 level was measured in the month
before the start of radiation-based therapy. For the study,
we considered post-treatment CYFRA 21-1 as the assay
performed between 2 and 6 months after the end of
radiation-based therapy, which is the optimal time to as-
sess clinical response to treatment. When two assays were
available during this period for a patient, only the latest
one was considered for the analysis. Serial serum CYFRA
21-1 levels after 6 months during surveillance were not
analysed in this study as CYFRA 21-1 assays were not sys-
tematically and uniformly performed in all patients.

Treatment

Patients were treated according to national guidelines
published by the Thésaurus national de cancérologie
digestive (French Digestive Oncology Thesaurus) [14].
Stage I and low-risk stage II (T2 <3 cm - NO) cancers
were treated by exclusive external RT with a total
dose of 45 Gy plus a boost dose of 20 Gy to the pri-
mary target volume. High-risk stage II (T2 >3 cm and
T3 - NO) and stage III (A and B) cancers were
treated by concurrent CRT, comprising pelvic external
radiotherapy (total dose of 45 Gy plus a boost dose
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of 20 Gy to the primary target volume) associated
with concomitant 5-fluorouracil (5FU) — cisplatin or
5FU - mitomycin C chemotherapy.

Patient follow-up

Patients were followed at least weekly during treatment.
After completing therapy, they were evaluated clinically
every 3 to 4 months for 2 years, then every 6 months for
3 years, and annually thereafter. Contrast-enhanced CT
scan of the chest, abdomen and pelvis was performed
annually [14]. Complete remission was defined as
complete resolution of palpable tumour on clinical
examination and/or imaging at the censor date. Persist-
ent disease was defined as histologically proven residual
disease within 6 months after completion of treatment.
Recurrence was defined as reappearance of progressive
disease on clinical examination and/or imaging after a
complete response to RT/CRT before the censor date.
Additional imaging and laboratory tests were performed
in case of suspected recurrence. Residual or recurrent
disease was confirmed by biopsies when other assess-
ments were ambiguous.

Statistical analysis

Data were analyzed using SPSS statistics (IBM Corpor-
ation). The Kruskal-Wallis one-way analysis was used
for multiple comparisons between pre-treatment and
post-treatment serum CYFRA 21-1 of the AJCC 2010
staging groups I to IIIB and according to disease out-
come groups (complete remission, partial response and
recurrence). The Mann-Whitney U-test was used for
comparisons between pairs of independent variables
classified according to AJCC 2010 staging. The Chi® test
(Fisher’s exact method) was used for comparisons
between variables. Survival rates were estimated using
the Kaplan—Meier method. PFS was calculated as the
interval from the date of initiation of RT/CRT to the
date of recurrence, progressive disease or death from
any cause. OS was calculated from the date of initiation
of RT/CRT to the date of death from any cause or last
follow-up. Patients who did not present an event of
interest were censored at the time of last follow-up.
Censoring was performed 60 months (5 years) after the
end of RT/CRT. Time-dependent receiver-operating-
characteristic (ROC) analysis was used to determine area
under the curve (AUC) and cut-off to estimate the prog-
nostic ability of CYFRA 21-1. Serum CYFRA 21-1 values
were categorized as normal or elevated according to this
cut-off, and considered as such for survival analyses.
Survival curves were compared using the log-rank test.
Cox regression univariate analysis was used to evaluate
prognostic variables for prediction of PFS and OS. Cox
regression multivariate analysis was performed to deter-
mine the association of risk factors identified on
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univariate analysis (p <0.05) adjusted for confounders.
The prognostic factors analyzed included pre-treatment
and post-treatment serum CYFRA 21-1, age at diagnosis,
gender, T (tumour) stage, N (node) stage, and tumour
stage (I/II/IIIA/IIIB). The proportional hazard assump-
tion was checked by using Schoenfeld residuals for each
covariable. A p value less than 0.05 was considered to be
statistically significant.

Results

Patient, tumour and treatment characteristics

Between September 2005 and July 2013, serum
CYFRA 21-1 assay was performed before and after
RT/CRT in 82 patients. Patient characteristics are
summarized in Table 1.

Most patients were females (90.2%) and one patient (1.
2%) was HIV positive. Human papilloma virus (HPV)
status was available in only 12/82 patients (14.6%). All
tested patients were positive for HPV16. According to
the AJCC classification, 4 patients were stage 1 (4.9%),
25 were stage II (30.5%), 23 were stage IIIA (28%) and
30 were stage IIIB (36.6%). Twenty-two patients were
treated by exclusive RT (median radiation dose to the
primary tumour: 60.5+ 4.7 Gy). The other 60 patients
were treated by concurrent CRT, combining external RT
(median radiation dose to the primary tumour: 64.7 + 6.
2 Qy) and chemotherapy, mostly with a platinum-based
regimen (n = 50) (Table 1).

Table 1 Patient, tumour and treatment characteristics

Patient characteristics No. of patients (%)
Total 82

8 (9.8%) / 74 (90.2%)

Sex (male/female)

Median age 63.5+ 11.9 years (range: 40-96 years)
Positive HIV serology 1 (1.2%)
TNM stage
T1 6 (7.3%)
T2 34 (41.5%)
T3 27 (32.9%)
T4 15 (18.3%)
NO 34 (41.5%)
N1 20 (24.4%)
N2 13 (15.9%)
N3 15 (18.3%)
Radiotherapy and chemotherapy
Exclusive radiotherapy 22 (26.8%)
Concurrent CRT 60 (73.2%)
Cisplatin-based 50
Mitomycin-C-based 6

Capecitabine 4
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Follow-up

Median follow-up was 60 months (range: 8-128).
Patients’ follow-up is summarized in Table 2. Five pa-
tients (6.1%) did not achieve complete response to RT or
CRT, with histological proof of persistent disease. Fifteen
patients (18.3%) presented tumour recurrence, including
12 histologically documented recurrences. Nine patients
experienced loco-regional recurrence and were treated
by APR. One patient developed an isolated liver metasta-
sis treated by surgery and 5 patients developed an unre-
sectable distant metastatic recurrence. Twenty deaths
occurred: 15 due to ASCC progression and 5 due to a
non-squamous cell carcinoma (2 lung, 2 colon and 1
oesophageal cancers). One patient was lost to follow-up
after 19 months. The five-year PFS and OS rates were
75.6% and 76.7% respectively (100% and 100% for stage
I, 76 and 88% for stage II, 78.3% and 69.6% for stage IIIA
and 70% and 76.7% for stage IIIB ASCC).

Time-course of serum CYFRA 21-1 levels

Pre-treatment and post-treatment serum marker levels
according to tumour stage

Pre-treatment serum CYFRA 21-1 levels for all 82 pa-
tients are shown in Fig. 1. The mean time to serum
CYFRA 21-1 assay after the end of RT/CRT was 3.8 + 1.
6 months. Pre-treatment serum CYFRA 21-1 levels
were significantly correlated with tumour stage (p <O.
001; Chi” test), while post-treatment serum CYFRA 21-
1 levels were not (median values and ranges: 0.5+ 0.
2 ng/ml, 0.8 £ 0.4 ng/ml, 1+ 0.5 ng/ml and 0.9 £ 0.7 ng/
ml for stages I, II, IIIA and IIIB respectively; p = 0.23;
Chi? test). Using the Mann-Whitney U-test to compare
differences between serum CYFRA 21-1 levels in the
two groups according to tumour stage, pre-treatment
serum CYFRA 21-1 levels were significantly different
between all pairs of groups (I vs. II-III and I-II vs. III)
(p=0.001). In contrast, post-treatment serum CYFRA
21-1 levels were not significantly different between of
the compared groups.

Table 2 Patient's follow-up

Patient characteristics No. of patients (%)
Number 82

60 months (range: 8-128)

Median follow-up

Incomplete response to RT or CRT 5 (6.1%)

Recurrence 15 (18.3%)
Resectable loco-regional recurrence 9
Unresectable metastatic recurrence 5
Resectable metastatic recurrence 1

Death 20 (24.4%)
In relation with anal cancer 15
In relation with another cause 5
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each box

Serum marker levels according to treatment response and towards more frequently elevated post-treatment serum
recurrence CYFRA 21-1 in patients with overall failure to treatment
Normal post-treatment serum CYFRA 21-1 level was sig-  (non-responders and patients who relapsed) (p = 0.06).

nificantly more frequent in patients with tumour complete Among the 15 patients who presented a recurrence after

response (p = 0.004) (Table 3). A trend was also observed a complete response to RT or CRT, 6 had an elevated

Table 3 Pre-treatment and post-treatment serum CYFRA 21-1 levels according initial response to radiation-based therapy and long
term treatment failure (defined as partial response or recurrence after complete response to initial radiation-based therapy)

Initial response to radiation-based therapy Complete response Partial response Chi? (p)

n (%) 77 (93.9) 5(6.1)
Pre-treatment

Normal (£ 1 ng/ml) 22 (28.6) 0(0)

Elevated (> 1 ng/ml) 55 (71.4) 5 (100) 1.95 (p=032)
Post-treatment

Normal (£ 1 ng/ml) 53(71) 0(0)

Elevated (> 1 ng/ml) 24 (29) 5 (100) 9.73 (p =0.004)
Long term treatment failure No Yes Chi? (p)

n (%) 62 (75.6) 20 (24.4)
Pre-treatment

Normal (£ 1 ng/ml) 19 (30.6) 3 (15)

Elevated (> 1 ng/ml) 43 (69.4) 17 (85) 1.89 (p=0.25)

Post-treatment
Normal (£ 1 ng/ml) 44 (71) 9 (45)
Elevated (> 1 ng/ml) 18 (29) 11 (55) 446 (p=0.06)
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post-treatment CYFRA 21-1 level. In these patients, the
median delay between post-treatment CYFRA 21-1 assay
and recurrence was 6.6 months (range: 2.5-38.9 months).

Prognostic value of CYFRA 21-1 levels and other
prognostic factors

From the ROC analysis (Fig. 2), the post-treatment
serum CYFRA 21-1 cut-off value was 0.97 ng/ml (AUC
=0.74; p=0.003). Using this cut-off, sensitivity, specifi-
city, predictive positive and negative values were calcu-
lated at 71%, 66%, 68% and 69% respectively. Thus, we
chose the value of 1 ng/ml as cut-off for our analyses,
because it was close to 0.97 ng/ml and also correspond
to the manufacter’s threshold for defining normality.

On Kaplan-Meier analysis, elevated post-treatment
serum CYFRA 21-1 level was significantly associated
with poorer PFS and OS (p=0.02 and 0.003, respect-
ively) (Fig. 3). A significant difference in OS was also ob-
served according to pre-treatment serum CYFRA 21-1
levels (p<0.05). No statistically significant difference
was observed for PFS according to pre-treatment serum
CYFRA 21-1 levels (p =0.2).

In Cox univariate analysis, elevated post-treatment
serum CYFRA 21-1 and advanced T stage were sig-
nificant predictors of outcome for PFS and OS (p =0.
03 and 0.04 for PFS; p =0.006 and 0.007 for OS, re-
spectively) (Tables 4 and 5).

In Cox multivariate analysis, T stage and post-
treatment serum CYFRA 21-1 were independent
prognostic factors for OS only (p =0.04 and 0.03, re-
spectively), but not for PFS.

0,8

0,67

Sensitivity

0,471

p=0.003

0,0 T T T
0,0 0,2 0,4 0,6 08 1,0

1-Specificity
Fig. 2 Receiver operating characteristic curve for post-treatment

serum CYFRA 21-1. Area under the curve =0.74 [95% confidence
interval: 0.61-0.86], p=0.03
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Discussion

The clinical value of cytokeratins as tumour markers has
already been reported for diagnostic or prognostic pur-
poses and for evaluation of treatment efficacy, especially
in non-small-cell lung cancers (NSCLC) and breast can-
cers [3, 12, 17, 18]. Although it has recently been shown
to be clinically useful in various types of squamous cell
carcinoma [4, 9, 20, 26], very little is known about the
value of serum CYFRA 21-1 in ASCC [8]. CYFRA 21-1 is
a soluble fragment of cytokeratin 19 and tumours arising
within the anal canal are most often keratinizing tumours
[21, 22], suggesting the possible value of this marker in
ASCC. Some studies have suggested that CYFRA 21-1
could be superior to SCC Ag in predicting response to
therapy (chemotherapy or CRT) or survival in NSCLC
and SCC of the oesophagus and the cervix [15, 20, 24],
while another study has reported that both tumour
markers could serve as useful markers to assess response
to therapy and predict tumour recurrence in head and
neck SCC [4]. CYFRA 21-1 is routinely used in our centre,
in preference to other serum markers, due to its high spe-
cificity in the follow-up of ASCC patients [8].

The results of the present study demonstrate, for the first
time, that pre-treatment serum CYFRA 21-1 levels are sig-
nificantly correlated with ASCC tumour stage, as previously
reported in other cancers [4, 20, 26]. However, this result
does not mean that serum CYFRA 21-1 levels could consti-
tute a potential diagnostic biomarker for ASCC because the
sensitivity of this marker and the levels observed in patients
with ASCC compared to healthy patients are unknown. El-
evated serum CYFRA 21-1 levels are rare in the healthy
population, but have been described in up to one-third of
patients with cirrhosis, renal failure, or infectious lung dis-
ease [13, 16]. None of the patients included in our study
had a diagnosis of these 3 conditions.

Several previous studies have also demonstrated the
prognostic value of pre-treatment serum CYFRA 21-1 in
various types of cancer [20, 27] and Williams et al. re-
cently demonstrated a potential prognostic value of pre-
treatment serum SCC Ag levels in a larger cohort of
ASCC patients who received concurrent CRT [25]. Our
study did not find a prognostic value of pre-treatment
serum CYFRA 21-1 in ASCC, possibly because of the
small sample size of this series.

In our study, we chose to consider serum CYFRA 21-1
values as a binary parameter, elevated or not compared
to a defined cut-off, as this is more relevant in routine
practice than using absolute values. Thus, by using this
method, an elevated post-treatment serum CYFRA 21-1
level was an independent factor of poor prognosis in
terms of PFS and OS. It was not possible to analyse
whether patients with very elevated post-treatment
CYFRA-21 level had a poorest prognosis as only 2 pa-
tients in our series had a serum marker level >3 ng/ml
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(one presented a recurrence). In our series, elevated
post-treatment serum CYFRA 21-1 level also tended to
be associated with treatment failure. In patients who re-
lapsed after a complete response to RT or CRT, the me-
dian time between elevated post-treatment CYFRA 21-1
level and clinico-radiological recurrence was 6.6 months
(range: 2.5-38.9 months). Considered together these re-
sults suggest that post-treatment serum CYFRA 21-1
level could have a prognostic impact and be a valuable
marker of treatment efficacy that could be used to detect
recurrence earlier than clinical and/or radiological data.
Therefore, it could be a useful tool in patient monitoring

Table 4 Cox univariate analysis for progression-free survival,
with a time dependency added to CYFRA 21-1 pre-treatment
and post-treatment levels

Univariate analysis
HR [95%Cl] p

Age at diagnosis (> vs. < 65 years) 0.95 [0.39;2.33] 091
Gender (male/female) 0.57 [0.17;1.96] 047
T stage (T3/T4 vs. T1/T2) 265 [1.06,6.34] 0.04
Nodal status (positive/negative) 1.07 [0.44,2.62] 0.88
Clinical stage (IIIA/IIIB vs. I/1l) 1.36 [0.52;3.54] 0.53
Chemotherapy associated with radiation 1.02 [0.37:2.8] 0.97
therapy (yes/no)

CYFRA 21-1 levels (elevated /normal)

Pre-treatment 2.17 [0.64;742] 022
Post-treatment 2.64 [1.09:6.36) 0.03

to optimize the follow-up and guide the decision to per-
form salvage APR after RT/CRT [11, 23].

The main limitations of our study are its retrospective
design and the long inclusion period due to the rarity of
ASCC. This study failed to demonstrate a statistically cor-
relation between survival and N stage, which could be at-
tributed to lack of power due to the small sample size of
our population and the imbalance between clinical stages
(stage I was considerably under-represented). Another
limitation of our study remains the low specificity of the
post-treatment CYFRA 21-1 level. Finally, it is noteworthy
that the prognostic value of elevated serum CYFRA 21-1
observed in our study was obtained with a cut-off value of
1 ng/ml, which corresponds to the cut-off recommended
by the manufacturer. However, some studies assessing this
tumour marker in other malignancies have reported the
prognostic value of higher cut-offs [7, 18].

In view of these limitations, further prospective studies
on independent series of larger sample size are needed to
determine if serum CYFRA 21-1 levels has a clinical utility
as a prognostic and predictive marker in ASCC patients.

Further analyses are also required to determine the op-
timal interval after exclusive RT/CRT for post-treatment
CYFRA 21-1 assay and to assess the value of serum
CYFRA 21-1 kinetics during the follow-up for the diag-
nosis of recurrence after treatment.

Conclusion
Serum CYFRA 21-1, especially post-treatment levels, ap-
pears to be a useful prognostic and therapeutic marker
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Table 5 Cox univariate analysis for overall survival, with a time
dependency added to CYFRA 21-1 pre-treatment and post-
treatment levels

Univariate analysis

HR [95%Cl] p
Age at diagnosis (> vs. < 65 years) 2.13[0.81,5.61] 0.12
Gender (male/female) 0.52 [0.16;3.07] 0.30
T stage (T3/T4 vs. T1/T2) 544 [1.36;,16.48] 0.007
Nodal status (positive/negative) 1.34 [049;3.63] 0.56
Clinical stage (IIIA/IIIB vs. I/1l) 2.72 [0.78,9.46] 0.12
Chemotherapy associated with radiation 0.79 [0.28:2.27] 0.67

therapy (yes/no)
CYFRA 21-1 levels (elevated /normal)
Pre-treatment 5.99 [0.80;45.22] 0.08

Post-treatment 4.05 [1.49,10.95] 0.006

for the monitoring of ASCC patients treated by exclusive
RT/CRT. An abnormally elevated value after exclusive
RT/CRT appears to be correlated with treatment failure,
which should prompt proposal of closer patient follow-
up and possibly early salvage APR.

Further large-scale prospective studies should there-
fore be conducted on this serum biomarker in ASCC
patients.
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