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KEY PO INT S

l Use of ECP prolongs
survival and disease
control in patients
with SS /e-MF.

l ECP should be
commenced as early as
possible in the
treatment paradigm
for MF/SS, ideally at
treatment lines 1 to 3.

Extracorporeal photopheresis (ECP) has demonstrated therapeutic benefit in patients
with Sézary syndrome (SS) and erythrodermic mycosis fungoides (e-MF). To examine the
efficacy of ECP in themodern era of novel therapies, we conducted a retrospective analysis
of 65 patients with a diagnosis of SS or e-MF with blood involvement who were treated
with ECP at our institute. Overall survival (OS), time to next treatment (TTNT), and skin
response rate (RR) were used as the study end points to determine patient outcome. The
median follow-up from diagnosis was 48 months (range 1-225 months), with a median
predicted OS of 120 months. The majority (88%) of patients commenced ECP at treatment
lines 1 to 3, either as a monotherapy or in conjunction with other systemic agents. The use
of ECP monotherapy resulted in a significantly longer median TTNT when compared with
interferon-a (P5 .0067), histone deacetylase inhibitors (P5 .0003), novel immunotherapy
agents (P 5 .028), low-dose methotrexate (P < .0001), and chemotherapy (P < .0001). In

particular, early commencement of ECP at treatment lines 1 to 3 yielded a TTNT of 47 months. The results of our study
support the utilization of ECP for SS/e-MF, andwe recommend that ECP should be considered as early as possible in the
treatment paradigm for these patients. (Blood. 2019;134(16):1346-1350)

Introduction
The existing body of literature for extracorporeal photopheresis
(ECP) in the treatment of Sézary syndrome (SS) and erythrodermic
mycosis fungoides (e-MF) with leukemic involvement has led to
its incorporation into consensus treatment guidelines.1-6 How-
ever, previous reports suggest that the long-term prognosis for
such patients is poor, with 5-year overall survival (OS) rates of only
27% to 44%.2,7-9

The classic ECP treatment schedule outlined by Edelson et al
used in most treatment centers involves ECP on 2 consecutive
days once every 4 weeks, for at least 6months.10 In this paper, we
explore the outcome of patients at our institution treated early
in their treatment course with a novel 1-day regimen of ECP.

Methods
Study design
This is a retrospective analysis of the Cutaneous Lymphoma
Database at Peter MacCallum Cancer Centre with a cutoff date

of 16 January 2018. Patients included for analysis were treated
between 1997 (when ECP was first introduced at our institution)
and January 2018. Data collection and analysis were approved
by the Human Research Ethics Committee at our institution and
undertaken in accordance with the principles of the Declaration
of Helsinki.

Only systemic therapies were analyzed, including ECP, interferon-
a (IFN-a), histone deacetylase inhibitors (HDACi: vorinostat,
panobinostat, romidepsin), monoclonal antibodies or antibody-
drug conjugates or fusion toxins (alemtuzumab, mogamulizumab,
pembrolizumab, brentuximab vedotin, denileukin diftitox),
bexarotene; IV/oral chemotherapy; low-dose methotrexate; and
autologous or allogeneic stem cell transplant. Psoralen and
ultraviolet A and total skin electron therapy were also consid-
ered systemic therapies based on current treatment guidelines
for cutaneous T-cell lymphoma.11 ECP was assessed as either a
monotherapy or a combination therapy where administered con-
currently or in overlap with other systemic agents. Systemic cor-
ticosteroids were excluded due to their indication as a treatment of
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acute “flares” rather than long-term disease control, as per Hughes
et al.12 We enumerated individual treatment lines and divided
them into early-line (commenced at lines 1 to 3) or late-line therapy
(commenced at line 4 or later).

Data analysis
Primary outcomes were OS (date of diagnosis of mycosis fun-
goides (MF)/SS to the date of death from any cause or cutoff
date), time on treatment (date of commencement of a systemic
therapy to the date of cessation due to disease progression or
remission, treatment intolerance, or death), time to next treat-
ment (TTNT: date of commencement of 1 systemic agent to date
of commencement of the next line of systemic therapy), and skin
response rate (RR).

Use of a novel ECP regimen in our cohort
The UVAR-XTS collection device was used at Peter MacCallum
Cancer Centre fromMarch 1997 andwas replaced by the Therakos
CELLEX Photopheresis System inOctober 2009. A novel treatment
protocol for ECP is used at our center, as previously published,
consisting of 1 day of treatment per week for 6 weeks, then
every 2 weeks for 12 weeks, and then monthly thereafter.13 This
differs from the traditional protocol found in European Organiza-
tion of Research and Treatment of Cancer11 and International
Society for Cutaneous Lymphomas11 guidelines, which recom-
mends 2 consecutive treatment days.

Results and discussion
Sixty-five eligible patients were identified, and clinical charac-
teristics are detailed in Table 1. The median time to com-
mencement of ECP was 3 months (range 0-200), and the median
follow-up of all living patients was 48 months (range 1-191). A
median of 4 (range 1-19) various systemic treatments was ad-
ministered per patient, with a total of 274 individual treatment
episodes. ECP was the most common first-line therapy, with
35 (53.8%) patients receiving ECP at line 1. Of these, 15 were
treated with ECP alone, and 20 received ECP in conjunction with
another systemic agent. A key finding of this analysis was a
median predicted OS of 120 months for patients with SS/e-MF
receiving treatment in the modern era. Moreover, this median
predicted OS was unchanged when censoring for patients
who underwent transplant (autologous stem cell transplant:
n 5 3; allogeneic stem cell transplant: n 5 6) (Figure 1A). To
our knowledge, this is the longest reported survival outcome

Table 1. Demographics of the overall cohort (n 5 65)

Demographics Total cohort (n 5 65)

Sex
Male 39 (60.0)
Female 26 (40.0)

Age, y
Median age at diagnosis (range) 64 (37-83)
,40 1 (1.5)
40-49 5 (7.7)
50-59 13 (20.0)
60-69 26 (40.0)
70-79 15 (23.1)
801 5 (7.7)

Diagnosis
e-MF 6 (9.2)
SS* 59 (90.8)
LCT at diagnosis 3 (4.6)

Stage at diagnosis
IA 0 (0.0)
IB 5 (7.7)
IIA 1 (1.5)
IIB 1 (1.5)
IIIA 15 (23.1)
IIIB 12 (18.5)
IVA1 27 (41.5)
IVA2 1 (1.5)
IVB 2 (3.1)

Tumor skin score
T1 0 (0.0)
T2 6 (9.2)
T3 0 (0.0)
T4 59 (90.8)

Nodal involvement
N0 30 (46.1)
N1 26 (40.0)
N2 4 (6.2)
N3 1 (1.5)
Nx 4 (6.2)

Visceral involvement
M0 63 (96.9)
M1 2 (3.1)

Blood involvement*
B0 16 (24.6)
B0a 1 (1.5)
B0b 2 (3.1)
B1 17 (26.2)
B2 29 (44.6)

Clonal arrangement (n 5 50)
Monoclonal 45 (69.2)
Polyclonal 4 (6.2)
Oligoclonal 1 (1.5)
Unknown 15 (23.1)

Table 1. (continued)

Demographics Total cohort (n 5 65)

Median number of treatment lines (range) 4 (1-13)

ECP device used
UVAR-XTS 12 (18.5)
Therakos CELLEX 47 (72.3)
Both 6 (9.2)

*The difference between the number of patients who received a diagnosis of SS (n5 59) and
those who had B2 disease at diagnosis (n 5 29) was due to (i) the varying criteria used for
a diagnosis of SS during the course of the study according to the diagnostic criteria used
at the time of commencing ECP (ie, utilization of CD4:8 ratio by flow cytometry and prior
to the updated TNMB staging by Olsen et al in 200726) and (ii) some patients without a
detectable clone in the blood at diagnosis subsequently detected a clone in the peripheral
blood at a later date.
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in one of the largest cohorts of its kind to date, exceeding the
OS of 39 to 65 months reported in previous studies.14-20 These
results may reflect the early commencement of ECP in our
cohort, although there were too few patients treated at later
lines to permit a formal comparison. At the same time, it is also
possible that prolonged OS reflects the focus on immune
modulation for the management of SS rather than the use of
systemic chemotherapy, which is generally ineffective.

We believe OS and TTNT are key outcomes for evaluating the
efficacy of therapy in SS/e-MF. Past studies have generally fo-
cused on skin response as the primary measure of treatment
efficacy, with previous reports of skin RR ranging from 31% to
85% (complete remission of 0% to 62%).21-24 In comparison, we
report a skin response of 69% in our cohort, with a complete
remission (skin, blood, node, and viscera) rate of 6%; 26% of
patients experienced a stable skin response.

The median time on ECP was 17 months (range 0.5-159), with
57/65 (87.7%) commencing ECP as early-line treatment. Patients

receiving ECP as a monotherapy at lines 1 to 3 (n 5 20; 30.8%)
demonstrated an impressivemedian time on treatment of 42months.
This extended time on treatment reflects a lengthy period of
disease control and confirms the excellent tolerability of ECP
and its suitability for long-term use. Furthermore, no grade 3/4
adverse events related to the administration of ECP were reported.
With respect to the TTNT outcome measure, patients who used
ECP at lines 1 to 3 had a median TTNT of 12 months compared
with those who received ECP at later treatment lines (7 months;
P 5 .07). This TTNT is similar to that reported previously.25

Having observed a superior outcome with the early-line use of
ECP (time on treatment, TTNT), it raises the question as to why?
Is it due to the prior treatments received, and/or the natural
course of disease progression over time? Unfortunately, our
study was unable to address that question. First, there was an
unequal distribution across the lines of therapy with the ma-
jority of patients receiving ECP as lines 1 to 3 (n5 57) with only
8 patients receiving it beyond line 3. Moreover, within that early
use group, many of our patients were referred from interstate,
or even internationally, and received prior therapy as a bridging
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Figure 1. Survival and treatment outcomes in 65 patients with Sézary syndrome who were treated with ECP. Kaplan-Meier curves demonstrating survival and
treatment outcomes in our patient cohort. (A) Of the 65 patients who underwent ECP, there was no significant difference in predicted OS between the whole cohort and those
who did not receive stem cell transplant (P 5 .78). Those who used ECP alone demonstrated significantly better TTNT outcomes compared with IFN-a alone (P 5 .0067) (B),
HDACi alone (P 5 .0003) (C), and chemotherapy alone (P , .0001) (D).
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measure while awaiting planned treatment with ECP; unlike pre-
vious studies of chemotherapy or biological agents, the decision
to switch to ECP as a second or third line was not necessarily due
to inactivity of the prior therapy or refractory disease. Further
prospective studies may be able to more clearly characterize
natural disease biology vs the disease-modifying effects of ECP.

Beyond line of therapy, we looked for, but were unable to
isolate, biological predictors of outcome. For example, with
respect to blood stage (B0 vs B2), there was no difference in
survival (P 5 .41) or TTNT (P 5 .20). Nonetheless, this does
support the use of ECP in patients with a range of blood in-
volvement. Similarly, we examined the outcome of patients with
large cell transformation (LCT). Because only 3 patients had LCT
at the time of commencement of ECP (TTNT5 1month, 7months,
and 25 months), we were unable to demonstrate any difference
in outcome according to LCT status.

The median TTNT when ECP was used alone was 14 months,
which was significantly greater than all other systemic therapies:
IFN-a (8 months; P 5 .0067), HDACi (7.5 months; P 5 .0003),
antibody/antibody-drug conjugates/fusion toxins/bexarotene ther-
apy (n 5 20; 6.5 months; P 5 .028), chemotherapy (3 months;
P , .0001), and low-dose methotrexate (n 5 35; 2.5 months;
P , .0001) (Figure 1B-D). We recognize that the above com-
parisonsmay be subject to potential bias as to when in the disease
course each therapy was administered. However, we note that
the TTNT of those treated with ECP in first-line therapy, either
as monotherapy or in combination (n 5 35), was 12 months, in
comparison with a TTNT of only 3.5 months in patients receiving
other non-ECP therapies in first line. Taken together, these data
strongly suggest that ECP is one of the most effective treatments
of patients with SS, even when compared with novel or more
targeted therapies. These findings also reaffirm the limited benefit
of systemic chemotherapy as a first-line treatment of advanced
cutaneous T-cell lymphoma, with a TTNT of only 3 months.

As described above, our institutional protocol allowed the use of
ECP with other therapies, although the selection of when and
what to use as a treatment partner was at clinician discretion.
Patients who received ECP in combination with another systemic
agent (n 5 37; 69.2%) at treatment lines 1 to 3 had significantly
shorter median time on treatment compared with those who
received ECP alone (15 months vs 42.5 months; P 5 .044).
Because it is hard to reconcile why combination therapy should
result in an inferior outcome, we postulate that patients who
were prescribed a combination of ECP and another systemic
agent were clinically considered to have more aggressive or
rapidly progressive disease at the outset. Indeed, when we
examined the outcomes of specific combination therapies, we
found that no combination therapy demonstrated a clear supe-
riority to ECP alone. This raises the question of whether ECP

combination therapy does in fact offer a therapeutic benefit
over ECPmonotherapy and warrants further prospective evaluation.

In summary, this analysis demonstrates the efficacy of our novel
ECP regimen as an early therapy for patients with SS/e-MF. It
achieves prolonged disease control compared with other sys-
temic agents, reflected as prolonged survival, particularly when
commenced as a frontline therapy. Whether there is a synergistic
effect between ECP and other systemic agents remains unclear
and warrants further prospective evaluation.
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