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Abstract

Background: Contemporary data of peripheral T-cell lymphoma (PTCL) and natural-killer/
T-cell lymphoma (NKTL) patients treated with ifosfamide, carboplatin and etoposide (ICE)
are limited.

Aims: We performed a retrospective analysis to estimate outcomes of ICE-treated
PTCL and NKTL patients at three tertiary cancer centres in Singapore.

Methods and Results: Patients were identified through lymphoma databases from
National Cancer Centre Singapore (NCCS), National University Hospital, Singapore
(NUHS), and Singapore General Hospital (SGH). Responses and survival outcomes were
determined from electronic medical records. A total of 75 patients with a median age of
50 were included. ICE was used as first-line treatment in 14 patients (19%) and as sub-
sequent lines of treatment in 61 patients (81%). The overall response rates (ORR) for all
patients was 63% (40% complete response [CR]). The ORR and CR in the first line were
86% and 64% respectively. At a median follow-up duration of 71.0 months, the median
progression-free (PFS) and overall survival (OS) for all patients were 4.4 months (95%Cl,
2.7-6.0) and 16 months (95%Cl, 8.3-45.4) respectively.

Conclusion: In summary, ICE showed high ORR but poor PFS in relapsed/refractory
PTCL and NKTL. ORR of ICE in the first line setting appears better than real-world
CHOP data and warrants further study.
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1 | INTRODUCTION

Peripheral T-cell lymphoma (PTCL) and natural-killer/T-cell lymphoma
(NKTL) represent 10-15% of non-Hodgkin lymphomas(NHL), with
treatment outcomes that generally lag behind their B-cell counter-
parts.:3 CHOP-based regimen (cyclophosphamide, doxorubicin, vin-
cristine and prednisolone) is most commonly used in the first line
setting in the treatment of PTCL® and L-asparaginase-based chemo-
therapy regimens are generally used in the treatment of NKTL to
bypass the multidrug resistant P-glycoproteins found on NK cells.**
Ifosfamide, carboplatin and etoposide (ICE) is a commonly used
salvage chemotherapy regimen for PTCL and NKTL.® Historically, this
regimen produces response rates of about 54%.° In Singapore, ICE
has been used both to treat PTCL and NKTL in the first line and
relapsed or refractory setting. The purpose of this study is thus to
explore the treatment outcomes of PTCL and NKTL patients treated
with this regimen from three tertiary academic centres in Singapore.

2 | METHODS

This is a retrospective observational study using prospectively
maintained lymphoma databases from the National Cancer Centre
Singapore (NCCS), National University Hospital, Singapore (NUHS),
and Singapore General Hospital (SGH). The study was approved by
the individual institutional review boards. Patients with histologically
confirmed PTCL or NKTL, treated with at least one cycle of ICE in the
first line, relapsed or refractory setting between 2001 and 2017 were
included in the analysis. Patients with refractory disease had disease
that progressed during or within 6 months of completion of their prior
treatment regimen. Data on patients' clinical characteristics, treatment
and survival outcomes were collected from databases and confirmed
using electronic medical records. Patients with composite lymphomas,
those who received ICE chemotherapy as part of mobilisation for
high-dose chemotherapy/autologous stem cell transplantation
(HDC/ASCT) and those who received concurrent ICE and radiother-
apy were excluded from the analysis.

The overall response rates (ORR) (complete response [CR] and
partial response [PR]) were determined from physician's assessments
in their electronic medical records and confirmed by assessing imag-
ing, bone marrow or biopsy results. Progression-free survival (PFS)
was defined as the interval from first dose of ICE to disease progres-
sion or death from any cause. Overall survival (OS) was defined as the
interval from first dose of ICE to death from any cause or last follow-
up. Survival probabilities and the median survival times were esti-
mated using the Kaplan-Meier method. Differences between groups
were tested using the log-rank test. Univariable and multivariable ana-
lyses were performed using the Cox proportional hazards model.
Variable selection was performed using the best subsets method by
optimising the Akaike Information Criterion (AIC). The following
variables were used in the selection procedure: age, gender, race, his-
tology, stage, B symptoms, extranodal involvement and achievement
of CR. LDH and ECOG performance status were not included due to a
high percentage of missing data and IPl was not included as its

components were already included. Treatment setting was forced in
the model and not subjected to variable selection.

A two-sided p-value of less than .05 was considered statistically
significant. All analyses were performed in Stata/SE 15.0 (StataCorp,
College Station, Texas).

3 | RESULTS

A total of 75 patients were included in our study. The median age of
patients was 50 (range 21-71), and 58 (77%) were male. Most
patients were of Chinese ethnicity (77%), reflecting the general ethnic
distribution in Singapore. The histological subsets included PTCL-not
otherwise specified (NOS) (35%), angioimmunoblastic T-cell lym-
phoma (AITL) (23%), NKTL (20%), anaplastic large cell lymphoma
(17%), and others including monomorphic enteropathic intestinal
T-cell lymphoma (MEITL),”® previously known as type Il enteropathic
T-cell lymphoma, and hepatosplenic T-cell lymphoma, which made up
5% of the tumour subsets. At diagnosis, 80% of patients had
advanced-stage disease, 21% had B symptoms and 77% had disease
involvement of extranodal sites. Eastern Cooperative Oncology Group
(ECOG) performance status was O or 1 in 75% of patients, and
unknown in about 23%.(Table 1). Using the reverse Kaplan-Meier
method, the median follow-up time was 71.0 months (95% ClI, 50.0-
103.4 months) or 5.9 years (95% Cl, 4.2-8.6 years).

In this study, ICE was used as first-line treatment in 14 patients
(19%) and as subsequent lines of treatment in 61 patients (81%).
Among those who received ICE as first line treatment, 50% had NKTL
and 29% had PTCL-NOS. Among the 61 patients who received ICE as
subsequent treatment, 64% had disease refractory to their prior treat-
ment. The patients received a median of 3 cycles of ICE. Patients
treated in first line received more cycles of ICE than those with
relapsed/refractory disease (median of 6 versus 3).

The ORR for all patients 62.7% (40% CR and 22.7% PR). Among
patients who were treated with ICE in first line, relapsed, and refrac-
tory setting, the ORR were 85.7%, 68.2% and 51.3% and the CR rates
were 64.3%, 45.5% and 28.2% respectively. The median PFS and OS
for all patients was 4.4 months (95% confidence interval [CI], 2.7-6.0)
and 16 months (95% Cl, 8.3-45.4) respectively. Among patients who
were treated with ICE in first line, relapsed, and refractory setting, the
median PFS were not reached, 4.4 and 3.4 months respectively.
The median OS were 51.9, 33.9 and 10.9 months for those treated in
the first line, relapsed, and in the refractory setting.(Table 2) For those
who achieved a CR (N = 30) and PR (N = 17) on ICE, the median PFS
was 17.9 months (95% ClI, 6.3 to 50.3 months) and 4.6 months (95%
Cl, 1.7 to 18.8 months) respectively.

Univariable analyses revealed that patients treated in the relapsed or
refractory setting, high-intermediate (HI) or high (H) IPI scores, advanced-
stage disease, and not achieving a CR with treatment, were associated
with poorer PFS. Histological subtypes of NKTL, EATL, and hepatosplenic
T-cell lymphoma (in contrast to PTCL-NOS, AITL and ALCL), advanced
stage, HI or H IPI scores, and not achieving CR were associated with a
poorer OS. On multivariable analyses, after adjusting for treatment set-
ting, histological subtypes of NKTL, EATL and hepatosplenic T-cell
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TABLE 3 Univariable and multivariable analysis of progression-free survival

Variable
Treatment setting
First line
Refractory
Relapsed
Age at ICE treatment, years
<60
>60
Gender
Male
Female
Race
Chinese
Non-Chinese
Histology
Non-NKTCL
NKTCL
Stage at diagnosis
1-2
3-4
B symptoms
Yes
No
LDH
Elevated
Normal
Extranodal involvement
Yes
No
ECOG performance status
0-1
2
IPI
Low, low-intermediate
High-intermediate, high
Complete response (CR)
No
Yes

No. of events/patients

6/14
36/39
19/22

49/60
12/15

50/58
11/17

50/58
11/17

49/60
12/15

8/14
53/61

10/16
48/56

24/27
8/15

47/58
11/14

43/56
2/2

5/11
12/14

41/45
20/30

TAY ET AL
Univariable analysis Multivariable analysis®
Hazard ratio (95% Cl) p-value Hazard ratio (95% Cl) p-value
.004 .031
1 1
3.68 (1.54, 8.81) 3.38(1.20, 9.48)
2.56(1.02, 6.42) 3.58(1.17,11.01)
459
1
1.28 (0.68, 2.42)
.160
1
0.64(0.33, 1.23)
.502
1
0.80(0.42, 1.55)
527 .031
1 1
1.23(0.65, 2.33) 2.61(1.09, 6.21)
.004 .057
1 1
2.72(1.28,5.79) 2.29 (0.92, 5.70)
.183
0.64(0.32, 1.28)
1
.068
2.04(0.91, 4.55)
1
275
1.43(0.74,2.76)
1
118
1
4.09 (0.92, 18.15)
.019
1
3.34(1.15,9.71)
<.001 .001

3.76 (2.13, 6.63)
1

2.76 (1.52, 5.00)
1

Note: For multivariable analysis, all variables were included in the best subsets selection procedure except for LDH, ECOG performance status and IPI.
Treatment setting was forced in the model and not subjected to variable selection.
“No. of events/patients for multivariable analysis = 57/71.

lymphoma, advanced-stage disease and not achieving CR to ICE were 4 | DISCUSSION

associated with a poorer PFS and OS. Additionally, receiving treatment

after age of 60, presence of B symptoms and extranodal involvement
were other factors that were associated with a poorer OS on multivari-

able analyses (Tables 3 and 4).

The ICE regimen was developed as a salvage regimen for relapsed and

refractory lymphomas. In this study, we show that patients with relapsed

and refractory PTCL and NKTL treated with ICE have relatively high ORR



TAY ET AL.

TABLE 4 Univariable and multivariable analysis of overall survival

Univariable analysis

|Cancer Reports
1

s WILEY_L 7o

Multivariable analysis®

Variable No. of events/patients Hazard ratio (95% Cl) p-value Hazard ratio (95% Cl) p-value
Treatment setting .068 .016
First line 5/14 1 1
Refractory 31/39 2.35(0.91, 6.08) 5.78 (1.60, 20.83)
Relapsed 13/22 1.33(0.47,3.76) 5.22(1.31, 20.75)
Age at ICE treatment, years 192 .040
<60 39/60 1 1
>60 10/15 1.64 (0.81, 3.32) 2.65 (1.10, 6.38)
Gender .393
Male 40/58 1
Female 9/17 0.74 (0.35, 1.52)
Race .525
Chinese 41/58 1
Non-Chinese 8/17 0.79 (0.37, 1.68)
Histology 101 .001
Non-NKTCL 38/60 1 1
NKTCL 11/15 1.82(0.92, 3.60) 6.29 (2.26, 17.48)
Stage at diagnosis .002 .001
1-2 4/14 1 1
3-4 45/61 3.92 (1.40, 10.96) 5.71(1.73, 18.89)
B symptoms .522 .013
Yes 10/16 1.27 (0.63, 2.56) 3.04 (1.31, 7.06)
No 37/56 1 1
LDH 229
Elevated 19/27 1.72 (0.69, 4.32)
Normal 7/15 1
Extranodal involvement .055 .014
Yes 41/58 2.16(0.91, 5.12) 2.90(1.14, 7.35)
No 6/14 1 1
ECOG performance status .981
0-1 34/56 1
2 1/2 1.02 (0.14, 7.54)
IPI .015
Low, low-intermediate 4/11 1
High-intermediate, high 11/14 3.91(1.20, 12.71)
Complete response (CR) <.001 <.001
No 35/45 3.82(1.96, 7.46) 5.80(2.60, 12.92)
Yes 14/30 1 1

Note: For multivariable analysis, all variables were included in the best subsets selection procedure except for LDH, ECOG performance status and IPI.
Treatment setting was forced in the model and not subjected to variable selection.
“No. of events/patients for multivariable analysis = 46/71.

(68% and 51% respectively), but the CR rates were poor (45% and 28%)
and the PFS were short (4.4 and 3.4 months) respectively. These results

PTCL, especially since such patients require an effective bridging
regiment to HDC/ASCT. Some novel agents that have been combined
with ICE include romidepsin9 and selinexor (NCT03212937), and further
studies will reveal if these novel combinations are superior to ICE in
R/R PTCL.

are comparable to previously reported results of ICE in PTCL where
ORR were 54% (PR 23%, CR 31%). Novel combinations with ICE should
be explored to improve the CR rates and durability of response in R/R
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CHOP is the most commonly used chemotherapy regimen in the first
line treatment of PTCL and brentuximab vedotin (BV)-CHP is now used
to treat CD30-positive PTCL.*®There is no standard of care for NKTL. In
the localised setting, regimens such as DeVIC, ICE or L asparaginase
based regimens such as SMILE, GELOX are considered to be effective
and acceptable treatment options. In the advanced setting, L
asaparaginase based regimens are considered in the first line setting.** In
our study, ICE was used in the first line setting for 14 PTCL and NKTL
patients and the ORR was 85.7% (CR 64.3%). These results appear better
than real-world data for CHOP, where expected ORR are about 65% and
25% of patients have refractory disease.*?

While the study is limited by the retrospective nature of the ana-
lyses and the small numbers of the individual subtypes of PTCL, to
our knowledge, this study the provides the largest data on the out-
comes of PTCL and NKTL patients treated with ICE in the first line
and relapsed/refractory setting. Results from this study will help to
evaluate our current treatment strategies and plan future clinical trials
for this group of diseases.

In conclusion, when ICE is used to treat relapsed/refractory PTCL
and NKTL, response rates are relatively high but duration of response
is poor. Future investigation should evaluate the role of novel agents
in combination with ICE to improve current treatment outcomes. ICE
appears to have better response rates compared with CHOP in the
first line treatment of PTCL and should be evaluated further as a
potential first line treatment for this group of diseases.
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