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Abstract

This observational study aimed to evaluate the prognostic significance of interim and final '*F-fluorodeoxyglucose positron
emission tomography-computed tomography (PET/CT) responses to upfront autologous stem cell transplantation (ASCT) in
patients with peripheral T cell lymphomas (PTCLs). A total of 118 patients, from two independent institutions, with newly
diagnosed PTCLs were enrolled, and 96 of them were evaluated. PET/CT was assessed at diagnosis, and during and after the
primary treatment. Clinical outcomes of interim and final PET/CT were compared between transplanted and non-transplanted
patients. The responses of PET/CT were assessed based on visual analysis using the Deauville five-point scale (5-PS).
Clinicopathological features of transplanted patients (rz = 37) were similar to those of non-transplanted patients (n =59). After
amedian follow-up of 60.8 months, only final PET/CT response based on 5-PS was the independent prognostic factor of survival
outcome (P <0.001; HR 8.215; 95% C.1. 2.97-22.72) in multivariate analysis. Interim PET/CT response did not have a differ-
ential potential for predicting progression-free survival (PFS). In 59 patients, with score 1 or 2 in final PET/CT, the PFS rate was
not significantly different between transplanted and non-transplanted patients (P = 0.970). Moreover, among the 37 patients with
final PET/CT response score of 3—4, the PFS rate was equally poor in both transplanted and non-transplanted patients (P =0.178).
Final PET/CT assessment, based on 5-PS, was an important prognostic parameter for primary treatment of PTCLs, regardless of
upfront ASCT. Interim PET/CT response could not be an indicator to determine the requirement for upfront ASCT.
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Introduction

Peripheral T cell lymphoma (PTCL) is a rare malignancy ac-
counting for 5% of all lymphoid neoplasms in the Western
countries [1]. Compared with B cell lymphomas, PTCLs have
more aggressive and dismal prognosis. Most patients with
PTCLs are relatively older in age and usually present with
advanced stages [2, 3]. Although cyclophosphamide, doxoru-
bicin, vincristine, prednisone (CHOP), and CHOP-like regi-
men are commonly used as a first-line chemotherapy, the out-
come in PTCLs following conventional chemotherapy re-
mains poor, except in anaplastic lymphoma kinase (ALK)-
positive anaplastic large cell lymphomas (ALCLs) [4]. High-
dose chemotherapy with autologous stem cell transplantation
(HDT/ASCT) has represented a rescue option from the poor
prognosis of PTCLs, with several prospective trials reporting
its promising results [5—8]. However, the effectiveness of up-
front ASCT in distinct T cell subtypes, optimal transplant
timing during the clinical courses, and the available prognos-
tic factors for predicting better outcomes still remain unclear.

To predict the prognosis of PTCLs, pretreatment prognos-
tic indices such as International Prognostic Index (IPI) and
Prognostic Index for T cell lymphoma (PIT) can be used [9,
10]. However, these prognostic scores do not reflect the indi-
vidual therapeutic response. For Hodgkin’s lymphoma (HL)
and diffuse large B cell lymphoma (DLBCL), many studies
have demonstrated the prognostic value of interim positron
emission tomography-computed tomography (PET/CT) re-
sponse [11-13]. In an attempt to standardize the reporting
criteria of interim or final PET/CT, Lugano classification sug-
gested visual response criteria using the Deauville five-point
scale (5-PS) [14].

Although several trials have suggested the prognostic value
of interim or final PET/CT response in PTCLs, the data have
not been consistent [15—-19]. Moreover, data from the investi-
gation of clinical impact of PET/CT scan in patients with
PTCLs undergoing upfront ASCT is still lacking.

The current study aimed to investigate whether interim and
final PET/CT response using 5-PS could have prognostic val-
ue in patients with PTCLs, who are eligible for upfront ASCT.
Furthermore, we aimed to find specific patient groups that
could benefit either from ASCT or from chemotherapy alone.

Patients and methods

Patients

This comparative, retrospective, and observational study was
performed between January 2005 and December 2016. A total
of 118 patients with newly diagnosed PTCL were enrolled and

96 eligible patients were evaluated. The main inclusion
criteria for upfront ASCT were as follows: (1) age under
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65 years, (2) histopathologically proven PTCLs, except
ALK-positive ALCLs, (3) IPI > low-intermediate or PIT >
group 1, except NK/T cell lymphoma, (4) patients who
achieved a complete response (CR) or partial response (PR)
after primary chemotherapy, (5) Eastern Cooperative
Oncology Group (ECOG) performance status <2, (6) no se-
vere concomitant disease, and (7) adequate cardiac, pulmo-
nary, hepatic, and renal function. All patients underwent an
initial CT and PET/CT scan at diagnosis, with subsequent CT
and PET/CT after three or four cycles of CHOP/CHOP-like
regimen or non-anthracycline-based chemotherapy, as well as
after completion of primary chemotherapy. While 37 patients
underwent upfront ASCT, 59 did not. All study participants
had provided informed consent.

Treatment strategy

Most patients were treated with a total of 6 cycles of
anthracycline- or non-anthracycline-based chemotherapy.
The anthracycline-based chemotherapy regimen consisted of
750 mg/m* cyclophosphamide intravenously (IV), 50 mg/m?
doxorubicin IV, 1.4 mg/m” vincristine (maximum 2 mg) IV on
day 1, 100 mg/m? etoposide IV on days 1 through 2, and
100 mg prednisolone orally per day on days 1 through 5, every
21 days. Patients were re-staged with CT scan and PET/CT
after three or four cycles of chemotherapy, and if initially
involved, bone marrow (BM) was biopsied again. If PR or
CR was found in the CT scan, patients received additional
two to three cycles of chemotherapy until the final sixth
course. Patients achieving PR or CR in the CT scan at the
end of primary chemotherapy either underwent stem cell mo-
bilization chemotherapy using cyclophosphamide 3 g/m?,
followed by subsequent HDT and ASCT, or were kept under
observation. Cyclophosphamide stem cell mobilization che-
motherapy was conducted after 4 to 6 weeks from day 1 of the
preceding course of chemotherapy. The uniform conditioning
regimen consisted of administration of 0.8 mg/kg/day busul-
fan IV every 6 h, from days 1 to 3, 400 mg/m? etoposide IV on
days 3 and 4, and 50 mg/kg cyclophosphamide IV on days 5
and 6. Stem cell sources in all cases were obtained from pe-
ripheral blood [20]. ASCT was conducted at a median of
7.2 weeks (interquartile range, 5.2—8.7 weeks) after final
PET/CT.

Procedure and response assessment of PET/CT

All patients underwent PET/CT at diagnosis, mid-treatment,
and at the completion of primary chemotherapy. Interim PET/
CT was performed after three or four cycles of chemotherapy.
After a total of 6 cycles of primary chemotherapy, a final PET/
CT was performed. Interim and final PET/CT were scheduled
a minimum of 2 weeks from the last treatment. If granulocyte
colony stimulating factor (G-CSF) was administered, PET/CT
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was scanned after a minimum of 48 h from the last G-CSF
injection. '*F-fluorodeoxyglucose (FDG) PET/CT was per-
formed using a Discovery ST PET/CT system (GE
Healthcare), consisting of a bismuth germanate full scanner
and a 16-detector row CT scanner. The patients fasted for at
least 6 h prior to the intravenous administration of '*F-FDG
(7.4 MBq per body weight) to ensure a serum glucose level
below 7.2 mmol/L. At 60 min after '*F-FDG administration,
transmission data were acquired using low-dose CT (120 kV,
automated from 10 to 130 mA, 512 x 512 matrix, 50-cm field
of view (FOV), 3.75-mm slice thickness, and a rotation time
of 0.8 s), extending from the base of the skull to the proximal
thighs. Immediately after CT acquisition, PET emission scans
were acquired in the same anatomic locations with a 15.7-cm
axial FOV acquired in the two-dimensional mode using a
128 x 128 matrix. CT data were used for correction of atten-
uation. The responses of PET/CT were assessed by visual
analysis using 5-PS [21].

Statistical analysis

Statistical analyses were performed using SPSS software (ver-
sion 23.0). The primary endpoint was progression-free surviv-
al (PFS) and the secondary endpoint was overall survival
(OS), since the clinical courses after progression or relapse
were not evaluated here. PFS was defined from the date of
diagnosis to disease progression, relapse, and death due to any
cause, or the date of last follow-up for surviving patients. OS
was defined as the period beginning at diagnosis up to the date
of the last follow-up or death from any cause. PFS and OS
were estimated using the Kaplan-Meier method. Log-rank test
was used to compare the survival rates according to PET/CT
response. Cox regression models and log-rank tests were used
to analyze the univariate and multivariate impacts of various
prognostic factors. A P value < 0.05 was considered statisti-
cally significant.

Results
Patient characteristics and treatment outcome

A total of 118 patients were screened for eligibility from two
institutions. Of them, 22 patients were excluded (inadequate
treatment response, n = 11; withdrawal of consent, n=4; in-
sufficient follow-up data, n =7) and 96 were finally analyzed.
Baseline characteristics of the 96 eligible patients are present-
ed in Table 1. Patients with (n=37) and without upfront
ASCT (n=59) had similar clinicopathological features. The
median age was 47.6 years (range, 37.6-57.6 years) and
48.9 years (range, 36.9-60.9 years) with nodal PTCL inci-
dence of 23 (60.0%) and 29 (47.4%) for the transplanted and
non-transplanted patients, respectively. Advanced stage (II1

and IV) was presented by 22 patients with transplant
(56.4%) and 27 without transplant (47.4%) at the time of
diagnosis. In the transplanted group, 29 patients (74.4%) were
classified as low/low-intermediate risk according to the IPI,
and 28 (71.8%) were classified as group 1 or 2 by the PIT at
diagnosis. Similarly, 34 patients (59.6%) were classified in the
low/low-intermediate risk group, according to IPI, and 36
(63.2%) were classified as group 1 or 2 by PIT, among the
non-transplanted group. After a median follow-up of
60.8 months, the disease had progressed in 42 (43.8%) of 96
patients while 30 (31.3%) patients had expired.

Deauville score and survival outcomes

To evaluate the impact of interim or final PET/CT response on
survival outcome, we analyzed PFS (primary endpoint) of all
patients, from both transplanted and non-transplanted groups,
according to interim and final PET/CT response based on 5-
PS. At the interim assessment, 25 patients (26%) were classi-
fied with score 1, 21 (21.9%) with score 2, 19 (19.8%) with
score 3, and 31 (32.3%) with score 4. In the final PET/CT
assessment, 35 patients (36.5%) were classified with score 1,
24 (25%) with score 2, 22 (22.9%) with score 3, and 15
(15.6%) with score 4. There was no patient with PET/CT
response of score 5 in our cohorts, since the study included
only patients who had achieved PR or CR after primary
chemotherapy.

When we analyzed PFS of our cohorts by interim and final
response using 5-PS, it was found to be well discriminated
(Fig. 1a, b). After a median follow-up of 60.8 months, the 5-
year PFS of patients with interim PET/CT response score 1
and 2 were 76% and 74.1%, respectively. These rates were
significantly different from those in patients with interim PET/
CT response scores 3 and 4 (28.4%; P <0.05 and 35.8%;
P <0.05, respectively). Likewise, when we evaluated the 5-
year PFS according to the final PET/CT response, that of
patients with a final response score 2 (49.9%) was well dis-
criminated from that of patients with final response score 3
(23.9%, P <0.05). Therefore, we re-categorized the patients
into two response groups: good response (score 1-2) and poor
response (score 3—4) groups based on 5-PS. The significant
differences of PFS and OS, between these two groups, in
interim and final PET/CT, are showed in supplementary
Figures 1 and 2.

Prognostic factors for survival outcomes

Univariate analysis showed PFS to be significantly associated
with age (P =0.022), stage (P = 0.030), lactate dehydrogenase
(LDH) (P=0.001), IPI (P =0.002), PIT (P=0.005), and in-
terim (P=0.001) and final PET/CT response using 5-PS
(P<0.001). On multivariate analysis, only final PET/CT re-
sponse using 5-PS (P < 0.001; hazard ratio (HR) 8.215; 95%
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Table 1 Clinicopathologic

characteristics of the patients Characteristics HDT/ASCT patients (N=39)  Non-HDT/ASCT patients P value
(N=57)
Age 47.6+10.0 48.9+12.0 0.559
Sex, n (%) 0.352
Men 29 (74.4%) 36 (63.2%)
Women 10 (25.6%) 21 (36.8%)
Histological type, n (%) 0.404
PTCL, NOS 9 (23.1%) 16 (28.1%)
AITL 8 (20.5%) 7 (12.3%)
ALK (-) ALCL 6 (15.4%) 5 (8.8%)
EN NK/TCL 13 (33.3%) 25 (43.8%)
EATL 3(7.7%) 4 (7.0%)
Nodal vs Extranodal, n (%) 0.559
Nodal 23 (60.0%) 28 (49.1%)
Extranodal 16 (40.0%) 29 (50.9%)
Stage, n (%) 0.508
1-2 17 (43.6%) 30 (52.6%)
34 22 (56.4%) 27 (47.4%)
B symptom, 7 (%) 0.689
Absent 29 (74.4%) 39 (68.4%)
Present 10 (25.6%) 18 (31.6%)
ECOG PS, n (%) 0.347
<2 32 (86.5%) 46 (80.7%)
>2 5 (13.5%) 11 (19.3%)
LDH, n (%) 1.000
Normal 21 (53.8%) 30 (52.6%)
> Normal 18 (46.2%) 27 (47.4%)
IPL, n (%) 0.152
Low-low intermediate 29 (74.4%) 34 (59.6%)
0-1 18 (46.2%) 28 (49.1%)
2 11 (28.2%) 6 (10.5%)
High intermediate-high 10 (25.6%) 23 (40.4%)
3 8 (20.5%) 16 (28.1%)
4-5 2 (5.1%) 7 (12.3%)
PIT, n (%) 0.180
Group 1-2 28 (71.8%) 36 (63.2%)
0 4 (10.3%) 20 (35.1%)
1 24 (61.5%) 16 (28.1%)
Group 3-4 11 (28.2%) 21 (36.8%)
2 6 (15.4%) 15 (26.3%)
34 5 (12.8%) 6 (10.5%)
Primary chemotherapy, n (%) 0.939
Anthracycline based 29 (74.4%) 44 (77.2%)
Non-anthracycline based 10 (25.6%) 13 (22.8%)

Abbreviations: PTCL, NOS peripheral T cell lymphoma, not otherwise specified, A/7L angioimmunoblastic T cell
lymphoma, ALK anaplastic lymphoma kinase, ALCL anaplastic large cell lymphoma, EN NK/TCL extranodal
natural killer/T cell lymphoma, EATL enteropathy-associated T cell lymphoma, LDH lactate dehydrogenase,
ECOG PS Eastern Cooperative Oncology Group performance score, /P International Prognostic Index, PIT
Prognostic Index for T cell lymphoma
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Fig. 1 Progression-free survival (PFS) according to a interim and b final PET/CT response

confidence interval (CI) 2.97-22.72) remained significantly
associated with PFS (Table 2).

OS was associated with stage (P =0.016), ECOG perfor-
mance score (P=0.028), LDH (P<0.001), IPI (P=0.001),
PIT (P=0.005), and interim (P=0.014) and final PET/CT
response using 5-PS (P = 0.014) in univariate analysis. In mul-
tivariate Cox regression analysis, significant prognostic fac-
tors for OS included IPI (P=0.017; HR 4.501;95% CI 1.312—
15.447) and final PET/CT response using 5-PS (P <0.001;
HR 10.75; 95% CI 3.164-36.520) (Table 2).

PET/CT response and autologous stem cell
transplantation

To identify the group of patients that could benefit from up-
front ASCT, survival analysis according to transplantation
was performed in each PET/CT subgroup. Based on interim

PET/CT responses, using 5-PS, in 46 patients with interim
response scores 1-2, PFS and OS of the ASCT group were
found not significantly different from those of the non-ASCT
group (P =0.661, Fig. 2a; P=0.708, Fig. 3a). In addition, the
PFS and OS of 50 patients with interim response scores 3—4
did not show significant difference between the transplanted
and non-transplanted patients (P =0.324, Fig. 2b; P=0.302,
Fig. 3b).

According to the response assessment based on final PET/
CT using 5-PS, there was no survival benefit with respect to
upfront ASCT. In the 59 patients with final response scores 1—
2, PFS and OS did not present a statistically significant differ-
ence between the transplanted and non-transplanted patients
(P=0.97, Fig. 2¢; P=0.955, Fig. 3c). Among the 37 patients
with final response scores 3—4, PFS of patients with upfront
ASCT was not discriminated significantly compared with that
of non-transplanted patients (P =0.178, Fig. 2d), although it

Table 2 Univariate and Multivariate Cox-proportional hazard regression analyses predicting PFS and OS

PFS (O
Univariate HR P value Multivariate* P value Univariate HR P value Multivariate* P value
(95% CI) HR (95% CI) (95% CI) HR (95% CI)
Aget 1.03 (1.00-1.06) 0.028 1.03 (0.99-1.06) 0.092  1.03 (1.00-1.07) 0.064
Sex 1.62 (0.84-3.12) 0.148 1.64 (0.77-3.48) 0.202
ECOG PS (>2) 1.81 (0.84-3.88) 0.127 242 (1.10-5.31) 0.028  2.08 (0.72-5.95) 0.175
Stage (>3) 1.90 (1.06-3.38) 0.030 0.85(0.37-1.98) 0.712  2.33(1.17-4.62) 0.016  0.90 (0.34-2.34) 0.823
LDH (> normal) 2.63 (1.45-4.76) 0.001 1.22 (0.51-2.90) 0.657 3.55(1.74-7.24) <0.001 1.42(0.55-3.70) 0.469
IPI (> high-intermediate) 2.59 (1.42-4.73) 0.002 2.69 (0.92-7.91) 0.072  3.21 (1.66-6.22) 0.001  4.50 (1.31-15.45) 0.017
PIT (groups 3-4) 2.36 (1.30-4.30) 0.005 0.62 (0.22-1.74) 0.364 2.58 (1.33-5.02) 0.005  0.31(0.09-1.13) 0.077
ASCT 0.96 (0.54-1.71) 0.891 0.97 (0.50-1.90) 0.937
Interim 5-PS (> 3) 2.83 (1.55-5.19) 0.001 0.84 (0.32-2.18) 0.715 2.40 (1.20-4.80) 0.014  0.48 (0.15-1.58) 0.228
Final 5-PS (=3) 7.11 (3.68-13.74) <0.001 8.22(2.97-22.72) <0.001 6.00(2.93-12.30) <0.001 10.75 (3.16-36.52) <0.001

*Multivariate analysis was performed using the covariates which showed p value less than 0.05 in univariate analysis

T Continuous variable

PFS, progression-free survival, OS, overall survival; CI, confidence interval; HR, hazard ratio, ECOG PS, Eastern Cooperative Oncology Group
performance score; LDH, lactate dehydrogenase; /P/, International Prognostic Index; PIT, Prognostic Index for T cell lymphoma; ASCT, autologous

stem cell transplantation; 5-PS, Deauville five-point scale
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seemed to have better outcomes in upfront transplanted group.
Additionally, the OS rates of patients with or without the up-
front transplantation were similar among patients with final
PET/CT response scores 3—4 (P =0.766, Fig. 3d).

Discussion

PET/CT has become an important tool in the management of
patients with FDG-avid lymphoma, including DLBCL and
HL [22, 23]. However, the role of PET/CT in PTCL remains
unclear. Recent studies have evaluated the role of interim and
final PET/CT in PTCLs. A retrospective study by El-Galaly
et al. had suggested that interim 5-PS > 3 is not prognostic for
worse OS and PFS across CHOP/CHOP-like regimen-treated
patients with nodal PTCL. In contrast, final 5-PS >3 was as-
sociated with poor prognosis [15]. Tomita et al. had also dem-
onstrated retrospectively that a positive final PET/CT result
predicted worse outcome in PTCLs [17]. However, unlike the
aforementioned finding by El-Galaly, Pellegrini et al. had re-
ported positive interim PET/CT response to be predictive of
poor PFS and OS in 34 patients with PTCLs [18].

@ Springer

In the current study, we collected clinical data of patients
with newly diagnosed PTCLs from two institutions. Our co-
horts either underwent upfront ASCT or were observed after
achieving PR or CR. Clinical characteristics and histological
distributions were similar between the transplanted and non-
transplanted patients. In multivariate analysis, final PET/CT
response by 5-PS was identified as an independent prognostic
factor for PFS and OS. Final PET/CT response score >3 was
significantly associated with disease progression and death.
However, interim PET/CT response using 5-PS did not show
prognostic significance for PFS and OS in multivariate anal-
ysis. In terms of OS, IPI was also predictive of better survival.

Upfront ASCT has been proposed as a promising
consolidative option to improve the outcome of patients with
PTCLs. A large prospective study with Nordic Lymphoma
Group had reported superior 5-year OS (51%) and 5-year
PFS (44%) in patients with PTCL and HDT/ASCT, compared
with that in the conventional group [8]. Another prospective
German study had analyzed 111 patients with PTCL and
ASCT, and the 5-year OS, DFS, and PFS were 44%, 54%,
and 39%, respectively [24]. However, these reports are limited
to patients with PR or CR after initial therapy, and the cohorts
of these studies had relatively favorable clinical characteristics
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for eligibility of transplantation. In addition, there has been no
randomized prospective trial comparing conventional chemo-
therapy alone with upfront ASCT. Therefore, the actual role of
upfront ASCT in PTCLs is yet to be clearly defined.

According to our data, the procedure of consolidative up-
front ASCT was not associated with better PFS or OS in mul-
tivariate analysis. An Italian study analyzing 209 patients with
PTCL had also suggested upfront ASCT to not be able to
predict prognosis [25]. However, these results should be
interpreted carefully, since some patients may still benefit
from upfront ASCT. We analyzed the role of interim or final
PET/CT in selecting patients that could benefit from upfront
ASCT. When we evaluated survival outcome according to the
transplantation in each subgroup, based on interim or final
PET/CT response using 5-PS (within interim response of
scores 1-2 or scores 3—4, and final response of scores 1-2 or
scores 3—4, respectively), there was no specific beneficial
subgroup.

There is a controversy regarding whether final response
with score 3 could be considered as complete metabolic re-
sponse (CMR). Although Lugano criteria had defined score 3
in 5-PS as CMR [23], several studies have suggested poor
outcome of score 3 compared with that of score 1 or 2 in

PTCLs other than HL, DLBCL, and follicular lymphoma.
Yhim et al. had found patients with post-treatment score 3 or
4-5 to have worse PFS than those with score 1 or 2 in nodal
PTCLs [26]. Furthermore, Kim et al. had demonstrated the
final response scores 1-2 to be associated with better PFS
and OS compared with score 3 or 4 in extranodal NK/T cell
lymphoma in a retrospective study [27]. Similarly, in our data,
PFS and OS of patients with scores 1-2 in interim and final
PET/CT were significantly discriminated with those with
scores 3—4. Moreover, in a retrospective study on nodal
PTCLs by El-Galaly et al., 12 patients (71%) showed no
FDG-uptake in BM among 17 with BM-positive biopsy
[15]. This suggested that involvement of BM in PTCLs could
be underestimated in PET/CT. These findings together sug-
gest post-treatment PET/CT response with score 3 to possibly
be considered as an incomplete response.

This study has certain limitations. Our study was retrospec-
tively analyzed and PET/CT scans were obtained over a long
period of time from two independent institutions. Different
PET/CT machines and software products were used for re-
sponse assessment. However, Biggi et al. had reported that
concordance rates between reviewers were high when using
5-PS [28]. Like most PTCL studies, our cohort size was
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relatively small and provided limited information on the clin-
ical course of patients with PTCLs who had achieved PR or
CR after primary chemotherapy. Furthermore, we had
interpreted PET/CT response using only 5-PS; other methods
of PET/CT response assessment (e.g., quantitative analysis
such as standardized uptake value or metabolic tumor volume)
might show different data from our current study.

Despite these limitations, we first evaluated the prognostic
utility of PET/CT response using 5-PS in PTCLs by compar-
ing the treatment outcome between patients with upfront
ASCT and with chemotherapy only. Our study showed the
final PET/CT response based on 5-PS to be an independent
prognostic factor of PTCLs, regardless of upfront ASCT.
Patients with score >3, assessed by final PET/CT, had poor
survival outcome despite upfront ASCT. Achieving score 1 or
2 in final PET/CT in patients with upfront ASCT is an impor-
tant factor for PFS and OS. Unfortunately, we could not find a
specific response group that could benefit from ASCT in the
sub-analysis (within interim response of scores 1-2 and 34,
within final response of scores 1-2 and 3—4). However, pro-
spective comparative clinical trials with large cohorts would
be necessary to define the role of PET/CT in PTCLs with
upfront ASCT.

In conclusion, our study suggested the clinical outcome of
PTCLs to be mainly reflected by final PET/CT response using
5-PS, regardless of upfront ASCT. According to our data,
interim PET/CT response using 5-PS would not be an indica-
tor to determine the requirement of upfront ASCT in patients.
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