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Abstract

The aim of this study was to evaluate the prognostic relevance of early risk stratification in diffuse large B-cell lymphoma
(DLBCL) using interim Deauville score on positron emission tomography-computed tomography (PET-CT) scan and baseline
International Prognostic Index (IPI). This retrospective study included 220 patients (median age, 64 years; men, 60%) diagnosed
with DLBCL between 2007 and 2016 at our institution, treated with rituximab-based chemotherapy. Interim PET-CT was
performed after three cycles of immuno-chemotherapy. Interim Deauville score was assessed as 4 or 5 in 49 patients (22.3%),
and 94 patients (42.7%) had high-intermediate or high-risk IPI scores. In multivariate analysis, interim Deauville score (1-3 and
4-5) and baseline IPI (low/low-intermediate and high-intermediate/high) were independently associated with progression-free
survival (for Deauville score, hazard ratio [HR], 1.00 vs. 2.96 [95% confidence interval (CI), 1.83-4.78], P < 0.001; for IPI, HR,
1.00 vs. 4.84 [95% CI1, 2.84-8.24], P < 0.001). We stratified patients into three groups: low-risk (interim Deauville scores 1-3 and
low/low-intermediate IPI), intermediate-risk (Deauville scores 1-3 with high-intermediate/high IPI or Deauville scores 4-5 with
low/low-intermediate IPI), and high-risk (Deauville scores 4-5 and high-intermediate/high IPI). This early risk stratification
showed a strong association with progression-free survival (HR, 1.00 vs. 3.98 [95% CI 2.10-7.54] vs. 13.97 [95% CI 7.02—
27.83], P <0.001). Early risk stratification using interim Deauville score and baseline IPI predicts the risk of disease progression
or death in patients with DLBCL. Our results provide guidance with interim PET-driven treatment intensification strategies.
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Introduction

Despite significant improvements in the treatment of diffuse
large B-cell lymphoma (DLBCL) with the introduction of
rituximab, approximately 30 to 40% of patients still experi-
ence treatment failure [1]. High-dose chemotherapy with au-
tologous stem cell transplantation has been the backbone of
current salvage treatments for younger patients with relapsed
or refractory DLBCL; however, only a third of patients
achieve long-term survival [2]. Therefore, numerous attempts
have been undertaken to allow early identification of patients
at risk of treatment failure and to provide risk-stratified thera-
py prior to this failure.

Positron emission tomography-computed tomography
(PET-CT) with 18F—ﬂuorodeoxyglucose ("8F-FDG) has shown
high sensitivity in detection of viable DLBCL lesions at base-
line staging [3] and in response assessments after the end of
primary treatment [4]. The Deauville 5-point scale has become
the standard tool for assessment of treatment response in lym-
phoma [5], which compare '®F-FDG uptake of the lesions
with the uptake in the mediastinal pool and liver [6]. Interim
PET-CT scans that were performed during treatment have
been evaluated to identify patients at high risk of treatment
failure, and the results of meta-analysis [7] along with multiple
retrospective [8—12] and prospective [13, 14] studies have
demonstrated an association of interim PET-CT scan with
prognosis in patients with DLBCL. However, these studies
have also shown that a substantial number of patients might
experience prolonged survival in remission despite positive
interim PET-CT scans, indicating a low positive predictive
value of interim scans in DLBCL [7-14]. Accordingly, the
overall accuracy of interim PET-CT adopting the Deauville
score in predicting treatment outcomes is considerably low
in DLBCL. Moreover, in a recent randomized phase 3 trial
evaluating the influence on outcomes of interim PET-driven
treatment intensification in patients with aggressive lympho-
ma, treatment intensification in interim PET-positive patients
was not associated with improvement in outcomes [15]. These
observations call into question the application of first-line
risk-stratified strategies using interim PET-CT results in
DLBCL and suggest that additional tools might be required
to reduce the rate of false-positive interim PET-CT scans.

The International Prognostic Index (IPI) is meaningfully
associated with treatment outcomes in DLBCL and consid-
ered to reflect the biologic aggressiveness of lymphoma
[16]. The strong association between IPI scores and treatment
outcomes of DLBCL might imply that FDG-avid lesions on
interim PET-CT scans have a different influence on outcomes
according to baseline IPI score. Given the low disease pro-
gression rates in patients with lower risk IPI scores, a signif-
icant portion of FDG-avid lesions on interim scans in these
patients might be false positives, potentially associated with
chemotherapy-induced inflammatory changes around tumor
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tissues [17]. In contrast, considering the higher rates of disease
progression in patients with higher risk IPI scores, the interim
PET-CT positive lesions may indicate an actual chemo-
resistant status of DLBCL. This idea is supported by the ob-
servations of a recent phase 3 trial [15], in which survival of
interim PET-positive patients with high IPI scores was sub-
stantially lower than the survival of those with other IPI
scores. Thus, we hypothesized that combined assessments
using interim Deauville score as an estimate of early metabolic
response and baseline IPI as an indicator of biologic aggres-
siveness might improve early prediction of outcomes in pa-
tients with DLBCL. The aim of the present study, therefore,
was to determine the predictive value of risk stratification with
integration of the Deauville score on interim PET-CT scan and
IPI at diagnosis in patients with DLBCL treated with rituxi-
mab plus cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) immuno-chemotherapy.

Material and methods
Study cohort

We conducted a retrospective study of data from patients who
were diagnosed with DLBCL in the Chonbuk National
University Hospital, Jeonju, South Korea. Between January
2007 and June 2016, patients with newly diagnosed, histologi-
cally proven DLBCL, who were treated with R-CHOP immuno-
chemotherapy and for whom imaging data for both baseline and
interim (after 3 cycles of R-CHOP) '*F-FDG PET-CT scans were
available, were consecutively enrolled in this analysis. Patients
diagnosed with recurrent or secondary transformed DLBCL
were excluded, as were patients with primary or secondary cen-
tral nervous system involvement at baseline.

Baseline clinical assessments included medical history;
determination of Eastern Cooperative Oncology Group
(ECOQG) performance status; full laboratory work-up with
lactate dehydrogenase; CT scans of the chest, abdomen,
and pelvis; bilateral bone marrow trephine biopsies; and
PET-CT scan. Patients were staged according to the Ann
Arbor staging system, and the IPI at baseline was deter-
mined for prognosis. Bone marrow involvement was de-
fined only when lymphoma infiltration was identified his-
topathologically by trephine biopsy, and bulky disease
was defined as any mass with a maximum diameter great-
er than 10 cm or any mediastinal mass exceeding 1/3 of
the maximum transthoracic diameter. Standard R-CHOP
treatment consisted of six or eight cycles of rituximab
375 mg/m?, cyclophosphamide 750 mg/m?, doxorubicin
50 mg/m?, and vincristine 1.4 mg/m?, intravenously at
first day, and prednisone 100 mg orally for 5 days every
21 days. Before 2013, granulocyte colony-stimulating fac-
tor (G-CSF) was not administered if patients did not
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experience the neutropenic side effects of chemotherapy.
After January 2014, pegfilgrastim (6 mg, subcutaneously)
was recommended for all patients with standard R-CHOP
on day 2 of each treatment. Treatment was performed as
planned, and no therapy changes were made on the basis
of the interim PET-CT scan results unless disease progres-
sion was clearly documented. The study protocol was ap-
proved by the institutional review board of Chonbuk
National University Hospital, which granted a waiver of
informed consent because this study was a retrospective
analysis with minimal risk for patients.

PET-CT procedures

All patients included underwent PET-CT scans prior to
the administration of the first R-CHOP (baseline) and
after three cycles of R-CHOP (interim). Interim PET-
CT scan was generally scheduled at third week after
three cycles of R-CHOP, but postponed if G-CSF was
administered within 48 h of scheduled scan. End-of-
treatment PET-CT scan was scheduled approximately 4
to 6 weeks after the end of R-CHOP treatment.

The PET-CT protocol has been previously described
in detail [18]. Briefly, patients fasted for at least 6 h,
and blood glucose levels of < 140 mg/dL were required
in all patients prior to the intravenous injection of '®F-
FDG. Scanning was performed approximately 45—
60 min after the injection of '*F-FDG (5.5 MBg/Kg)
using one of two dedicated PET-CT scanners
(Biograph TruePoint 40 or Biograph 16; Siemens
Medical Solutions, Knoxville, TN, USA). PET data
were reconstructed iteratively using ordered-subset ex-
pectation maximization algorithm, and initial CT data
were used for attenuation correction. Interim and end-
of-treatment PET-CT scans were performed with the
same camera and reconstruction algorithm as used in
the baseline scan.

Interpretation criteria for PET-CT

Interim and end-of-treatment PET-CT scans were compared
with baseline scans and assessed according to the Deauville
criteria on the 5-point scale [6]. An experienced nuclear
medicine physician (Han YH) reviewed all PET-CT images
and interpreted interim and end-of-treatment scans using the
Deauville criteria. Another experienced nuclear medicine
physician (Jeong HJ) determined the scores of PET-CT
scans that were assigned a score of 2, 3, or 4. Cases of
differences in the Deauville score between two nuclear
medicine physicians were resolved by direct contact and
consensus through mutual discussion. They were blinded
to treatment and survival outcomes.

Statistical analysis

The purpose of this analysis was to evaluate the association be-
tween progression-free survival (PFS) and interim PET-CT re-
sults in combination with baseline IPI. PFS and overall survival
(OS) were defined as the time from the date of diagnosis to the
date of first documented progression of disease, death from any
cause, or last follow-up, as appropriate. PFS and OS were esti-
mated using the Kaplan-Meier method. A refractory disease was
defined as progressive disease during first-line treatment, stable
disease as best response to > 4 cycles of immunochemotherapy,
or relapse < 12 months after completion of first-line treatment
[19]. Univariate analysis was performed to determine the associ-
ation between PFS and clinical variables using the log-rank test.
The clinical variables with P < 0.05 in univariate analysis were
included in the multivariable analysis using the Cox proportional
hazard model, and the results were reported as a hazard ratio
(HR) and 95% confidence intervals (CIs). Descriptive analysis
was expressed as a percentage for categorical variables and as
median and interquartile range (IQR) for continuous variables. A
two-sided P < 0.05 was considered to be significant, and all data
analyses were performed using SPSS software, version 19.0
(SPSS Inc., Chicago, IL).

Results
Baseline characteristics of the study cohort

A total of 316 patients with newly diagnosed DLBCL were
screened for eligibility. Of these, 96 patients were ineligible for
this study; finally, the study cohort included 220 patients (Fig. 1).

The pretreatment characteristics of the 220 patients are
summarized in Table 1. The median patient age was 64 years
(range, 19-87 years) at diagnosis, and men were predominant
(N =132, 60%). Most patients had good performance status
(ECOG grade 0 or 1, 79.1%) and involvement of fewer than
two extranodal sites (75.5%). Thus, more than half of patients
were classified as low or low-intermediate risk based on the
IPI (57.3%). A pegfilgrastim was used prior to interim PET
scanning in 77 patients (35.0%).

Interim Deauville scores, survival outcomes,
and prognostic factors

In 220 evaluable interim scans, median time to perform interim
PET-CT from preceding R-CHOP was 17 days (range, 12-33
days). Reviewers determined the Deauville score on all interim
scans as follows: 1 (N =67, 30.5%), 2 (N =65,29.5%),3 (N =
39, 17.7%), 4 (N = 36, 16.4%), and 5 (N = 13, 5.9%). Thus, 49
patients (22.3%) with score of 4 or 5 were regarded as having
positive interim PET-CT scans based on the Deauville criteria
(Fig. 1). The strategy to determine the Deauville score (positive
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Screened for eligibility (N = 316) |

Excluded (N = 96)
Unavailable baseline (9) or interim PET-CT (48)
Early death before interim PET-CT (16)
Primary CNS or transformed DLBCL (15)
Insufficient records (8)

| Baseline and interim PET-CT (N = 220)|

| |

[ Interim PET-CT negative (N=171) | | Interim PET-CT positive (N = 49) |

l |

| EOT PET-CT assessment (N=166) | | EOT PET-CT assessment (N =48) |
EOT PET-CT EOT PET-CT EOT PET-CT EOT PET-CT
negative positive negative positive
(N = 160) (N=6) (N = 23) (N = 25)

Fig. 1 Study flow. All PET-CT scans were assessed according to
Deauville criteria on 5-point scale, and a Deauville score of 4 or 5 was
regarded as positive. CNS, central nervous system; DLBCL, diffuse large
B cell lymphoma; EOT, end-of-treatment; PET-CT, positron emission
tomography-computed tomography

or negative) in our study showed an overall agreement in 87.5%
between two reviewers (Table S1).

At the time of this analysis, 70 patients had experienced
relapse or progression and 61 had died, including three pa-
tients with non-disease-related deaths. With a median follow-
up of 56.6 months (IQR, 36.0-71.8), the estimated 5-year PFS
rate was 65.2% (95% CI, 58.1-72.3) and the OS rate was
69.9% (95% CI, 63.2-76.6). The 5-year PFS and OS for pa-
tients with negative interim PET-CT were 72.6% (95% CI,
65.0-80.2) and 78.1% (95% CI, 71.0-85.2), respectively,
compared with 39.3% (95% CI, 25.0-53.6) and 42.4% (95%
CI, 27.3-57.5), respectively, for patients with positive interim
PET-CT. Comparisons based on interim Deauville score re-
vealed significantly better PFS and OS in patients with nega-
tive interim PET-CT scans than in patients with positive scan
results (PFS, HR 3.37,95% C1 2.09-5.43, P < 0.001; OS, HR
3.53,95% CI 2.13-5.56, P < 0.001; Fig. 2a, b). Comparison
of survival outcomes according to IPI score revealed that PFS
and OS were significantly longer in patients with low or low-
intermediate IPI scores than in those with high-intermediate or
high IPI scores (PFS, HR 5.21, 95% CI 3.07-8.85, P < 0.001;
OS, HR 6.31, 95% CI 3.46-11.50, P < 0.001; Fig. 2c, d).

Table 1 Pre-treatment
characteristics of the 220 enrolled

Study cohort (N = 220)

patients
Age

Sex

Ann Arbor stage

Performance status

B symptoms

Serum LDH

No. of extranodal organ involvements

Bulky disease

Bone marrow involvement

Treatment

IPI

Median (range) 64 (19-87)
<60 years 86 (39.1)
> 60 years 134 (60.9)
Male 132 (60.0)
Female 88 (40.0)
-1 96 (43.6)
-1V 124 (56.4)
ECOGOor1 174 (79.1)
ECOG >2 46 (20.9)
Absence 162 (73.6)
Presence 58 (26.4)
Normal 88 (40.0)
Increased 132 (60.0)
0-1 166 (75.5)
>2 54 (24.5)
No 200 (90.9)
Yes 20 (9.1)
No 174 (79.1)
Yes 46 (20.9)
R-CHOP alone 202 (91.8)
R-CHOP plus radiotherapy 18 (8.2)
Low or low-intermediate 126 (57.3)
0-1 68 (30.9)
2 58 (26.4)
High-intermediate or high 94 (42.7)
3 43 (19.5)
4-5 51(23.2)

ECOG Eastern Cooperative Oncology Group; LDH lactate dehydrogenase; R-CHOP rituximab, cyclophospha-
mide, doxorubicin, vincristine, prednisone; /P/ International Prognostic Index
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Fig. 2 Progression-free survival and overall survival according to interim
Deauville score on PET-CT scan (a, b) and the baseline International
Prognostic Index (¢, d). PET-CT, positron emission tomography-

Univariate analysis for PFS and OS was performed with
clinical variables including individual IPI components, IPI
score, sex, presence of B symptoms, bulky disease, and bone
marrow involvement, in addition to interim Deauville score,
and demonstrated that all variables were significantly associ-
ated with PFS and OS, with the exception of sex and bulky
disease (Table S2). However, based on multivariate analysis,
high-intermediate or high risk on the IPI score and interim
Deauville scores of 4-5 were identified as independent prog-
nostic factors for worse PFS and OS (Table 2).

Association between survival outcomes and interim
Deauville score in combination with IPI

To determine the impact of interim Deauville score combined
with IPI on survival outcomes, we stratified patients into four
categories according to interim Deauville score and baseline
IPI (Figure S1) and compared PFS and OS among these cat-
egories (Fig. 3a, b). We found that 66 of 171 patients with
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computed tomography; PFS, progression-free survival; OS, overall
survival; HR, hazard ratio; CI, confidence interval

interim Deauville scores of 1-3 and 28 of 49 patients with
Deauville scores of 4-5 were high-intermediate or high risk
based on the IPI score. Among patients with interim Deauville
scores of 4-5, the 5-year PFS rate was significantly better in
patients with low or low-intermediate IPI scores than in those
with high-intermediate or high IPI scores (71.4% [95% ClI,
52.0-90.8] vs. 14.3% [95% CI, 0-29.6], P < 0.001; Fig. 3a).
The 5-year PFS rate in IPI-defined low or low-intermediate
risk patients with interim Deauville scores of 4-5 was signif-
icantly worse than that in low or low-intermediate risk patients
with Deauville scores of 1-3 (71.4% [95% CI, 52.0-90.8] vs.
84.5% [95% Cl, 76.1-92.9], P = 0.037), but was similar to
that of high-intermediate- or high-risk patients with Deauville
scores of 1-3 (71.4% [95% CI1, 52.0-90.8] vs. 54.0% [95% CI,
40.9-67.1], P = 0.238; Fig. 3a).

On the basis of these findings, we created three risk groups
according to interim Deauville score and baseline IPI scores.
The low-risk group (N = 105, 47.7%) included IPI-defined
low or low-intermediate risk patients with interim Deauville
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Table 2 Multivariate analysis for
progression-free survival and

overall survival

scores of 1-3, and the intermediate-risk group (N =87, 39.5%)
included low/low-intermediate risk patients with Deauville

a b
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0.0 DS4-5 & Low/LI vs. DS4-5 & Hl/high, P < 0.001 00 DS4-5 & Low/LI vs. DS4-5 & Hl/high, P < 0.001
’ T T T T T 1 : T T T T T 1
Number at risk Time (months) Number at risk Time (months)
DS1-3 & Low/LI 105 94 68 35 12 6 1 DS1-3 & Low/LI 105 96 68 38 13 7 2
DS1-3 & Hl/high 66 42 24 11 3 2 0 DS1-3 & Hl/high 66 45 28 11 3 2 0
DS4-5 & Low/LI 21 15 13 8 1 0 0 DS4-5 & Low/Ll 21 17 15 8 1 0 0
DS4-5 & Hl/high 28 7 5 2 2 0 0 DS4-5 & Hi/high 28 10 6 2 2 0 0
HR (95% ClI) i HR (95% CI)
C — Low-risk 1 d — Low-risk 1
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Number at risk Number at risk
Low-risk 105 94 68 35 12 6 Low-risk 105 96 68 38 13 7 2
Intermediate-risk 87 57 37 19 4 2 0 Intermediate-risk 87 62 43 19 4 2 0
High-risk 28 7 5 2 2 0 0 High-risk 28 10 6 2 2 0 0

Fig. 3 Risk stratification and survival analysis. Progression-free survival
(a) and overall survival (b) according to risk stratification based on
interim Deauville score and baseline IPI scores. Progression-free

Variables HR (95% CI) P
Progression-free survival
IPI Low or low-intermediate 1 <0.001
High-intermediate or high 4.84 (2.84-8.24)
Interim Deauville score 1-3 1 < 0.001
4-5 2.96 (1.83-4.78)
Overall survival
IPI Low or low-intermediate 1 < 0.001
High-intermediate or high 5.75 (3.14-10.51)
Interim Deauville score 1-3 1 < 0.001

4-5

2.98 (1.79-4.97)

HR hazard ratio, CI confidence interval, /P/ International Prognostic Index

survival (¢) and overall survival (d) according to three-risk-group
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scores of 4-5 or high-intermediate/high-risk patients with
Deauville scores of 1-3. Finally, the high-risk group (N =

P=0.098

P=0.111

P=<0.001

model. IPI, International Prognostic Index; PFS, progression-free
survival; DS, Deauville score; OS, overall survival; HR, hazard ratio;
CI, confidence interval; LI, low-intermediate; HI, high-intermediate
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28, 12.7%) included high-intermediate- or high-risk patients
with Deauville scores of 4-5. The respective 5-year PFS rates
were 84.5% (95% CI, 76.1-92.9) for the low-risk group,
58.7% (95% CI, 47.7-69.7) for the intermediate-risk group,
and 14.3% (95% CI, 0-29.6) for the high-risk group (P <
0.001, Fig. 3c). Consistent with these findings for PFS, there
was also a significant association of the combined three-risk-
group stratification with OS (P < 0.001, Fig. 3d).

Correlation between interim and end-of-treatment
PET-CT results according to combined
three-risk-group model

Among the 220 patients included in this analysis, 214 (97.3%)
underwent end-of-treatment PET-CT scans (Fig. 1). Of the
166 patients with negative interim PET-CT findings, 160 pa-
tients (96.4%) retained their metabolic response on the end-of-
treatment PET-CT scan, whereas 23 (47.9%) of 48 patients
with positive interim PET-CT scans converted to negative on
the end-of-treatment PET-CT scan (Table 3).

Among 27 high-risk patients according to our risk stratifi-
cation, 10 patients (37.0%) converted to negative on the end-
of-treatment PET-CT scan; in contrast, the number of patients
converting from positive interim PET-CT to negative end-of-
treatment scans was substantially higher in the intermediate-
risk group (13 [61.9%]/21 patients; Table 3). Conversely, al-
though most patients with negative interim PET-CT scans
remained negative on the end-of-treatment scans, more inter-
im negative patients among those in the intermediate-risk
group (5 [8.2%]/61 patients) progressed to positive on the
end-of-treatment PET-CT scans than did those in the low-
risk group (1 [1.0%]/105 patients; Table 3).

At the time of this analysis, 41 of 171 patients (low-risk
group, N = 13; intermediate-risk group, N = 28) had
progressed despite negative interim PET-CT, and 29 of 49
patients (intermediate-risk group, N = 6; high-risk group, N
= 23) with interim positive scans had failed. The positive

predictive value (PPV) and negative predictive value (NPV)
of interim PET-CT scan by progression were 59.1% and
76.0%, respectively, with a sensitivity of 41.4% and a speci-
ficity of 86.7% in the entire study cohort. Compared with
these predictive values in the whole study cohort, the PPV of
interim PET-CT by progression was much higher in the high-
risk group (82.1%); in contrast, the NPV was highest in the
low-risk group (87.6%). Among 70 progressions, 37 progres-
sions were regarded as refractory disease in our cohort. A
positive interim PET-CT was significantly associated with re-
fractory disease (positive vs. negative; 22/49 [44.9%] vs. 15/
171 [8.8%], P < 0.001; Table S3).

Discussion

The prognostic impact of interim PET-CT on treatment out-
comes remains uncertain in patients with DLBCL, largely
owing to the low PPV of this imaging tool [7—14]. In our study
cohort, all of whom were treated with R-CHOP immuno-che-
motherapy and underwent interim PET-CT scan after three
cycles of R-CHOP, we observed a significant association of
the Deauville score for interim PET-CT scan with survival
outcomes. However, consistent with previous reports [7—14],
a substantial proportion of patients with positive interim PET-
CT results eventually achieved complete remission with long-
term survival, indicating a considerable portion of false-
positive interim PET-CT scans. Even though it is not a new
finding, it is noteworthy that baseline IPI was significantly
associated with outcomes of the present cohort, regardless of
interim PET-CT results. IPI has been a widely accepted clin-
ical prognostication tool for patients with DLBCL and is sug-
gested to reflect biologic aggressiveness of the disease before
treatment [16]. Based on these observations, we stratified our
patients with DLBCL with interim Deauville scores of 1-3 or
4-5 into three risk groups according to baseline IPI scores and
revealed a strong association between this risk stratification

Table 3 Correlation between
interim and end-of-treatment
PET-CT scans according to new

risk stratification Interim Deauville score

No. of patients

End-of-treatment Deauville score

Deauville scores of 1-3 (V, %)  Deauville scores of 4-5 (N, %)

Whole study cohort (N = 214)
Deauville scores of 1-3 166
Deauville scores of 45 48
Low-risk group (N = 105)
Deauville scores of 1-3 105
Intermediate-risk group (N = 82)
Deauville scores of 1-3 61
Deauville scores of 4-5 21
High-risk group (N =27)
Deauville scores of 4-5 27

160 (96.4) 6 (3.6)
23 (47.9) 25 (52.1)
104 (99.0) 1(1.0)
56 (91.8) 5(8.2)
13 (61.9) 8 (38.1)
10 (37.0) 17 (63.0)
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and PFS and OS. In addition, our data showed that predictive
values of interim PET-CT scans were substantially improved
in low- and high-risk groups based on our risk stratification,
indicating the potential for reduction of false-positive and
false-negative interim PET-CT scans through combination of
baseline IPI scores. These data indicate that interim PET-CT
response combined with baseline IPI scores is an important
predictor of long-term treatment outcomes, and interim PET-
CT-driven treatment strategies should therefore be investigat-
ed in the context of integration of baseline IPI scores.
Combined assessment using interim PET-CT and baseline
IPI in the present study has important clinical implications.
First, as observed in previous studies [20, 21], our data con-
firmed that negative interim PET-CT scan in patients with low
or low-intermediate IPI scores was associated with excellent
outcomes with low rates of treatment failure. Second, it is
interesting that interim PET-CT-positive patients had signifi-
cantly different risks of disease progression according to base-
line IPI scores. In the present study, we observed remarkably
high rates of disease progression or death among interim PET-
CT-positive patients with high-intermediate or high IPI scores
(5-year PFS rate, 14.3%), compared to the 5-year PFS rate of
71.4% among those with low or low-intermediate IPI scores.
In addition, among interim PET-CT-positive patients with low
or low-intermediate IPI scores, approximately two thirds of
patients eventually converted to negative on end-of-
treatment PET-CT scan. This finding indicated that a signifi-
cant proportion of positive interim PET-CT scans were false
positive, if they had low or low-intermediate IPI scores at
baseline. In contrast, interim PET-CT-positive patients with
high-intermediate or high IPI scores had extremely poor out-
comes, indicating impending treatment failure in this group of
patients. Thus, our data suggested that IPI was a strong indi-
cator that identified patients with poor long-term prognosis
among patients with positive interim PET-CT scans. Third,
although treatment failure was relatively infrequent among
patients with negative interim PET-CT results, patients with
high-intermediate or high IPI scores experienced more disease
progression than those with low or low-intermediate IPI score,
including a rate of early disease progression as high as 8.2%
on end-of-treatment PET-CT scan, consistent with the findings
of a previous study [22]. These results indicated that some
DLBCLs with aggressive biology could not be detected if
small residual deposits were present under the detection limit
of PET-CT [23], but recent data suggested that such a property
might be partially expected with integration of baseline char-
acteristics [11, 14, 22]. In fact, there has recently been great
interest in predicting treatment outcomes of patients with
DLBCL by combining interim PET results with pre-
treatment characteristics to stratify the risk of disease progres-
sion or death. In a 147-patient cohort study by Mikhaeel et al.
[11], they showed that combining baseline metabolic tumor
volume with interim Deauville score improved the prediction
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of interim PET-CT responses. In addition, de Oliveira Costa
et al. [14] showed the prognostic role of cell-of-origin deter-
mination by immunohistochemistry in interim PET-CT-
negative DLBCL patients. However, to date, no specific tool
has been widely accepted yet for better discrimination of in-
terim PET-CT-negative patients who would be likely to expe-
rience relapse or disease progression. Therefore, interim PET-
CT-negative patients with high-intermediate or high IPI scores
need to undergo careful follow-up until other tools become
available to stratify this group of patients.

Another issue in the treatment of DLBCL is the role of
treatment intensification based on interim PET-CT results.
The benefit of treatment intensification in interim PET-CT-
positive patients is assumed on the basis of promising initial
observations [24, 25]. However, the results from recent pro-
spective trials of interim PET-CT-guided treatment strategies
have raised some questions [15, 26]. In a randomized phase 3
trial conducted to evaluate the impact of treatment intensifica-
tion on survival outcomes using interim PET-CT following
two cycles of R-CHOP immuno-chemotherapy, treatment in-
tensification using the Burkitt protocol failed to improve out-
comes in interim PET-positive patients [15]. In this study,
however, approximately half of the patients with positive in-
terim PET findings had a low or low-intermediate IPI scores
and, as observed in our report, approximately 40% of these
patients ultimately converted to negative on the end-of-
treatment PET scan. Not surprisingly, these patients had ex-
cellent outcomes with 2-year PFS and OS rates of 84.2% and
100%, respectively. Given these data, the results of this trial
did not indicate the ineffectiveness of interim PET-based ap-
proach, but merely highlighted the relevance of adequate se-
lection of target patients who would most benefit from novel
treatment intensification strategies. In the present study, the 5-
year PFS rate of 14.3% among patients in the high-risk group
based on our new risk stratifications suggests that room for
further improvement still exists in the interim-PET-based
treatment intensification strategies. Our new risk stratification
may serve as a useful indicator that identifies patients at high
risk for disease progression who may be candidates for studies
evaluating up-front novel treatment intensification strategies.
An additional important explanation for the negative results in
the phase 3 trial is the possibility that conventional cytotoxic
chemotherapy using the Burkitt protocol might not be suffi-
cient to capture the improvement in outcomes in patients at
risk of treatment failure. Thus, other novel approaches not
based on conventional cytotoxic chemotherapy urgently re-
quire investigation.

Several limitations influencing the interpretation of our re-
sults should be considered in the present study. First, our study
is a retrospective study, and the number of patients was not
based on statistical considerations but on all feasible patients
during the study period. Therefore, our data may contain un-
expected bias and should be validated in prospective
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multicenter studies. Second, interim PET-CT imaging was ac-
quired from after one cycle to after four cycles of chemother-
apy, but best timing of interim scan has not been determined
so far. Because we uniformly performed interim PET-CT scan
after three cycles of R-CHOP treatment, an evaluation of the
impact of timing of interim scan on clinical outcomes is be-
yond the scope of this study. However, the best timing for
interim PET-CT scan should be reevaluated together with the
issues related to effectiveness of interim scan in future studies.
Third, the use of pegfilgrastim may affect the interpretation of
interim PET-CT. The short interval between the administration
of pegfilgrastim and PET-CT scanning may cause false-
positive uptake on interim PET-CT, particularly in cases with
bone marrow, spleen, and Waldeyer’s ring involvement [27].
Although our study showed high inter-observer agreement in
Deauville score between two experienced reviewers, which
was consistent in a previous report [28], the impact of G-
CSF on the interpretation of interim PET-CT needs to be fur-
ther clarified in the future study. Fourth, we considered a
Deauville score of 4 or 5 to indicate a positive interim PET-
CT, but data from other studies have suggested that a
Deauville score of 5 was appropriate for cutoff on an interim
scan [9]. Moreover, recent data have shown that quantitative
analysis using the change in maximum standard uptake value
might be superior to visual analysis using the Deauville
criteria for interim PET-based outcome prediction [15, 26].
Thus, our new risk stratifications based on a Deauville cutoff
score of 4 should be further investigated in prospective studies
with larger patient populations.

In conclusion, our study showed that combined assess-
ments using interim Deauville score and baseline IPI could
improve prediction of the risk for disease progression or death
in patients with previously untreated DLBCL. Our data will
have an immediate clinical impact because we have identified
a distinct subgroup with extremely poor outcomes (i.e., posi-
tive interim PET-CT and high-intermediate/high IPI scores),
suggesting potential candidates for studies evaluating novel
treatment intensification strategies. Alternatively, we have al-
so identified a large subgroup of patients with excellent out-
comes (i.e., negative interim PET-CT and low/low-
intermediate IPI scores), in whom standard R-CHOP
immuno-chemotherapy is sufficient for cure. These data sug-
gest that interim PET-CT-based treatment intensification strat-
egies should therefore be evaluated with incorporation of IPI
scores at diagnosis.
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