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ABSTRACT
Objectives: The positron emission tomography (PET) could predict the prognosis of DLBCL patients,
but the exact procedure on interim PET (iPET) to determine chemoresistant patients remains elusive.
Methods: We retrospectively analyzed 593 newly diagnosed DLBCL patients uniformly treated with R-
CHOP regimen. Among them, 352 patients diagnosed from August 2010 to December 2016 were
included in the test cohort and 241 patients diagnosed from January 2017 to December 2019 were
included in the validation cohort. The iPET was evaluated with Deauville criteria and DSUVmax
method. The reduction of maximal SUV between baseline and after 4 cycles of chemotherapy were
defined as DSUVmax. The survival functions were depicted using the Kaplan–Meier method and com-
pared with the log-rank test.
Results: Patients with iPET Deauville 4 had heterogeneous outcome and end of treatment complete
response rates (eCRR). Combined Deauville with DSUVmax method, we proposed a modified-Deauville
model: patients with Deauville 4 and DSUVmax > 70%, as well as those with Deauville 1–3, were
reclassified into the modified-Deauville negative group, while patients with Deauville 4 and DSUVmax
� 70%, as well as those with Deauville 5, into the modified-Deauville positive group. In the test
cohort, 3-year PFS, OS and eCRR of modified-Deauville negative group were 80.2%, 89.9% and 91.8%,
significantly higher than those of positive group (12.5%, 27.3% and 29.2%, p� .001). Similar results
were found in the validation cohort, that 3-year PFS, OS and eCRR were 87.8%, 95.4%, 96.3% in modi-
fied-Deauville negative group, and 27.4%, 32.5%, 13.5% in positive group. Through modified-Deauville
model, patients in iPET positive group had very low eCRR and were resistant to conventional
chemotherapy.
Conclusions: The modified-Deauville model could better distinguish DLBCL patients with poor
response to chemotherapy. Accordingly, these patients could be recognized early and provided with
alternative therapeutic agents, which might improve the clinical outcome of refractory DLBCL patients.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common
subtype of non-Hodgkin lymphoma (NHL) and constitutes
about 40% of all adult NHLs [1]. Immunochemotherapy R-
CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone) has greatly improved the outcome of
DLBCL patients, yet 30–40% of patients eventually become
relapsed or refractory to R-CHOP treatment [2]. Of note,
about 15-20% of patients that are refractory to R-CHOP had
a cross-resistance to other chemotherapeutic regimens with
a dismal outcome, with a median survival of 6months [3].
Recently, chimeric antigen receptor (CAR)-T cell therapy has

successfully rescued refractory DLBCL patients, achieving an
overall response rate of 50–82% [4]. Among these chemore-
fractory patients, those with prior regimens >4, had worse
drug efficacy and more severe side effects with CAR-T ther-
apy than the other patients [5,6]. Therefore, it is crucial to
identify chemoresistant patients early during standard immu-
nochemotherapy, who may benefit from alternative thera-
peutic strategies.

International prognostic index (IPI) is widely used in clin-
ical practice to predict the prognosis of patients with DLBCL.
More recently, positron emission tomography/computed
tomography (PET/CT) has been recommended for DLBCL

CONTACT Li Wang wl_wangdong@126.com; Wei-Li Zhao zhao.weili@yahoo.com State Key Laboratory of Medical Genomics; Shanghai Institute of
Hematology, Shanghai Rui Jin Hospital, Shanghai, China�These authors contributed equally to this work.

Supplementary data for this article can be accessed here.

� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in
any way.

ACTA ONCOLOGICA
2021, VOL. 60, NO. 6, 735–743
https://doi.org/10.1080/0284186X.2021.1894477

http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2021.1894477&domain=pdf&date_stamp=2021-06-23
https://doi.org/10.1080/0284186X.2021.1894477
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1080/0284186X.2021.1894477
http://www.tandfonline.com


diagnosis, staging, and assessment of treatment efficacy. The
standardized uptake value (SUV) is the ratio of the FDG con-
centration to the injected dose normalized to the patient
body weight, accepted as a semi-quantitative index for
tumor glucose metabolism. The most commonly used par-
ameter is SUVmax, the maximal SUV value in the region of
interest, and DSUVmax is defined as the reduction in
SUVmax. Although the evaluation methods of interim PET
(iPET), such as Deauville criteria and DSUVmax, were reported
to be prognostic for DLBCL patients[7], Deauville criteria is
more easy-to-use for DLBCL assessment [8]. Different from
end-of-treatment PET, the benefit of iPET remains controver-
sial [9–13], particularly the cutoff point of Deauville criteria
to define positive iPET and negative iPET. Several studies
using Deauville 4–5 as positive [12,14], but others suggest
only Deauville 5 can be considered positive [15]. Of note,
prospective trials have explored the efficacy of switching
lymphoma patients to intensive treatment based on positive
iPET (Deauville 4–5) but had negative results [16], indicating
that the patients resistant to R-CHOP regimen might also fail
to other intensive regimens including autologous stem-cell
transplantation (ASCT). Accumulating data show that those
chemoresistant patients could benefit from other new thera-
peutic modalities, such as checkpoint inhibitors and CAR-T
cell therapies. Thus, early recognition of resistant patients is
crucial for application of new targeted therapeutic modalities
in refractory DLBCL.

This study aims to explore the effectiveness of iPET evalu-
ation to determine the chemo-resistant DLBCL patients,
which may facilitate a clinical decision to optimize risk-
adapted therapeutic strategies.

Patients and methods

Study population

We retrospectively studied 593 patients with newly diag-
nosed DLBCL from 2010 to 2019. From August 2010 to
December 2016, 352 DLBCL patients were included in the
test cohort. From January 2017 to December 2019, 241
DLBCL patients were included in the validation cohort. The
pathological diagnosis was established according to the
World Health Organization (WHO) classification [8]. Germinal
center B-cell (GCB) and non-GCB subtypes were defined
through Hans algorithm. Patients with primary central ner-
vous system lymphoma, primary mediastinal B-cell lymph-
oma or Richter’s transformation were excluded. All patients
received the treatment immediately after diagnosis and were
uniformly treated with 6 cycles of R-CHOP (rituximab, cyclo-
phosphamide, doxorubicin, vincristine and predinisone)-21
regimen followed by 2 cycles of rituximab as first-line ther-
apy. Radiotherapy was delivered when focal residual diseases
remained at the end of treatment. If patients didn’t achieve
response or had disease progression, and then they would
receive second-line regimens, such as L-ICE ± R (lenalidomide,
ifosfamide, carboplatin, etoposide ± rituximab), DAEPOCH±R
(dose-adjusted etoposide, prednisone, vincristine, cyclophos-
phamide, doxorubicin ± rituximab), hyperCVAD±R (cyclo-
phosphamide, doxorubicin, vincristine, predinisone,

methotrexate, cytosar ± rituximab), DHAP± R (high dose cyto-
sar, cisplatin, dexamethasone ± rituximab) and GDP±V (gem-
citabine, dexamethasone, cisplatin ± velcade).

iPET was performed after 4 cycles of R-CHOP treatment.
Among the 593 patients enrolled in this study, 513 had
iPET evaluation.

All the patients signed their informed consent. The study
was performed in accordance with the Declaration of
Helsinki and the protocol was approved by the Ethics
Committee of Shanghai Rui Jin Hospital.

18-FDG PET/CT and analysis

Patients avoided strenuous exercise for 24 h and fasted for at
least 6 h before the PET scan. Blood glucose level was rou-
tinely checked (< 8.0mmol/L) before the exam. After injec-
tion of 5-6MBq of 18F-FDG (Fluoro-deoxyglucose) per
kilogram of body weight, a whole-body acquisition was
started after 60min’ rest using CT-PET camera (GE, Discavery
STE, NY, USA), as previously reported [17].

All the PET/CT images were specifically reviewed for this
study by two experienced nuclear medicine physicians.
Images were reconstructed with or without attenuation cor-
rection, using the same workstation, and the entire tumor
region was evaluated to ensure the SUVmax. iPET was eval-
uated by Deauville criteria and the percentages of SUVmax
decreased from baseline PET to iPET (DSUVmax ¼ [baseline
SUVmax-iPET SUVmax]/baseline SUVmax � 100%) [18,19],
with a cutoff value of 70% [20]. Patients who had a major
lymphoma lesion resection were excluded when referring to
SUVmax. 18F-FDG uptake was evaluated between potential
lesions and areas of physiological uptake as previously
described [8]. The results of PET were interpreted by two
experienced nuclear medicine physicians, and discrepancies
were resolved by discussion. In the case of PET evaluation
performed at other hospital, the images were reconstructed
using our workstation and re-interpreted by two experienced
nuclear medicine physicians. For suspicious lesions, biopsies
or core needle biopsies would be performed to confirm the
pathological diagnosis.

Statistical analysis

Overall survival (OS) was measured from the start of treat-
ment to the date of death or last follow-up. Progression-free
survival (PFS) was calculated from the start of treatment to
the date of relapse/progression or last follow-up.
Kaplan–Meier curves were generated for the time-to-event
outcomes according to different evaluation methods.
Categorical variables were grouped based on clinical find-
ings, the results were compared using the v2 test or Fisher’s
exact test. Survival curves were depicted using the
Kaplan–Meier method and compared using the log-rank test.
Multivariate analyses were performed using a Cox propor-
tional hazards model. Positive predictive value (PPV) was
defined as the proportion of patients who had true positive
findings at the end of treatment to all positive findings in
iPET [21], and the proportion of patients who had true
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negative findings to all negative findings was nominated as
negative predictive value (NPV). P-value was measured using
v2 test or Fisher’s exact test to describe the difference in PPV
and NPV comparing modified-Deauville with different meth-
ods. All tests were 2-sided, and the significance level was set
at 0.05. Analyses were performed in Statistical Package for
the Social Sciences (SPSS) 23.0 software (SPSS Inc.,
Chicago, Illinois).

Results

Clinical characteristics and survival of patients

The clinical characteristics were similar between the test
cohort of 352 patients and the validation cohort of 241
patients (Table 1). Among all, only 17 patients with focal
residual diseases after chemotherapy had radiotherapy. The
median follow-up was 41.9months (0.5–123.8months).
Relapse or progression occurred in 168 patients at a median
of 9.4months after diagnosis, and 109 patients died at a
median of 15.3months. Relapsed and refractory patients
received second-line regimens, such as L-ICE ± R,
DAEPOCH±R, hyperCVAD±R, DHAP±R, GDP±V and 7 of
them received ASCT after salvage therapy. For the 593
patients in this study, the 3-year PFS and 3-year OS were
72.3% and 81.6%, respectively.

Deauville standard and DSUVmax of iPET in test cohort

In the test cohort, iPET was performed on 287 patients, and
243 patients had Deauville score 1–3, 25 had score 4, and 19
had score 5. Patients with Deauville score 1–3 had better
end-of-treatment complete response rate (eCRR, 92.2%) and
outcome (3-year PFS, 81.5%; 3-year OS, 90.9%) than those
with score 4 (eCRR, 72.0%, p¼ .001; 3-year PFS, 55.7%,
p¼ .005; 3-year OS, 71.1%, p¼ .002) and those with score 5

(eCRR, 26.3%, p� .001; 3-year PFS 10.5%, p� .001; 3-year OS
26.3%, p� .001, Figure 1(A,B)). Meanwhile, iPET was reas-
sessed in the same cohort of patients, using DSUVmax
method. The cutoff value for negativity was DSUVmax
greater than 70%18. The patients with positive iPET
(DSUVmax � 70%) had dismal outcome, as compared to
those negative iPET with DSUVmax> 70% (eCRR, 46.2% vs
90.8%, p� .001; 3-year PFS, 26.9% vs 76.9%, p� .001; 3-year
OS, 45.0% vs 88.1%, p� .001, Figure 1(C,D)).

Among the 25 patients with Deauville score 4, five patients
had surgery and the major tumor mass were resected before
baseline PET, thus they were not included in DSUVmax assess-
ment. Of note, patients with Deauville score 4 and DSUVmax
> 70% (n¼ 15) had higher eCRR (86.7%) and better outcome
(3-year PFS, 60.0%; 3-year OS, 73.3%) than those with
DSUVmax � 70% (n¼ 5) (eCRR 40.0%, p¼ .037; 3-year PFS,
20.0%, p¼ .044; 3-year OS, 26.7%, p¼ .046) (Figure 1(E,F)).
These results indicated that patients with iPET Deauville score
4 were heterogeneous in responses to treatment and progno-
sis. Further comparison in patients with iPET Deauville score
1–3 and those with iPET Deauville score 4 but DSUVmax >

70% showed that 3-year PFS and 3-year OS had no statistical
difference between these patients (PFS, 81.5% vs 60.0%,
p¼ .082; OS, 90.9% vs 73.3%, p¼ .070). Similar results were
observed in patients with iPET Deauville score 5 and those
with iPET Deauville score 4 but DSUVmax � 70% (PFS, 10.5%
vs 20.0%, p¼ .576; OS, 26.3% vs 26.7%, p¼ .481).

Modified-Deauville model of iPET in test cohort

Thus, we proposed a modified-Deauville model: patients with
iPET Deauville score 4 and DSUVmax > 70%, as well as those
with Deauville score 1-3, were reclassified into the negative
group of modified-Deauville model, while patients with iPET
Deauville score 4 and DSUVmax � 70%, as well as those
with Deauville score 5, into the positive group of modified-
Deauville model. The schematic graphs of modified-Deauville
model of iPET were shown in Figure 2. And 3-year PFS and
3-year OS of patients according to modified-Deauville classifi-
cation were shown in Figure 3 (3-year PFS, negative vs posi-
tive; 80.2% vs 12.5%, p� .001; 3-year OS, negative vs
positive; 89.9% vs 27.3%, p� .001. The multivariate Cox ana-
lysis revealed that patients in modified-Deauville negative
group had better outcome than those in modified-Deauville
positive group (PFS, HR, 0.103, 95%CI, 0.057–0.189, p� .001;
OS, HR, 0.095, 95%CI, 0.049–0.183, p� .001; Table S1).

Among the patients with iPET modified-Deauville negative
(Deauville score 1–3 and Deauville score 4 with DSUVmax >

70%), eCRR was 91.8%, (92.2% eCRR in iPET Deauville score
1–3 and 86.7% eCRR in Deauville score 4 with DSUVmax >

70%, p¼ .448). Among the patients of iPET modified-
Deauville positive group (Deauville score 5 and Deauville
score 4 with DSUVmax � 70%), eCRR was 29.2%, (26.3%
eCRR in iPET Deauville score 5 and 40.0% eCRR in Deauville
score 4 with DSUVmax � 70%, p¼ .384).

Table 1. Patients characteristics.

Characteristic
Test cohort Validation cohort

p Value(n¼ 352) (n¼ 241)

Median Age, years (range) 59 (16-83) 57 (17–90)
Gender .556
Male 198 (56.3%) 129 (53.5%)
Female 154 (43.7%) 112 (46.5%)

Ann Arbor, n (%) .675
I–II 184 (52.3%) 131 (54.4%)
III–IV 168 (47.7%) 110 (45.6%)

LDH, n (%) .240
>Normal 149 (42.3%) 114 (47.3%)
�Normal 203 (57.7%) 127 (52.7%)

ECOG, n (%) .712
<2 307 (87.3%) 207 (85.9%)
�2 45 (12.7%) 34 (14.1%)

IPI, n (%) .861
0–2 228 (64.8%) 158 (65.6%)
3–5 124 (35.2%) 83 (34.4%)

Age> 60 years, n (%) 162 (46.0%) 100 (41.5%) .312
Extranodal sites, n (%) .663
�2 126 (35.8%) 82 (34.0%)
<2 226 (64.2%) 159 (65.9%)

Bulky disease, n (%) 39 (11.1%) 20 (8.3%) .328
Bone Marrow involvement, n (%) 40 (11.4%) 29 (12.0%) .796

IPI: international prognostic index; LDH: lactic dehydrogenase; ECOG: eastern
cooperative oncology group; LDH level: normal � 192IU/L.
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Chemoresistant patients identified by iPET modified-
Deauville model

Interestingly, through modified-Deauville model of iPET,
among 24 patients with positive results, 8 patients continued
to receive R-CHOP regimen, 8 were switched to intensified
regimens, such as L-ICE ± R, DAEPOCH±R, hyperCVAD±R,

DHAP± R, GDP±V and 8 had radiotherapy after chemother-
apy due to local residual disease. eCRR of patients with
radiotherapy combined with chemotherapy was higher
(62.5%) than those with chemotherapy alone (6.25%,
p¼ .003). Among 16 patients without radiotherapy, regard-
less of chemotherapeutic regimens, only 1 patient achieved
complete remission after 3 cycles of L-ICEþ R, and the
remaining 15 patients all experienced no response or disease
progression after chemotherapy alone (Figure 4).

Due to different mechanisms of action, radiotherapy could
cure certain chemoresistant patients. Therefore, excluding
patients who received radiotherapy, we further compared
eCRR among iPET positive patients in term of these three
methods. The results showed that patients with iPET positive
using modified-Deauville model had a significantly lower
eCRR (6.25%) than iPET positive using Deauville criteria
(47.2%, p¼ .004) or DSUVmax method (45.0%, p¼ .010).
Thus, the modified-Deauville model of iPET was more effect-
ive to determine patients resistant to chemotherapy than the
other two methods.
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Figure 1. Survival curves of patients in the test cohort according to Deauville criteria and DSUVmax method of iPET. (A and B) Progression-free survival (A) and
overall survival (B) of patients classified by Deauville criteria. (C and D) Progression-free survival (C) and overall survival (D) of patients classified by DSUVmax
method. (E and F) Progression-free survival (E) and overall survival (F) of patients classified by the combination of Deauville criteria and DSUVmax method.
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Figure 2. Schematic graph of modified-Deauville model.
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Validation of the modified-Deauville model

In the validation cohort of 241 patients, the median follow-
up was 23.9months (0.5–45.6months). Among them, 52
patients had a disease relapse or progression at a median of
7.5months after diagnosis, and 30 patients died at a median
of 11.9months. 3-year PFS and 3-year OS of the patients
were 76.5% and 85.2%, respectively.

Interim PET was performed on 226 patients. According to
Deauville criteria, 183 patients had iPET Deauville score 1–3,
17 had score 4, and 26 had score 5. The eCRR and 3-year
PFS, OS of patients with iPET Deauville score 1–3, score 4,
and score 5 had remarkable difference (eCRR, 97.8%, 41.2%
and 11.5%, p� .001; PFS, 88.0%, 55.5%, and 22.6%, p� .001;
OS, 95.3%, 65.6%, and 26.5%, p� .001) (Figure 5(A,B)). As for
DSUVmax method, patients with iPET DSUVmax > 70% also
had higher eCRR and longer survival time than those with
iPET DSUVmax � 70% (eCRR, 95.8% vs 33.3%, p� .001; PFS,
86.6% vs 42.4%, p� .001; OS, 94.7% vs 48.6%, p� .001)
(Figure 5(C,D)).

Similar as the test cohort, PFS and OS of patients with
iPET Deauville score 1–3 showed no difference from those
with Deauville score 4 and DSUVmax > 70%, and analogous
results were found between patients with iPET Deauville
score 4 but DSUVmax � 70% and Deauville score 5 (Figure
5(E,F)). Therefore, 3-year PFS and 3-year OS rates of patients
with negative iPET according to modified-Deauville model

had better outcome than those with positive iPET (3-year
PFS, 87.8% vs 27.4%, p� .001; 3-year OS, 95.4% vs 32.5%,
p� .001) (Figure 5(G,H)), so as the eCRR (96.3% vs 13.5%,
p� .001). Multivariate analysis also supported that patients
with negative modified-Deauville had better PFS (HR, 0.084;
95%CI, 0.042-0.167; p� .001) and OS (HR, 0.034; 95%CI,
0.012-0.095; p� .001) than positive modified-Deauville
(Table S1).

Among patients with iPET Deauville 1-3, 97.8% achieved
CR at the end of treatment. Thus, the eCRR (97.8%) had no
significant difference with those of iPET Deauville 4 but
DSUVmax > 70% (83.3%, p¼ .085), neither did patients with
iPET Deauville 4 but DSUVmax � 70% (eCRR, 18.2%) have
remarkable difference with patients with iPET Deauville 5
(eCRR, 11.5%, p¼ .589).

In the validation cohort, among 37 patients with iPET
positive through modified-Deauville model, 13 patients
received R-CHOP regimen and 18 patients had intensive regi-
mens, while 6 patients had chemotherapy combined with
radiotherapy for local residual disease. Among the 31
patients who had chemotherapy alone, only 3 achieved com-
plete remission (9.7%), while 2 of 6 (33.3%) patients with
chemotherapy combined with radiotherapy achieved com-
plete remission (Figure 6). Comparable with the test cohort,
patients with radiotherapy had a trend of higher remission
rate than those treated with chemotherapy alone.
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Figure 3. Survival curves of patients in the test cohort by modified-Deauville model. (A and B) Progression-free survival (A) and overall survival (B) of patients clas-
sified by the modified-Deauville model.
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The PPV and NPV of complete remission at the end of
treatment were assessed among 391 patients who were
evaluable by all three methods: modified-Deauville, Deauville
score and DSUVmax. The results were displayed in Table 2.
Modified-Deauville model had significantly higher PPV
(79.3%) than Deauville criteria (62.0%, p¼ .030) and
DSUVmax methods (62.2%, p¼ .033). However, the NPV of
modified-Deauville, Deauville score and DSUVmax methods

were 93.7%, 94.2%, 93.4%, respectively (p¼ .904, Table 2). All
three methods had high NPV and no statistical significance
was observed among them.

Discussion

DLBCL is a heterogeneous disease and R-CHOP regimen is
recommended as the standard first-line treatment.
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Figure 5. Survival curves of patients in validation cohort according to Deauville criteria and DSUVmax and modified-Deauville model of iPET. (A and B)
Progression-free survival (A) and overall survival (B) of patients classified by Deauville criteria. (C and D) Progression-free survival (C) and overall survival (D) of
patients classified by DSUVmax method. (E and F) Progression-free survival (E) and overall survival (F) of patients classified by the combination of Deauville criteria
and DSUVmax method. (G and H) Progression-free survival (G) and overall survival (H) of patients classified by modified-Deauville model.
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Eventually, 12.7–15% of patients are primary refractory to R-
CHOP and may have cross-resistance to other intensive
chemotherapy [16,22–24]. How to recognize these patients
at an early stage and assign them with new and more effect-
ive therapeutic strategies is critical. Due to the low positive
predictive value of iPET, the function of iPET in DLBCL assess-
ment remains controversial. To better review the literatures
with iPET in DLBCL, we searched Pubmed using the terms
‘diffuse large B-cell lymphoma and interim PET’ for studies
published in English from 2016 up to now, and 22 researches
discussing iPET and outcome of DLBCL were found, summar-
ized in Table S2. In these researches, most studies [7,
15,25–41] reported that iPET could predict prognosis of
patients except three studies [42–44], and most of them
using different evaluation methods to calculate the survival
time of patients, few of them made prediction of CR rate at
the end of treatment [34]. Here, we reported a new model
combining the Deauville method with DSUVmax to demar-
cate patients into high eCRR (modified-Deauville negative)
group and low eCRR (modified-Deauville positive) group,
indicating the patients in positive modified-Deauville group
of iPET were chemoresistance and for whom new therapeutic
strategies are warranted.

Deauville criteria has been proven as a standard evalu-
ation method of PET-CT [8,45]. According to the Lugano
2014 guideline, patients with a Deauville score of 1–3 are
regarded as negative of disease, while those with a Deauville
score of 4 and 5 are positive of disease. In our study,

patients with iPET Deauville 1-3, 4 and 5 not only had differ-
ent survival time, but also had different eCRR to R-CHOP
regimen. Patients with iPET scores 1–3 had high eCRR, 92.2%
in the test cohort and 97.8% in the validation cohort. These
results confirmed the previous report that iPET has a high
negative predictive value for patients [7,15,25–41]. In our
study, the patients with iPET Deauville score 4 could be fur-
ther reclassified into DSUVmax > 70% and DSUVmax � 70%,
eCRR were 86.7% and 40% in test group, 83.3% and 18.2%
in validation group, indicating patients with iPET Deauville
score 4 were heterogeneous and presented different
response to chemotherapy.

We then proposed a modified-Deauville model: patients
with Deauville 4 and DSUVmax > 70%, as well as those with
Deauville 1–3, were reclassified as the negative group of the
modified-Deauville evaluation, while Deauville 4 and
DSUVmax � 70%, as well as those with Deauville 5, into the
positive group of the modified-Deauville evaluation. In the
test cohort, the eCRR and 3-year PFS, 3-year OS were 91.8%,
80.2%, 89.9% in iPET modified-Deauville negative patients
and 29.2%, 12.5%, 27.3% in positive patients. Similar results
were also found in our validation cohort, that higher eCRR
(96.3%) and 3-year PFS (87.8%), 3-year OS (95.4%) in iPET
modified-Deauville negative patients, compared to positive
patients (eCRR, 13.5%; 3-year PFS, 27.4%; 3-year OS, 32.5%).
Interestingly, in test cohort of patients received chemother-
apy alone, comparing the three evaluation methods,
Deauville criteria, DSUVmax and modified-Deauville, the

Validation cohort

iPET Negative
(n=189)

iPET Positive
(n=37)

R-CHOP
chemotherapy

Radiotherapy+
R-CHOP 

chemotherapy

R-CHOP
chemotherapy

Intensified
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1 CR
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Figure 6. Responses of patients to R-CHOP regimen, intensified regimens and radiotherapy combined with chemotherapy in the validation cohort according to the
modified-Deauville model.

Table 2. Predictive value of three methods of iPET evaluation.

Modified-Deauville Deauville DSUVmax

(n¼ 391) (n¼ 391) (n¼ 391)

Positive
(n¼ 58)

Negative
(n¼ 333)

Deauville 4-5
(n¼ 79)

Deauville
1-3 (n¼ 312)

DSUVmax� 70%
(n¼ 74)

DSUVmax> 70%
(n¼ 317)

Positive predictive value 46/58 (79.3%) 49/79 (62.0%) 46/74 (62.2%)
p – .030 .033
Negative predictive value 312/333 (93.7%) 294/312 (94.2%) 296/317 (93.4%)
p – .775 .869
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eCRR of iPET modified-Deauville positive patients was dra-
matically lower (6.25%) than those of Deauville (47.2%,
p¼ .004) and DSUVmax positive patients (45.0%, p¼ .010).
Similar trend was also found in validation cohort. In consist-
ent with these results, modified-Deauville model of iPET had
higher PPV than Deauville and DSUVmax, suggesting that
the modified-Deauville model of iPET evaluation had high
efficiency to discriminate chemoresistant patients.

In terms of low eCRR of iPET positive patients with
chemotherapy alone, regardless of R-CHOP regimen or inten-
sified regimens, our results further confirmed the previous
reports that intensive chemotherapy or even ASCT could not
rescue patients with positive iPET [13,46,47]. All these results
indicated that patients with positive iPET were resistant to
chemotherapy, alternative therapeutic strategies other than
chemotherapy, such as radiotherapy or immunotherapy,
might be employed to improve the prognosis of these
patients. However, radiotherapy was only applicable for a
limited group of patients with local lesions. Next-generation
sequencing is another potential approach for choosing tar-
geted therapeutic agents.

In conclusion, we proposed a modified-Deauville model
by combining Deauville score and DSUVmax method for bet-
ter prognostic ability and early recognition of chemoresist-
ance patients, offering clinicians a convenient method for
risk-adapt individualized therapeutic strategies in DLBCL.
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