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Abstract
Purpose The aim of this study was to determine a better criterion for end-of-treatment PET (EoT-PET) assessment and 
prognostic evaluation of patients with diffuse large B cell lymphoma (DLBCL).
Method EoT-PET scans were assessed using the visual Deauville 5-point scale (5PS) and LLR, the maximum standard uptake 
value ratio between the lesion and the liver. The cutoff value of LLR was obtained by receiver operator characteristic curve 
analysis. Patient outcomes were compared using Kaplan–Meier survival analysis. Prognostic indexes of different criteria 
were compared. Multivariate Cox regression analysis was performed to evaluate the prognostic factors.
Results Four hundred forty-nine newly diagnosed DLBCL patients who received rituximab-based immunochemotherapy 
were included, and the median follow-up duration was 41.4 months. Patients with Deauville score (DS) 4 displayed sig-
nificantly longer PFS and OS compared with patients with DS 5 (both p < 0.001), and they had significantly shorter PFS 
(p < 0.01) but similar OS (p = 0.057) compared with patients with DS 1–3. The differences in PFS and OS between groups 
were all significant whether positive EoT-PET was defined as DS 4–5 or DS 5 (all p < 0.001). The optimal cutoff of LLR was 
1.83, and both PFS and OS were significantly different between EoT-PET-positive and EoT-PET-negative patients as defined 
by the cutoff (both p < 0.001). LLR-based criterion displayed higher specificity, positive predictive value, and accuracy than 
5PS-based criterion in the prediction of disease progression and death events. In the multivariate analysis, positive EoT-PET 
(as defined by LLR) was related to unfavorable PFS and OS (both p < 0.001). Additional treatment was not correlated with 
outcomes of EoT-PET-negative patients either defined by LLR or 5PS or EoT-PET-positive patients classified by 5PS, but 
it was the only beneficial factor for OS (p < 0.05) in EoT-PET-positive patients with LLR ≥ 1.83.
Conclusion The optimal cutoff of LLR may be superior to Deauville criteria in identifying low-risk DLBCL patients with 
negative EoT-PET after the first-line immunochemotherapy and sparing them the cost and toxicity of additional treatment.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the most com-
mon type of aggressive non-Hodgkin lymphoma (NHL), 
representing 30% of lymphomas in developed regions and 
43% in developing regions [1, 2]. Given the 18-fluorodeoxy-
glucose (18F-FDG) avidity of 97% in patients with DLBCL 
[3], positron emission tomography with computed tomog-
raphy (PET/CT) has been proposed for initial staging and 
end-of-treatment (EoT) evaluation of this disease [4–6]. 
The therapeutic purpose of EoT-PET is the early detection 
of residual disease that warrants additional therapy [4, 7, 
8]. Additional treatment such as consolidative adjuvant 
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radiotherapy following first-line immunochemotherapy 
remains controversial for EoT-PET-negative patients [9–11].

The prognostic value of EoT-PET has been less exten-
sively studied than that of interim PET in patients with 
DLBCL [8, 12–14]. As with interim PET, the negative 
predictive value of EoT-PET is reassuringly high, but the 
positive predictive value varies [8, 13, 14]. The cutoff for 
PET positive was increased from the level of mediastinal 
blood pool in the Cheson 2007 criteria to that of the liver 
background in the Lugano 2014 criteria [15]. The visual 
Deauville 5-point scale (5PS) has been adopted as the major 
criterion for PET evaluation [15–17], where a Deauville 
scores of 1 (DS 1) to DS 3 are deemed to indicate complete 
metabolic response and DS 4 to DS 5 are taken to indicate 
incomplete metabolic response [4, 7, 15].

However, in practical applications, there exist ambigui-
ties in the definition of DS 4 and DS 5. The consensus of the 
International Conference on Malignant Lymphoma recom-
mended that DS 5 be defined as a lesion uptake two or three 
times that of the liver [7]. The National Comprehensive Can-
cer Network (NCCN) Clinical Practice Guidelines defined 
DS 5 as an uptake greater than that of the liver with new 
disease sites [4]. In addition, the interobserver agreement of 
positive reads using 5PS was only 74–76% [18]. To improve 
the 5PS scale, studies have tested the optimal ratio of lesion 
uptake to liver uptake as the threshold for PET positive, and 
the predictive values achieved in this way were superior to 
that of the conventional 5PS [19–21]. In calling for person-
alized and precision medicine, strong tools are needed in 
DLBCL care to accurately predict relapse of disease and 
potentially to improve stratification for treatment regimens.

This study retrospectively assessed the predictive value of 
EoT-PET under two criteria, 5PS and a system based on the 
ratio of maximum standard uptake value  (SUVmax) between 
the lesion and the liver (lesion-to-liver  SUVmax ratio, abbre-
viated as LLR), for PFS and OS in patients with DLBCL 
who received a full course of rituximab-based immuno-
chemotherapy. We aimed to establish criteria that could out-
perform the 5PS criteria in predicting outcomes of patients 
with PET-negative and PET-positive scans.

Methods

Patients

This single-center study was approved by the institu-
tional review board at the Sun Yat-Sen University Cancer 
Center (SYSUCC). Newly diagnosed DLBCL patients 
admitted to SYSUCC between April 2007 and October 
2018 were retrospectively enrolled. The inclusion crite-
ria were newly diagnosed and biopsy-verified DLBCL; 
age ≥ 18  years; six or eight cycles of rituximab-based 

standard immunochemotherapy as recommended by the 
NCCN guidelines [4]; 18F-FDG avid lesion verified by pre-
therapeutic PET/CT; EoT-PET performed within 8 weeks 
after the last dose of immunochemotherapy [4, 7, 22] before 
any additional treatment; and a minimum follow-up period 
of 24 months for patients alive. The exclusion criteria were 
primary-mediastinal B-cell lymphoma or central nervous 
system involvement at diagnosis; history of other cancer; 
and incomplete data.

For the included patients, clinical data including age, gen-
der, lactate dehydrogenase (LDH) level, sites of extranodal 
involvement, performance status evaluated by the Eastern 
Cooperative Oncology Group (ECOG), Ann Arbor stage, B 
symptoms (fever, night sweats, weight loss, and other sys-
temic symptoms), pathological subtype (germinal center 
B-cell-like, abbreviated as GCB, versus non-GCB, abbrevi-
ated as NGCB), and bulky disease (one or more involved 
sites with a maximum diameter ≥ 10 cm) were collected. The 
International Prognostic Index (IPI) was calculated based 
on 5 clinical factors (age > 60 years, LDH > normal, Ann 
Arbor stage III or IV, ECOG ≥ 2, extranodal involvement > 1 
site) [7, 23]. Treatment results and follow-up were obtained 
from the SYSUCC database, including the date of first-line 
immunochemotherapy, PET/CT scan, disease progression, 
relapse or death, last follow-up, and additional treatment 
following first-line immunochemotherapy. Disease progres-
sion was confirmed by pathological or imaging examination.

PET/CT imaging

Baseline 18F-FDG-PET was performed before the start of 
treatment. EoT-PET was performed within 8 weeks after 
the last cycle of immunochemotherapy. The baseline PET 
and EoT-PET of any given patient were performed with the 
same PET/CT scanner.

All patients fasted for 5 to 6 h prior to 18F-FDG admin-
istration, and their blood glucose levels were stable and 
lower than 200 mg/dL (11.1 mmol/L). PET/CT scans were 
performed with integrated PET/CT scanners (Discovery 
ST, GE Healthcare, Waukesha, Wisc., USA, or Biograph 
mCT, Siemens Healthcare, Henkestr, Germany). Imaging 
data were acquired 60 ± 10 min after the 18F-FDG injection 
(3.7 ± 0.37 MBq [0.1 ± 0.01 mCi]/kg body weight). CT scans 
were obtained in an arm-up position with a Discovery ST 
(automatic tube current modulation, tube voltage 140 kV, 
rotation time 0.8 s, pitch 1.0, field of view 50 cm, collima-
tion 16 × 1.25 mm, slice thickness 3.75 mm) or Biograph 
mCT apparatus (tube current 80–200 mAs, voltage 120 kV, 
rotation time 0.5 s, pitch 1.0, field of view 50 cm, collima-
tion 32 × 1.25 mm, slice thickness 3 mm), and both scans 
were reconstructed in a 512 × 512 matrix. Whole-body 
imaging from the skull to the mid-thigh was performed in 
6–8 bed positions (3 min/bed with the Discovery ST and 
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1.5–2 min/bed with the Biograph mCT). The PET images 
were reconstructed with a slice thickness of 3.25 mm (2D) in 
a 128 × 128 matrix or 2 mm (3D) in a 200 × 200 matrix using 
the ordered subsets expectation maximization (OSEM) itera-
tive image reconstruction method. PET, CT, and fused PET/
CT images were generated for review on a Xeleris computer 
workstation (GE Medical Systems).

PET/CT analyses

Archived PET results were assessed using two methods: the 
visual 5PS and a method based on LLR. For the 5PS, three 
nuclear physicians evaluated the retrieved PET results inde-
pendently and while blinded to patient outcomes. The 5PS 
comprises five categories, which are defined as follows: DS 
1, no residual uptake; 2, residual uptake not exceeding medi-
astinal uptake; 3, residual uptake above mediastinal but not 
exceeding liver uptake; 4, residual uptake moderately above 
liver uptake; 5, residual uptake markedly above liver uptake 
and/or new lesions; and X, newly emerged uptake unlikely 
to be related to lymphoma [7, 16]. The DS of each scan was 
recorded when ≥ 2 physicians reached an agreement. For 
the LLR-based scale, the  SUVmax of the liver was obtained 
by measuring the  SUVmax of a spherical volume of interest 
(VOI) of diameter 3 cm in the right upper lobe of the liver 
(avoided the edge and vessels). The  SUVmax of the lesion 
was measured on the most intense focus when the residuals 
were presented on EoT-PET, and the  SUVmax was consid-
ered equal to the SUV of the background if no lesion was 
visible. LLR was calculated by dividing the  SUVmax of the 
lesion by the  SUVmax of the liver. Three nuclear physicians 
measured the liver  SUVmax and lesion  SUVmax separately, 
and the final LLR was the average value of the three LLRs 
got by these physicians.

Statistical analysis

Progression-free survival (PFS) and overall survival (OS) 
were chosen as end points. PFS was defined as the time 
from the first cycle of chemotherapy to the first evidence 
of progression or relapse or to death. OS was defined as the 
time from the first cycle of chemotherapy until death of any 
cause. Data were censored if patients were alive with no 
progression or relapse at the last follow-up. Interobserver 
agreement was tested with Kendall’s W test (for categorical 
variable) or intraclass correlation coefficient (ICC, for con-
tinuous variable). Survival probability was estimated using 
Kaplan–Meier (K-M) analysis, and differences between 
groups were tested with the log-rank test. Receiver opera-
tor characteristic (ROC) curve analyses were performed to 
determine the optimal cutoff value of LLR. Multivariate 
Cox proportional hazards analyses were used to examine 
the prognostic impact of EoT-PET. The proportional hazards 

(PH) assumption was tested, and independent variables were 
screened by stepwise logistic regression. Statistical analysis 
was performed using SPSS 22.0 (IBM, Armonk, USA) or 
R (version 3.6.1), and graph plotting was performed using 
Prism 7.0 (GraphPad, San Diego, USA). A p value of less 
than 0.05 indicated statistical significance.

Results

Patients

A total of 449 patients with newly diagnosed DLBCL were 
included in this study, 57% of whom presented with stage 
III–IV disease. The median age at diagnosis was 51 years 
(range 18–85), and the ratio of males to females was 55/45. 
The majority of patients (95.3%) were treated with 6 cycles 
of chemotherapy, and the rest (4.7%) of the patients were 
given 8 cycles. A total of 386 (86%) patients were given 
a standard rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisone (R-CHOP) chemotherapy regi-
men. The median follow-up duration was 41.4  months 
(range 5.6–150.2 months). A total of 101 (22.5%) patients 
progressed or relapsed, and 62 (13.8%) patients died (3 of 
them died of non-DLBCL-related causes). Detailed clini-
cal characteristics are shown in Table 1. A flow diagram to 
summarize the EoT-PET results, treatments, and outcomes 
of patients is presented in Fig. 1.

Survival analysis based on the visual 5PS

The interobserver agreement of the 5PS-based scores was 
perfect, with a Kendall coefficient of 0.988 (p < 0.001). 
Among the EoT-PETs of the 449 included patients, 221 
(49.2%) were assigned DS 1, 77 (17.1%) DS 2, 61 (13.6%) 
DS 3, 50 (11.1%) DS 4, and 40 (8.9%) DS 5. The main area 
of disagreement was the score level of 4. Of the 50 EoT-
PETs given DS 4, 7 (14%) were given DS 5 by one physi-
cian, and 14 (28%) were given DS 3 by one physician.

Figure 2 shows K-M survival curves depicting the PFS 
and OS of patients. When the patients were categorize as 
three groups, including DS 1–3, DS 4, and DS 5 using the 
5PS, DS 5 was associated with significantly worse out-
comes than DS 4 (PFS, p < 0.001; OS, p < 0.001), and DS 
4 was associated with significantly shorter PFS than DS 
1–3 (p < 0.01). However, OS did not differ significantly 
between DS 1–3 and DS 4 (p = 0.057). The 5-year PFS was 
82.1% (95% confidence interval (CI) 77.4–87.1%), 67.6% 
(95% CI 55.7–82.1%), and 20.0% (95% CI 10.8–37.2) for 
DS 1–3, DS 4, and DS 5, respectively; the 5-year OS was 
89.8% (95% CI 86.2–93.6%), 84.0% (95% CI 74.4–94.8%), 
and 39.7% (95% CI 27.0–58.3) for DS 1–3, DS 4, and DS 
5, respectively (Table 2). When patients were categorized 
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as PET positive or PET negative, PET-positive results were 
always associated with worse outcomes when either DS 4 
was included in the positive group (PET-negative DS 1–3 
vs. PET-positive DS 4–5, noted as  DS1–3/4–5; PFS, p < 0.001; 
OS, p < 0.001) or the negative group (PET-negative DS 1–4 
vs. PET-positive DS 5, noted as  DS1–4/5; PFS, p < 0.001; 
OS, p < 0.001).

The outcome predictive values of EoT-PET are shown in 
Table 3. Compared to a  DS1–4/5,  DS1–3/4 –5 showed superior 
sensitivity and negative predictive value (NPV) but infe-
rior specificity and positive predictive value (PPV).  DS1–4/5 
showed better accuracy in predicting disease progression 
or death than  DS1–3/4 –5 (disease progression,  DS1–3/4 –5 vs. 
 DS1–4/5 78.8% vs. 82.9%; death,  DS1–3/4 –5 vs.  DS1–4/5 80.4% 
vs. 88.0%).

Survival analysis based on LLR

The interobserver agreement of LLR was perfect, with an 
ICC of 0.9997 (p < 0.001). The 449 patients had median, 
minimum, and maximum LLR values of 0.41, 0.03, and 
17.63, respectively. The descriptive statistics of LLR of all 
patients and of different Deauville categories were shown 
in Table 4 and Fig. 3. The descriptive statistics of EoT-PET 
liver  SUVmax and residual  SUVmax were also shown in the 
supplementary material (Table S1). Two hundred twenty-
eight patients evaluated as DS 2–5 (with visible residuals) 
were tested with ROC analysis, and disease progression was 
taken as state variable. The optimal cutoff of LLR was 1.83, 
and the area under the curve (AUC) showed a prognostic 
accuracy of 0.738 (95% CI 0.660–0.815, p < 0.001) (Fig. 4a).

Applying LLR = 1.83 as cutoff, 68% (34/50) of patients 
evaluated as DS 4 were categorized as PET negative, while 
32% (16/50) of patients evaluated as DS 4 and 100% (40/40) 
of patients evaluated as DS 5 were PET positive, where 
PET positive was significantly associated with poor PFS 
(p < 0.001) and poor OS (p < 0.001) (Fig. 4b and c). The 
5-year PFS was 81.2% (95% CI 76.6–86.0%) for LLR < 1.83 
and 30.4% (95% CI 20.4–45.1%) for LLR ≥ 1.83, respec-
tively. And the 5-year OS was 89.4% (95% CI 85.9–93.0%) 
for LLR < 1.83 and 51.2% (95% CI 39.6–66.4%) for 
LLR ≥ 1.83, respectively (Table 2). Compared to 5PS cri-
teria using DS 4 as cutoff, LLR using 1.83 as cutoff showed 
a lower sensitivity (disease progression, LLR vs.  DS1–3/4–5 
38.6% vs. 47.5%; death, LLR vs.  DS1–3/4–5 43.5% vs. 51.6%) 
but higher specificity (disease progression, LLR vs.  DS1–3/4–5 
95.1% vs. 87.9%; death, LLR vs.  DS1–3/4–5 92.5% vs. 85.0%), 
PPV (disease progression, LLR vs.  DS1–3/4–5 69.6% vs. 
53.3%; death, LLR vs.  DS1–3/4–5 48.2% vs. 35.6%), and 
accuracy (disease progression, LLR vs.  DS1–3/4–5 82.4% vs. 
78.8%; death, LLR vs.  DS1–3/4–5 85.7% vs. 80.4%)(Table 3).

Multivariate analysis

The multivariate analysis included the EoT-PET result-rel-
evant variable (positive or negative) as classified by LLR or 
by 5PS; baseline variables including the IPI score (low risk, 
scores 0–1; medium to high risk, score 2–5), pathological 
subtype (GCB or non-GCB), B symptoms (yes or no), and 
bulky disease (yes or no); and a treatment-relevant variable, 
the use of additional treatment after first-line therapy (yes 
or no). EoT-PET results classified by LLR in the analysis of 
PFS and EoT-PET results classified by 5PS in the analysis of 
PFS and OS were time-dependent variables. Other variables 
met the proportional hazards assumption.

As listed in Table S2, when EoT-PET positive was defined 
as LLR ≥ 1.83, positive EoT-PET (HR (0–36  months) 
5.280, 95% CI 3.079–9.056, p < 0.001), IPI scores 2–5 (HR 
2.234, 95% CI 1.322–3.775, p < 0.01), and NGCB subtype 

Table 1  Baseline characteristics of patients

* There were 11 patients ≥ 75 years old
LDH lactate dehydrogenase, ECOG Eastern Cooperative Oncology 
Group, IPI International Prognostic Index, GCB germinal center 
B-cell-like

n = 449 (%)

Age at diagnosis*  ≤ 60 y 325 (72)
 > 60 y 124 (28)

Gender Male 249 (55)
Female 200 (45)

Ann Arbor stage I and II 192 (43)
III and IV 257 (57)

B symptoms Yes 131 (29)
No 318 (71)

LDH level Normal 258 (57)
Elevated 191 (43)

Extranodal involvement  ≤ 1 site 301 (67)
 > 1 site 148 (33)

ECOG performance status  < 2 317 (71)
 ≥ 2 133 (29)

IPI group 0–1 187 (42)
2 109 (24)
3 85 (19)
4–5 68 (15)

Bulky disease No 378 (84)
Yes 71 (16)

Pathology subtype GCB 164 (37)
Non-GCB 281 (63)
Uncertain 4 (< 1)

First-line therapy R-CHOP 386 (86)
R-CDOP 24 (5)
R-EPOCH 15 (3)
R-CEOP 13 (3)

Additional treatment Yes 200 (45)
No 249 (55)
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(HR 1.917, 95% CI 1.154–3.184, p < 0.05) were associ-
ated with inferior PFS; positive EoT-PET (HR 7.391, 95% 
CI 4.287–12.743, p < 0.001), IPI scores 2–5 (HR 3.124, 
95% CI 1.602–6.090, p < 0.01), and NGCB subtype (HR 
1.786, 95% CI 1.006–3.170, p < 0.05) were associated 
with reduced OS. When EoT-PET positive was defined as 
DS ≥ 4, positive EoT-PET (HR (0–36 months) 3.659, 95% 
CI 2.247–5.956, p < 0.001), IPI scores 2–5 (HR 2.203, 95% 
CI 1.301–3.728, p < 0.01), and NGCB subtype (HR 1.799, 
95% CI 1.081–2.994, p < 0.05) were associated with inferior 
PFS; positive EoT-PET (HR (0–36 months) 5.554, 95% CI 
3.201–9.638, p < 0.001) and IPI scores 2–5 (HR 2.962, 95% 
CI 1.514–5.795, p < 0.01) were associated with reduced OS. 
No matter the EoT-PET results were classified by the LLR 
or the 5PS, additional treatments, B symptoms, and bulky 
disease had no apparent impact on outcomes (p > 0.05).

As listed in Table S3, multivariate analysis in EoT-PET-neg-
ative patients classified by LLR (< 1.83) showed that IPI scores 
of 2–5 were associated with reduced PFS (HR 3.134, 95% CI 
1.699–5.781, p < 0.001) and reduced OS (HR 4.337, 95% CI 
1.770–10.627, p < 0.01); NGCB subtype was associated with 

inferior PFS (HR 2.000, 95% CI 1.094–3.656, p < 0.05) but 
did not show a significant effect on OS. Additional treatment 
had no apparent impact on either PFS or OS (p = 0.682 and 
p = 0.157, respectively). In EoT-PET-negative patients classi-
fied by 5PS (DS 1–3), only IPI scores of 2–5 was associated 
with reduced PFS (HR 2.648, 95% CI 1.410–4.971, p < 0.01) 
and OS (HR 3.858, 95% CI 1.548–9.618, p < 0.01), while 
additional treatment had no significant influence (p = 0.571 for 
PFS and p = 0.095 for OS, respectively). In EoT-PET-positive 
patients classified by LLR (≥ 1.83), additional treatment was 
the only factor related to longer OS (p = 0.019), though it did 
not related to longer PFS (p = 0.302). In EoT-PET-positive 
patients classified by 5PS (DS 4–5), additional treatment did 
not show a significant effect on either PFS (p = 0.518) or OS 
(p = 0.096) (Table S4).

Fig. 1  Patient outcome flow chart. The cutoff of LLR was used to 
classify PET-positive and PET-negative patients. *Among the 162 
PET-negative patients receiving additional treatment, 120 underwent 
adjuvant radiotherapy with or without additional chemotherapy (of 
whom 20 relapsed/progressed and 12 died), 30 received additional 

chemotherapy (of whom 7 relapsed/progressed and 5 died), 3 under-
went surgery (of whom 0 relapsed and 1 died), and 4 underwent 
autologous stem cell transplantation (of whom 0 relapsed and 0 died). 
PD, progressive disease
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Discussion

PET/CT has been recommended for response assessment in 
DLBCL, and the 5PS has been widely applied in the evalua-
tion of PET results [4, 7, 15]. After first-line immunochemo-
therapy, patients with an EoT-PET evaluation of DS 4–5 are 
generally considered PET positive, and those with DS 1–3 
are considered PET negative [4, 7, 15]. A number of studies 
have confirmed that positive EoT-PET defined by DS ≥ 4 is 
associated with inferior outcomes in DLBCL [8, 11, 19–21, 
24, 25]. However, the ambiguities exist in the definition of 
DS 4 and DS 5, and the assessment can be easily influenced 
by subjective factors. Recently, PET/CT-derived semiquan-
titative or quantitative parameters have been investigated 
as a means of improving prognostic accuracy. Zhang et al., 
Toledano et al., and Annunziata et al. reported that a lesion-
to-liver uptake ratio exhibited better interobserver agreement 
than DS and may improve the predictive performance of the 
visual 5PS criteria with a cutoff of DS ≥ 4 as the threshold 
for PET positive [19–21].

In this study, we compared the prognostic value of the 
5PS and the LLR method in EoT-PET evaluation. When 
using the 5PS-based criterion, we found that the outcome of 
DS 4 was significantly different from that of DS 1–3 or DS 5 
in terms of PFS, and it was even comparable to the outcome 
of DS 1–3 in terms of OS. In the subsequent survival analy-
sis, whether we categorized DS 4 and DS 1–3 together as the 
PET-negative group or categorized DS 4 and DS 5 together 
as the PET-positive group, the differences in PFS and OS 
between groups were all significant. It appears that patients 
with DS 4 should not be classified unconditionally as PET 
positive or PET negative. Therefore, we attempted to use 
1.83, the optimal LLR cutoff to reclassify the patients, and 
EoT-PET-positive patients with LLR ≥ 1.83 had significantly 
lower PFS and OS than EoT-PET-negative patients. Com-
pared to the commonly used 5PS-based evaluation criterion 
that classifies DS 4–5 as PET positive, LLR had a higher 
specificity, PPV, and accuracy. In the multivariate analysis, 
both LLR-based positive EoT-PET and 5PS-based positive 
EoT-PET were statistically significant risk factors of PFS 
and OS, and the former displayed an HR higher than the 
latter, indicating a stronger relevance between LLR-based 
positive EoT-PET and survival outcomes.

An LLR cutoff value of 1.83 obtained in this study was 
higher than a cutoff value of 1.4 reported by Toledano 
et al. [20]. The difference in the type of patients included 
in the ROC analysis may be one cause of this discrep-
ancy. Toledano et al. used DS 3 and 4 to determine the 

optimal cutoff [20], whereas our study included patients 
with scores of 2–5 because we needed an LLR cutoff value 
useful for all the ranges of residual uptake. We reanalyzed 
our data using 1.4 as the cutoff, and the outcomes of PET-
positive (≥ 1.4) and PET-negative (< 1.4) groups differed 
significantly in the K-M survival analysis (Table S5, Fig-
ure S1). However, the cutoff value of 1.4 did not increase 
the sensitivity of 1.83 but reduced the specificity, PPV, 
and accuracy of the latter (Table S6). In addition to LLR, 
Schöder et al. also reported that 66% ΔSUVmax (equals to 
 (SUVbaseline −  SUVtreated) ÷  SUVbaseline × 100%) showed bet-
ter prognostic value than 5PS in the evaluation of EoT-PET 
[26]. ΔSUVmax was studied widely in interim PET, and 66% 
was a cutoff of ΔSUVmax recommended by a serious of stud-
ies [27]. However, few studies detected the prognostic value 
of ΔSUVmax in EoT-PET [19, 26]. We also reanalyzed our 
data using the 66% ΔSUVmax as cutoff (Figure S2, Table S5 
and S6), but it exhibited a prognostic value inferior to LLR 
that all of its prognostic indexes were lower than those of 
LLR. Using ROC analysis, we found a new cutoff value of 
77.7% ΔSUVmax (Figure S3, Table S5 and S6). This cutoff 
had a lower sensitivity compared to DS 4 without obviously 
increasing the specificity and PPV of the latter, and its speci-
ficity, PPV, and accuracy were lower than that of the LLR 
cutoff, 1.83.

There is ongoing debate over the benefit of additional 
treatment, especially adjuvant radiotherapy after first-line 
therapy [28]. Some retrospective studies reported that addi-
tional radiotherapy after first-line immunochemotherapy 
improved the prognosis of DLBCL in the early Ann Arbor 
stages [29, 30], and others concluded that additional radio-
therapy did not confer a survival benefit in patients with 
early-stage DLBCL [31] or patients with initial bulky 
disease [32]. A prospective study including 723 patients 
reported that 517 EoT-PET-negative patients had good out-
comes in the absence of radiotherapy [11]. In our study, 
according to the multivariate analysis, additional treatment 
is not beneficial in patients with a negative EoT-PET when 
either defined as LLR < 1.83 or DS 1–3. For patients with 
positive EoT-PET classified by LLR (but not by 5PS), addi-
tional treatment is the only beneficial factor of OS. Under 
such circumstance, a higher specificity would be preferred to 
select more true-negative patients and avoid long-term side 
effect brought by overtreatment in these patients. A higher 
PPV may also be preferred to exclude more true-negative 
patients from the positive group. According to this study, 
LLR taking 1.83 as cutoff exhibited higher specificity and 
PPV compared to  DS1–3/4–5 (as well as compared to LLR 
with a cutoff value of 1.4 and ΔSUVmax with a cutoff value 
of 66% or 77.7%), indicating that it may be superior to other 
criteria in identifying patients who will not develop disease 
progression after the first-line therapy and potentially mini-
mizing the long-term side effects of radiotherapy, prolonged 

Fig. 2  K-M survival analysis of PFS and OS according to EoT-PET 
status using the Deauville 5PS. a Patients categorized as DS 1–3, DS 
4, and DS 5. b Patients categorized as DS 1–3 and DS 4–5. c Patients 
categorized as DS 1–4 and DS 5

◂
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chemotherapy, or surgery. Therefore, we posit that the opti-
mal cutoff of LLR is a promising tool for EoT-PET evalua-
tion and for better guidance of additional treatment after the 
first-line immunochemotherapy.

This study was limited by its single-center and retrospec-
tive nature; accordingly, there is a possibility of selection 
bias. In our study, patients with age > 60 only composed 28% 
of all patients, which was lower than 34–35% reported by 
other studies about Chinese population [19, 33, 34]. One 
cause of this bias was that part of old patients could not 
tolerate the first-line chemotherapy and were excluded from 

our study. According to the Surveillance, Epidemiology, 
and End Results (SEER) database (https:// seer. cancer. gov), 
a 5-year survival rate declines with an increase in age, and 
the survival rate of patients in our study may be higher than 
reality. Besides, repeated PET scans may have resulted in 
the preferential inclusion of patients with better compliance 
and financial health. Additionally, the sample size of patients 
evaluated as EoT-PET positive was limited. In the future, the 
prognostic power of the LLR-based evaluation system for 
EoT-PET should be further tested with prospective research 
in a larger patient population.

Conclusion

This study found that, when the visual Deauville 5PS was 
used to evaluate treatment response in DLBCL patients, 
EoT-PET scans rated as DS 4 should not be uncondition-
ally classified as PET positive or PET negative. Additional 
treatment did not improve the outcomes of the PET-negative 
patients identified either by the optimal cutoff of LLR or 5PS 
but improved the OS in PET-positive patients grouped by 
the cutoff of LLR, suggesting that the LLR-based evaluation 
system with a higher specificity and PPV may be superior to 
5PS in identifying low-risk patients and thus sparing them 
the cost and toxicity of additional treatment. The evaluation 
based on LLR may hold promise as an accurate means of 
EoT-PET evaluation and a source of guidance for additional 
treatment after first-line immunochemotherapy.
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Table 2  Five-year survival rate 
of patients categorized by the 
Deauville 5PS and LLR

DS Deauville score, LLR lesion-to-liver ratio calculated as  SUVmax of the residual divided by  SUVmax of 
the liver, PFS progression-free survival, OS overall survival

5-year survival rate (95%CI) p value

For PFS For OS Group 1 Group 2 PFS OS

DS 1–3 82.1% (77.4–87.1%) 89.8% (86.2–93.6%) DS 1–3 DS 4 0.042 0.291
DS 1–4 80.3% (75.9–85.1%) 89.1% (85.7–92.6%) DS 5 0.000 0.000
DS 4 67.6% (55.7–82.1%) 84.0% (74.4–94.8%) DS 4–5 0.000 0.000
DS 5 20.0% (10.8–37.2%) 39.7% (27.0–58.3%) DS 1–4 DS 5 0.000 0.000
DS 4–5 46.4% (37.1–58.0%) 64.1% (54.8–74.9%) DS 4 DS 5 0.000 0.000
LLR < 1.83 81.2% (76.6–86.0%) 89.4% (85.9–93.0%) LLR ≥ 1.83 LLR < 1.83 0.000 0.000
LLR ≥ 1.83 30.4% (20.4–45.1%) 51.2% (39.6–66.4%)

Table 3  The predictive performance of different EoT-PET classifica-
tion methods

EoT end of treatment, PPV positive predictive value, NPV negative 
predictive value, DS Deauville score, LLR lesion-to-liver ratio calcu-
lated as  SUVmax of the residual divided by  SUVmax of the liver

Sensitivity Specificity PPV NPV Accuracy

Relapse/progression
   DS1–3/4–5 47.5% 87.9% 53.3% 85.2% 78.8%
   DS1–4/5 31.7% 97.7% 80.0% 83.1% 82.9%
   LLR1.83 38.6% 95.1% 69.6% 84.2% 82.4%
Survival
   DS1–3/4–5 51.6% 85.0% 35.6% 91.6% 80.4%
   DS1–4/5 38.7% 95.9% 60.0% 90.7% 88.0%
   LLR1.83 43.5% 92.5% 48.2% 91.1% 85.7%

Table 4  The descriptive statistics of LLR

DS Deauville score, IQR interquartile range

Median IQR Minimum value Maximum value

All patients 0.41 0.50 0.03 17.63
DS 1 0.25 0.15 0.03 0.52
DS 2 0.47 0.10 0.30 0.77
DS 3 0.70 0.16 0.48 1.01
DS 4 1.33 0.85 0.95 2.91
DS 5 5.23 3.07 3.14 17.63
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