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Abstract 

Background:  It has been reported the prognostic value of MTV in predicting the disease prognosis of peripheral 
T-cell lymphoma (PTCL) through pre-treatment PET/CT imaging. However, these are limited data on pretreatment 
evaluation and prognosis assessments of peripheral T-cell lymphoma-not otherwise specified (PTCL-NOS). This study 
aimed to determine the prognostic values of pre-treatment and mid-treatment total metabolic tumor volume (MTV), 
total lesion glycolysis (TLG), and Deauville 5-Point Scale (D-5PS) in accessing the prognosis of PTCL-NOS.

Methods:  A retrospective analysis was conducted in 31 patients with pathologically diagnosed PTCL-NOS. These 
patients have undergone positron emission PET/CT scanning before and during chemotherapy. Follow-ups were 
also done to investigate the 2-year progression-free survival (PFS) and Overall Survival (OS) of these patients. During 
18F-fluorodeoxyglucose ( 18F-FDG) PET/CT scans, the MTV and TLG were recorded. Meanwhile, 

�
MTV and 

�
TLG were 

calculated. Furthermore, the receiver operating characteristic (ROC) curve was employed to classify and to define 
the threshold values. On the other hand, the mid-chemotherapy assessment and staging of these 31 patients were 
done by utilizing D-5PS. Subsequently, based on the D-5PS scores obtained, these patients were grouped into two 
categories: a group of patients with a score of <4 and another group with ≥ 4 points. For these two groups of patients, 
the survival analysis was done by Kaplan–Meier analysis and a multivariate COX regression model. Moreover, Pear-
son’s chi-square test ( χ2 test) and Spearman rank correlation coefficient were used to comparing the collected data, 
respectively.

Results:  During the 2-year follow-up period, 15 out of the 31 patients experienced disease progression. The optimal 
threshold values for both baseline MTV and TLG were 158.16 cm3 and 677.40.Additionally, the difference in 2-year 
PFS between the progressive and non-progressive groups was statistically significant ( χ2

= 8.193 , P = 0.004 < 0.05 ; 
χ
2
= 8.872 , P = 0.003 < 0.05 ), significant between-group difference was detected for MTV and for TLG ( χ2

= 6.494 , 
P = 0.011 < 0.05 ; χ2

= 4.687 , P = 0.03 < 0.05 ). On the other hand, when these patients were classified into 
two groups according to the mid-chemotherapy Deauville score of <4 and ≥ 4, the statistical difference of 2-year 
PFS between these two groups was significant, too ( χ2

= 14.966 , P = 0.001 < 0.05),but there is no significant 

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  zhaokui0905@zju.edu.cn
1 Department of PET center, The First Affiliated Hospital, Medical School 
of Zhejiang University, No. 79 Qingchun Road, Hangzhou 310003, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12880-021-00674-5&domain=pdf


Page 2 of 10Zhang et al. BMC Med Imaging          (2021) 21:145 

Background
Peripheral T-cell lymphoma (PTCL) is a relatively rare 
T-cell non-Hodgkin lymphoma. Several PTCL subtypes 
include PTCL,not otherwise specified (PTCL-NOS), 
angioimmunoblastic T-cell lymphoma (AITL), and ana-
plastic large cell lymphoma (ALCL) [1, 2]. It is worth 
mentioning that PTCL-NOS is the mostly broad category 
of PTCL. Most of the PTCLs are aggressive lymphomas 
with a dismal prognosis. Up till now, the CHOP (cyclo-
phosphamide, doxorubicin hydrochloride (hydroxydau-
norubicin), vincristine sulfate (oncovin), and prednisone) 
regimen is the primary therapy for PTCL [3].

Nonetheless, some of the PTCL patients are resist-
ant to this treatment regimen, which eventually leads to 
poor clinical outcomes [4, 5]. Moreover, due to resistance 
to CHOP chemotherapy, the subsequent bone marrow 
transplantation procedure might also be affected in these 
patients. Therefore, early identification of chemotherapy-
resistant PTCL patients, understanding the chemother-
apy response for different PTCL subtypes, establishing 
better assessment and evaluation methods, and improv-
ing individualized treatment regimens are of paramount 
importance [6, 7].

Generally, PET/CT scan is used for pre-treatment pre-
diction and post-treatment assessment of diffuse large 
B-cell lymphoma (DLBCL),while over 90% PTCL showed 
high uptake of F-18 FDG. Several studies have reported 
the prognostic value of MTV in predicting the disease 
prognosis of PTCL through pre-treatment PET/CT imag-
ing. Furthermore, it aids in the early detection of high-
risk patients with poor prognosis [8]. However, these are 
only limited data on pretreatment evaluation and prog-
nosis assessments of certain types of PTCL. Thus, the 
suggested treatment options and therapy guidelines for 
different PTCL patients are also greatly restricted [3]. The 
research aimed to focus on the application of parameters 
such as MTV and TLG in pre-treatment and mid-chem-
otherapy period to assess the prognosis of PTCL-NOS 
via PET/CT scans.

Methods
Subjects
31 pathologically diagnosed PTCL-NOS patients (18 
male patients and 13 female patients) were recruited 

into this study from January 2014 to January 2016.These 
patients underwent PET/CT scanning before starting 
chemotherapy and after 4 courses of the CHOP chemo-
therapy regimen. Besides, the follow-up of each patient 
began at the time of confirmed PTCL’s diagnosis via 
pathology results. The follow-up period ranged from 3 
to 70 months, the median follow-up time was 48 months.
The characteristics of the patients are listed in Table 1.

Imaging techniques
The data acquisition was made by using Siemens PET/
CT Biograph 16 Model (Germany), whereas the accel-
erators system used for F-18 FDG isotopes produc-
tion was Eclipse Cyclotron with ≥98% radiochemical 
purity. Before the PET/CT examination, the patient was 
requested to fast for more than 6  h, and the blood glu-
cose level should be controlled below 7.8 mmol/L. Then, 
F-18FDG was injected intravenously at a prescribed dose 
of 3.7–4.44  MBq (0.1–0.12 mCi)/kg (according to the 
patient’s body weight). After 15–20 min of injection, the 
patient was suggested to take 0.5–1.0  l of water before 
putting to rest for 60–90 min. Before the test, the patient 
was asked to empty the bladder. Meanwhile, during the 
PET/CT scan, the scanning range was from the top of 

between-group difference in OS ( χ2
= 3.337 , P = 0.068 < 0.05 ). COX analysis revealed that D-5PS are the independ-

ent factors influencing PFS, while MTV is the independent influencing factor of OS.

Conclusion:  The baseline total MTV obtained by PET/CT scanning, and D-5PS are crucial prognostic factors in evalu-
ating the prognosis of PTCL-NOS.

Keywords:  PTCL-NOS, PET/CT, D-5PS, MTV, Prognosis

Table 1  Characteristics of the patients

Factors Category Total 
number of 
cases

Number of 
progressive 
cases

Number of 
death cases

Age < 60 23 10 5

≥ 60 8 5 4

Ann Arbor 
staging

Stage I–II 10 1 1

Stage III–IV 21 14 8

IPI Score Low risk 17 3 1

(0–2 points)

High risk 14 12 8

(3–4 points)

SUVmax < 7.28 14 5 2

≥ 7.28 17 10 7

MTV (cm3) < 158.16 15 3 1

≥ 158.16 16 12 8

D-5PS Score < 4-Point 21 6 4

≥ 4-Point 10 9 5
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the head to the upper one-third of the thigh. The CT 
scan parameters were: Voltage 120 kV; current 150 mA; 
Slice thickness: 5 mm, while the PET emission scan was 
acquired for 5 min/bed (skull) and 2 min/bed (trunk).

Medical image analysis
The PET imaging data were reviewed by two experienced 
nuclear medicine physicians to interpret the lesions in 
cross-sectional, coronal, and sagittal planes. Siemens 
ESOFT workstation was used to analyze images, and it 
was thresholding at SUV = 2.5. Then, the region of inter-
est (ROI) was outlined, while the maximum standard-
ized uptake value (SUVmax) and the mean standardized 
uptake value (SUVmean) were automatically obtained 
via the ROI calculations. Simultaneously, the metabolic 
tumor volume (MTV) before and during chemotherapy 
were also defined. In the data interpretation, the pre-
treatment PET/CT baseline SUVmax was expressed as 
SUVmax0 , whereas the SUVmax obtained amid chemo-
therapy treatment (after 4 courses of CHOP chemother-
apy) was expressed as SUVmax1 . Thus, the difference in 
the SUVmax values was expressed as:

Furthermore, the pre-treatment baseline MTV was 
expressed as MTV0 , while the MTV obtained during 
chemotherapy was represented by MTV1 . Hence, the dif-
ference in the 

�
MTVs was expressed as:

Next, the baseline TLG of pre-treatment PET/CT 
was marked as TLG0 . Meanwhile, TLG1 was the TLG 
obtained in mid-chemotherapy PET/CT scans (after 4 
courses of chemotherapy). The 

�
TLG was calculated by:

On the other hand, the total lesion glycolysis (TLG) was 
calculated by the formula below:

(1)∆SUV max =

(

SUV max0 − SUVmax1

SUV max0

)

(2)∆MTV =

(

MTV0 −MTV1

MTV0

)

(3)∆TLG =

(

TLG0 − TLG1

TLG0

)

Evaluation criteria
The Deauville 5-Point Scale (D-5PS) was used as one of 
the evaluation standards in this study. The scoring system 
is as stated below (Table 2).

During the follow-up period, the treatment responses 
of these patients were evaluated according to newly 
revised criteria for lymphoma’s treatment evaluation by 
the International Working Group. Based on the treat-
ment responses, they were classified into the following 
categories, including complete remission (CR), partial 
remission (PR), stable disease (SD), and relapsed disease 
or progressive disease (PD). Apart from the criteria men-
tioned above, the 2-year progression-free survival (PFS) 
was another indicator of treatment efficacy. By 2-year 
PFS, the patients were further divided into progressive 
disease and non-progressive disease groups. The follow-
up would be discontinued if the patients had disease pro-
gression, recurrence, and death within these two years, or 
after the two-year follow-up visits.

The overall survival refers to the time interval from the 
start of treatment to the last follow-up or death from any 
cause. Based on the results from follow-up, the patients 
were divided into survival group and death groups.

Data processing/analysis
The statistical analysis was carried out using SPSS 18.0 
Software. The data which conformed to a normal dis-
tribution were analyzed by ANOVA or t-test, while 
non-normally distributed data were compared by non-
parametric tests. Next, ROC curve analysis was per-
formed for patient groupings and to determine the 
optimal cutoff value for SUVmax, MTV, and TLG. The 
PFS and OS have been taken as dependent variables and 
SUVmax, MTV and TLG before chemotherapy have 
been taken as independent variables, the cutoff values 
were found after drawing the ROC curve.In the same 
way, the cutoff values of 

�
SUVmax, 

�
MTV and 

�
TLG 

were found, respectively.

(4)TLG = SUV mean×MTV .

Table 2  The Deauville 5-point scoring system

Score F-18 FDG uptake

1 No uptake or no residual lesion

2 The uptake of residual lesions ≤ mediastinal blood pool uptake

3 Mediastinal blood pool uptake ≤ residual lesion uptake < liver uptake

4 The residual lesion uptake is slightly higher than liver uptake

5 The residual lesion uptake is 2–3 times more than liver uptake or new lesions
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Furthermore, Kaplan–Meier curves and Cox regres-
sion analysis were utilized to investigate the relationships 
between the parameters and 2-year PFS or OS.

Data output/interpretation
The kappa statistic was done in both observers for test 
score consistency. Besides, patients were grouped into 
two groups, with Deauville score of 4 as the threshold 
value. Then, the data comparison between groups was 
analyzed by Kaplan–Meier survival analysis and Cox 
regression analysis. Moreover, these patients were also 
being classified into high-risk and low-risk groups, in 
accord with the scoring system of the National Com-
prehensive Cancer Net-International Prognostic Index 
(NCCN-IPI scores). Subsequently, the Kaplan–Meier 
curve and Cox regression analysis were employed to ana-
lyze the data, whereas the Spearman correlation test was 
performed on the Deauville score and MTV. A p value of 
less than 0.05 ( P < 0.05 ) indicated strong evidence of sta-
tistical significance.

Results
Pre‑treatment assessment and general information 
of patients
In this study, 31 patients were grouped and scored 
according to NCCN-IPI before treatment. The results 
showed that 14 of these patients were categorized as 
high-risk patients and 17 low-risk patients. Among these 
patients, 10 patients were in Ann Arbor Stage I–II, and 
another 21 of them were in Ann Arbor Stage III–IV. 
Within the two years of follow-ups, 15 cases (48.39% ) had 
disease progression. The rate of PFS and OS was 51.61% 
and 70.97% , respectively. The outcomes of the non-para-
metric tests were displayed in Table 1.

Pre‑treatment and post‑treatment data analysis 
of SUVmax, MTV and TLG
While there was no statistical difference in SUV-
max ( z = −0.909 , P = 0.379 > 0.05 ) between pro-
gressive and non-progressive groups, the MTV 
( z = −2.925 , P = 0.003 < 0.05 ) and TLG ( z = −0.269 , 
P = 0.007 < 0.05 ) of these two groups exhibited sta-
tistical significance. What is more, the 

�
SUVmax 

( z = −1.381 , P = 0.167 > 0.05 ) , 
�

MTV ( z = −1.304 , 
P = 0.192 > 0.05 ), and 

�
TLG ( z = −1.344 , 

P = 0.179 > 0.05 ) analyses before therapy and after four 
courses of chemotherapy showed no statistical difference 
between the progressive and non-progressive groups, too. 
There are no significant differences in SUVmax and TLG 
between the survival and the death groups ( z = −0.87 , 
P = 0.403 > 0.05 ; z = −1.784 , P = 0.078 > 0.05 ), 
while significant difference in MTV was detected 
( z = −0.2002 , P = 0.046 < 0.05 ). Also, results calculated 

based on the data before and after four cycles of chemo-
therapy on the comparison of patients within the survival 
and the death groups showed no significant differences 
in 

�
SUVmax ( z = −0.392 , P = 0.716 > 0.05 ), 

�
MTV 

( z = −1.567 , P = 0.124 > 0.05 ) and 
�

TLG ( z = −1.48 , 
P = 0.147 > 0.05).

ROC curve and Kaplan–Meier survival analysis
The ROC curve was used to determine and calculate 
the optimal thresholds or cutoff values of pre-treatment 
SUVmax, MTV, and TLG in order to estimate PFS and 
OS. The patients were then divided into two groups 
according to the thresholds given. The 2-year PFS sur-
vival analyses between these two groups were executed 
by applying Kaplan-Meier curves. In this section, the 
groupings were first done with the cutoff values of SUV-
max = 7.28, MTV = 158.16 cm3 , and TLG = 677.40. As 
a result, the 2-year PFS difference was not statistically 
significant when the groups were compared at SUVmax 
= 7.28 ( χ2y = 1.004 , P = 0.316 > 0.05 ). Nevertheless, 
the 2-year PFS difference was statistically significant 
between groups when MTV = 158.16  cm3(χ2

= 8.193 , 
P = 0.004 < 0.05 ) and TLG = 677.40 ( χ2

= 8.772 , 
P = 0.003 < 0.05 ). Besides, the groups formed when 

�

SUVmax = 81.33% , 
�

MTV = 54.7% , and 
�

TLG=71.9% 
were also being compared. There were no statistical sig-
nificances in 2-year PFS for the groups with thresholds 
of 

�
SUVmax=81.33% ( χ2

= 0.494 , P = 0.482 > 0.05 ), �
MTV = 54.7% ( χ2

= 0.083 , P = 0.774 > 0.05 ) and 
�

TLG = 71.9% ( χ2
= 0.115 , P = 0.734 > 0.05 ). Then 

using SUVmax = 7.28 as the cutoff for dividing the 
patients into two groups, there were no statistical sig-
nificances in OS(χ2

= 2.092 , P = 0.148 > 0.05 ). Using 
MTV = 158.16  cm3 , TLG = 677.40 as the cutoff for 
dividing the patients into two groups, there were sta-
tistical significances in OS for the groups(χ2

= 6.494 , 
P = 0.011 < 0.05 , χ

2
= 4.687 , P = 0.03 < 0.05 ). In 

addition, There were no statistical significances in OS 
for the groups with thresholds of 

�
SUVmax=81.33% 

( χ2
= 0.301 , P = 0.583 > 0.05 ), 

�
MTV = 54.7% 

( χ2
= 1.143 , P = 0.285 > 0.05 ) and 

�
 TLG = 71.9% 

( χ2
= 0.31 , P = 0.86 > 0.05 ) (Fig. 1).

The deauville 5‑point scale (D‑5PS) and survival analysis
The D-5PS scorings of the patient’s treatment response 
after 4 cycles of CHOP chemotherapy regimens were 
done by two experienced nuclear medicine physicians. 
The D-5PS scorers made consistent judgments across 
all tests(Kappa = 0.503 , P < 0.05).The Kaplan–Meier 
curves (Fig.  1) illustrated the PFS of the two groups 
of patients with D-5PS < 4 and ≥ 4, suggesting a sta-
tistical difference between the groups ( χ2

= 14.996 , 
P = 0.001 < 0.05 ), and the OS difference was not 
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Fig. 1  Kaplan–Meier survival curves for progression-free survival (PFS) and overall survival (OS) in patients with PTCL-NOS, including MTV, TLG, 
D-5PS, Ann Arbor and IPI
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statistically significant ( χ2
= 3.337 , P = 0.068 > 0.05 ). 

The Kaplan–Meier survival analysis depicted a sta-
tistically significant difference in 2-year PFS between 
the low-risk group (IPI 0-2 point) and the high-risk 
group (IPI 3-4 point) ( χ2

= 16.346 , P = 0.001 < 0.05

),while no significant difference in OS between the 
two groups ( χ2

= 10.767 , P = 0.001 < 0.05).Next, the 
2-year PFS and OS difference between Ann Arbor Stage 
I–II and Stage III–IV groups were also statistically 
significant ( χ2

= 7.023 , P = 0.008 < 0.05 ; χ2
= 2.66 , 

P = 0.103 < 0.05 ). Furthermore, when the high-risk 
patients in NCCN-IPI and the Ann Arbor Stage III–IV 
patients were further categorized by Deauville scores 
of < 4 and ≥ 4, the differences in 2-year PFS were sta-
tistically significant ( χ2

= 6.734 , P = 0.009 < 0.05 , 
χ
2
= 6.76 , P = 0.009 < 0.05).

COX regression analysis and correlation analysis 
of pre‑chemotherapy MTV and deauville 5‑point scale 
(D‑5PS)
Univariate and multivariate COX regression analyses 
were respectively carried out on the factors like Ann 
Arbor staging, IPI score, SUVmax, baseline MTV, and 
Deauville score. The single-factor analysis of variance 
showed that Ann Arbor staging, NCCN-IPI, baseline 
MTV, and Deauville score were the significant pre-
dictors of 2-year PFS. Nonetheless, the multiple fac-
tor analysis indicated that only the D-5PS score was 
the only key factor (Table  3). Univariate Cox hazard 
analysis showed that baseline MTV and Ann Arbor 
staging significantly predicted 2-year OS, multivariate 
analysis showed that only baseline MTV was a signifi-
cant factor (Table 4). Furthermore, a positive correla-
tion was shown between baseline MTV and Deauville 

Fig. 1  continued
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score in Spearman correlation analysis ( r = 0.53 , 
P = 0.002 < 0.05 ). Meanwhile, the Deauville score 
was positively correlated with both Ann Arbor stag-
ing and NCCN-IPI score ( r = 0.575 , P = 0.001 < 0.05 , 
r = 0.378 , P = 0.036 < 0.05).The baseline MTV was 
positively correlated with Ann Arbor staging and 
NCCN-IPI ( r = 0.437 , P = 0.014 < 0.05 ; r = 0.360 , 
P = 0.047 < 0.05).

The data analysis of deauville scores and baseline MTV
The patients were grouped based on the combination 
of both factors, Deauville scores, and baseline MTV. It 
was aimed to calculate the percentage of 2-year pro-
gression-free survival (PFS) among these patients. The 
results were as follows: (a) For the group with a Deau-
ville score <4 and MT <158.16  cm3 , the 2-year PFS 
accounted for 85.71% (12/31). (b) For the group with a 
Deauville score <4 and MTV ≥158.16 cm3 , the 2-year 
PFS accounted for 42.86% (3/31). (c) For the group with 
a Deauville scor ≥ 4 and MTV <158.16 cm3 , the 2-year 
PFS accounted for 0.00% (0/31). (d) For the group with 
a Deauville score≥ 4 and MTV ≥158.16 cm3 , the 2-year 
PFS accounted for 11.11% (1/31).The group with the 
worst prognosis of PFS accounted for 3.22% of the total 
number of patients but allocated 11.11% among the 
total number of progressive patients.

Discussion
The role of 18F-FDG PET/CT before and during chemo-
therapy is indispensable for the post-treatment evalu-
ation of DLBCL. Other than DLBCL, several studies 
have also indicated that PET/CT scanis useful in pre-
dicting early recurrence and poor prognosis in PTCL. It 
is proved that mid-chemotherapy PET/CT scan is ben-
eficial in evaluating treatment response and predicting 
the prognosis of PTCL. For instance, the patients with 
negative findings in PET/CT scans tend to have much 
improved 2-year PFS and OS as compared to those with 
positive findings, but the results remain controversial [9, 
10]. Up till today, factors like SUVmax, MTV, and Deau-
ville score are the most used prognostic indicators for 
PTCL’s prognosis prediction. However, PTCL-NOS, as 
the most common pathological subtype of PTCL, is still 
lacking standard criteria for early evaluation and progno-
sis prediction.

Clinically, high 18F-FDG uptake on PET/CT is often 
considered as an essential marker for aggressive NHL. 
Previous studies have found that SUV>10 in PET/CT 
imaging may predict lymphomas with aggressive histol-
ogy [11]. In this study, 31 patients with PTCL-NOS were 
followed up for 2 years. The results revealed that the 
SUVmax difference obtained from the progressive and 
non-progressive groups or the survival and death groups 
was not statistically significant ( P > 0.05).This finding 

Table 3  COX regression analyzes The factors predictive of survival associated with PFS in patients with PTCL-NOS on univariate and 
multivariate analysis

Factors Single-factor analysis Multiple-factor analysis

P value HR (95% CI) P value HR (95% CI)

Ann Arbor staging 0.031 9.333 (1.222–0.901) 0.359 3.189 (0.267–38.015)

IPI Score 0.001 0.118 (0.033–0.423) 0.754 1.354 (0.203–9.026)

SUVmax 0.751 1.013 (0.936–1.096) 0.059 0.866 (0.745–1.006)

Pretreatment MTV (cm3) 0.015 0.205 (0.057–0.731) 0.117 1.001 (1.000–1.002)

D-5PS Score 0.001 0.166 (0.058–0.481) 0.01 2.482 (1.245–4.946)

Table 4  COX regression analyzes the factors predictive of survival associated with OS in patients with PTCL-NOS on univariate and 
multivariate analysis

Factors Single-factor analysis Multiple-factor analysis

P value HR (95% CI) P value HR (95% CI)

Ann Arbor staging 0.141 0.21 (0.026–1.682) 0.947 0.0 (0.0–3.82)

IPI Score 0.013 14.284(1.769–14.742) 0.94 3.26 (0.00–8.01)

SUVmax 0.734 1.018 (0.917–1.130) 0.312 0.933 (0.817–1.067)

Pretreatment MTV (cm3) 0.010 1.002 (1.000–1.003) 0.038 28.102 (1.206–654.603)

D-5PS Score 0.041 1.648 (1.02–0.2.663) 0.184 0.565 (0.243–1.312)
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further validated that 
�

SUVmax might not be a good 
indicator for early prediction of the disease. The possible 
explanations for SUVmax unreliability are mainly related 
to the high invasiveness and poor prognosis of PTCL-
NOS. Moreover, SUVmax is easily influenced by the 
injection of contrast agents, time or parameters of PET/
CT acquisitions, and the patient’s blood glucose level. 
Also, SUVmax with a lower value might affect its prog-
nostic value [12].

The pre-chemotherapy baseline MTV and TLG 
have been reported as the prognostic factors of PTCL. 
According to the earlier studies, higher MTV and TLG 
values are indicative of poor prognosis and predispo-
sition to earlier relapse/recurrence or shorter survival 
[13]. Furthermore, the baseline MTV and TLG usually 
reflect the actual general conditions of the patients prior 
to chemotherapy. Our study has also manifested that the 
category with lower baseline MTV and TLG would have 
a better 2-year PFS relative to the high baseline MTV and 
TLG group ( χ2

= 9.378 , P = 0.002 < 0.05 , χ2
= 9.314 , 

P = 0.002 < 0.05 ), besides, low baseline MTV or TLG 
values relate with better overall survival, which also 
indicated PTCL-NOS prognosis. This outcome has also 
explained that the baseline MTV and TLG might be the 
best substitutes for those patients who are not suitable to 
undergo a prognostic assessment by using IPI score and 
Ann Arbor staging. It also indicated that 

�
MTV and 

�

TLG at baseline PET/CT imaging and during chemother-
apy are significant in the prognostic evaluation of PTCL-
NOS as the tumor size prior to treatment and the levels 
of tumor glycolysis are closely related to its prognosis.

Similarly, the previous studies have also shown that 
�

MTV at baseline and mid-chemotherapy are feasible to 
the prognostic evaluation of PTCL [14]. However, in the 
2-year follow up period of these PTCL-NOS patients, 
the data which obtained from progressive and non-pro-
gressive patients showed no significant difference. Addi-
tionally, by setting the cutoff values of 

�
MTV = 54.7% 

and 
�

TLG=71.9% , the survival analyses also suggested 
that the 2-year PFS and OS between these groups were 
not statistically significant ( P > 0.05 ). These findings 
proposed that neither of these parameters has remark-
able effects in determining progression-free survival 
and predicting prognosis of PTCL-NOS patients, which 
might imply that the predictability of chemotherapy 
response for prognosis is limited. Perhaps, the prognos-
tic index of PTCL-NOS is somewhat different from the 
regular PTCL criteria, requiring independent prognostic 
indicators for PTCL-NOS instead. Then, 

�
MTV and 

�

TLG represented the effect and post-treatment changes 
through quantifying tumor glycolysis and the tumor size 
before and after treatment. Nonetheless, their infeasibil-
ity in estimating disease prognosis may be related to the 

treatment duration and the tumor sensitivity to chemo-
therapeutic drugs.

Our results demonstrated that, baseline MTV, but 
not TLG, was significantly differed between the survival 
and the death groups. In line with previous reports [15], 
Kaplan–Meier in the current work showed that patients 
with both low MTV and TLG levels are with better OS. 
This indicated that the relationship between TLG and 
OS is not simply causal, but might further relate with the 
effect of SUVmax on the amount of glycolysis. Notwith-
standing, the results of OS may also affected by other 
factors. Also, in compliance with previous studies on the 
relationship with PTCL, it was here found that the MTV 
which differed between the survival and the death groups 
was the independent influencing factor of OS. This indi-
cated that MTV could effectively predict the survival 
of PTCL-NOS, and hence as a meaningful index for 
prognosis.

Besides MTV and TLG, the Deauville 5-Point Scale 
(D-5PS)is also one of the most widely used indicators 
for prognostic prediction of DLBCL. To prove, D-5PS 
was used for the assessment of PTCL-NOS in our 
study, too.In this study, a positive result was achieved 
when the Deauville score was ≥ 4 (more than the liver 
uptake value). Overall, patients with positive results had 
a lower 2-year PFS than negative (D-5PS<4) patients 
( χ2

= 10.236 , P = 0.001 < 0.05 ). The positive results 
allocated approximately 32.26% of the patients, suggest-
ing that some PTCL-NOS patients have not achieved 
complete remission (CR), while some of them were not 
sensitive or responding to CHOP regimens. These treat-
ment responses might significantly influence treatment 
decision-making. Therefore, these patients were fur-
ther stratified by the combination of baseline MTV and 
D-5PS. As a result, the group with the worst prognosis 
(a Deauville score≥ 4 and MTV≥158.16  cm3 ) with pro-
gression-free took up 3.22% of the total patients within 
2  years, yet 11.11% of the total progressive cases. This 
approach seemed to make it easier to screen and identify 
high-risk patients, and thus, it may predict prognosis and 
the likelihood of early relapse more accurately.

In addition to the parameters mentioned earlier, 
NCCN-IPI is used clinically to assess patients with 
NHL and predict treatment outcomes, though its clini-
cal significance in patients with PTCL remains contro-
versial [16, 17].In this research, there was a significant 
statistical difference in 2-year PFS between patients 
in the low-risk group and those in the high-risk group 
( P = 0.001 < 0.05 ). Consequently, the NCCN-IPI score 
might be relevant to the prognosis of PTCL-NOS. Next, 
the high-risk patients were been grouped again by the 
Deauville Five-Point Scale. There,a statistical differ-
ence was observed in 2-year PFS between these groups 
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( χ2
= 6.734 , P = 0.009 < 0.05 ). At the same time, this 

research discovered that Ann Arbor staging exerted an 
effect on the 2-year PFS of these 31 PTCL-NOS patients, 
unlike the previous studies on PTCL. The prognos-
tic assessments by Ann Arbor staging are usually not 
affected by tumor size and metabolism. Also, Ann Arbor 
staging is widely applied to almost all pathological sub-
types. Later, the patients were categorized with III–IV 
stage in Ann Arbor classification with D-5PS.There was 
a statistical difference in 2-year PFS between groups 
( χ2

= 6.76 , P = 0.009 < 0.05 ). It proved that the sub-
stratification by the Deauville 5-point Scale is beneficial 
for clinically high-risk patients. Furthermore, together 
with the clinical-guiding significance, it alters the risk 
stratification of clinical patients. In short, based on the 
analyses, the IPI score and Ann Arbor staging are ben-
eficial for larger groups in clinical prediction, whereas 
the Deauville score is more representative of individual 
response to treatment.

Generally, the evaluation and prediction of PTCL 
prognosis by PET/CT scan mainly involved SUV, MTV, 
TLG, Deauville score. Given the limited sample size in 
this study, the COX regression analysis could only be 
performed based on three parameters, namely SUVmax, 
pre-chemotherapy baseline MTV, Deauville-5PS, and 
another two staging systems like IPI risk stratification 
and Ann Arbor staging. In this present study, the single-
factor analysis (ANOVA)exhibited that Ann Arbor stag-
ing, NCCN-IPI, prechemotherapy MTV, and Deauville 
score were the feasible prognostic factors of 2-year PFS in 
PTCL-NOS patients, while D-5PS had independent pre-
dictive value for 2-year PFS. It is worth noticing that the 
PET/CT Deauville score is confined to the visual-based 
assessment and subjective evaluation by different scor-
ers. Thus, it is one of the limitations of this study. How-
ever, the Kappa test was used to overcome this limitation 
in order to ensure the consistency of the results given by 
two nuclear physicians. Through the analysis, It has been 
assured that the results are somewhat reliable and con-
sistent. Hence, D-5PS can be used as an indicator of dis-
ease progression for PTCL-NOS patients.

Moreover, the further correlation analysis in this 
study depicted a positive correlation between pre-
chemotherapy MTV and Deauville score ( r = 0.483 , 
P = 0.006 < 0.05 ). This outcome suggested that the 
tumor size before chemotherapy would have an impact 
on mid-treatment imaging, which might also be essential 
for prognostic assessment and prediction. Furthermore, 
the Deauville score was found to be positively corre-
lated with Ann Arbor staging and NCCN-IPI scores, 
too. The positive correlations between these indicators 
further validated that PET/CT is useful in the assess-
ment of PTCL-NOS. It is also associated with clinical 

manifestations and risk levels of the disease. Thus, this 
study summarized that the Ann Arbor staging and 
NCCN-IPI scores are both significant for NHL treatment. 
Nevertheless, it is mostly derived from the large sample 
size and lacking specificity and individualized criteria. 
Based on this study, it could be deduced that the 18F-FDG 
PET/CT scan with the aforementioned parameters would 
be a better prognosis evaluation method for PTCL-NOS. 
Therefore, the treatment plans for PTCL-NOS should 
be improved based on prognostic assessment of disease 
recurrence and progression.The measurement of pre-
treatment MTV can guide the pre-treatment process of 
tumor therapy and also guide the course of treatment, 
such as stem cell transplantation and immunotherapy at 
the early stage of treatment.In the middle stage of treat-
ment, this is a common phenomenon that the tumor 
metabolism has been reduced when tumor shrinkage is 
not obvious.In the middle stage of treatment, this is a 
common phenomenon that the tumor metabolism has 
been reduced when tumor shrinkage is not obvious.
When there is necrosis and fibrosis in the tumor site of 
some patients, the morphology will not disappear com-
pletely, at this time, the tumor metabolism has disap-
peared which means clinical recovery.In clinical practice, 
the decision to terminate treatment can be made timely 
after the evaluation of indicators such as D-5PS, so as to 
improve patients’ own benefits, improve economic ben-
efits and reduce unnecessary treatment.

Certainly, there are still some limitations in this study. 
For example, the short follow-up period for overall sur-
vival (OS), this shortcoming should be improved in fur-
ther studies,and the follow-up will be continued for 
the survival period.In addition, the number of patients 
still limits the impact of various parameters on disease 
survival, making the results imperfect. Moreover, the 
research did not more exploration on the significance of 
prognosis prediction in treatment.

Conclusion
In conclusion, the PET/CT scan’s baseline metabolic 
tumor volume (MTV), total lesion glycolysis (TLG), 
and Deauville 5-Point Scale (D-5PS) are highly valuable 
and feasible to determine mid-chemotherapy treatment 
response in patients with PTCL-NOS. These factors 
are significant for prognosis prediction in PTCL-NOS 
patients, too. Additionally, the combination model of the 
prognostic factors like MTV and D-5PS outperforms the 
single-factor model in assessing the prognosis of PTCL-
NOS patients. Meanwhile, for patients at clinically high-
risk, Deauville 5-Point Scale is more useful in predicting 
the prognosis of different patients, baseline MTV could 
better predict patient survival.



Page 10 of 10Zhang et al. BMC Med Imaging          (2021) 21:145 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Abbreviations
PTCL: Peripheral T-cell lymphoma; PTCL-NOS: Peripheral T-cell lymphoma-not 
otherwise specified; MTV: Metabolic tumor volume; TLG: Total lesion glycolysis; 
D-5PS: Deauville 5-Point Scale; PFS: Progression-free survival; OS: Overall 
survival.

Acknowledgements
Not applicable

Authors’ contributions
YF and ZK designed the study, performed the research, analysed data, and 
wrote the paper. GF, XZ, DH,and HT have made contributions to the data 
acquisition. YX, ET, have participated the writting and revision work. All 
authors read and approved the final manuscript.

Funding
This work was supported by grant the Zhejiang Public Welfare Foundation 
(GF18H180002).The funder, Kui Zhao, is the corresponding author of this 
study.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

 Ethics approval and consent to participate
All patients gave written informed consent before participation in this study.
This study was submitted to and approved by Clinical Research Ethics Com-
mittee of the First Affiliated Hospital, College of Medicine, Zhejiang University.

Consent for Publication
Not applicable.

Competing interest
The authors declare that they have no conflict of interest.

Author details
1 Department of PET center, The First Affiliated Hospital, Medical School of Zhe-
jiang University, No. 79 Qingchun Road, Hangzhou 310003, China. 2 Bone Mar-
row Transplantation Center, The First Affiliated Hospital, School of Medicine, 
Zhejiang University, No. 79 Qingchun Road, Hangzhou 310003, China. 

Received: 11 December 2020   Accepted: 13 September 2021

References
	1.	 Khan N, Ozkaya N, Moskowitz A, Dogan A, Horwitz S. Peripheral t-cell 

lymphoma: are we making progress? Best Pract Res Clin Haematol. 
2018;31(3):306–14.

	2.	 Vose J, Armitage J, Weisenburger D, Cell T. Lymphoma project interna-
tional. International peripheral t-cell and natural killer/t-cell lymphoma 

study: pathology findings and clinical outcomes. J Clin Oncol. 
2008;26(25):4124–30.

	3.	 Broccoli A, Zinzani PL. Peripheral t-cell lymphoma, not otherwise speci-
fied. Blood. 2017;129(9):1103–12.

	4.	 Schmitz N, de Leval L. How i manage peripheral t-cell lymphoma, not 
otherwise specified and angioimmunoblastic t-cell lymphoma: current 
practice and a glimpse into the future. Br J Haematol. 2017;176(6):851–66.

	5.	 Al-Zahrani M, Savage KJ. Peripheral t-cell lymphoma, not otherwise 
specified: a review of current disease understanding and therapeutic 
approaches. Hematol Oncol Clin N Am. 2017;31(2):189–207.

	6.	 Laribi K, Alani M, Truong C, Baugier de Materre A. Recent advances in the 
treatment of peripheral t-cell lymphoma. Oncologist. 2018;23(9):1039–53.

	7.	 Schmitz C, Rekowski J, Muller SP, Hertenstein B, Franzius C, et al. 
Baseline and interim pet-based outcome prediction in peripheral 
t-cell lymphoma: a subgroup analysis of the petal trial. Hematol Oncol. 
2020;38(3):244–56.

	8.	 Feeney J, Horwitz S, Gonen M, Schoder H. Characterization of t-cell 
lymphomas by fdg pet/ct. AJR Am J Roentgenol. 2010;195(2):333–40.

	9.	 El-Galaly TC, Pedersen MB, Hutchings M, Mylam KJ, Madsen J, et al. Utility 
of interim and end-of-treatment pet/ct in peripheral t-cell lymphomas: a 
review of 124 patients. Am J Hematol. 2015;90(11):975–80.

	10.	 Cottereau AS, El-Galaly TC, Becker S, Broussais F, Petersen LJ, et al. 
Predictive value of pet response combined with baseline metabolic 
tumor volume in peripheral t-cell lymphoma patients. J Nucl Med. 
2018;59(4):589–95.

	11.	 Ngeow JYY, Quek RHH, Ng DCE, Hee SW, Tao M, et al. High suv uptake on 
fdg-pet/ct predicts for an aggressive b-cell lymphoma in a prospec-
tive study of primary fdg-pet/ct staging in lymphoma. Ann Oncol. 
2009;20(9):1543–7.

	12.	 Meignan M, Gallamini A, Itti E, Barrington S, Haioun C, et al. Report on the 
third international workshop on interim positron emission tomography in 
lymphoma held in menton, france, 26–27 september 2011 and menton 
2011 consensus. Leuk Lymphoma. 2012;53(10):1876–81.

	13.	 Xia J, Zhu HY, Liang JH, Ding CY, Wang L, et al. The prognostic role of 18f-
fdg pet/ct baseline quantitative metabolic parameters in peripheral t-cell 
lymphoma. J Cancer. 2019;10(23):5805–11.

	14.	 Jung SH, Ahn JS, Kim YK, Kweon SS, Min JJ, et al. Prognostic significance 
of interim pet/ct based on visual, suv-based, and mtv-based assessment 
in the treatment of peripheral t-cell lymphoma. BMC Cancer. 2015;15:198.

	15.	 Mehta-Shah N, Ito K, Bantilan K, Moskowitz AJ, Sauter C, et al. Baseline 
and interim functional imaging with pet effectively risk stratifies patients 
with peripheral t-cell lymphoma. Blood Adv. 2019;3(2):187–97.

	16.	 Yhim HY, Park Y, Han YH, Kim S, Kang SR, et al. A risk stratification 
model for nodal peripheral t-cell lymphomas based on the nccn-
ipi and posttreatment deauville score. Eur J Nucl Med Mol Imaging. 
2018;45(13):2274–84.

	17.	 Piccaluga PP, Agostinelli C, Gazzola A, Mannu C, Bacci F, et al. Prognos-
tic markers in peripheral t-cell lymphoma. Curr Hematol Malig Rep. 
2010;5(4):222–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The role of pre-treatment and mid-treatment 18F-FDG PETCT imaging in evaluating prognosis of peripheral T-cell lymphoma-not otherwise specified (PTCL-NOS)
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Subjects
	Imaging techniques
	Medical image analysis
	Evaluation criteria
	Data processinganalysis
	Data outputinterpretation

	Results
	Pre-treatment assessment and general information of patients
	Pre-treatment and post-treatment data analysis of SUVmax, MTV and TLG
	ROC curve and Kaplan–Meier survival analysis
	The deauville 5-point scale (D-5PS) and survival analysis
	COX regression analysis and correlation analysis of pre-chemotherapy MTV and deauville 5-point scale (D-5PS)
	The data analysis of deauville scores and baseline MTV

	Discussion
	Conclusion
	Acknowledgements
	References


