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Background: The prognostic value of interim positron emission tomography/computed tomography (PET/
CT) for nasal-type extranodal natural killer/T-cell lymphoma (ENKTL) is controversial. We evaluated the
prognostic value of interim PET/CT in ENKTL patients to facilitate risk stratification and guide clinical
treatment.

Methods: Patients with ENKTL who received first-line chemotherapy based on L-asparaginase/
pegaspargase with/without involved-field radiotherapy were recruited for this study. Pretreatment
and interim PET/CT evaluations were performed. Interim PET/CT was evaluated via the maximum
standardized uptake value (SUVmax) and the Deauville 5-point scale (DS); and the capacity to predict
progression-free survival (PFS) and overall survival (OS) was evaluated. Receiver operating characteristic
(ROC) curves were used to determine the optimal SUVmax cutoff. Fisher’s exact test was used to analyze
relationships between interim PET/CT results and clinical characteristics. Univariate and multivariate
analyses were performed to examine the independent effects of interim PET/CT. The Cochran-Mantel-
Haenszel test was used to assess the prognostic value of interim PET/CT at different timepoints.

Results: Overall, 129 ENKTL patients were enrolled. The optimal interim PET/CT SUVmax cut-off was
4.95. The median follow-up was 34 [2-90] months, in the low SUVmax group (<4.95), the 2-year PFS and
OS rates were 76.3% and 88.0%, respectively; in the high SUVmax group (>4.95), the PFS and OS rates
were 15.6% and 44.5%, respectively. Likewise, for the DS 1-3 group, the PFS and OS rates were 78.9%
and 91.2%, respectively; and in the DS 4 or 5 group, the rates of PFS and OS were 49.7% and 69.0%,
respectively. In univariate analysis, interim PET/CT evaluation based on SUVmax and DS scores were both
PFS and OS predictors. In multivariate analysis, SUVmax was independently significantly associated with
PFS (P<0.001) and OS (P=0.002), and DS was independently significantly associated with PFS (P=0.004)
but not OS (P=0.204). In the Cochran-Mantel-Haenszel testing, the SUVmax and DS were significantly
associated with PFS and OS after adjustments for the interim PET/CT timing.

Conclusions: Interim PET/CT was of prognostic value concerning ENKTL. The SUVmax is an
independent prognostic indicator of PFS and OS, while the DS is an independent prognostic indicator of
PFS but not OS. The SUVmax is of greater prognostic value than DS.
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Introduction

Nasal-type extranodal natural killer/T-cell lymphoma
(ENKTL) is a subtype of invasive non-Hodgkin’s
lymphoma associated with Epstein-Barr virus (EBV)
infection. In the World Health Organization classification,
it is categorized as a mature T-cell and natural killer (NK)
cell lymphoma subtype (1), and it is predominant in Asia
and South America (2,3). It is the second most common
type of lymphoma in China after diffuse large B-cell
lymphoma (DLBCL), and accounts for approximately 11%
of all lymphomas. The average age at onset is 43.1 years,
and the male-to-female ratio is approximately 2.6:1 (3).

There is currently no standardized treatment strategy for
ENKTTL. In the early stage (I/II), radiotherapy or combined
chemoradiotherapy are mainly used, while in the advanced
stage (III/IV), multi-drug combined chemotherapy is mainly
applied. The prognosis of ENKTL patients has improved
in recent years with the development of radiotherapy
technology and the application of L-asparaginase or
pegaspargase. In early stage patients, 5-year progression-
free survival (PFS) rates of 55.9-85.7% have been reported,
as have 5-year overall survival (OS) rates of 78.6-89.0%
(4,5). However, some patients respond poorly to treatment,
therefore, thorough evaluation of the efficacy of ENKTL
treatments is warranted.

Many studies have shown that positron emission
tomography/computed tomography (PET/CT) is more
sensitive and accurate than enhanced CT, and that it can
reveal hidden lesions (6,7). The detection of such lesions
can negate the underestimation of lymphoma stage and
impact the management decisions in approximately a
quarter of non-Hodgkin’s lymphoma patients and a third
of Hodgkin’s lymphoma patients (7). In the initial staging,
efficacy evaluation, prognostic evaluation, and recurrence
monitoring of lymphoma, PET/CT have been widely used,
particularly in DLBCL and Hodgkin’s lymphoma (8,9). The
prognostic value of interim PET/CT differs for different
types of lymphomas.

The prognostic value of interim PET/CT is
controversial in DLBCL. Casasnovas et /. (10) and Yang
et al. (11) have reported that it had useful prognostic value,
whereas Pregno et 4l. (12) and Yoo ez al. (13) reported that
it did not, and that positive imaging did not predict a poor
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prognosis. The prognostic value of interim PET/CT in
patients with Hodgkin’s lymphoma has been confirmed in
several studies, and thus it has become widely recognized
(14-16). Studies have also indicated that ENKTLs tend to
exhibit high fluorodeoxyglucose (*F-FDG) uptake (17,18),
which has resulted in ""F-FDG PET/CT becoming one
of the recommended examinations in relevant patients.
Many studies have shown that pre-treatment (19-22)
and post-treatment (19,21,23) PET/CT have prognostic
value concerning ENKTL, whereas fewer studies have
investigated the prognostic value of interim PET/CT.
Most studies have been retrospective investigations with
small sample sizes, and they have included inconsistent
evaluation parameters and have consequently yielded
inconsistent conclusions (19,21,24-27). Some studies
have used the anthracycline-based cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP) regimen
or a CHOP-like regimen rather than the currently
recognized chemotherapy regimen based on L-asparaginase
or pegaspargase (26). Therefore, the prognostic value of
interim PET/CT in ENKTL is still uncertain.

In the current study, the prognostic value of interim
PET/CT in ENKTL was analyzed retrospectively to
establish a basis for clinical stratification and individualized
treatment.

Methods
Participants and treatiment

This retrospective study was conducted using medical
records in the clinical database of the Center of Medical
Oncology, West China Hospital, China. Patients aged
16-80 years who had been newly diagnosed with ENKTL
as defined by the 2008 World Health Organization
classification system (28) at the hospital between September
2010 and May 2017 were screened for enrolment. Exclusion
criteria were as follows: (I) age <16 or >80 years; (II)
lesions had been removed, or there were no evaluable
lesions; (III) diagnosis of primary cutaneous ENKTL; (IV)
chemotherapy regimen did not include L-asparaginase or
pegaspargase; (V) presence of another malignant disease; or
(VI) pregnancy or lactation.

All patients underwent staging procedures, including
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clinical and laboratory tests and bone marrow biopsies,
and received chemotherapy and/or involved-field
radiotherapy. Combined chemoradiotherapy patients
received a ‘sandwich’ protocol, with 2-3 cycles of inductive
chemotherapy, then radiotherapy was initiated, followed
by 1-4 ‘consolidation’ cycles of chemotherapy, totaling
4-6 cycles. All chemotherapy was based on L-asparaginase
or pegaspargase, mainly the VDLP regimen (etoposide
75 mg/m’ on day 1-3, dexamethasone 40 mg on day 1-4,
L-asparaginase 5,000 TU/m’ on day 1-5 or pegaspargase
2,500 TU/m’ on day 4, and cisplatin 25 mg/m’ on day
1-3, administered every 3 weeks), or the LVP regimen
(L-asparaginase 5,000 IU/m’ on day 1-5 or pegaspargase
2,500 TU/m’ on day 1, vincristine 1.4 mg/m’, max 2 mg on
day 1, prednisone 100 mg on day 1-5, administered every
3 weeks). The radiotherapy utilized incorporated intensity-
modulated radiation therapy or three-dimensional (3D)
conformal radiation therapy and conventional segmentation
(1.8-2.0 Gy each administration) once per day, 5 times a
week. The total radiation dose associated with radiotherapy
was 50-56 Gy. Some participants received synchronous
cisplatin chemotherapy on day 1-3 every 3 weeks during
radiotherapy, which was 25 mg/m’. All participants
underwent PET/CT before and during the treatment.
At 3-4 weeks after 2 or 3 cycles of chemotherapy or
radiotherapy, all patients were evaluated via PET/CT.

PET/CT acquisition

All patients underwent whole-body "*F-FDG PET/CT
performed using a combined Gemini GXL PET/CT
scanner with a 16-slice CT component (Philips Corp.,
Amsterdam, Netherlands). After 6 h of fasting (no oral
or intravenous fluids containing sugar or dextrose), 185—
370 MBq of ""F-FDG (5.18 MBq/kg) was administered
intravenously. The participant’s blood glucose level was
checked immediately before the *F-FDG administration.
The PET/CT scanning was rescheduled if the blood
glucose level was >150 mg/dL. Whole-body PET/CT scans
from the top of the head to the feet were performed 60 min
after radiopharmaceutical injection. Low-dose whole-body
spiral CT was performed first, with parameters including
120 kV, 40 mAs, layer thickness 5 mm, and pitch 0.938.
The PET images were obtained in 3D mode, 16-18 beds
were scanned regularly, and emission data were acquired for
2 min in each bed position. The CT acquisition data were
used for attenuation correction, and corrected PET images
were reconstructed using the ordered subsets expectation
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maximization method. The images acquired from the
PET and CT scans were sent for image registration and
fusion using Syntegra software (Philips Corp., Amsterdam,
Netherlands).

PET analysis

The PET images were visually interpreted collaboratively
by two experienced nuclear medicine physicians. The
maximum standardized uptake value (SUVmax) and
the Deauville 5-point scale (DS) were used to evaluate
PET/CT results. Regions of interest (ROIs) were drawn
manually along the edges of lesions, and the SUVs of ROIs
were obtained automatically. The SUVmax was defined
as the uptake in the brightest pixel in the ROI. A positive
result was defined as any region with a metabolic increase
that was not commensurate with the normal anatomical
structure or normal variation. The DS compared the uptake
of radionuclides in the region of focus with the participant’s
own mediastinal blood pool and liver as follows: 1, no
uptake above background; 2, uptake < the mediastinum;
3, uptake > the mediastinum but < the liver; 4, uptake
moderately > the liver; 5, uptake markedly > the liver and/
or the appearance of new lesions appearing; “X”, uptake
detected at a new site, and uptake not considered to be
related to lymphoma.

Efficacy evaluation

Efficacy was evaluated following the 2014 Lugano
evaluation standard (29), with PFS and OS as the main
endpoints. The definition of PFS was the time from
diagnosis to disease recurrence, progression, or disease-
related death. Definition of OS was the time from diagnosis
to death due to disease, or the last day of follow-up.

Statistical analysis

The software SPSS version 21.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Receiver operating
characteristic (ROC) curves were used to determine the
best cutoff value of PFS of interim PET/CT SUVmax,
and the participants were divided into two groups based
on the consensus of the First International Symposium on
PET/CT evaluation of mid-term lymphoma (30); a group
with interim PET/CT DS scores of 1-3, and another with
interim PET/CT DS scores of 4 or 5. Fisher’s exact test
was used to analyze relationships between interim PET/
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CT results and clinical characteristics. Kaplan-Meier
analysis and the log-rank test were used for univariate
survival analysis. Cox proportional risk modeling was
used to conduct multivariate analysis. The influences of
PET/CT on the prediction of PFS and OS before and
after radiotherapy were assessed using the Cochran-
Mantel-Haenszel test. Any P values <0.05 were considered
statistically significant. Odds ratios (ORs) and confidence
intervals (CIs) were calculated.

Results
Patient characteristics

A total of 129 patients were enrolled in the study between
September 2010 and May 2017. The general participant
characteristics are summarized in Table 1. The median age
was 45 years, 79 (61.2%) were men, 105 (81.4%) were
diagnosed at stage I/II, and 24 (18.6%) were diagnosed
at stage III/IV. So-called B symptoms (weight loss, night
sweats, and fever) were present in 70 (54.3%) participants,
116 (90.0%) had Eastern Cooperative Oncology Group
(ECOG) performance status scores of 0 or 1, and 102
(79.1%) had Prognostic Index for Natural Killer Cell
Lymphoma (PINK) scores (31) of 0 or 1. Copy number
testing of EBV DNA was conducted in 98/129 (76.0%)
participants before treatment, of which 75/98 (76.5%)
were positive and the other 23/98 (23.5%) were negative or
below the lower limit of detection (<1.00E+03). Some 73
patients (56.6%) underwent sequential chemoradiotherapy,
47 (36.4%) underwent concurrent chemoradiotherapy, and
9 (7.0%) underwent chemotherapy alone.

Relationships between interim PET/CT results and clinical
indices

The overall median SUVmax was 3.90 (1.60-14.80). In
the non-progression group, it was 3.50 (1.60-6.90), in the
progression group it was 5.06 (1.80-14.80), in the surviving
group it was 3.70 (1.60-11.00), and in the deceased group,
it was 4.85 (1.80-14.80). In ROC curve analysis, the
optimal SUVmax cutoff was 4.95 [sensitivity (Se) 51.9%,
specificity (Sp) 94.7%, area under the curve (AUC) 0.750].
Based on these results, the patients were divided into a low
SUVmax group (<4.95, n=97) and a high SUVmax group
(>4.95, n=32). The SUVmax and treatment outcomes are
shown in Table 2. In the low SUVmax group, 26 patients
(26.8%) exhibited disease progression or died, and in
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the high SUVmax group, 28 (87.5%) patients exhibited
disease progression or died. In chi-square ()’) testing,
high SUVmax was significantly associated with disease
progression or death (P<0.001).

There were 51 participants in the DS 1-3 group, and
treatment failed in 11 (21.6%) of these patients. There
were 78 participants in the DS 4 or 5 group, and treatment
failed in 43 (55.1%) of these patients (Table 2). In ()
testing, being assigned a DS score of 4 or 5 was significantly
associated with treatment failure (P<0.001).

Patients were divided into groups based on interim PET/
CT SUVmax and DS scores, and relationships between
clinical characteristics and SUVmax and DS scores were
assessed using Fisher’s exact test (Tzble 1). The invasion of
regional lymph nodes was significantly associated with DS
(P<0.001) and SUVmax of interim PET/CT (P=0.016).
Regional lymph node invasion was associated with higher
DS scores and SUVmax. Stage (P=0.003), B symptoms
(P=0.040), number of extranodal invasion sites (P=0.008),
and PINK score (P=0.001) were associated with SUVmax.
Stage III/IV, B symptoms, >2 extranodal invasion sites, and
PINK scores >2 were associated with higher SUVmax.

Survival analysis

The median duration of follow-up was 34 [2-90] months.
The median PFS and OS of the whole patient group and the
low SUVmax group were not reached. In the high SUVmax
group, the median PFS time was 3 months, and the median
OS time was 20 months. In the low SUVmax group, the
2-year PFS rate was 76.3%, and in the high SUVmax group,
it was 15.6% (Figure 1A). The 2-year OS rate in the low
SUVmax group was 88.0%, and 44.5% in the high SUVmax
group (Figure 1B). Median PES and OS in the DS 1-3 group
were not achieved. The median PFS in the DS 4 or 5 group
was 24 months, and the median OS was not reached. The
2-year PFS rate in the DS 1-3 group was 78.9%, and was
49.7% in the DS 4-5 group (Figure 1C). The 2-year OS rate
in the DS 1-3 group was 91.2%, and 70.6% in the DS 4-5
group (Figure 1D). The PET/CT SUVmax was significantly
associated with PFS (P<0.001) and OS (P<0.001), and
interim PET/CT DS was also significantly associated with
PFS (P<0.001) and OS (P=0.010).

The patients were divided into two groups: a PINK
score 0 or 1 group (low/medium risk), and a PINK score >2
groups (high risk). The 2-year PFS rate in the PINK score
0 or 1 group was 69.7%, and 29.6% in the PINK score >2
groups (P<0.001) (Figure 1E). The 2-year OS rate in the
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Table 1 Relationships between PET/CT parameters and clinical characteristics

SUVmax DS
Characteristics N (%)
<4.95 (n=97) >4.95 (n=32) P Score 1-3 (n=51) Score 4 or 5 (n=78) P
Age (years) 0.365 0.433
<60 112 (86.8) 86 26 46 66
>60 17 (13.2) 11 6 5 12
Gender 0.209 0.141
Male 79 (61.2) 56 23 27 52
Female 50 (38.8) 41 9 24 26
ECOG score 0.307 0.076
Oor1 116 (90.0) 89 27 49 67
>2 13 (10.0) 8 5 2 11
Stage 0.003** 0.355
17N 105 (81.4) 85 20 44 61
/v 24 (18.6) 12 12 7 17
B symptoms 0.040* 0.719
Without 59 (45.7) 39 20 22 37
With 70 (54.3) 58 12 29 41
Extranodal lesion 0.008** 0.063
Oor1 106 (82.2) 85 21 46 60
>2 23(17.8) 12 11 5 18
Regional lymph node 0.016* <0.001**
Without 88 (68.2) 72 16 44 44
With 41 (31.8) 25 16 7 34
Bone marrow involvement 1.000 1.000
Without 126 (97.7) 95 31 50 76
With 3(2.9 2 1 1 2
Lactate dehydrogenase 0.838 0.587
Normal 75 (58.1) 57 18 28 47
Elevated 54 (41.9) 40 14 23 31
PINK score 0.001** 0.124
Oor1 102 (79.1) 84 18 44 58
>2 27 (20.9) 13 14 7 20

*, P<0.05; **, P<0.01; ***, P<0.001. PET/CT, positron emission tomography/computed tomography; SUVmax, maximum standardized
uptake value; DS, Deauville 5-point scale; ECOG, Eastern Cooperative Oncology Group; PINK, Prognostic Index of Natural Killer Cell
Lymphoma.
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Table 2 Associations between treatment outcomes and interim PET/CT SUVmax and DS score

SUVmax DS
Groups
<4.95 >4.95 Score 1-3 Score 4 or 5
Progression/death, n (%) 26 (26.8) 28 (87.5) 11 (21.6) 43 (565.1)
No progression, n (%) 71(73.2) 4(12.5) 40 (78.4) 35 (44.9)
Total, n 97 32 51 78

PET/CT, positron emission tomography/computed tomography; SUVmax, maximum standardized uptake value; DS, Deauville 5-point scale.
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Figure 1 Survival analysis based on interim SUVmax, DS or PINK score. (A) PFS and (B) OS in ENKTL patients estimated using interim
SUVmax during treatment; (C) PES and (D) OS outcomes in ENKTL patients based on interim PET/CT status interpreted using the
DS; (E) PFS and (F) OS outcomes in ENKTL patients based on the PINK score. PFS, progression-free survival; OS, overall survival;
ENKTTL, nasal-type extranodal natural killer/T-cell lymphoma; SUVmax, maximum standardized uptake value; PET/CT, positron emission
tomography/computed tomography; DS, Deauville 5-point scale; PINK, Prognostic Index for Natural Killer Cell Lymphoma.
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PINK score 0 or 1 group was 83.4%, and 61.0% in the
PINK score 22 groups (P=0.003) (Figure 1F).

Univariate analysis

Results of univariate survival analysis of numerous factors
that may have affected ENKTL patients’ prognosis are
shown in Tuble 3. Gender, ECOG score, stage, extent
of extranodal involvement, and regional lymph node
involvement were all associated with PFS and OS. Being
female, having an ECOG score of 0 or 1, being diagnosed
as stage I/II, having <2 extranodal sites, and having no
regional lymph node involvement were all associated with
better PFS and OS. However, age >60 years, B-symptoms,
and lactic acid dehydrogenase (LDH) levels were not
significantly associated with PFS and OS.

Multivariate analysis

Considering that there may be some overlap between
SUVmax and DS scores, and that the DS score 2-4
sometimes needed to be corrected by the SUVmax (30),
the two parameters were analyzed separately. The results
of multivariate analysis of interim PET/CT SUVmax
are shown in Table 4. Gender (P=0.020, OR: 0.453, 95%
CI: 0.232-0.883) and PET/CT SUVmax (P<0.001, OR:
0.172, 95% CI: 0.095-0.312) were independent predictors
of PFS. Female participants and those with a SUVmax
<4.95 were more likely to exhibit better PFS. Gender
(P=0.011, OR: 0.314, 95% CI: 0.128-0.771), ECOG score
(P=0.019, OR: 0.313, 95% CI: 0.118-0.829), and PET/CT
SUVmax (P=0.002, OR: 0.301, 95% CI: 0.142-0.638) were
independently associated with OS, and females, participants
with ECOG scores <2, and participants with SUVmax <4.95
had better OS. Interim PET/CT SUVmax and gender were
independent predictors of PFS and OS, and ECOG was an
independent predictor of OS.

In the multivariate analysis based on interim PET/
CT DS evaluation, gender (P=0.016, OR: 0.455, 95%
CI: 0.240-0.862) and PET/CT DS score (P=0.004, OR:
0.352, 95% CI: 0.171-0.722) were independent prognostic
factors of PFS; and female patients with DS scores of 1-3
had better PFS (7able 5). Gender (P=0.005, OR: 0.279,
95% CI: 0.115-0.674) was an independent predictor of
OS, and female participants had better OS. Interim PET/
CT DS score (P=0.204, OR: 0.551, 95% CI: 0.220-1.382)
was not an independent predictor of OS. Gender was an
independent predictor of PFS and OS, and the DS score
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was an independent predictor of PFS but not OS.

Because PINK scores were significantly associated with
PFS and OS in univariate analyses, multivariate analysis was
conducted based on the PINK score. The Cox multivariate
analysis results, including the PINK score and gender,
ECOG score, number of extranodal sites, regional lymph
node involvement, and LDH level, are shown in Table 6.
Gender (P=0.003, OR: 0.385, 95% CI: 0.204-0.726) was an
independent predictor of PFS, and females had better PFS.
The PINK score (P=0.199, OR: 0.483, 95% CI: 0.160-
1.464) was not an independent predictor of PFS. Gender
(P=0.002, OR: 0.250, 95% CI: 0.104-0.599) and the ECOG
score (P=0.042, OR: 0.393, 95% CI: 0.159-0.968) were
independent predictors of OS, and females and participants
with ECOG scores <2 had better OS. The PINK score
(P=0.869, OR: 1.131, 95% CI: 0.263-4.853) was not an
independent OS predictor.

Comparison and consistency of the prognostic capacities of
SUVmax and DS

The PET/CT SUVmax had high Sp (94.7%), high positive
predictive value (PPV) (87.5%), and a high positive
likelihood ratio (PLR) (9.72) concerning the prediction
of PFS, with an accuracy of 76.7%. For the prediction of
OS, the Sp of PET/CT SUVmax was 84.2%; its negative
predictive value (NPV) was 82.5%, PPV was 53.1%, Se
was 50.0%, and its accuracy was 75.2%. The Sp of interim
PET/CT DS concerning predicting PFS was 79.6%, and
its NPV was 78.4%, but its accuracy was only 64.3%. In
a kappa consistency test of the two parameters, the kappa
value was 0.355.

Stratification analysis

The Cochran-Mantel-Haenszel test was used to assess the
prognostic value of SUVmax and DS concerning ENKTL,
based on whether PET/CT was performed before or
after radiotherapy. After eliminating the influence of the
timing of PET/CT, SUVmax and DS were significantly
associated with PFS and OS (Table 7). Of 88 patients tested
for EBV DNA copy number mid-treatment, 36 (40.9%)
were positive, and EBV DNA was negative or undetectable
in the other 52 (59.1%). In the positive group, 18/36
(50.0%) had disease progression, and 10 (27.8%) died. In
the negative group, 14/52 (26.9%) had disease progression,
and 6 (11.5%) died. In the positive group, the 2-year PFS
rate was 49.8%, and the 2-year OS rate was 73.8%, and the
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Table 3 Univariate analysis of PFS and OS in ENKTL patients

PFS (O]
Characteristics
2-year rate (%) P 2-year rate (%) P
Age (years) 0.637 0.779
<60 61.7 79.4
>60 58.8 75.5
Gender 0.007* 0.005*
Male 54.9 69.9
Female 71.3 89.7
ECOG score <0.001*** <0.001***
Oor1 65.7 82.6
>2 15.4 30.8
Stage <0.001*** <0.001***
/1 68.7 83.9
/v 29.2 51.9
B symptoms 0.505 0.729
Without 57.0 76.4
With 64.9 79.0
Extranodal lesion <0.001** <0.001**
Oor1 69.0 84.0
>2 26.1 49.7
Regional lymph node 0.001** 0.002**
Without 70.9 84.2
With 40.5 64.3
LDH 0.082 0.189
Normal 67.2 80.4
Elevated 53.1 74.2
PINK score <0.001*** 0.003*
Oor1 69.7 83.4
>2 29.6 61.0
SUVmax <0.001*** <0.001***
<4.95 76.3 88.0
>4.95 15.6 44.5
DS <0.001*** 0.010*
1-3 78.9 91.2
4orb5 49.7 70.6

*, P<0.05; **, P<0.01; ***, P<0.001. PFS, progression-free survival; OS, overall survival; ENKTL, nasal-type extranodal natural killer/T-cell
lymphoma; ECOG, Eastern Cooperative Oncology Group; LDH, lactic acid dehydrogenase; PINK, Prognostic Index of Natural Killer Cell
Lymphoma; SUVmax, maximum standardized uptake value; DS, Deauville 5-point scale.
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Table 4 Multivariate analysis to assess associations between interim PET/CT SUVmax and PFS and OS

PFS 0os
Characteristics
OR 95% ClI P OR 95% ClI P

Gender 0.453 0.232-0.883 0.020* 0.314 0.128-0.771 0.011*
ECOG score 0.782 0.310-1.970 0.602 0.313 0.118-0.829 0.019*
Stage 0.911 0.215-3.855 0.900 0.906 0.169-4.857 0.908
Extranodal lesion 0.592 0.138-2.536 0.480 0.601 0.107-3.387 0.564
Regional lymph node 0.751 0.399-1.412 0.374 0.651 0.301-1.407 0.275
LDH 0.759 0.418-1.377 0.364 0.937 0.441-1.991 0.865
SUVmax 0.172 0.095-0.312 <0.001*** 0.301 0.142-0.638 0.002**

*, P<0.05; **, P<0.01; ***, P<0.001. PET/CT, positron emission tomography/computed tomography; SUVmax, maximum standardized
uptake value; PFS, progression-free survival; OS, overall survival; OR, odds ratio; Cl, confidence interval; ECOG, Eastern Cooperative
Oncology Group; LDH, lactic acid dehydrogenase.

Table 5 Multivariate analysis to assess associations between interim PET/CT DS score and PES and OS

PFS 0os
Characteristics
OR 95% ClI P OR 95% ClI P

Gender 0.455 0.240-0.862 0.016* 0.279 0.115-0.674 0.005**
ECOG score 0.775 0.334-1.797 0.552 0.410 0.166-1.016 0.054
Stage 0.422 0.107-1.663 0.218 0.566 0.098-3.259 0.524
Extranodal lesion 0.860 0.225-3.295 0.826 0.657 0.114-3.800 0.639
Regional lymph node 0.827 0.425-1.607 0.574 0.660 0.286-1.526 0.331
LDH 0.698 0.389-1.250 0.226 0.829 0.396-1.738 0.620
DS score 0.352 0.171-0.722 0.004** 0.551 0.220-1.382 0.204

*, P<0.05; **, P<0.01. PET/CT, positron emission tomography/computed tomography; DS, Deauville 5-point scale; PFS, progression-free
survival; OS, overall survival; OR, odds ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; LDH, lactic acid
dehydrogenase.

Table 6 Multivariate analysis to assess associations between PINK score and PFS and OS

PFS 0s
Characteristics
OR 95% Cl P OR 95% ClI P

Gender 0.385 0.204-0.726 0.003** 0.250 0.104-0.599 0.002**
ECOG score 0.669 0.294-1.524 0.339 0.393 0.159-0.968 0.042¢
Extranodal lesion 0.748 0.242-2.308 0.614 0.347 0.081-1.499 0.156
Regional lymph node 0.637 0.333-1.218 0.173 0.514 0.228-1.156 0.108
Lactate dehydrogenase 0.839 0.474-1.483 0.546 0.945 0.457-1.950 0.877
PINK score 0.483 0.160-1.464 0.199 1.131 0.263-4.853 0.869

*, P<0.05; **, P<0.01. PINK, Prognostic Index of Natural Killer Cell Lymphoma; PFS, progression-free survival; OS, overall survival; OR,
odds ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group.
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Table 7 Capacity of interim PET/CT SUVmax or DS scores before and after radiotherapy to predict PFS and OS

SUVmax

DS

PET/CT timing PFS oS

PFS oS

OR 95% Cl P OR

95% ClI

P OR 95% Cl P OR 95% CI P

Before radiotherapy

0.056 0.017-0.189 <0.001** 0.186 0.066-0.529 0.001** 0.213 0.091-0.501 <0.001** 0.330 0.123-0.884 0.022*

After radiotherapy

*, P<0.05; **, P<0.01; ***, P<0.001. PET/CT, positron emission tomography/computed tomography; SUVmax, maximum standardized
uptake value; DS, Deauville 5-point scale; PFS, progression-free survival; OS, overall survival; OR, odds ratio; Cl, confidence interval.
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Figure 2 Survival analysis based on interim EBV DNA status. (A) PFS and (B) OS in ENKTL patients based on interim EBV DNA status.
PES, progression-free survival; OS, overall survival; ENKTL, nasal-type extranodal natural killer/T-cell lymphoma; EBV, Epstein-Barr virus.

corresponding rates in the negative group were 80.0% and
93.6%, respectively. In univariate survival analysis, mid-
treatment EBV DNA status was significantly associated
with PFS (P=0.007) and OS (P=0.033; Figure 24,B), but in
Cox regression analysis mid-treatment EBV DNA status
was not an independent predictor of PFS (P=0.054) or OS
(P=0.210) (Table §8).

Discussion

Different clinical studies have investigated a variety of
indicators of the efficacy of interim PET/CT in lymphoma
patients, mainly including the consensus of the international
harmonization project, DS, SUVmax, and change in
SUVmax (ASUVmax). In the current study, SUVmax and
the DS were used to analyze the efficacy of interim PET/
CT, and the results were consistent with the conclusions
of most previous studies. Interim PET/CT was predictive
of PFS and OS in ENKTL patients. The SUVmax was

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

independently predictive of PFS and OS, whereas the DS
was independently predictive of PFS but not of OS, which
is not concordant with previous studies (20,24,25).

The PET/CT SUVmax is a semi-quantitative analysis
index that is easy to determine, and was significantly
associated with PFS and OS in the present study. Khong
et al. (25) conducted a retrospective analysis including 24
ENKTL patients, of which 19 were primary, and 5 had
relapsed. In their study, the patients were divided into
a low SUVmax group (<3) and a high SUVmax group
(>3), and in multivariate analysis, SUVmax was not an
independent predictor of PFS or OS. The differences in
findings between that study and the current study may
be due to the small sample size in Khong er 4/. (25) and
relapsed patients’ inclusion in their study. In the present
study, an interim PET/CT-determined SUVmax <4.95 was
predictive of better PFS and OS, and an interim SUVmax
>4.95 predicted poorer PFS but the not poorer OS, as
SUVmax had poor PPV for the prediction of OS. Patients
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Table 8 Multivariate analysis to assess associations between interim EBV DNA status and PFS and OS

PFS oS
Characteristics
OR 95% ClI P OR 95% Cl P

Gender 0.586 0.253-1.357 0.212 0.715 0.219-2.335 0.578
ECOG score 0.471 0.137-1.624 0.233 0.207 0.045-0.952 0.043*
Stage 0.363 0.064-2.046 0.251 0.281 0.034-2.335 0.240
Extranodal lesion 0.826 0.140-4.862 0.833 1.002 0.116-8.671 0.998
Regional lymph node 0.793 0.364-1.728 0.560 0.839 0.297-2.368 0.740
LDH 0.687 0.307-1.539 0.362 0.919 0.274-3.086 0.891
EBV DNA 0.470 0.218-1.013 0.054 0.474 0.147-1.524 0.210

*, P<0.05. EBV, Epstein-Barr virus; PFS, progression-free survival; OS, overall survival; OR, odds ratio; Cl, confidence interval; ECOG,

Eastern Cooperative Oncology Group; LDH, lactic acid dehydrogenase.

with an interim PET/CT SUVmax >4.95 may require a
stronger chemotherapy regimen, an increased number of
chemotherapy cycles, or the administration of new drug
treatments such as immunotherapy; these patients should
also be closely monitored for recurrence after treatment.

The DS is currently internationally recommended and
widely used in interim PET/CT evaluation (30), and it was
used in the current study to investigate the prognostic value
of interim PET/CT in ENKTL patients. In Cox regression
analysis, the DS was an independent predictor of PFS but
not of OS. Jiang et al. (24) conducted a prospective study
including 60 ENKTL patients using DS to evaluate the
prognostic value of interim PET/CT, and DS was found to
be an independent predictor of PFS and OS in that study.
Chang et a/. (21) and Khong et 4/. (25) both reached the
same conclusion as Jiang et al. (24). The DS is a widely
recommended method for evaluating the efficacy of PET/
CT in lymphoma patients, but it exhibited unsatisfactory
prognostic value in the present study. Possible reasons for
this include the fact that divergent treatment regimens
have been used in different studies, as have varied PET/CT
parameters, and there are also differences in the timing of
interim PET/CT between individual studies. There can be
remaining tumor residues in some patients with large tumor
loads and good initial responses to treatment. Lastly, there
is a prolonged inflammatory period at the radiotherapy site,
and this inflammation causes increased "F-FDG uptake.
Therefore, the PET/CT may be associated with a high
false-positive rate in the middle stage after radiotherapy,
which may affect the interpretation of results.

In the present study, PET/CT was of the same
prognostic value before or after radiotherapy, but this needs

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

to be verified in a clinical trial with larger sample size.
Notably, PET/CT was able to identify patients exhibiting
poor treatment efficacy in the early stage, but it is not
clear whether the timely adjustment of treatment based
on interim PET/CT results would yield survival benefits.
The ASUVmax was investigated in the multicenter,
prospective, randomized, controlled “PETAL” study (31),
which included 76 T-cell non-Hodgkin’s lymphoma
patients. Of these participants, 21 had anaplastic lymphoma
kinase (ALK)-positive anaplastic large cell lymphoma,
13 had ALK-negative anaplastic large cell lymphoma, 18
had angioimmunomaternal T-cell lymphoma, and 20 had
peripheral T-cell lymphoma, not otherwise specified. The
patients were divided into two groups based on a ASUVmax
cut-off of 66%, and there were 57 (75%) patients in the
>66% group and 19 (25%) in the <66% group. The 2-year
OS rates were 79% in the >66% group and 25% in the <66%
group (P=0.0001). Also, in participants in the <66% group,
instigating a stronger chemotherapy regimen (methotrexate
+ cytarabine + etoposide) resulted in increased toxicity
but did not improve the long-term effects of treatment
compared with completing a CHOP regimen. Therefore,
it is believed that PET/CT can identify patients with poor
prognoses in the early stage, but that instigating a stronger
chemotherapy regimen in these patients will not reliably
be of benefit concerning survival. It may be necessary
to consider introducing new types of drugs or targeted
treatments to improve their prognoses. Notably, patients
with ENKTL were not included in the PETAL study (31),
and to date, no previously conducted prospective study
is available to guide ENKTL treatment planning based
on the results of interim PET/CT. Therefore, whether
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replacement therapy confers survival benefits in ENKTL
patients who exhibit poor treatment efficacy as determined
via interim PET/CT remains unknown. Whether the
increased toxicity associated with the use of stronger
chemotherapy can be controlled and if the introduction
of new types of drugs and/or immunotherapies can confer
benefits also warrants further investigation.

The PINK prediction model is widely used in the
prognosis evaluation of ENKTL patients receiving non-
anthracycline chemotherapy (32). In this study, we evaluated
the prognostic significance of the PINK score in all patients
and attempted to establish a prognosis model combining
PET/CT and PINK scores. In the multivariate analysis
conducted in the current study, the PINK score was not an
independent predictor of PFS (P=0.199) or OS (P=0.869),
which is not concordant with previous studies. These
discrepancies may be related to the small number of cases in
the present study.

There is a strong association between ENKTL and
EBV infection, and previous studies have suggested that
EBV DNA in circulation can reflect tumor load and predict
prognoses and curative effects (32-34). In the present study,
EBV DNA was significantly associated with PES and OS in
univariate analysis, but in multivariate analysis, it was not
a significant independent predictor of PFS (P=0.054) or
OS (P=0.210). Notably, mid-treatment EBV DNA status
was not tested in all patients in the current study, and EBV
DNA status was simply categorized as positive or negative
and included in the analysis. Associations between EBV
DNA and PFS and OS in ENKTL patients warrant further
research and verification.

Compared with other studies, the current study had
several advantages. To the best of our knowledge, it is the
largest investigation of the prognostic value of interim
PET/CT in ENKTL patients concerning sample size.
The first-line chemotherapy was based on L-asparaginase
or pegaspargase, and 93% of the participants underwent
involved-field radiotherapy, which is currently recognized
as a more effective treatment. All patients were evaluated
via SUVmax and DS, and DS is the recommended interim
PET/CT evaluation method.

Our study also had some limitations. The sample size was
comparatively small, and some of the laboratory data were
incomplete. Some patients did not undergo pre-treatment
and mid-treatment EBV DNA assessment, meaning that
PINK and PINK with EBV DNA (so-called “PINK-E”)
scores could not be calculated, and the prognostic value
EBV DNA status could not be accurately analyzed. Thus,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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the results need to be verified in further prospective
randomized studies involving large-scale multicenter
collaborative groups.

In conclusion, interim PET/CT exhibited prognostic
value in the ENKTL patients in the current study. Interim
PET/CT SUVmax was an independent predictor of PFS
and OS, while interim PET/CT DS was a predictor of PFS
but not OS. The interim PET/CT SUVmax had higher
accuracy for PFS and OS than the DS score for PFS.
Our study suggests that the SUVmax value is of greater
prognostic value than the DS and warrants inclusion in the
clinical evaluation of ENKTL patients.
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