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The combined evaluation of interim contrast-enhanced
computerized tomography (CT) and FDG-PET/CT predicts
the clinical outcomes and may impact on the therapeutic
plans in patients with aggressive non-Hodgkin’s lymphoma
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Abstract We investigated the concomitant interim response
of patients with aggressive non-Hodgkin’s lymphoma
(NHL) using multi-detector row computerized tomography
(CT) and 18F-fluoro-2-deoxy-D-glucose-positron emission
tomography (PET)/CT for prediction of clinical outcomes.
One hundred six newly diagnosed patients with aggressive
NHL were enrolled. Both the CT and PET/CT were serially
performed at the time of diagnosis and after three to four
cycles of chemotherapy (interim). The patients were
categorized into four different responsive groups according
to the interim PET/CT and CT: (1) complete metabolic

response (CMR)–complete response unconfirmed (CRu),
(2) CMR–partial response (PR), (3) partial metabolic
response (PMR)–Cru, and (4) PMR–PR. Fifty-five patients
with CMR–CRu, 20 patients with CMR–PR, seven patients
with PMR–Cru, and 23 patients with PMR–PR were
distributed. In addition, one patient experienced a disease
progression. There was a significant difference in relapse
rates between PET/CT-positive (67.3%) and PET/CT-
negative patients (17.3%; P<0.01). Also, there was a
significant difference between patients with PMR–PR
(32.0% and 26.1%) and CMR–CRu (89.3% and 80.0%)
for 3-year overall survival (OS) and event-free survival
(EFS), respectively. A multivariate analysis revealed that
high international prognostic index (≥3) at diagnosis, T-cell
phenotype, and PMR–PR in interim PET/CT and CT were
independent prognostic significances for OS. Moreover,
bulky disease (>10 cm), T-cell phenotype, and PMR–PR
showed significant associations for EFS. PMR–PR in
interim response was the predictive prognostic determinant
for both OS and EFS, with a hazard ratio of 3.93 (1.61–
9.60) and 3.60 (1.62–7.98), respectively. The combined
evaluation of interim PET/CT and CT was found to be a
significant predictor of disease progression, OS, and EFS.

Keywords Aggressive non-Hodgkin’s lymphoma .
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Introduction

Whole-body positron emission tomography (PET) with 18F-
fluoro-2-deoxy-D-glucose (FDG) is a functional imaging
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modality used as a staging and monitoring response for the
treatment of malignant lymphoma, which, in turn, has a
higher sensitivity and specificity than conventional imaging.
The residual abnormalities following chemotherapy, repre-
senting the development of fibrosis or tumor necrosis, are seen
in up to 64% of lymphoma patients [1–3]. Conventional
imaging, especially multi-detector row computerized tomog-
raphy (CT), cannot reliably help in the differentiation
between active tumors and fibrosis or necrosis [4–7]. The
limitations of conventional CT have restricted the predictive
value of conventional CT to the clinical outcome of non-
Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma.
Nevertheless, of these limitations, conventional CT is still
easily used for evaluating the therapeutic response during or
after chemotherapy in malignant lymphoma.

PET/CT may be a more accurate tool for assessing
treatment effects, correctly identifying patient with residual
disease, and predicting therapeutic outcomes than convention-
al imaging. Further, FDG uptake is a tool used to predict the
therapeutic response during or after the course of treatment.
Several studies have demonstrated the prognostic value of
post-therapeutic FDG-PETor PET/CT inmalignant lymphoma
[3, 8–10]. Moreover, higher relapse rates and less event-free
survival (EFS) have been observed in PET-positive than in
PET-negative patients [11–13]. FDG-PET or PET/CT images
can predict the increased risk of treatment failure during or
after primary chemotherapy. However, since FDG is not a
tumor-specific substance, it may accumulate to the point of
being detected in a variety of benign conditions, which may
give rise to false-positive results. A correlation with findings
of anatomic imaging such as CT is an important for
identifying changes resulting from chemotherapy.

In this study, we investigated the concomitant interim
response of patients with aggressive NHL using conventional
CTand PET/CTas a possible predictor of the clinical outcome
prior to completing of primary chemotherapy. We also
determined the differentiation potentials to provide a risk-
adapted therapeutic strategy for patients with aggressive NHL.

Materials and methods

Patients and study design

One hundred six newly diagnosed patients with aggressive
NHL were enrolled between August 2004 and June 2008 at
Chonnam National University Hwasun Hospital. All
patients were subjected to the interim response analysis,
both CT and PET/CT, after obtaining their informed
consent. We excluded the patients with early disease
progression (after first or second cycle) or personal
disagreement. All patients were initially performed a CT
and PET/CT at diagnosis with a subsequent follow-up

interim CT and PET/CT after the third or fourth primary
chemotherapy. The interim response evaluation of CT and
PET/CT was performed a day prior to a scheduled
chemotherapy. The final response was assessed within a
month of completing chemotherapy, with follow-up restaging
every 3 months during the first year after chemotherapy and
every 6 months thereafter. Patients with localized lymphoma
(stage I) were treated with three or four cycles of chemother-
apy followed by involved field radiation therapy (IFRT).
Alternatively, patients with advanced stage were treated with
eight cycles of chemotherapy. However, patients aged greater
than 60 were treated with six cycles of primary chemotherapy
if they achieved a complete response (CR) for the interim
PET/CT. Finally, patients with an initial tumor size larger than
10 cm or with mediastinal disease exceeding one third were
categorized as having bulky disease.

Treatment protocol

Patients with diffuse large B cells received R-CHOP
(rituximab 375 mg/m2 i.v. on day 1 (D1), cyclophosphamide
750 mg/m2 i.v. on D1, vincristine 1.4 mg/m2 i.v. on D1,
doxorubicin 50 mg/m2 i.v. on D1, and prednisolone 100 mg
p.o. on D1–5) in standard doses every 3 weeks, and those
with peripheral T-cell lymphoma (PTCL) and natural killer/
T-cell lymphoma received CHOP-E (etoposide 100 mg/m2

i.v. on D1–2) or Alem-CHOP (alemtuzumab 30 mg i.v. on
D1) every 3 weeks. Patients with localized disease were
given IFRT (30 Gy) after third or fourth cycle of
chemotherapy.

Response evaluation

The initial-staging CT and the interim CT were assessed
according to International Workshop Criteria [4]. PET/CT
imaging was analyzed according to the combination of
morphology by the CT portion (the size and shape of nodes
and the number of remaining nodes) and the metabolic
uptake by the FDG-PET portion. We classified patients
based on three mid-response criteria of PET/CT using the
semi-quantitative assessment of the maximal standardized
uptake value (SUVmax; Table 1).

Statistics

All statistical analyses were performed using SPSS statis-
tical software version 12.0 (SPSS, Chicago, IL, USA).
Event-free survival was calculated from the treatment start
time to the first recording of disease progression or death
from any cause. Patients whose disease did not progress
would be censored using the date at which they were last
known to show no progress. Overall survival (OS) was
defined as the period from treatment start time to the date of
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last follow-up or death from any cause. Patients who were
subjected to high-dose chemotherapy followed by autologous
stem cell transplantation (ASCT), would be censored at the
time of transplantation. The distribution of patient for OS and
EFS was estimated using the method of Kaplan–Meier and
were compared by the log-rank test for the association
between clinical prognostic factors and the probability of
treatment failure. Multivariate Cox’s proportional-hazards
models were used to analyze all the influences which were
found to be significant in the univariate analysis. P values
<0.05 were considered statistically significant, and the results
were expressed as the mean±SEM.

Results

The patient’s clinical characteristics are summarized in
Table 2. In brief, the median age of patients was 59 years
(range, 17–85 years) with 46.2% of patients aged above 60.

Ninety (84.9%) of the enrolled patients had diffuse large B
cell lymphoma (DLBCL), and 17 (16.0%) had bulky
disease. The median interval from the moment of diagnosis
to interim response time was 95 days (range, 34–281 days)
and the median follow-up duration 24.3 months (range,
5.8–52.9 months). Over the course of the follow-up period,
34 (32.1%) patients experienced a relapse, 12 (11.3%)
underwent high dose chemotherapy followed by ASCT, and
27 (25.5%) were censored due to death.

Sixty-two (58.5%) patients achieved unconfirmed CR
(CRu), and 44 (41.5 %) showed partial response (PR) by
interim CT. Alternatively, 75 (70.8%) patients achieved
complete metabolic response (CMR), and 1 (0.9%) showed
no metabolic response (NMR) by interim PET/CT. Upon
analysis of the therapeutic response after primary chemo-
therapy, 87 (82.1%) patients achieved CR, 10 (9.4%)
achieved PR, one (0.9%) showed stable disease (SD), and
eight (7.5%) showed disease progression. For the interim
CT analysis, 11 (17.7%) and 23 (52.3%) patients who have
achieved CRu and PR, respectively, experienced a relapse
(P<0.01). In comparing the interim PET/CT with the final
CT response after primary chemotherapy, 70 (93.3%) of 75
patients who achieved CMR in interim PET/CT concordantly
maintained a complete response at the completion of primary
chemotherapy, whereas 13 (17.3%) patients relapsed after the
primary chemotherapy (Table 3). The patients with positive
PET/CT showed an extremely higher relapse rate (67.7%)
regardless of interim CT response (P<0.01).

The response group categorized according to the
combination of interim PET/CT and CT response (55
patients with CMR–CRu, 20 patients with CMR–PR, seven
patients with PMR–CRu, and 23 patients with PMR–PR)
had relapse rates of 14.5% for the CMR–CRu, 25.0%
for the CMR–PR, 42.9% for the PMR–Cru, and 73.9% for
the PMR–PR group during or after primary chemotherapy
(P<0.01).

The 3-year probability of OS and EFS was 72.1% and
66.4%, respectively. In univariate analysis, histological
subtype (diffuse large B cell vs peripheral T cell), stage,
bulky disease, and international prognostic index (IPI) were
significant prognostic variables for OS and EFS. In
addition, both the interim CT and PET/CT response showed
a significant potential as prognostic variable in OS and

Table 1 Response criteria for interim PET/CT

Response Definition

Complete metabolic response Complete resolution of former PET findings and/or SUV of all former lesions <3.5 were classified
Partial metabolic response A SUV decrease greater than 50% of the maximum pathologic FDG uptake between the diagnosis

and interim scan classified but still positive at the previously involved site
No metabolic response A decrease less than 50% of the max SUV or increased uptake at prior pathological lesions or newly

developed pathological lesions between successive PET scans

Table 2 Patient’s characteristics

Parameters Number of patients (%)

Age, median 59 (17–85)
Age>60 49 (46.2)
Male/female 56/50
Stage
I–II 59 (55.7)
III–IV 47 (44.3)
Bulky 17 (16.0)
Histology
Diffuse large B cell 90 (84.9)
Peripheral T cell 16 (15.1)
International Prognostic Index
Low 45 (42.5)
Low intermediate 30 (28.3)
High intermediate 17 (16.0)
High 14 (13.2)
Primary chemotherapy
R-CHOP 90 (84.9)
Alemtuzumab and CHOP 4 (3.8)
CHOP and etoposide 11 (10.4)
Involved field radiation therapy 28 (26.4)
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EFS. However, the interim PET/CT showed high differen-
tiation potency in predicting the prognosis for OS and EFS
(Fig. 1). When we analyzed the clinical outcome based on
histologic subtypes, patients with T-cell lymphoma had a
poor prognosis for OS and EFS compared to those with
DLBCL. Interim PET/CT in T-cell lymphoma, even though
their limited number of enrolled patients, had a less
potential as prognostic determinant than in DLBCL
(Fig. 2). We also found significant differences between
the patients with PMR–PR (32.0% and 26.1%) and the

patients with CMR–CRu (89.3% and 80.0%) in 3-year OS
and EFS, respectively. We identified that the patients with
PMR–CRu (35.7%) had an extremely worse prognosis than
patients with CMR–PR (75.0%) in the 3-year EFS (Fig. 2).

Following a multivariate analysis, high IPI (≥3) at
diagnosis, T-cell phenotype, and PMR–PR in interim
PET/CT and CT showed independent prognostic variables
for OS. Bulky lesion at diagnosis, T-cell phenotype, and
PMR–PR in interim PET/CT and CT emerged that provided
significantly independent prognosis of EFS (Table 4).

Table 3 A comparison of the interim PET/CT response with the interim and final CT response

Interim CT response Final CT response after primary therapy

CRu PR SD CR/CRu PR SD PD

Interim PET/CT
CMR 55 (73.3) 20 (26.7) 0 70 (93.3) 2 (2.7) 1 (1.3) 2 (2.7)
PMR 7 (23.3) 23 (76.7) 0 17 (56.7) 8 (26.7) 0 5 (16.7)
NMR 0 1 (100) 0 0 0 0 1 (100)

PD progressive disease

Fig. 1 Kaplan–Meier estimates of the overall (OS) and event-free survival (EFS) of all patients according to the response by the interim PET/CT
and CT
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Fig. 2 Kaplan–Meier estimates of the overall (OS) and event-free survival (EFS). a histologic subtypes, b patients with DLBCL according to the
interim PET/CT, c patients with T-cell lymphoma according to the interim PET/CT

Table 4 A multivariate analysis of the prognostic factors associated with OS and EFS

Overall survival Event - free survival

Parameter P HR (95% CI) P HR (95% CI)

High IPI (≥3) 0.026 2.54 (1.12–5.76) 0.397 2.34 (0.60–3.58)
Bulky disease (>10 cm) 0.057 2.42 (0.97–6.04) 0.003 3.64 (1.55–8.53)
PTCL 0.015 3.11 (1.24–7.80) 0.001 3.92 (1.75–8.74)
PMR–PR in interim PET/CT and CT 0.003 3.93 (1.61–9.60) 0.002 3.60 (1.62–7.98)

HR hazard ratio
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PMR–PR in interim response was the predictive prognostic
determinant for both OS and EFS, with a hazard ratio of
3.93 (1.61–9.60) and 3.60 (1.62–7.98), respectively

Two patients determined to have positive uptake by
interim PET/CT revealed false positives after primary
chemotherapy. One patient maintained significant metabolic
uptakes in the mediastinal lymph nodes, which were
confirmed to be consequences of tuberculous lymphadenitis
by a bronchoscopic biopsy, whereas the other patient
showed new lesions in the brain parenchyma and was
diagnosed with astrocytoma via a stereotactic biopsy. On
the other hand, one patient with cutaneous T-cell lymphoma
had a false negative for the interim PET/CT, nevertheless
partially remaining skin lesions.

Discussion

Patients with aggressive NHL are stratified into prognostic
groups based on the IPI and molecular profiling of diffuse
large B cell lymphoma [14, 15]. These therapeutic
measures could make it possible to predict the survival
after chemotherapy as well as to alter the therapeutic
strategies to poor-risk groups. Recently, the addition of anti-
CD20 monoclonal antibody to CHOP (R-CHOP) has im-
proved the therapeutic outcomes and changed the survival of
prognostic groups using the IPI [16]. However, the risk
stratification is usually based on the prognostic character-
istics of IPI, which does not predict the individual response
to primary chemotherapy or intensive chemotherapy.

The early treatment response assessed by CT may be
helpful in predicting the clinical outcomes [17]; however,
conventional CT could not differentiate between viable
tumor tissue and necrotic residual scarring. Moreover,
several of partially responsive patients, assessed from
interim CT, may include the patients with residual scar
tissue who achieved a complete response after primary

chemotherapy [18]. In our investigation, the interim CT
analysis mirrored the clinical results which demonstrated
that early complete responsive patients had a better
prognosis in OS and EFS than the partial responsive
patients; although interim, the CT response did not match
the final treatment response. However, the patients who
achieved CMR by interim PET/CT maintained the clinical
response until the completion of primary chemotherapy.
Moreover, 91.9% of patients with CMRmatched the patients
with complete response in the final response analysis.

Recent studies demonstrated that the prognostic value of
FDG-PET, shortly after onset of induction chemotherapy or
at mid-treatment, could predict the long-term clinical
outcome in patients with Hodgkin’s disease or NHL [10,
19–22]. These studies categorized patients via the PET-
positive and PET-negative analysis and subsequently
compared the relapse rate and the progression/failure-free
survival between the two groups. The relapse rates in PET-
positive patients were 70–80% and consequently had a
lower EFS and OS. Moreover, to predict the progression/
event-free survival or the OS, the interim FDG-PET or
PET/CT was superior to conventional CT. However, the
tumor aggressiveness could affect the FDG uptakes after
the early or mid-treatment response to chemotherapy, as a
result of FDG avidity in differentiating between indolent
and aggressive lymphomas [23, 24].

Reinhardt et al. [25] reported that the combined
evaluation of post-therapeutic CT and FDG-PET showed a
more differentiated assessment of individual prognosis in
lymphoma patients. This is particularly true in patients with
PR and SD for CT and could be differentiated according to
post-therapeutic FDG-PET. In this study, we evaluated the
aggressive NHL patients using a combined assessment
approach by looking at results from interim CT and PET/
CT, which render it possible to make a tailored therapeutic
plan after primary chemotherapy in patients with a poor
prognosis. Our results are consistent with those of previous

Fig. 3 Kaplan–Meier estimates of the overall and event-free survival in response to the combined evaluation of the interim PET/CT and CT
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studies stating that the patients with CMR–CRu and CMR–
PR have a better prognosis than the patients with PMR–
CRu and PMR–PR in OS and EFS. After analyzing the
patients who achieved PMR in detail, the relapse rates
between PMR–CRu (33.3%) and PMR–PR (70.0%) were
significantly different. Moreover, patients with PMR–PR
had a significant worse prognosis than patients with PMR–
CRu for the 2-year OS (Fig. 2). A multivariate analysis
found that the combined evaluation of positivity and size of
tumor mass, as a function of interim PET/CT and conven-
tional CT, was independent prognostic factor and had a
stronger predictive value than all other factors (Fig. 3).

The prognostic significance of early PET scans after first
or second chemotherapy may be result in a false determi-
nation due to the tracer uptakes of inflammatory or
infectious lesions [26]. Schöder and Moskowitz in Sloan-
Kettering Cancer Center recently suggested the reasons for
false-positive and false-negative findings at the end of
therapy or an interim PET scan [27]. The physiologic
variants, such as intense uptake in brown adipose tissue or
skeletal muscles, the intensity of normal FDG uptake in
gastrointestinal tracts, the nonspecific uptake in normal-
sized or mildly enlarged inguinal nodes, and the new foci of
uptake in the lungs in a patient showing otherwise good
response to therapy may cause high false-positive findings
in PET scan. They suggest that it is mandatory to confirm
suspicious FDG uptake with biopsy if scan findings are to
be used to alter therapy at interim. We also experienced a
discrepancy between CT staging and PET/CT staging at
diagnosis. Three cases of gastrointestinal positive in PET/
CT without abnormal findings in contrast-enhanced CT
revealed the physiologic uptakes by duodenoscopy or
colonoscopy, and one case of pulmonary positive finding
revealed the benign inflammatory nodule. However, the
sequential PET/CTand CTmay decrease the false positive or
negative predictive value by the assessment of SUV changes
compared to the initial FDG uptakes and locations and the
assessment of the anatomic findings. We observed two cases
of patients with false positive in the interim PET/CT due to
the infection and the newly developed, other malignancy.

In conclusion, the clinical assessment after the third or fourth
chemotherapy by conventional CT and PET/CT provided
significant predictive value for disease progression, OS, and
EFS. The patients who achieved the PMR and PR in interim
PET/CT and CT should be considered for intensive therapeutic
plans, including high-dose chemotherapy with SCT.
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