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Recent studies have shown that metabolic tumor volume (MTV) by
positron emission tomography ⁄ computed tomography (PET ⁄CT) is
an important prognostic parameter in patients with non-Hodgkin’s
lymphoma. However, it is unknown whether doxorubicin, bleomy-
cin, vinblastine, dacarbazine (ABVD) alone in early stage Hodgkin’s
lymphomawould lead to similar disease control as combinedmodal-
ity therapy (CMT) using MTV by PET ⁄CT. One hundred and twenty-
seven patients with early stage Hodgkin’s lymphoma who under-
went PET ⁄CT at diagnosis were enrolled. The MTV was delineated
on PET ⁄CT by the area ≥SUVmax, 2.5 (standardized uptake value
[SUV]). Sixty-six patients received six cycles of ABVD only. The other
61 patients received CMT (involved-field radiotherapy after 4–6
cycles of ABVD). The calculatedMTV cut-off valuewas 198 cm3. Clini-
cal outcomes were compared according to several prognostic factors
(i.e. age ≥50 years, male, performance status ≥2, stage II, B symp-
toms, ≥4 involved sites, extranodal site, large mediastinal mass,
CMT, elevated erythrocyte sedimentation rate and high MTV). Older
age (progression-free survival [PFS], P = 0.003; overall survival [OS],
P = 0.007), B symptoms (PFS, P = 0.006; OS, P = 0.036) and high MTV
(PFS, P = 0.008; OS, P = 0.007) were significant independent prog-
nostic factors. Survival of two high MTV groups treated with ABVD
only and CMT were lower than the low MTV groups (PFS, P < 0.012;
OS, P < 0.045). ABVD alone was sufficient to control disease in those
with low MTV status. However, survival was poor, even if the CMT
was assigned a high MTV status. The MTV would be helpful for
deciding the therapeutic modality in patients with early stage Hodg-
kin’s lymphoma. (Cancer Sci 2013; 104: 1656–1661)

P reviously, extensive radiation therapy was the first thera-
peutic option to treat early stage Hodgkin’s lymphoma

(HL). However, patients remained at risk of death due to late
radiation-induced adverse effects including secondary can-
cer.(1–4) Several clinical studies have shown that better disease
control rates occur in patients with early stage HL treated with
combined modality treatment (CMT) compared with radiother-
apy alone.(5,6) These results allowed for reduced numbers of
chemotherapy cycles or low-dose involved-field radiotherapy
(IFRT) for patients with early stage HL. Several recent studies
have shown that chemotherapy alone could be an available
treatment option for some populations of patients with early
stage HL.(7,8) However, the massive pathological lesion in
early stage HL is still a difficult problem to successfully treat
with chemotherapy alone.

18F-Fluoro-deoxyglucose positron emission tomography
(18F-FDG-PET) is a valuable functional imaging modality in
patients with malignant lymphoma.(9–11) This modality pro-
vides useful guidance for managing HL at several points in
staging, monitoring or response during and after treatment.
(9–15) Recent studies have shown that metabolic tumor vol-
ume (MTV) as the tumor burden on positron emission
tomography ⁄ computed tomography (PET ⁄CT) is a prognostic
factor in some subtypes of non-Hodgkin’s lymphoma.(16–19)

However, it is not well established whether the quantitative
tumor burden detected using PET ⁄CT is a predictive factor
for clinical outcome or an important indicator for establishing
therapeutic planning in early stage HL.
The objective of the present study was to investigate

whether MTV by PET ⁄CT is a clinical parameter predicting
survival in patients with early stage HL.

Patients and Methods

Patients. Newly diagnosed patients at five medical centers
(Pusan National University Hospital, Chonnam National Uni-
versity Hospital, Kyungpook National University Hospital,
Busan Paik Hospital and Gachon University Gil Medical
Center) from 2006 to 2011 with clinical stage I and II HL who
had one or more clinical risk factors were enrolled. All
patients underwent conventional staging procedures including
a physical examination, complete blood cell counts and blood
chemistry, CT scan (neck, chest and abdominal-pelvic area),
bilateral bone marrow biopsy and a 18F-FDG-PET ⁄CT scan.
Patients at an advanced stage, those with other malignant dis-
eases, HIV-positive status or those who received autologous
stem cell transplantation after relapse were not included.
Patients with an acute or chronic inflammatory condition or
disease, active lung diseases or chronic liver disease were also
excluded. Approval for the retrospective review of these
records was obtained from the Institutional Review Boards of
all participating medical centers.

Treatment schedule and response criteria. The doxorubicin,
bleomycin, vinblastine, dacarbazine (ABVD) regimen consisted
of standard doses of drugs along with routine antiemetic and
steroid prophylaxis. The regimen consisted of 25 mg ⁄m2
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doxorubicin intravenously (i.v.), 10 mg ⁄m2 bleomycin i.v.,
6 mg ⁄m2 vinblastine i.v. and 375 mg ⁄m2 dacarbazine i.v. Each
cycle was administered on days 1 and 15 and repeated every
4 weeks for a total of six cycles.
Radiation was scheduled to begin 3 weeks after completion

of chemotherapy and was in the form of IFRT. Involved-field
radiotherapy was administered to all lymph node (LN) regions
involved initially. Patients received radiation doses of 30 Gy
over 3–3.5 weeks. Additional radiotherapy (RT) of 10 Gy was
applied during the fourth week to areas of initial bulky disease.
The radiotherapy was performed as described previously.(20)

The response to treatment was evaluated after the third and
sixth cycles, following Cotswold’s criteria.(21) A response in
patients who also received radiotherapy was assessed 2 months
later and was documented based on the clinical situation and
the results of the test and imaging investigation that were
abnormal at presentation.

Measurement of quantitative parameters using 18F-FDG PET
⁄CT. The patients were studied after fasting for 6 h. At the time
of FDG injection, all patients had blood glucose levels
<160 mg ⁄dL. Whole body emission scans (8–9 bed position
for 3 min for each bed position) were acquired, beginning
60 min after an intravenous injection of FDG (range of dose,
222–370 MBq). Based on dual-slice helical CT and full-ring
PET tomography, dual-modality PET ⁄CT was performed on a
Biograph instrument (Siemens Medical Solution, Hoffman
Estates, IL, USA). The FDG-PET images were evaluated for
regions of focally increased tracer uptake. In the lymphoma
lesions of the FDG tracer uptake, SUV (standardized uptake
value) ≥2.5 as a contouring border was considered to represent
lymphoma, as suggested by Freudenberg et al.(22) The CT
images were used for PET attenuation correction. Imaging
reconstruction of corrected emission data was performed after
Fourier transform with an AWOSEM algorithm (two iterations,
eight subsets, 5 mm Gaussian filter).
The PET ⁄CT criteria for the pathological lymphoma-involved

site, including the nodal and extra-nodal (EN) sites, was that the
lesion exceeded 1.0 cm by CT scan and FDG uptake of the
lesions was SUV ≥2.5 as a contouring border by the PET image.
The MTV was defined as the sum of the overall pathological
involved site, including the positive LN and EN sites. The FDG-
PET images were acquired using dedicated PET ⁄CT scanners
(Gemini, Philips; Biograph 40, Siemens) according to which is
consistent with a major guideline for standard oncological PET
imaging.(23) The PET images were interpreted by nuclear physi-
cians at each institution. The data were then reviewed by a
nuclear medicine expert at Pusan National University Hospital.

Prognostic factor assessment. Risk factors included those
according to European Organization for Research and Treat-
ment of Cancer (EORTC) criteria, such as age ≥50 years, large
mediastinal mass (≥1 ⁄3 of maximal thoracic diameter or maxi-
mum diameter ≥10 cm), elevated erythrocyte sedimentation
rate (≥50 mm ⁄h without B symptoms or ≥30 mm ⁄h with B
symptoms), B symptoms, four or more nodal sites involved(24)

and other available prognostic factors such as sex, stage II,
Eastern Cooperative Oncology Group performance status ≥
grade 2, EN site involvement, CMT strategy compared with
chemotherapy only and MTV by PET ⁄CT.

Statistical analyses. Receiver operating characteristic (ROC)
curves were prepared to estimate the accuracy of predicting
the ideal MTV cut-off value. Estimates of sensitivity and spec-
ificity were based on the cut-off value. Overall survival (OS)
and progression-free survival (PFS) were measured from the
date of diagnosis and were estimated according to the Kaplan–
Meier method. Comparisons between the variables of interest
were performed using the log-rank test. A survival analysis
was performed using Cox regression to determine whether
there was a difference in survival between the treatment

groups. Hazard ratios (HR) and corresponding 95% confidence
intervals (CI) were determined for all survival end-points.
Statistical analysis was carried out using SPSS software version
18.0 (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was
considered significant.

Results

The baseline characteristics of the 127 patients are shown in
Table 1. Treatment schedules were as follows: 66 patients
received IFRT after 4–6 cycles of the ABVD regimen. The
remaining 61 patients received only six cycles of the ABVD
regimen due to some cardiac or pulmonary problems or refusal
of the patients to radiotherapy. The median age was 42 years
(range, 18–78 years) and the male : female ratio was 1.44:1.
The nodular sclerosis subtype was the predominant histology
(55 patients), with 41 patients presenting with mixed cellular-
ity, 20 with lymphocyte-rich and 11 with lymphocyte-depleted
subtypes. Twenty-seven patients were stage I (21.3%) and the
other 100 patients were stage II (78.7%). Seventy-eight
(61.4%) patients had more than three involved sites and 19
(14.9%) patients had mediastinal disease. Twenty-four (18.9%)
patients had B symptoms.

Assessment of MTV as a quantitative tumor burden by PET ⁄CT.
The median value of the initial MTV as a tumor burden was
142.6 cm3 (range, 6.1–587.2 cm3). A ROC was used to mea-
sure the optimal MTV cut-off value to distinguish the low
MTV from the high MTV group. The ideal value was
198.0 cm3 and the estimated area under the MTV ROC curve
was 0.849. The ideal value provided sensitivity of 93.3% and
specificity of 62.5%. The value had more predictive power
compared with the median value of MTV (cut-off value,
HR = 7.480, P = 0.041; median value, HR = 1.847,
P = 0.684, data not shown).

Clinical impact assessment of prognostic factors on sur-
vival. The median follow-up time was 45.8 months (range,

Table 1. Baseline patient characteristics

Total CMT ABVD only

No. patients (%) 127 61 (48.0) 66 (52.0)

Median age, (range) (years) 42 (18–78) 34 (19–76) 48 (18–78)

Sex, n (%)

Male 75 (59.1) 31 (24.4) 44 (34.7)

Female 52 (40.9) 30 (23.6) 22 (17.3)

Histology, n (%)

Nodular sclerosis 55 (43.3) 28 (22.0) 27 (21.3)

Lymphocyte rich 20 (15.7) 8 (6.2) 12 (9.5)

Lymphocyte depleted 11 (8.7) 6 (4.8) 5 (3.9)

Mixed cellularity 41 (32.3) 19 (15.0) 22 (17.3)

Stage, n (%)

I 27 (21.3) 13 (10.3) 14 (11.0)

II 100 (78.7) 48 (37.8) 52 (40.9)

ECOG PS ≥2 11 (8.7) 5 (3.9) 6 (4.8)

B symptoms, n (%) 24 (18.9) 11 (8.7) 13 (10.3)

ESR, n (%)

≥50 mm ⁄ L 31 (24.4) 13 (10.3) 18 (14.1)

No. involved sites (%)

1–2 49 (38.6) 25 (19.7) 24 (18.9)

≥3 78 (61.4) 36 (28.3) 42 (33.1)

EN site involvement, n (%) 30 (23.6) 15 (11.8) 15 (11.8)

Mediastinum 19 (14.9) 9 (7.0) 10 (7.9)

Other 11 (8.7) 6 (4.8) 5 (3.9)

Bulky disease, n (%) 27 (21.3) 16 (12.6) 11 (8.7)

ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; CMT,
combined modality treatment; ECOG, Eastern Cooperative Oncology
Group; EN, extra-nodal site; ESR, erythrocyte sedimentation rate;
PS, performance status.
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13.0–78.5 months). The PFS and OS in all patients was 85.8%
and 88.2%, respectively. The PFS and OS in the group treated
with CMT were not significantly higher than those who
received ABVD only (PFS, 91.8% in the CMT group vs
80.3% in the ABVD only group, P = 0.056; OS, 91.8% in the
CMT group vs 84.8% in the ABVD only group, P = 0.151;
Fig. 1a,b). Secondary cancers were detected in five patients in
the CMT group, but not in the ABVD only group. Three of
the five patients were dead at the last follow up. Although
patients had secondary cancer in the follow-up time, the malig-
nancies did not affect the prognosis of patients during follow
up. Instead, the cause of progression and death was HL.
Variables of older age (≥50 years), the presence of B symp-

toms, large mediastinal disease and high MTV status
(≥198.0 cm3) were associated with poor PFS and OS
(Table 2). The PFS and OS were 66.7% and 71.1% for the
high MTV group and 96.3% and 97.6% for the low MTV
group respectively (PFS, P < 0.001; P = 0.001, Fig. 1c,d). In
the multivariate analysis, older age (PFS, HR = 5.305,
P = 0.002; OS, HR = 5.128, P = 0.004), the presence of B
symptoms (PFS, HR = 3.556, P = 0.012; OS, HR = 2.682,
P = 0.041) and high MTV status (PFS, HR = 13.008,
P < 0.001; OS, HR = 15.831; P = 0.001) were independently
associated with PFS and OS (Table 3).

Survival pattern according to treatment strategy and quantita-
tive tumor burden. To examine whether the clinical results of
each treatment strategy would be affected by the initial tumor
burden, subgroups were created and analyzed according to
treatment strategy (CMT vs ABVD only) and MTV (low MTV
vs high MTV status).
The PFS in the low MTV group received ABVD only was

not different to those in low MTV group who received CMT
(97.4% in the low MTV group with CMT vs 95.5% in the low
MTV group with ABVD only, P = 0.667, Fig. 2a). The PFS
in the low MTV group that received ABVD only was higher

than the high MTV group that received CMT (82.6% in the
high MTV group with CMT, P = 0.012). Furthermore, the
PFS in the high MTV group that received CMT was higher
than the high MTV group that received ABVD only (50.0% in
the high MTV group with ABVD only, P = 0.014).
The OS in the low MTV group that received ABVD only

was similar to those in the low MTV group that received CMT
(97.7% in the low MTV group with CMT vs 97.4% in the low
MTV group with ABVD only, P = 0.911, Fig. 2b). Further-
more, the OS in the low MTV group that received ABVD only
was higher than the high MTV group that received CMT
(82.6% in the high MTV group with CMT, P = 0.045). How-
ever, the difference of OS between the high MTV group that
received CMT and the high MTV group with ABVD only was
not different (50.0% in the high MTV group with ABVD only,
P = 0.055).

Discussion

The standard of care for patients with early stage HL is
chemotherapy followed by IFRT. The National Comprehensive
Cancer Network (NCCN) guideline for favorable early stage
HL lists chemotherapy alone as an option only for highly
selected patients for whom radiotherapy is contraindicated.(25)

However, the detection of serious complications such as car-
diopulmonary disease and second malignancy in long-term sur-
vivors treated with radiotherapy has prompted reconsideration
of the role for CMT. Some investigators have advocated the
option of chemotherapy alone and several study groups tested
the hypothesis that chemotherapy alone could provide equiva-
lent disease control to that achieved with CMT.(26–29) A clini-
cal study from the Memorial Sloan–Kettering Cancer Center
showed similar freedom from progression and overall progno-
sis between AVBD alone and a CMT group in stages I, II and
IIIA without bulky disease.(7) A non-randomized study from

(a) (b)

(c) (d)

Fig. 1. Comparisons of survival according to
treatment strategy or metabolic tumor burden
using 18F-fluoro-deoxyglucose positron emission
tomography (18F-FDG-PET) in patients with early
stage Hodgkin’s lymphoma (HL). In a median
follow-up time of 45.8 months, progression-free
survival (PFS) and overall survival (OS) in the
combined modality treatment (CMT) group were
not significantly different with the doxorubicin,
bleomycin, vinblastine, dacarbazine (ABVD) only
group (PFS, 91.8% in the CMT group vs 80.3% in
the ABVD only group, P = 0.056 [a]; OS, 91.8% in
the CMT group vs 84.8% in the ABVD only group,
P = 0.151, [b]). The PFS and OS were higher in the
low metabolic tumor volume (MTV) group
compared with that in the high MTV group (PFS,
96.3% in the low MTV group vs 66.7% in the high
MTV group, P < 0.001 [c]; OS, 97.6% in the low
MTV group vs 71.1% in the high MTV group,
P = 0.001 [d]).
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Spain also demonstrated similar results between patients with
non-bulky early stage HL treated with CT alone and those
with CMT.(8) Coincident with these studies, our results showed
that survival in the ABVD alone group was not different from
that in the CMT group, although a small population with bulky
disease was included.
The CMT is still a reasonable standard therapeutic option in

patients with early stage HL, particularly those with bulky dis-
ease. This means that radiotherapy to bulky disease in combi-
nation with chemotherapy would be needed to reduce the risk
of recurrence. However, if the overall pathological lesion is

not bulky disease and there is a high tumor burden status due
to non-bulky multifocal mass lesions, the selection of treat-
ment modality is complicated. Previous studies have demon-
strated that total tumor burden measured using a CT scan can
be a predictive tool for evaluating the curative potential of a
treatment combination.(30,31) According to those studies, the
treatment strategy might be decided dependent on the total
tumor burden as well as the presence of bulky disease.
The ability of 18F-FDG PET to distinguish viable tumors and

necrosis or fibrosis in residual masses provides an advantage
over conventional imaging using CT or magnetic resonance

Table 2. Univariate analysis for prognostic factors of survival in patients

Prognostic factor
Progression-free survival Overall survival

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

Age ≥50 years 2.884 (1.117–7.446) 0.029 2.898 (1.030–8.153) 0.044

Male 0.904 (0.357–2.292) 0.904 0.596 (0.216–1.645) 0.318

ECOG PS ≥2 1.423 (0.327–6.188) 0.638 1.689 (0.381–7.494) 0.490

Stage II 2.054 (0.472–8.937) 0.337 3.560 (0.468–27.081) 0.220

B symptoms 5.676 (2.450–15.815) <0.001 5.676 (2.052–15.699) 0.001

≥4 involved sites 3.298 (0.954–11.397) 0.059 5.553 (0.730–42.245) 0.098

EN site involvement 1.762 (0.661–4.698) 0.258 2.581 (0.916–7.273) 0.073

Large mediastinal mass 4.944 (1.850–13.215) 0.001 4.959 (1.683–14.617) 0.004

CMT 0.380 (0.135–1.066) 0.066 0.463 (0.158–1.360) 0.161

Elevated ESR 1.524 (0.601–3.862) 0.374 1.834 (0.653–5.155) 0.250

MTV ≥198.0 cm3 10.707 (3.098–37.002) <0.001 13.201 (2.975–58.579) 0.001

CI, confidence interval; CMT, combined modality therapy; ECOG, Eastern Cooperative Oncology Group; EN, extra-nodal; ESR, erythrocyte sedi-
mentation rate; HR, hazards ratio; MTV, metabolic tumor volume; PS, performance status.

Table 3. Multivariate analysis for prognostic factors of survival in patients

Prognostic factors
Progression-free survival Overall survival

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

Age ≥50 years 5.305 (1.890–14.887) 0.002 5.128 (1.682–15.634) 0.004

B symptoms 3.556 (1.319–9.591) 0.012 2.682 (0.889–8.091) 0.042

Large mediastinal mass 1.486 (0.492–4.488) 0.483 1.464 (0.432–4.959) 0.541

MTV ≥198.0 cm3 13.008 (3.441–49.174) <0.001 15.831 (3.301–75.926) 0.001

CI, confidence interval; HR, hazards ratio; MTV, metabolic tumor volume.

(a) (b)

Fig. 2. Comparisons of survival according to treatment strategy and metabolic tumor volume (MTV) using 18F-fluoro-deoxyglucose positron
emission tomography (18F-FDG-PET) in patients with early stage Hodgkin’s lymphoma (HL). Progression-free survival (PFS) and overall survival
(OS) were not different in the low MTV group regardless of the treatment strategy (PFS, P = 0.667 [a]; OS, P = 0.911 [b]). The PFS in the low
MTV group was higher than that in the high MTV group treated with combined modality therapy (CMT) (P = 0.012) and OS in the low MTV
group was also higher than that in the high MTV group treated with CMT (P = 0.045). The PFS in the high MTV group treated with CMT was
higher than that in the group treated with doxorubicin, bleomycin, vinblastine, dacarbazine (ABVD) alone (P = 0.014). However, the difference
in OS between the two groups was not significant (P = 0.055).
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imaging.(32–34) 18F-FDG PET ⁄CT is now strongly recommended
by the International Harmonization Project in Lymphoma for
staging and reassessment of FDG-avid potentially curable lym-
phomas.(35) However, almost all evaluations using 18F-FDG
PET ⁄CT in HL were qualitative.
Several clinical studies that focused on quantitative tumor

burden using 18F-FDG PET ⁄CT found that high tumor burden
status regardless of a bulky lesion is an important prognostic
factor in patients with non-HL.(16–19) In the present study, a high
MTV status by 18F-FDG PET ⁄CT was also associated with poor
prognosis in early stage HL. Moreover, compared with unfavor-
able prognostic factors reflecting the quantitative manifestation
of a mass lesion such as large mediastinal disease, high MTV
status by 18F-FDG PET ⁄CT had more potent predictive power
in the clinical outcome. Therefore, the risk evaluation would be
determined according to the assessment of 3-D quantitative bur-
den rather than simple cross-sectional parameters.
The treatment strategy could be determined according to

MTV status. No differences in the clinical outcomes of patients
with low MTV status and who underwent CMT and ABVD
were observed. Therefore, ABVD alone would be available to
be performed in low tumor burden status in the early stage,
because the standard treatment is clarified as CMT, but radio-
therapy-induced complications is still a concern.
However, a high MTV status requires a more intensive treat-

ment strategy and ABVD alone is not a sufficient treatment
option for disease control. Furthermore, even if CMT was
assigned to patients with high MTV status, the clinical out-

come was poorer than that of patients with low MTV status.
Because a large radiation dose was identified as one relavant
risk factor to secondary malignancy or cardiopulmonary dis-
ease, CMT such as ABVD followed by IFRT is recommended
as the standard of treatment in patients with early stage HL.
However, our results suggest that high MTV status remains an
unfavorable prognostic factor and that more higher intensity
therapeutic options such as an increasing dose of radiation
therapy compared with IFRT or development of more potent
chemotherapy regimen compared with ABVD are needed.
In conclusion, assessing the total tumor burden by 18F-FDG

PET ⁄CT was valuable for predicting the prognosis in patients
with early stage HL. A well-designed prospective study will
provide further information regarding confirmation of our
results.
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