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Contrast-enhanced ultrasound in the therapeutic assessment
of diffuse large B-cell lymphoma: A case report
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Abstract. Contrast-enhanced computed tomography (CECT)
has been extensively used in the restaging and assessment of
treatment response for diffuse large B-cell lymphoma (DLBCL).
However, CECT does not provide information regarding the
specific functionality of lesions. A patient (56 years old, female)
was previously admitted to the present institution, with bilateral
cervical masses. Following numerous cycles of chemotherapy,
a stable disease status was confirmed using CECT. In conjunc-
tion with CECT imaging results, contrast-enhanced ultrasound
(CEUS) demonstrated important semi-functional information
regarding blood perfusion, during the revision of treatment
assessment. "*F-fluoro-2-deoxyglucose (FDG)-positron emis-
sion tomography-computed tomography imaging demonstrated
no increase in FDG uptake of the same tumor lesion, consistent
with the results of CEUS. CEUS exhibited the potential to
present complementary results to CECT, in the therapeutic
assessment of DLBCL, which, to the best of our knowledge,
has not previously been reported.

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most
frequently observed subtype of non-Hodgkin's lymphoma (1).
Although DLBCL is aggressive, 60-80% of patients with
DLBCL can be cured by using combination chemotherapy
consisting of cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP), and anti-CD20 monoclonal antibody
rituximab (R) (2). Nevertheless, 30-40% of patients show
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disease progression or relapse after a good initial response. It
is important to accurately identify the patients who are at high
risk of relapse as early as possible, so that they can be treated
with alternative approaches.

BE-fluoro-2-deoxyglucose-positron emission tomography
(®F-FDG-PET)-computed tomography (*F-FDG-PET/CT)
provides information of the metabolic activity of lesions, has
been utilized in the initial staging of malignant lymphomas,
and is an accepted tool of response assessment after the end
of the treatment (3-7). However, high rates of false positivity
and other disadvantages for younger patients undergoing serial
examinations mostly in metropolitan tertiary cancer centers,
including radiation exposure and high costs, limits its applica-
tion (8). Therefore, in the practically clinical course, CECT
has been widely used in the restaging and assessment of the
treatment response.

CEUS provides complementary information to CECT
scan in the detection of blood perfusion of tumors (9-11). For
the first time, we report a case of DLBCL, for which CEUS
yielded important information on the response to treatment as
well as guided the treatment. Informed consent was obtained
from the patient for publication of this report and the accom-
panying images. As this is a case report, institutional review
board approval was not necessary.

Case report

A 56-year-old woman was admitted to our department with
bilateral cervical masses. Physical examination revealed
several bilaterally enlarged lymph nodes in the neck.
Nasopharyngolarygnoscopy showed a blood scab covering
the Kiesselbach's plexus and angiectasis covering the right
side. In addition, a neoplasm partly covered with a pseu-
domembrane was observed at the right side of the tonsil.
Subsequently, a biopsy of the right-sided cervical mass
showed CD2(+), CD3(+), CD20(+), Ki67+(30%), Bcl-2(+),
PAX-5(+), MUMI(+), CD79a(+), CD21(+) and FISH:EBER
(-) (Fig. 1A-C). After discussing options, the patient chose
deferred treatment and left the hospital. Two months later, the
patient presented again with the aggressively growing mass
in the right neck, accompanied by apparent pain. Therefore,
the patient was referred to the nuclear medicine department
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for staging "®F-FDG PET/CT (Fig. 1D-F). PET/CT showed
an abnormally increased uptake of ®F-FDG in the right side
of the palatine tonsil; the cervical, thoracic, and iliac lymph
nodes; and the bone and muscle of the left hipbone. Mild
uptake of FDG was detected in the left side of the palatine
tonsil. The maximum standardized uptake value (SUVmax)
and the size of various nodal lesions are detailed in Table I.
The patient was diagnosed with DLBCL (Ann Arbor
stage IVA) based on the pathologic, and imaging findings.

Two cycles of standard R-CHOP chemotherapy (between
April 23 and May 19, 2014) were immediately adminis-
tered (Fig. 2). Considering the patient's economic burden, in
order to assess the treatment response, we used CECT, broadly
used in clinical practice, instead of PET/CT. A good clinical
response was confirmed with CECT, which showed a reduced
diameter of the largest cervical lymph node to be approxi-
mately 2.2 cm (Table I). The neck pain disappeared quickly.
A partial response (PR) was confirmed, and the chemotherapy
regimen was continued. After cycle four (between June 20 and
July 18,2014) (Fig. 2), stable disease (SD) status was confirmed
using CECT, which showed that the largest diameter of the
enlarged cervical lymph node did not decrease (Table I,
Fig. 3), indicating that the tumors were not sensitive enough
to R-CHOP. Therefore, we added etoposide to the treatment
regimen, which became more intensive but also more toxic.
Early studies concerning the practical use of CEUS in hepatic
Ilymphoma and spermatic cord (12,13) showed it could be
used to get functional information on the blood perfusion of
tumor lesions, compensating for the shortcomings of CECT.
Therefore, after one cycle of chemotherapy with etoposide
added to R-CHOP (R-CHOPE), we tried CEUS to evaluate
the blood perfusion at the cervical lesions, which presum-
ably partly represented the therapeutic effect in the whole
body. Inconsistent with the CECT results, CEUS detected
no blood flow at the biggest lymph node. After 1.2 ml sulfur
hexafluoride microbubble contrast medium (SonoVue, Bracco)
was injected intravenously followed by a 15 ml saline flush,
CEUS showed no enhancement in the focal lesion for both the
arterial and venous phases (Fig. 4A). This confirmed the lack
of blood flow in the enlarged lymph node. This inconsistent
result might indicate a better treatment response than we
initially expected and necessitated revision of the previous
treatment assessment. In order to address the reliability of this
inconsistency, a PET/CT was performed, which showed that
the increased uptake of lymph nodes in the palatine tonsil,
neck, ilia, and hip had disappeared; the only high uptake
presented in the thoracic lymphoma with a SUVmax of 4.8
in the whole body (Table I, Fig. 4B-E). We concluded that the
uptake in the thoracic lymph node was due to an inflamma-
tory lesion and the treatment response was revised to complete
response (CR). The R-CHOPE regimen was switched to the
less toxic R-CHOP regimen. After completing the sixth cycle
of R-CHOP, the patient was discharged from the hospital.
Three months later, no masses could be detected by palpation
and no enhancement was detected by CEUS in all phases.
The PET/CT performed in December confirmed this result,
which showed no increased uptake in the right cervical lymph
node, and no residual tumor was found in the whole body
(Fig. 4B-E). The CECT performed in April 2015 showed no
relapse in the whole body.

Table I. SUVmax and dimension of lesions detected in PET/CT and CECT.

April

December

September

August

June

April

CECT

PET-CT

PET-CT

CECT

CECT

PET-CT

Site of

Size (mm) Size (mm) Size (mm) SUVmax Size (mm) SUVmax Size (mm) Size (mm)

SUVmax

involvement

20.3

Right palatine tonsil

17x16
21x12

17x17

22x12

17x17
22x12

22x21 18x17
21x12

21x12

41x33
21x12
23x18

219

Cervical lymph nodes

6.9

Thoracic lymph nodes

25.7

Left iliac lymph nodes

Left hip

28.5

normal size and morphology.

s T

SUV max, maximum standardized uptake value; N, no high uptake detected;
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Figure 1. (A-C) Histopathological findings of the cervical lymph node biopsy specimen. (A) Large cells on H & E stain (x200); (B) CD20 (+) cells (x100) and
(C) (CD3 (+) cells (x100). (D-F) Coronal positron emission tomography-computed tomography (PET/CT) image showed increased '*F-FDG uptake at the
right side of palatine tonsil; the cervical, thoracic, and iliac lymph nodes; and the bone and muscle of the left hipbone. Mild uptake of FDG was detected in
the left side of palatine tonsil (A). Transaxial PET/CT image showed focally increased *F-FDG uptake in the cervical lesion (B). Findings were suggestive of

lymphomatous involvement of the above mentioned sites.
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Figure 2. Treatment Schema. CR, complete response; PET/CT, positron emission tomography-computed tomography; CECT, contrast-enhanced computed
tomography; CEUS, contrast-enhanced ultrasound; PR, partial response; SD, stable disease; CR, complete response; R-CHOP, rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone; R-CHOPE, rituximab plus cyclophosphamide, doxorubicin, vincristine, prednisone etoposide, methylprednisolone,

cisplatin, and cytarabine.

Discussion

Although DLBCL is one of the curable lymphomas, 20-40%
of patients experience relapse (2). Early treatment response
assessment, a strategy for predicting which patients are likely
to respond well to treatment, has gained importance in recent
years (14-16). When a patient does not respond well enough
to current chemotherapy, more aggressive treatment regimens

including intense chemotherapy and autologous stem cell
transplantation should be considered (17,18).

Switching the treatment model from first-line to second-line
therapy means undergoing more cycles of chemotherapy and
imaging radiation exposure, longer hospitalization period, and
a heavier economic burden.

Although the benefits of PET/CT clearly outweigh its
detrimental effects, interim PET/CT for response assessment
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Figure 3. Contrast-enhanced computed tomography (CECT) scans of the enlarged cervical lymph node obtained in (A) June 2014, (B) August 2014, and
(C) April 2015. The largest diameter of the cervical enlarged lymph node did not decrease.

Figure 4. (A) Contrast-enhanced ultrasound (CEUS) showed no enhancement in the cervical lesion. It suggested no blood perfusion in the enlarged cervical
lymph node. (B-E) Coronal and transaxial PET/CT images did not show increased *F-FDG uptake at previously tumorous lesions in September (B and C) and
December (D and E), respectively.



at baseline and after two and four cycles results in tremendous
economic stress to patients, especially to those without medical
insurance. Because most PET/CT devices are installed at metro-
politan tertiary care centers, patients in countrywide hospitals
have limited access to it. Thus, in countrywide hospitals and
some metropolitan tertiary care centers, CECT is commonly
used in clinical practice to assess treatment response. Without
metabolic information from tumor lesions, CECT can only
provide morphological information, whereas when a patient
responds well to chemotherapy, there are changes in the tumor
metabolism that start before a visible decrease in size can be
detected, which leads to a false positive result in the treatment
response assessment with CECT imaging. This inaccuracy will
underestimate the effectiveness of current chemotherapy; in
some inappropriate situations, a more intense chemotherapy
regimen will be adopted. In addition to the disadvantages
described earlier, a more intense chemotherapy regimen brings
patients more psychological stress and discomfort.

CEUS is minimally invasive, easy to use, inexpensive, and
allows for reproducible measurements without adverse effects.
It can be performed at the bedside through the injection of
highly echogenic microbubbles able to enter the microcircula-
tion, which allows for real-time imaging of organ and lesion
blood perfusion. It is frequently employed in clinical practice,
including early posttransplant evaluation of graft perfusion and
detection of imcomplete liver percutaneous radiofrequency
ablation (19-24). In recent studies, CEUS has been utilized in
the differential diagnosis of liver lymphoma, cervical lymphade-
nopathy and superficial lymph nodes (12,25-27). CEUS could
exhibit comparable results to CECT in response assessment. In
the literature, there is no evidence related to the use of CEUS for
detecting blood perfusion, tumor growth, and treatment response.
Prospective studies are required to assess whether the disappear-
ance of blood flow can be correlated to lymphoma growth status.

In conclusion, CEUS seems to be an efficient, feasible and
minimally invasive, but not substitutive imaging option that
provides complementary results to CECT in the therapeutic
assessment of DLBCL.
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