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followed by EBER-ISH as described above. By using a
Dako DuoCISH™, which is a double staining chromo-
genic in situ hybridization kit, EBV-infected B- or
T-cells became visible by their blue nuclei and red
membrane staining.

Results
Pathologic findings

LN1

The lymph node architecture was destroyed by diffuse
proliferation of small to large lymphoid cells accom-
panied by numerous clusters of epithelioid histiocytes,
giving a lymphoepithelioid appearance (Lennert lym-
phoma) (Fig. 1). Vascular proliferation was found but
not prominent. Proliferating lymphoid cells had a round
to oval shaped nucleus with slight nuclear indentation,
in which one to several small nucleoli were discernible.
Cytoplasm was clear and moderate to voluminous in
amount. We noted bizarre cells showing mononuclei
with occasional, relatively distinct nucleoli, but cells
resembling Sternberg—Reed cells were absent. Mitotic
figures were occasional. Plasma cells were few in
number, and eosinophils were scarce. Immunohisto-
chemistry revealed that the small to large lymphoid cells
were CD20—, CD7%9a—, CD3+, CD4+, and CD8-. A

Fig. 1. LNI: (a) lymph node architecture was destroyed by
diffuse proliferation of small to large lymphoid cells accom-
panied by numerous clusters of epithelioid histiocytes, giving a
lymphoepithelioid appearance. H&E, x 100. (b) The majority
of tymphoid cells were small to medium in size, with occasional
large lymphoid cells. H&E, x400. (c) Lymphoid cells were
CD3+. ABC method, x 40.

diagnosis of PTCL of a lymphoepithelioid variant
(“Lennert lymphoma’’) was made. Large lymphoid cells
with CD20+ and/or CD79a+ were few in number.

LN2

Both the cervical and inguinal lymph nodes showed a
histologic picture similar to that of LNI1. However,
immunohistochemically, the pattern of the large lym-
phoid cells was quite different from that of the initial
biopsy (LN1), i.e., the majority were CD20+, CD79a +,
CD3~, CD4—, CD8~ and a few cells were CD3+,
CD4+, CD8— (Fig. 2a-d). Large lymphoid cells with
CD20+ and/or CD79a+ immunophenotypes had a
round to oval nucleus in which one to several nucleoli
adhering to nuclear membrane were discernible. Cyto-
plasm was scanty in these cells. Mitotic figures were
occasional. These large lymphoid cells were CD10— and
bcl6—. Vascular proliferation persisted but was not
prominent.

Skin lesions (S1 and S2)

ST and S2 showed the similar histologic picture, but
denser lymphoid cell infiltration was found in S2. There
was diffuse proliferation of small to large lymphoid cells
with morphologic features similar to those found in
LN1 in the upper dermis with obvious epidermotropism.
Clusters of epithelioid histiocytes were not found in the
skin lesion. Immunohistochemistry revealed that the
small to large lymphoid cells were CD20—, CD3+,
CD4+, CD8—, and those showing CD20+, CD3—,
CD4~—, CD8— were not found.

Clonality analysis

Gene rearrangement study on the LN1 lesion revealed
the monoclonal bands for T-cell receptor (TCR)-p and
TCR-y chain genes, while only smears were found for
immunoglobulin heavy (IgH) and light chain (IgL)
genes. In the LN2 lesions, monoclonal bands were
detected for TCR-B, TCR-y, and TCR-§ chains, with
electrophoretic patterns of bands and sizes identical to
those found in the LN lesion. Furthermore, mono-
clonal bands for Igl. were found in the LN2 lesions.
These findings indicate a continuous proliferation of the
same clone of T lymphocytes through the course and
evolution of B-cell clone. In S2, monoclonal bands
having the same sizes of those found in LN1 and LN2
were detected for TCR-y chain, but monoclonal bands
for IgH and IgL could not be detected (Fig. 3). S1 was
insufficient for clonality analysis because of severe
fragmentation of DNA.
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Fig. 2. LN2: (a) histologic picture similar to that of Fig. 1(a). H&E, x 100. (b) The majority of large lymphoid cells have round
nuclei. Several nucleoli are adhered to nuclear membrane, resembling centroblasts. H&E, x 400. (c) The majority of CD3+
lymphoid cells were CD4+. ABC method, x400. (d) There were many CD20+ large lymphoid cells. ABC method, x 400.
(e): Double staining with CD20 and EBER-ISH. CD20 + large lymphoid cells contained Epstein-Barr virus genome in their nucleus.
x 400.

marker: . contro} Mg w2
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Fig. 3. Clonality analysis of LN1, LN2 and S2: (a) BIOMED-2 IGL. Monoclonal bands were found in the LN2, but germline smear
configuration in LN1 and S2. (b) BIOMED-2 TCR-G-A. Monoclonal and same size bands were found in LNI, LN2, and S2.
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In situ hybridization for EBY

In situ hybridization revealed positive signals in the
nucleus of large lymphoid cells in LN2 but not in LNI,
S1, and S2. Double staining with immunohistochemistry
using anti-CD20 and CD3 antibodies and in situ
hybridization with EBER-1 probe on the LN2 revealed
that only the CD20-positive large lymphoid cells
contained EBV genome in their nucleus (Fig. 2e).

Discussion

The present case shows the histologic and immuno-
histochemical features that are typical of the “Lennert
lymphoma” in the initial biopsy taken from the inguinal
lymph node (LN1), i.e., diffuse proliferation of small to
large lymphoid cells of CD3+, CD4+, and CD&§—
immunophenotype accompanied by numerous clusters
of epithelioid histiocytes. In the subsequent biopsy taken
from the cervical and inguinal lymph nodes S years after

the onset of disease (LN2), the large cells with CD3+,
CD4+, and CD8- decreased in number, although
clonality analysis revealed the persistence of an identical
T-cell clone found in LN1, confirming the recurrence of
the “Lennert lymphoma”. While proliferation of B-cells
was not evident histologically and immunohistochemi-
cally, and clonal proliferation was not detectable by
clonality analysis for LIN1, there were numerous large B
lymphoid cells in LN2. Molecular analysis confirmed
the presence of B-cell clone, indicating the evolution of
DLBCL. The “Lennert lymphoma” recurred on the
skin, with no evidence of concomitant B-cell clone.
Taken together, it could be concluded that the DLBCL
evolved transiently during the course of “Lennert
lymphoma”.

Reports on the evolution of secondary B-cell lym-
phoma during the course of PTCL have accumulated
recently (Table 1). AILT is the representative of PTCL
for the development of secondary B-cell lymphoma [2,5]
although much less frequently, other kinds of PTCL
could be a basis for the development of B-cell
lymphoma [4,5,10]. The clonality of T- and B-cells in

Table 1. Summary of reported cases on the evolution of B-cell lymphoma in the course of peripheral T-cell lymphoma.
Case Initial lymphoma Secondary lymphoma Interval between
two lymphomas
(months)
Disease EBV TC BC Disease EBV TC BC
1 AILT na na na DLBCL + P M 34
2 AILT na M P DLBCI + P o} 29
3 PTCL, NOS na M P DLBCL + P P 40
4 AILT na B* P Plasmacytoma + M* O 96
5 PTCL + M e} DLBCL - P M 12
6 PTCL + M M DLBCL na na na 22
7 AILT na na na DLBCL na P P 21
8 AILT na na na DLBCL na na M 12
9 AILT na na na DLBCL na P M 3
10 AILT na na na DLBCL + na na 8
11 AILT na na na DLBCL na na na 15
12 AILT na na na DLBCL + M M 5
13 AILT na na na cHL + M P 21
14 AILT na na na cHL + M P 31
15 AILT na na na DLBCL + na na 24
16 AILT + M* P AILT+DLBCL + M* M 8
17 AILT + M P cHL + P P 63
18 AILT + M na cHL + P P 60
19 AILT na na na DLBCL + M M 8
20 AILT na M M DLBCL + P M 84
21 AILT na na na DLBCL - na na 8
22 PTCL, NOS na na na PTCL+DLBCL na na na 14
Mean 28.1
23 PTCL-U - M* P PTCL+DLBCL + M* M 58

TC: T-cell clone; BC: B-cell clone; EBV: Epstein-Barr virus; na: data not available; M: monoclonal; P: polyclonal; B: biclonal; O: oligoclonal; +:
present; —: absent; AILT: angioimmunoblastic T-cell lymphoma; cHL: classical Hodgkin lymphoma; PTCL, NOS: peripheral T-cell lymphoma, not

other specified.
Refs. for cases 1-4 [10}; 5 and 6 [4]; 7-14 [9]; 15-21 [2]; 22 [5]; 23, present case.
The bold character M denotes presence of monoclonality.
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initial and second biopsies was examined in 7 of 22
previously reported cases (Cases 2, 3, 4, 5, 16, 17, 20)
(Table 1): only two cases showed the presence of the
same T-cell clone in the serial biopsy (Cases 4 and 16).
In the second biopsy, oligoclonal or monoclonal B-cells
were revealed in 10 cases, among which oligoclonal or
monoclonal B-cell proliferation was present even in the
initial biopsy of three cases (Cases 5, 6, and 20). The
evolution of clonal B-cells in the second biopsy was
shown in three cases (Cases 2, 4, and 16). The
simultaneous occurrence of PTCL and DLBCL in the
second biopsy was confirmed at the morphological level
in two cases (Cases 16 and 22) and at the molecular level
in four (Cases 4, 12, 16, and 19). The diagnosis of
composite PTCL and DLBCL was justified because
both lesions were confirmed at both the morphologic
and molecular level in one of the reported cases (Case
16). This report is the first to show the evolution of
B-cell lymphoma during the course of ‘“Lennert
lymphoma”, justified not only by morphology but also
on a molecular basis. The interval between the onset of
PTCL and the development of secondary B-cell
lymphoma ranged from 3 to 96 (mean 28.1) months in
the previous reports {2,4,5,9,10], and was 58 months in
the present case.

An immunodeficient condition induced in individuals
with AILT is supposed to provide a basis for the
development of B-cell lymphoma [10,2,9]. It is well-
known that EBV genome is frequently detected in
lymphoma cells, mostly in B-cell lymphomas, in
immunocompromised hosts such as acquired immuno-
deficiency syndrome and organ transplant recipients,
receiving immunodepressants [1,3,6]. In the previous
reports on PTCL, concomitant or evolving B-cell
lymphomas were usually EBV-positive [2,5,7]. In situ
hybridization together with immunohistochemical pro-
cedures employed in the present case clearly showed that
the EBV genome was present exclusively in the nucleus
of large B-lymphoid cells in the evolving DLBCL. These
findings suggest the appearance of an immunodeficient
condition in the course of the “Lennert lymphoma”,
which provides the basis for the development of EBV-
positive DLBCL.

In the present case, it is difficult or even impossible to
diagnose composite Lennert lymphoma and DLBCL on
morphologic grounds alone. For this, a combination of
immunohistochemical and clonality analysis is indis-
pensable. Regarding the point of treatment, it is
important to be aware of the behavior of evolving
DLBCL in cases with PTCL. Information for this is
quite limited at present. Is it necessary to change the
therapeutic modality? What is the clinical relevance of
recognizing this kind of phenomenon? How about the
prognosis of patients affected by the secondary B-cell

lymphoma? An accumulation of well-characterized
cases is necessary to answer these questions.

In this case, the EBV-positive large B-cell lymphoma
appeared transiently in the course of the “Lennert
lymphoma”. Clonality analysis was indispensible to
disclose the complex condition of this case.
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Abstract

Background. We compared standardized uptake values
(SUVs) on positron emission tomography with a glucose
analog, 2-[F-18] fluoro-2-deoxy-D-glucose (FDG-PET) and
serum soluble interleukin-2 receptor (sIL-2R) values in
patients with non-Hodgkin’s lymphoma (NHL) in the pre-,
mid- (after three or four cycles), and post-treatment periods
of chemotherapy (pre, mid, and post, respectively), and we
examined whether the SUV was a useful tumor marker for
NHL.

Methods. The SUVs on PET and sIL-2R values were ret-
rospectively evaluated based on all the clinical information

available in 40 patients (31 in pre, 24 in mid, and 24 in the -

post periods). Patients in complete remission status were
classified as group A and those with active residual disease
in the mid and post periods were classified as group B.

Results. In pre, the SUV and sIL-2R values exhibited sen-
sitivity of 100% and 84 %, respectively. In mid, the SUV was
fower in group A than in group B, while sIL-2R was not
different. The SUV yielded better specificity than sIL-2R
(88 % vs 25 %, respectively), though the difference was not
significant. In mid, the SUV in patients later assigned to
group A in post was lower than than the SUV in group B,
whereas sIL-2R was not different. In post, the specificity
and accuracy of SUV were better than those of sIL-2R (95
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vs 47 %, and 96 vs 58 %, respectively). Both the SUV and
sIL-2R were lower in group A than in group B.

Conclusion. The SUV on PET was better than the serum
sIL.-2R as a marker to evaluate the disease status of NHL,
and was considered to be a useful tumor marker for NHL.

Key words Standardized uptake value - FDG-PET - Non-
Hodgkin’s lymphoma Serum soluble interleukin-2
receptor

Introduction

Non-Hodgkin’s lymphoma (NHL) is one of the malignan-
cies that are basically treated nonsurgically, and effective
therapeutic regimens. including multidrug chemotherapy
and/or radiotherapy, have been established for this disease.
In addition to these established regimens, new treatment
options, such as high-dose chemotherapy with bone marrow
or stem cell transplantation,”” or radioimmunotherapy,’
have been developed and applied to the treatment of high-
risk or relapsed lymphoma in recent years. Accurate moni-
toring of disease status and early detection of relapse are
critical, because the new treatment options should be per-
formed early in patients who are not expected to experience
a longstanding complete remission (CR) based on conven-
tional therapeutic regimens. '

The serum soluble interleukin-2 receptor (sIL-2R), a
truncated form of the receptor secreted by activated T cells.
has recently been used clinically as a marker of tumor
burden and disease activity in NHL, as well as in other
hematological malignancies>" The lowest serum sIL-2R
values are usually observed in patients with a single tumor
mass or in those with CR status after treatment, whereas
the highest values are frequently observed in patients with
multiple tumors and more extensive systemic disease. The
sIL-2R values are considered to be a better marker for
NHL than the standard predictors of tumor burden, includ-
ing serum lactic dehydrogenase (LDH) and uric acid
levels.' "
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Positron emission tomography with a glucose analog, 2-
[F-18] fluoro-2-deoxy-D-glucose (FDG-PET), has been
used as a new imaging method in the field of oncology.”*™
FDG-PET enables detection of the increased glucose
uptake characteristic of malignant cells, and thus has been
recognized as a valuable tool not only for initial diagnosis
and staging but also for the detection of recurrences and
evaluation of the chemo-/chemoradiotherapeutic response
in various kinds of malignant tumors. FDG-PET, with its
whole-body imaging technique, has been shown to be
extremely useful in the staging and evaluation of treatment
response in NHL.*? On FDG-PET, the standardized
uptake value (SUV) is frequently used to evaluate lesions
semuiquantitatively. along with the use of qualitative visual
assessment.”* However, no reports have been published to
date on the relationship between SUVs and serum sIL-2R
values, which are also frequently used as a hematological
marker in the course of NHL treatment in Japan.

In the present study, we compared the SUVs on FDG-
PET and serum sIL-2R values in patients with NHL in the
pre-, mid- (after three or four cycles), and post-treatment
periods of chemotherapy, and examined whether the SUV
was a useful tumor marker for NHL.

Patients and methods
Patients

Forty patients (18 men and 22 women; mean age, 57 years)
with biopsy-proven NHL who had had whole-body FDG-
PET studies were retrospectively evaluated in this study.
Although 5 patients with recurrence were included, a CR
had been obtained by previous treatment without any
evidence of residual mass or soft tissue in these patients.
Nine patients (patients 21-24, 36-40; as numbered in
Table 1) who did not undergo pretreatment FDG-PET
studies were also included in this study, because the residual
masses seen by morphological imaging were evaluated by
PET during and/or after treatment in these patients. Based
on the recent WHO classification,”* 16 patients were clas-
sified as having indolent lymphomas and 24 were classified
as having aggressive lymphomas. Patient characteristics are
listed in Table 1.

All patients received chemotherapy, and 30 of them had
the CHOP regimen (a combination of cyclophosphamide,
doxorubicin, vincristine, and prednisone). Three patients
were given radiation therapy before post-treatment PET
evaluation. As diffuse and intense FDG uptake in the bone
marrow caused by granulocyte colony-stimulating factor
(G-CSF) administration could be a potential source of false-
positive findings, we asked referring oncologists not to
order PET examinations in patients when their bone marrow
status was considered to be highly activated according to
laboratory data,

Written informed consent was obtained from all patients,
and the study was approved by the Ethics Committee of
Osaka University Graduate School of Medicine. This study
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was performed in accordance with the ethical standards
based on the 1995 Declaration of Helsinki.

Clinical examination

All patients were evaluated routinely by physical examina-
tion; laboratory studies including measurement of sIL-2R,
LDH, and C-reactive protein (CRP) values; morphological
imaging studies including contrast-enhanced computed
tomography (CT) and/or magnetic resonance imaging
(MRI) of the neck, chest, and abdomen/pelvis; and bone
marrow biopsy within 14 days before the start of chemo-
therapy. Reevaluation was performed after three or four
cycles of chemotherapy (midtreatment) and after comple-
tion of treatment (post-treatment). The area to be exam-
ined by morphological imaging and the requirement for
bone marrow biopsy in the mid- and post-treatment periods
were determined by oncologists according to the pretreat-
ment disease status of each patient.

The serum sIL-2R values were measured by a sandwich
enzyme immunoassay, in the form of an IMMULIZE Inter-
leukin-2 Receptor Test Kit (EURO/DPC, Gwynedd, UK,
supplied by DIA-TATRON, Tokyo, Japan), according to
the manufacturer’s instructions. This immunoassay uses
two monoclonal antibodies that recognize different epit-
opes of the IL-2R o chain. The normal serum sIL-2R values
range from 220 to 530 U/ml.

FDG-PET imaging

A total of 79 FDG-PET examinations for the 40 patients
were evaluated in this study. Pretreatment PET examina-
tions were performed within 10 days before the start of
chemotherapy in 31 patients, midtreatment PET studies
were performed approximately 10 days after finishing three
or four cycles of chemotherapy in 24 patients, and post-
treatment PET examinations were performed more than
10 days after completion of all treatments in 24 patients.
Five patients (patients 1-5) underwent pre-, mid-, and
post-treatment PET studies. 15 patients (patients 6-20)
underwent pre- and midtreatment studies, 11 patients
(patients 25-35) underwent pre- and post-treatment studies,
and 3 patients (patients 22-24) underwent mid- and post-
treatment studies. One patient (patient 21) had only
midtreatment studies and 5 patients (patients 36-40) had
only post-treatment studies.

Whole-body FDG-PET images were acquired with a
Headtome V/SET 2400W (Shimadzu, Kyoto, Japan), which
is capable of the simultaneous acquisition of 63 contiguous
3.1-mm-thick sections (20-cm total thickness) in one bed
position. The intrinsic resolution at the center is 3.7 mm-
FWHM, and the sensitivity of the device is 7300 cps/KBq.
All patients fasted for at least 4 h before the examination.
Simultaneous static emission-transmission scans (i.e., atten-
uation-corrected images) from the neck to symphysis were
obtained 1h after the injection of 370 MBq (10 mCi) of
FDG, and if warranted by clinical suspicion, scans were
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extended to cover the head and lower extremities. This
required three to four bed positions with an acquisition time
of 10 min each, resulting in a total scanning time of 30 to
40 min. Images were reconstructed with an ordered subset
expectation maximization (OS-EM) algorithm (one itera-
tion with 12 ordered subsets).

PET image analysis

FDG-PET images were first interpreted visually in an inde-
pendent and blinded manner by two nuclear medicine phy-
sicians. The observers were allowed to refer to CT or MRI
images whenever the clinical data suggested the presence
of inflammatory disease. Any obvious foci of FDG uptake
that were increased relative to background and not located
in the areas of physiologically increased uptake were con-
sidered positive for lymphoma. Equivocal FDG uptake on
pretreatment images was considered negative, but it was
judged to be positive or negative on mid- and post-
treatment images after comparison with pretreatment
images. The final diagnosis was made by consensus between
the two observers, and the FDG-PET imaging findings were
then compared with those of the morphological imaging
studies.

Semiquantitative image analysis of the domant lesion
was performed by calculating the SUV, which is the decay-
corrected tissue activity divided by the injected dose per
patient body weight. A circular region of interest (ROI)
approximately 1.2 cm in diameter was placed over the area
of maximum uptake in the tumor and two adjacent slices.
The SUV was calculated by using the mean maximum activ-
ity values within the ROIs of these three slices. If the lesion
analyzed before treatment had disappeared and other resid-
ual tumors remained in the mid- and/or post-treatment
period, the SUV was calculated at the residual lesion and
corresponding pretreatment lesion. If abnormal uptake had
totally disappeared, the SUV was calculated at the same site
as the pretreatment site. This analysis was performed only
to monitor disease activity, and thus did not affect the
results of visual analysis and clinical diagnosis.

The SUVs and serum sIL-2R values were assessed based
on the patient’s disease status, as described below. The
sensitivity, specificity, and accuracy of the SUV and sIL-2R
values were calculated regarding the presence of active
disease in the mid- and post-treatment periods. Sensitivity
was calculated only in the pretreatment period. An SUV
of 2.5 was defined as the cutoff value, based on previous
reports.® The maximum value of the normal range,
530 U/ml, was used as the cutoff for the serum sIL-2R
value.

Evaluation of treatment response

The clinical treatment response was determined based on
the revised response criteria for malignant lymphoma.” In
short, CR was defined as disappearance of all evidence of
disease. A post-treatment residual mass of any size is per-
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mitted as long as it is PET-negative in patients with typically
FDG-avid lymphoma (e.g. diffuse large B-cell lymphoma,
Hodgkin’s lymphoma, follicular lymphoma, and mantle-cell
lymphoma). Partial remission (PR) was defined as regres-
sion of measurable disease without new sites. At least a
50% decrease in the sum of the product of the diameters of
up to six of the largest dominant nodes or nodal masses
should be observed. Stable disease (SD) was defined as
failure to attain CR/PR or progressive disease (PD). In
relapsed disease or PD, any new lesion or an increase by
50% or more of previously involved sites from the nadir PD
should be observed.

Patients in CR status were assigned to group Amid or
group Apost, and patients in PR, SD, or PD status in the
mid- and post-treatment periods were assigned to group
Bmid or group Bpost, respectively. This grouping regarding
disease activity in the mid- and post-treatment periods and -
the presence of active disease in the pretreatment period
was used as the gold standard in this study.

Statistical analysis

The Mann-Whitney U-test was used to compare SUVs or
serum sIL-2R values between two different clinical sub-
groups. The sensitivity, specificity, and accuracy of the SUV
and sIL-2R values were compared using the McNemar test.
A P value of less than 0.05 was considered statistically
significant.

Resuits

Representative whole-body FDG-PET images in a patient
who obtained a CR in the post-treatment period (patient 2)
are shown in Fig. 1.

Pretreatment

Thirty-one patients were evaluated by FDG-PET imaging
before the start of chemotherapy (Table 1). There were 6
patients with stage I disease, 11 with stage II, 4 with stage
111, and 10 with stage IV. The serum sIL-2R values ranged
from 159 to 15 500 U/mi (median, 1120 U/ml) in the 31
patients. Five patients had normal values; thus, the sensitiv-
ity of the sI1-2R value was 84%. The sIL-2R value was
lower in the patients with stage I/II than in the patients
with stage III/IV disease (median. 814 vs 2455 U/ml; P <
0.005). This marker was also lower in patients with indolent
lymphoma than in those with aggressive lymphoma in both
stage I/II and III/TV, but the difference was not statistically
significant in the latter (median, 497 vs 971 U/ml; P < 0.05:
and 1330 vs 5170 U/ml; P = 0.06, respectively). Four of the
8 patients with indolent lymphoma in stage I/I disease
had normal sIL-2R values and 2 others had slightly ele-
vated values (patients 1 and 26). On the other hand, 8 of
the 9 patients with aggressive lymphoma in stage I/I1 exhib-
ited abnormal sIL-2R values, which were greater than
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Pretreatment

Fig. 1. Whole-body positron emission tomography with a glucose
analog, 2-[F-18] fluoro-2-deoxy-D-glucose (FDG-PET) immages in a
patient with complete remssion (CR) in the post-treatment period
(patient 2; Table 1). Pretreatment period: abnormal uptake was clearly
observed m the left supraclavicular (arrowhead), bilateral paraaortic/
iliac (white arrowheads), and left mgumal (arrow) sites. Left mgumal
uptake was also seen on a transaxial image {(arrow, bottom). Serum
soluble mterleukin-2 receptor (sIL-2R) value, 1330 U/ml, and stan-

1000 U/ml in 4 of the 8 patients. LDH and CRP elevations
were observed in only 14 and 10 of all 31 patients,
respectively.

Whole-body FDG-PET imaging yielded visually abnor-
mal findings in all 31 patients. Although inability to detect
bone marrow involvement resulted in understaging in 4
patients (patients 4, 10, 20, and 28), FDG-PET yielded
staging results. concordant with morphological imaging
studies in all patients. The SUVs at one dominant lesion in
each patient ranged from 2.6 to 21.1 (median, 7.7), and all
patients would have been thought to have at least one
malignant lesion (sensitivity, 100 %; P = 0.07 vs sIL-2R
sensitivity). There were no differences in the SUVs between
the patients with stage I/II and IIV/1V disease (median, 7.2
vs 7.2, respectively). Nor were any differences observed in
the SUVs between the patients with indolent and aggressive
lymphoma in either the stage I/II or stage HHI/IV disease
groups (median, 6.1 vs 11.2, and 6.7 vs 8.3, respectively),
although the values tended to be higher in the latter. Even
in the 5 patients exhibiting normal sIL-2R values (patients
6, 8, 14, 25, and 27). FDG-PET imaging yielded abnormal
findings visually, with SUVs of more than 2.5.

Assessment of the treatment outcome in the 31 patients
who had pretreatment PET examinations showed a CR in
25 patients at the end of treatment. There was no relation-
ship between treatment outcome and the serum sIL-2R
values or FDG-PET findings obtained in this period.

Midtreatment
Twenty-four patients were examined by FDG-PET after

three or four cycles of chemotherapy. Twenty of them had
undergone pretreatment PET studies. Eight patients were

Midtreatment

Posttreatment

dardized uptake value (SUV), 11.0. Midtreatment period: abnormal
uptake persisted only in the left inguinal site (arrows). (In most of the
patients subsequently included in group A in the post-treatment
period, no or faint abnormal uptake was observed durimg this period.)
Serum sIL-2R value. 796 U/mi (60%); SUV. 1.9 (17%). Post-trearment
period: all the abnormal uptake had disappeared. Serum sIL-2R value,
836 U/mli (63% of pretreatment value); SUV, 1.2 (11% of pretreatment
value)

evaluated as having a CR and 16 as having PR, based on
the morphological imaging studies. The 8 CR and 16 PR
patients were assigned to groups Amid and Bmid, respec-
tively, and their disease activity proved to be correct based
on the follow-up results. The data for each patient are listed
in Table 1.

The serum sIL-2R values ranged from 105 to 1830 U/ml
in the 8 group Amid patients, and from 436 to 8540 U/ml
in the 16 group Bmid patients. Only 2 of the 8 group Amid
patients had normal values, as opposed to 15 of the 16
group Bmid patients exhibiting abnormal values. The
sensitivity, specificity, and accuracy of the sIL-2R value
were 94%, 25%, and 71%, respectively. The 2 group Amid
patient (patients 8 and 14) and 1 group Bmid patient
(patient 6) with normal values had exhibited normal sIL-
2R values in the pretreatment period as well. Inflamma-
tion/infection must have been responsible for the elevated
values n this period in 2 of the remaining 6 group Amid
patients (patients 9 and 16);" however, the reasons for
the elevated values in the other 4 patients were unclear.
Five of the 6 group Amid patients with elevated values
had elevated values again in the post-treatment period.
There was no significant difference between the sIL-2R
values in group Amid and group Bmid patients (median,
638 vs 839 U/ml. respectively).

FDG-PET allowed visual and semiquantitative evalua-
tion of disease activity and changes in response to treatment
in all the patients. The SUVs ranged from 0.84 to 2.8 in the
8 group Amid patients, and from 1.5 to 17.2 in the 16 group
Bmid patients. Five group Bmid patients exhibited SUVs
of less than 2.5, although visual PET findings were all posi-
tive. The sensitivity, specificity, and accuracy of the SUV
were 69%, 88%, and 75%, respectively. No statistically sig-
nificant differences were observed between the SUV and

- 203 -



sIL-2R in any of the parameters above, with the specificity
for SUV and sIL-2R being 25% and 88%, respectively. The
SUV was significantly lower in the group Amid than in the
group Bmid patients (median, 1.7 vs 3.2; P < 0.005,
respectively).

Of 20 patients who underwent pretreatment PET studies
(all responders), 19 exhibited decreased serum sIL-2R
values in this period (range, 8%-95% of the pretreatment
values). Patient 16, in CR status, had an elevated sIL-2R
value that was higher than the pretreatment value because
of pneumonia. All 20 patients also exhibited decreased
SUVs (range, 8.6%-96.1% of the pretreatment values).

The 24 patients who had PET examinations in this period
included 7 patients assigned to group B at the end of treat-
ment, 4 as PR and 3 as PD. The serum sIL-2R value in this
period did not differ between the patients in group A and
B later, in the post-treatment period (group Apost and
Bpost; median, 796 vs 862 U/ml, respectively). On the other
hand, the SUV in this period was significantly lower in the
patients later included in group Apost than in those included
in group Bpost (median, 1.9 vs 4.1; P < 0.001, respectively).
The same was true even when the data were restricted to
the 16 patients in group Bmid in this period (excluding 8
group Amid patients from all 24 patients). The serum sIL-
2R value in this period did not differ between the patients
in groups A and B later in the post-treatment period
(median, 816 vs 862 U/ml, respectively; Fig. 2), while the
SUV was significantly lower in the patients in group Apost
than in the patients in group Bpost (median, 2.3 vs. 4.1;
P < 0.005, respectively; Fig. 2).

Post-treatment

Twenty-four patients were examined by FDG-PET after
the completion of chemotherapy. Sixteen of them had
undergone pretreatment PET studies and 8 of them had
undergone midtreatment PET studies. Nineteen patients
were evaluated as CR (group Apost), 4 as PR, and 1 as PD
(group Bpost), and their disease activity proved to be
correct based on the follow-up results. The data for each
patient are listed in Table 1. Three patients having radiation
therapy were evaluated in this period. However, none of
the patients showed abnormal FDG uptake at the radiation
sites.

The serum sIL-2R values ranged from 318 to 1560 U/ml]
and from 830 to 4750 U/ml, respectively, in the 19 group
Apost patients and 5 group Bpost patients. Nine of the 19
group Apost patients exhibited normal values, whereas all
5 group Bpost patients exhibited abnormal values. Thus the
sensitivity, specificity, and accuracy of the sIL-2R value
were 100%, 47%, and 58%, respectively. Inflammation/
infection must have been the reason for the elevated values
in 4 of the 10 group Apost patients (patients 5, 23, 33, and
35), but no clear explanation was found in the other 6
patients in group Apost. Two group Apost patients with
normal values (patients 25 and 27) had exhibited normal
values in the pretreatment period as well. The serum sIL-
2R was significantly lower in the group Apost patients than

155

ILS. P<0.005
: ! : ]
Uil o 8540
2500 8¢
L *
16+
. . |
[ ]
=
é . -g 12+
od 15007 E |
& 10
1 )-) L
ﬁ . * 2] gl
"
1000F s
' [ ]
s : 6F
! ¢ |
i 4t
500 . I S
T
0

Apost Bpost Apost Bpost

Fig. 2. Relationship between serum sIL-2R value (efr) or SUV (right)
in group Bmid and the post-treatment grouping. (Note re groups:
patients in CR status were assigned to group Amid or group Apost,
and patients in partial remission (PR), stable disease (SD), or progres-
sive disease (PD) status in the mid- and post-treatment periods were
assigned to group Bmid or group Bpost, respectively) The sIL-2R
value in group Bmid did not differ between the patients in groups
Apost and Bpost (median sIL-2R value, 816 U/ml in group Apost and
862 U/ml in group Bpost). The SUV in the patients in group Bmid was
significantly lower in the patients in group Apost than group Bpost
(median SUV, 2.3 in group Apost and 4.1 in group Bpost; P < 0.005).
Apost, Group Apost; Bpost, group Bpost; n.s., not significant; /mid,
midtreatment

in the group Bpost patients (median, 648 vs 2150 U/ml;
P < 0.005, respectively).

FDG-PET imaging exhibited findings concordant with
the morphological imaging in 22 of the 24 patients. The
remaining 2 patients (patient 37 [Fig. 3] and patient 39) had
residual masses without positive FDG uptake, and they
proved to represent inactive disease according to the sub-
sequent follow-up results (group Apost). The SUVs ranged
from (.74 to 3.3 and from 2.6 to 12.6, respectively, in the 19
group Apost and in the 5 group Bpost patients, There was
only a little overlap in the SUVs, due to patient 35, between
the two patient groups. The SUV was significantly lower in
the group Apost than in the group Bpost patients (median,
1.7 vs 3.1, respectively; P < 0.005). The sensitivity, specific-
ity, and accuracy of the SUV were 100%, 95%, and 96%,
respectively (specificity and accuracy, P < 0.01 vs sIL-2R).
Patient 23 had a high sIL-2R value and was suspected of
having an intravenous hyperalimentation (IVH)-related
infection, and this was clearly demonstrated by FDG-
PET.

Of 16 patients who had undergone pretreatment PET
studies (all responders), 13 and 14 exhibited decreased
serum sIL-2R values (7%-98% of pretreatment values) and
decreased SUVs (8%-77% of pretreatment values), respec-
tively, in this period. Seven of the 8 patients who had under-
gone midtreatment PET examinations were considered to
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Fig. 3. Paraaortic mass without
positive FDG uptake in the
post-treatment period (patient
37). Computed tomography (CT):
a soft-tissue-density mass was
depicted in the paraaostic site
(white arrow). PET: neither the
transaxial (ax) nor the coronal
FDG-PET (cr) images showed
positive uptake at the corre-
sponding site. Follow-up CT
revealed a mass the same size as
that on the original CT, indicat-
ing no, or almost no activity in it.
Serum sIL-2R value, 796 U/mi;
SUV, 1.6

be responders in this period. Of them, 5 and 7 exhibited
decreased sIL-2R values (33%-80% of midtreatment value)
and decreased SUVs (29%-81% of midtreatment value),
respectively. Patients 2 and 3 showed higher sIL-2R values
than those seen in the midtreatment period; however, the
reasons for the elevations were unclear. Figure 4 shows
whole-body FDG-PET images in a patient with PD (patient
24) in this period; it is noteworthy that intense abnormal

uptake was observed in the thoracic spine in the midtreat-

ment period.

Discussion

In our study, before the start of chemotherapy the serum
sIL-2R value was lower in the patients with stage I/II than
in those with stage I1I/IV disease, and it tended to be lower
in patients with indolent than in those with aggressive lym-
phoma within the same stage groups. These results were as
expected according to the published data®**™* and were
considered to reflect the total disease activity in each patient.
However, the small elevations of the sIL-2R values in the
pretreatment period in low-stage or low-grade NHL may
be problematic when using the serum sIL-2R value as a
tumor marker in clinical situations. Among the 31 patients
evaluated before treatment in this study, there were 5
patients with normal sIL-2R values (sensitivity, 84 %) and
4 with only slightly elevated values (less than 700 U/ml). As
neither the LDH nor CRP values were elevated in these 9
patients, evaluation with hematological markers after treat-
ment or follow-up tended to be difficult.

Whole-body FDG-PET imaging, on the other hand,
yielded abnormal findings in all patients before treatment
in our study. Disease extension and the activity of each
lesion depicted by this imaging method enabled better
understanding of disease status in all patients. The SUVs at
the dominant lesions were greater than 2.5 (the value
reported as the cutoff for malignancy in previous studies™)
in all patients, including the 5 with normal sIL-2R values
(sensitivity, 100%). These results demonstrated that whole-

PET (cr)

PET (ax)

body FDG-PET imaging allowed accurate evaluation of
NHL activity as a baseline in the pretreatment period, more
so than the serum sIL-2R values did.

Of the 40 patients involved in the present study, 30 were
included in group A in the post-treatment period (including
11 without PET examinations), but only 13 of these 30
patients exhibited normal serum sIL-2R values at that time.
Although 4 additional patients exhibited normal values in
the subsequent follow-up period, a substantial overlap of
serum sIL-2R values was observed between the patients in
the pretreatment period and patients in group Apost, espe-
cially in those with low-stage or low-grade disease. This
finding, which has already been reported,® seems to indi-
cate the unreliability of this marker after treatment as well.
Although, in most of responding patients, the sIL-2R value
post-treatment was lower than that before treatment, the
sIL-2R occasionally exhibited higher abnormal values than
in the pretreatment period. Infection/inflammation was
considered to be the reason for the elevated sIL-2R values
clinically, as this is known to cause elevation of the values.*”
Other possible reasons for the elevation include aging,®
smoking habit,”® or subtle treatment-related inflammatory
processes. In any event, abnormal serum siL-2R values for
reasons other than NHL activity cause confusion in clinical
situations.

Whole-body FDG-PET imaging provided accurate infor-
mation on the disease status of each patient in our study in
both the mid- and post-treatment periods. The SUVs
allowed more accurate evaluation of disease activity than
the serum sIL-2R values. The specificity and accuracy of
the SUV were significantly higher than those of the sIL-2R
value in the post-treatment period (95% vs 47% and
96% vs 58 %, respectively), and the specificity of the SUV
tended to be higher than that of the sIL-2R value in the
midtreatment period (88% vs 25%). The SUV was signifi-
cantly lower in the group A than in the group B patients in
the midtreatment period, whereas the sIL-2R was not
different.

Several group B patients had relatively low SUVs in the
midtreatment period despite having gross residual active
disease. Of note is that the status in all of them was changed
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Fig. 4. Whole-body FDG-PET
images in a patient exhibiting PD
in the post-treatment period
(patient 24). Midrreatinent period:
intense abnormal uptake per-
sisted in the thoracic spine (arrow,
left) in addition to the intermedi-
ate uptake in the left axillary site
(arrowhead). (Patients with per-
sistent intense uptake in this
period tended to be included in
group B later in the post-treat-
ment period.) Serum sIL-2R
value, 1590 U/ml; SUV, 6.4. Open
arrow, Post-inflammatory change.
Post-treatment period: abnormal
uptake was observed in multiple
sites, including the liver, spleen,
and paraaortic site. Serum sIL-2R
value, 4030 U/ml; SUV, 12.6

Posttreatment

to group A in the post-treatment period, along with the
patients whose group A status had been continued since the
midtreatment period. By contrast, the status of group Bmid
patients with high SUVs tended not to change to that of
group Apost patients. In this respect, Wahl et al.* demon-
strated data in their study of breast cancer patients suggest-
ing that effective chemo- or chemohormonotherapy caused
a rapid and significant decrease in tumor metabolic activity,
within days, that preceded a decrease in tumor size. Our
findings are consistent with theirs, although tumor FDG
uptake was not measured serially in our study.

There are certain limitations in the present study. First,
most of the patients underwent only either a mid- or post-
treatment FDG-PET study. Thus, we did not evaluate the
changes in SUVs and sIL-2R values between pre- and mid-

or post-treatment status. Poor physical condition, due to the
side effects of chemotherapy, or a crowded PET machine
schedule, prevented patients from receiving midtreatment
PET examinations. Patients with a CR and no abnormal
FDG uptake in the midtreatment period did not undergo
post-treatment PET studies, because their post-treatment
status was regarded as being the same as the midtreatment
status, based on the clinical evaluation at the time. Second,
the results of the clinical evaluations and FDG-PET studies
were not confirmed histopathologically in most of the
lesions, especially after treatment. For ethical reasons, close
follow up was the only method used to confirm the results:
this is an inevitable problem inherent in lymphoma research
in general. Another limitation may be that most of the
patients in our study had only one residual disease site after
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treatment. The usefulness of whole-body FDG-PET imaging
in the mid- or post-treatment period may therefore not be
fully validated. Although post-treatment PET studies were
performed more than 10 days after completion of chemo-
therapy in this study, the timing was earlier than that recom-
mended by the revised response criteria for malignant
lymphoma.”® Qur timing was decided considering the clini-
cal situations and was based on some published reports in
which lymphoma lesions were evaluated with PET 7-10
days after chemotherapy.”” The frequency of false-positive
findings was low in our study.

In conclusion, comparison with the serum sIL-2R marker
showed that the SUV of FDG-PET imaging tended to be
more sensitive in patients with stage I/IT or indolent NHL
before treatment, and the SUV was more specific for evalu-
ating disease activity in patients with a CR status after
treatment intervention. The SUV was considered to be a
useful tumor marker for NHL activity before, during, and
after chemotherapy.
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Case Reports

Intravascular Lymphomatosis Initially Suspected from

Uterine Cytology
A Case Report
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Background

Because recognizable lesions are often absent, selection of biopsy sites for di-
agnosis of intravascular lnrge B-cell lymphoma (IVL) is frequently prob-
lematic.

Case

A 59-year-old woman was admitted with fever and general fatigue. Com-
bined physical and roentgenographic

ntravascular large B-cell lymphoma (IVL), 2 variant of diffuse
large B-cell lymphoma, is a rare disease, comprising 0.17% (4 of
2,303) of all malignant lymphoma registered in the Osaka Lympho-
ma Study Group, Japan, and 0.4% in the literature from western
countries.! Tumor cells are exclusively found in the lumina of small
vessels and lack a tendency for mass formation, at least at the early
stage of the disease. Clinical symptoms are caused by occlusion of
small vessels by tumor cells; they

examinations revealed neither lymph- —————————————m—m—eeesseeessswwn  include skin lesions and neurolog-

adenopathy, bepatosplenomegaly nor
mass lesions in other organs. Serum
lactate debydrogenase level was 1,412
TU/L. There were no genital symp-
toms, but uterine cytologic examina-
tion revealed large cells distributed in
a noncobesive pattern. These cells had
a large, irvegularly shaped nucleus in
which several nucleoli were discernible
and showed positive intimunoreactivity
for lenkocyte common antigen. Three months after admission, neurologic
symptoms appeared, and magnetic vesonance imaging revealed multiple
nodular lesions in the brain. Biopsy specimens from the brain lesion showed
the proliferation of large bymphoid cells filling the lumina of small vessels
and Virchow-Robin’s space. Immunohistochemistry revealed that the
tumor cells were positive for CD20 and CD79a but negative for CD3, in-
dicative of IVL.

Conclusion

Uterine cytologic and/or histologic examinations could be the choice for di-
agnosis of IVL, even when genital symptoms are absent. (Acta Cytol
2009;53:198-200)

Keywords: intravascular lymphomatosis, lymphoma, Papanicolaou
smear.

Not only cytologic examination but also
histologic evaluation of the uterine cavity
with the aid of immunohistochemistry is
much less invasive than brain biopsy and
might provide a clue to the diagnosis of IVL.

ic symptoms.? Because recogniza-
ble lesions are absent or, if present,
not specific, selection of biopsy
sites for diagnosis of IVL is fre-
quently problematic. Below we
present a case of IVL in which
tumor cells were detected at uter-
ine cytologic examination.

Case Report

A 59-year-old woman was admitted to Osaka University Hospital
with fever and general fatigue. Ten years before the admission, she
had been shown to have a high level of serum lactate dehydrogenase
(LDH), with values ranging from 543 to 871 IU/L. Combined
physical and roentgenographic examinations did not reveal either
lymphadenopathy, hepatosplenomegaly or other mass lesions ex-
cept for a small, leiomyomatous nodule in the uterus. Laboratory
data showed serum values of LDH 1,412 TU/L, aspartate amino-
transferase 133 IU/L, alanine aminotransferase §5 IU/L, y-glutamyl
transpeptidase 85 U/L, alkaline phosphatase 529 U/L, soluble IL-
2-R 1870 IU/mL, neuron-specific enolase 42.3 ng/mL and ferritin
174 ng/mL. Peripheral blood cells were normal in count and mor-
phology. Bone marrow puncture revealed no abnormal cells.
Uterine cytologic examination suggested the presence of malig-
nant hematopoietic cells. Then endometrial curettage was per-
formed, revealing infiltration of normal-looking inflammatory cells
with no evident lymphoma cells. Three months after the admission,
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Intravascular Lymphomatosis

A

Figure 1 (A and B) Noncohesive, large cells with high nuclear/cytoplasmic ratio together with clusters of normal endometrial epithelial cells. The large cells had a
large, oval nucleus with thin nuclear membrane with multiple distinct nucleoli (Papanicolaou stain, x400). (C) The large cells were positive for leukocyte common

antigen (avidin-biotin complex method, x400}.

mild splenomegaly appeared. Then laparoscopic splenectomy and
wedge biopsy of the liver were performed for a definitive diagnosis
of lymphoma. The weight of the spleen was 335 g. Histologically
obvious tumorous lesions could not be identified in the spleen. Im-
munohistochemistry revealed a few large lymphoid cells with
CD20+, but a diagnosis of B-cell lymphoma was not possible be-
cause of the quite small number of these cells in the red pulp. In the
liver, no abnormal cells were found. Neurologic symptormns, such as
disturbance of memory and scintillating scotoma, appeared. Mag-
netic resonance imaging revealed multiple lesions in the brain; then
a stereostatic brain biopsy was performed. Histologic diagnosis was
IVL.

Chemotherapy with rituximab, vincristine, cyclophosphamide,
prednisolone and doxorubicin was started, and the neurologic
symptoms disappeared soon. Clinical findings with the main em-
phasis on the movement of LDH levels in this case were reported
elsewhere.?

Pathologic Findings

Cytologic Findings. Because of the presence of a small nodule, possi-
bly leiomyoma, in the uterus, cytologic examination was performed,
revealing the presence of noncohesive, large cells with high nu-
clear/cytoplasmic ratio together with clusters of normal endometri-
al epithelial cells (Figure 1). These cells had a large, oval nucleus
with thin nuclear membrane in which distinct nucleoli were dis-
cernible, Large cells with folded or multilobated nucleus were occa-
sional. These cells were positive for leukocyte common antigen,
suggesting malignant hematopoietic cells. A cytologic diagnosis of
possible malignant lymphoma was made.

Histologic Findings. Biopsy specimens from the brain showed that
lumina of the small vessels and Virchow-Robin space were filled
with large lymphoid cells. These cells were positive for CD20 and
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CD79a but negative for CD3, confirming the diagnosis of IVL (Fig-
ure 2). :

Discussion

IVL is a rare disease and affects elderly patients (median age, 70
years; range, 34-90; male:female ratio 0.9).# The disease is hard to
diagnose accurately because of the absence of mass lesions and ap-
pearance of nonspecific clinical symptoms, including skin eruption
and neurologic disturbance.* They are the main reasons for delay
in diagnosis, thus resulting in a delay in employment of effective
chemotherapy. As a result, IVL usually run an aggressive course.
The median survival is 12 months, and 3-year survival is 14~
32%.%6 Approximately 50-60% of cases of IVL show remission in
response to chemotherapy. Therefore, early diagnosis of the dis-
ease is essential for improving the prognosis of IVL.

The present patient did not show gynecologically abnormal find-
ings, such as abnormal genital bleeding, but uterine cytologic ex-
amination was done by chance because of a roentgenographically
detected leiomyomatous nodule. In the cytologic smears, there were
large cells distributed in a noncohesive manner. These cells had
morphologies identical to those of germinal center cells: large cells
with an oval nucleus (centroblasts) or folded nucleus (cleaved). Im-
munohistochemistry with CD4S5 on the uterine cytologic smears
suggested characteristics of hematologic cells and, with a battery of
antibodies on the histologic samples from the brain, confirmed the
diagnosis of IVL.

A previous study showed the intravascular proliferation of tumor
cells of IVL insystemic organs, such as brain, skin, bone marrow,
liver, spleen, luing and kidney, with no tendency for tumor forma-
tion.” Therefore, it is difficult to select organs for biopsy without
signs and symptoms indicating involvement of specific organs by
IVL. Under such conditions, the brain and skin are main targets for
biopsy, but the brain biopsy is quite invasive and not easily under-
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Figure2 (A) Biopsy specimens from the brain showed that lumina of the small vessels were filled with large lymphbid cells (hematoxylin-eosin, x400). (B) These
cells were positive for CD20 (avidin-biotin complex method, x400).

taken. In this respect, the uterine endometrium could be another moto N, Izumoto S, Hiramatsu N, Aozasa X, Kanakura Y: An indolent

target for morphologic diagnosis of IVL. Not only cytologic exam-
ination but also histologic evaluation of the uterine cavity with the

subtype of ‘intravascular lymphoma’: A case with a three year history of
LDH elevation. Leuk Lymph 2007:48:1872-1874
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