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Abstract

Chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL) cells typically have low 2-
deoxy-2-[18F] fluoro-D-glucose (FDG) avidity and CLL patients have an increased risk of
developing FDG-avid aggressive lymphomas, second malignancies, and infections. We
hypothesized that FDG positron emission tomography-computed tomography of the trunk (PET-
CT) is a sensitive method of detecting these complications in patients with CLL.

Of the of 2299 CLL patients seen in the Division of Hematology at Mayo Clinic Rochester
between January 1, 2006 and December 31, 2011, 272 (11.8%) had 526 PET-CT scans and 472
(89.7%) of these were reported as abnormal. Among the 293 (55.7%) PET-CT scans used for
routine evaluation of CLL, the PET component was of clinical value in only one instance. In
contrast, in 83 (30.5%) patients, PET-CT scans used to evaluate new clinical complications
localized high FDG avidity lesions for biopsies. This resulted in clinically relevant new diagnoses
in 32 patients including more aggressive lymphoma (n=16), non-hematological malignancies
(n=8), and opportunistic infections (n=3). Twenty-seven patients had high FDG avidity CLL,
which was associated with prominent lymph node proliferation centers, an increased frequency of
poor prognostic factors (17p13 deletion, unmutated IGHV, expression of ZAP-70 and CD38), and
a shorter overall survival.

We conclude that FDG PET scans should not be used for routine surveillance of patients with
CLL. However PET-CT scans are sensitive, but not specific, for detection of aggressive
lymphomas, other cancers, and systemic infections in patients with CLL.
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Introduction

Positron emission tomography (PET) is a functional imaging technique that can measure
cellular uptake of the glucose analogue 2-deoxy-2-[18F] fluoro-D-glucose (FDG).[1] The
anatomical localization of FDG uptake is determined by concomitant low-resolution non-
contrast computerized tomography (CT) in a PET-CT scan. Appreciable physiological FDG
uptake at rest occurs in highly metabolic areas such as the brain and heart and FDG is also
concentrated in urine resulting in physiological positron emission from the kidneys, ureters,
and urinary bladder.[1] Pathological increased uptake of glucose and its FDG analogue can
occur in neoplastic, infected, or inflamed tissue and this characteristic can be used for
diagnosis and monitoring of disease.[1]

PET-CT scans are now widely utilized in the diagnosis and management of many lymphoid
malignancies.[2] However, FDG uptake is usually not appreciably increased in the
malignant lymphocytes of some indolent lymphoid malignancies, including chronic
lymphocytic leukemia/small lymphocytic lymphoma (CLL).[3] In these diseases the value
of the routine use of PET scans has not been established. However, patients with CLL are at
an appreciably higher risk of developing second malignancies (including transformation)
[4,5] and serious infections[6], so PET-CT scans could be useful in the diagnosis and
management of these complications.

This study was designed to test the hypothesis that PET-CT scans are sensitive tests for the
evaluation of patients with CLL for second malignancies and serious infections. We show
that PET-CT scans are sensitive but not specific for the diagnosis of these complications.

Materials and Methods

This observational study was conducted with Institutional Review Board approval according
to the principals of the Declaration of Helsinki. We reviewed the prospectively collected
clinical data of all 2299 patients in the Mayo Clinic Rochester CLL database seen in the
Division of Hematology at least once during the six-year period between January 1, 2006
and December 31, 2011. These data were used to search the Radiology procedure database
to identify the 526 FDG PET-CT scans of the trunk done on 272 (11.8%) of these patients
during this study period.

Each patient’s electronic clinical record was reviewed to determine the indications for PET-
CT, the results of the imaging, and the management decisions based on these results. CLL
and lymphoma diagnoses were made using standard criteria.[7-10] PET-CT scans were
performed and reported at Mayo Clinic Rochester according to standard clinical protocols.
PET scans were assessed as positive (activity greater than that of the surrounding tissue) or
negative (activity at or below the surrounding background) according to the reports. FDG
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avidity was recorded as high (standardized uptake value (SUV) =5) or low (SUV<5) for all
lesions.[11,12]

All diagnostic biopsies done at other institutions were routinely reviewed at Mayo Clinic.
All available and suitable biopsy specimens from patients with high FDG avidity CLL
(SUV=5) were reviewed by a consultant hematopathologist (D.S.V.). Lymph nodes were
considered to have prominent proliferation centers if they exceeded 40% of the CLL cells
within the node, an assessment similar to that used in previously published studies[13,14]
(Figure 1). Genetic analysis was performed on peripheral blood cells by interphase
fluorescent in situ hybridization (FISH) in the clinical laboratory as previously described.
[15] TP53 exon 4-9 analysis was done by conventional sequencing of exons 4-9[16],
somatic hypermutation of IGHV was analyzed by conventional sequencing[17] and ZAP-70,
CD38 and CD49d were measured by flow cytometric methods in the clinical laboratory
using standard methods.[18-20]

The indication for each PET-CT scan was categorized based on the clinical record as
follows: 1. Evaluation of lymphadenopathy or other pathological lesions in patients without
an established diagnosis of CLL; 2. Initial staging of newly diagnosed CLL; 3. Evaluation of
response to treatment of CLL or complications of CLL; or 4. Evaluation of new or pre-
existing non-CLL medical conditions in patients with an established diagnosis of CLL.
Patient records were examined to determine the role of the PET component of the PET-CT
scan in deciding subsequent patient management and the effect of the PET scan on
management outcome. Management was categorized as observation, further investigation
(consultation, biopsy and additional evaluation), or treatment. Outcome was defined as: 1.
Highly deleterious if a false positive or negative PET scan contributed to an adverse event;
2. Moderately deleterious if a false positive or negative PET scan did not contribute to an
adverse event; 3. Neutral if the PET scan result did not influence outcome; 4. Moderately
beneficial if the PET scan facilitated the selection of a biopsy site, diagnosis, or treatment; 5.
Highly beneficial if the PET scan was critical in making a diagnosis that directly affected
outcome.

Statistical Analysis

Results

Descriptive statistics were computed and summarized. Qualitative variables were compared
using chi-square or Fisher’s exact tests. Differences in survival were computed using a log-
rank test from Kaplan-Meier methodology. All statistical analyses were performed using
SAS 9.3 (SAS Institute; Cary, NC).

The characteristics of the 272 CLL patients (11.8% of population) who had at least one
PET-CT scan are detailed in Table 1. These patients underwent a total of 526 scans as
detailed in Table 2. Fifty-four (10.3%) PET-CT scans were reported as showing no
abnormalities and an additional 88 (16.7%) had no increased FDG uptake (PET negative)
with abnormalities seen only on the CT component of the scan (Figure 2A). There were 384
(73.0%) positive PET scans. One hundred and twenty (31.2%) scans had areas of high FDG
avidity (SUV=5) while 264 (68.8%) had only areas of low FDG avidity (SUV<5).
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The 120 scans with high FDG avidity were performed on 83 patients and 80 (96%) of these
patients underwent 86 biopsies (Figure 2B and Table 3). Fifty-seven (66%) of these biopsies
resulted in a new diagnosis or showed highly FDG-avid CLL for the first time (Table 3).
Three patients were either treated without a definitive tissue diagnosis or had palliative care.
Thirty-four PET-CT directed biopsies in 32 patients were diagnostic of a new disease
process (diffuse large B cell lymphoma (DLBCL) n=13, non-hematological malignancies
n=8, CLL n=4, Hodgkin lymphoma n=2, colon adenoma n=1, herpes simplex infection n=1,
non caseating granulomas n=1, Pneumocystis pneumonia n=1, EBV-positive
lymphoproliferative disorder n=1, cellulitis n=1, benign thyroid nodule n=1). Fifty-two
biopsies in 48 patients were compatible with a previous diagnosis including recurrence of
non-CLL disease (26 non-CLL, 26 CLL). The 26 previously known non-CLL diagnoses
were non-hematological malignancies (n=17), DLBCL (n=6), EBV-positive
lymphoproliferative disorder (n=2), and Hodgkin lymphoma (n=1).

Of the 80 patients with high FDG avidity scans, 27 (34%) had 30 biopsies of the high
avidity sites (27 lymph node biopsies and three biopsies of extranodal tissue) that showed
CLL. In four of these patients, this was the biopsy that first diagnosed their CLL. An
additional two 2 patients had high FDG avidity CLL diagnosed on biopsy of a lesion
detected on a PET scan done for re-evaluation of a non-CLL second malignancy. In two
patients high FDG avidity CLL was detected in enlarged lymph nodes that previously had
low FDG avidity, suggesting a change in the metabolic activity of the CLL cells in that
tissue. Of the 27 lymph node biopsies in 25 patients, four specimens were no longer
available for review and six (including three fine needle aspiration biopsies) were not
adequate for evaluation for proliferation centers. In one patient the initial fine needle
aspiration biopsy was not diagnostic, but a subsequent excisional biopsy showed CLL.
Among the 16 (64%) patients with suitable lymph node biopsies for evaluation, 13 (81%)
exhibited prominent proliferation centers. The extranodal sites with high FDG avidity CLL
masses were the nasopharynx (with destruction of the adjacent maxillary bone), lung, and
cecum. Among the 24 patients with FISH analysis data, there was a significantly higher
frequency with 17p13 deletion (n=5, 20.8%) compared to the other CLL patients with FISH
data (49/1074, 4.6%; p=0.005). In contrast, 11922 deletion detected in an additional 5
(20.8%) patients did not occur at a statistically significantly higher frequency than in the rest
of the CLL population with FISH data (97/1074, 9.0%; p=0.06). Only two patients had
suitable material for TP53 exons 4-9 analysis by conventional sequencing. One of these
patients, who also had 17p13 deletion, had a TP53 mutation in the remaining allele that was
predicted to be dysfunctional. Among patients with additional biological prognostic marker
data, those with high FDG avidity CLL had significantly higher rates of poor prognosis
markers compared to other CLL patients: Unmutated (<2%) IGHV (8/8, 100% vs. 607/1323,
45.9%; p<0.01); ZAP-70 expression (=20%) (14/18, 77.8% vs. 661/1679, 39.4%,
p=0.0009); and CD38 expression (=30%) (16/22, 72.7% vs. 607/1939, 31.3%, p<0.0001).
Ten patients with high FDG avidity CLL tissue, including two of the three patients with high
FDG avidity lymph nodes without prominent proliferation centers, had B symptoms. The
median time from the diagnosis of CLL to the first PET scan showing highly FDG avid CLL
was 1.4 years (range 0-14.4) compared to the median time from diagnosis of CLL to PET
scans that showed only CLL tissue with lower FDG avidity of 4.8 years (range 0-17)
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(p=0.053). The median survival from the first demonstration of high FDG avidity CLL was
4.6 years. The 27 patients with high FDG avidity CLL had a shorter median overall survival
(OS) from the time of diagnosis of CLL compared to the rest of the CLL patient population
(n=2272) studied (11.9 vs.14.8 years p=0.03)(Figure 3). Detection of high FDG avidity CLL
is thus associated with more aggressive disease and poorer prognosis.

Twenty-two patients with CLL and clinical features suspicious for complications had
negative PET-CT scans and did not undergo non-bone marrow tissue biopsies as part of
their evaluation. One of these patients was subsequently diagnosed with peripheral T-cell
lymphoma restricted to his bone marrow. This finding is compatible with previous reports
that FDG PET-CT has high sensitivity for detection of more aggressive lymphoma at
extranodal sites except the bone marrow, for which sensitivity is low.[21] Based on this
data, a negative PET scan was at least 96% sensitive for highly FDG avid complications of
CLL.

CT-PET scans (n=293 scans, 55.7% of all scans) were also used for routine management of
the 199 (73.2%) patients who did not have clinical features of complications of their CLL.
These scans were used for initial staging of CLL at diagnosis (n = 73), and for evaluation of
disease progression and response to treatment (n = 220). The PET component of these scans
provided clinically useful information in only one patient who had high FDG avidity
conjunctival tissue that was subsequently found to be involved by malignant melanoma. In
all the other studies, any clinical value of the scans was restricted to the CT component.

Five hundred and twenty-six PET-CT scans were scored for clinical utility based on both the
PET and CT scan components of the study as detailed in the methods section. One hundred
and ninety four (36.9%) were judged to be critically helpful and 327 (62.2%) moderately
helpful. However, as detailed above, the PET scan component of the study was only useful
in 1 of 292 scans done for routine monitoring of their CLL and in 291 scans, only the CT
component was of clinical value. Eleven (2.1%) scans were considered to be neutral or not
helpful. No PET-CT scan results were considered to have a negative impact on individual
patient care but this study did not specifically evaluate the adverse consequences or cost of
these tests.

Discussion

We conducted an observational study using prospectively collected data on a large
population of patients with CLL at a single institution to evaluate the clinical utility of PET-
CT scans in the diagnosis and management of CLL and its complications. Our data show
that targeted biopsies of high FDG avidity (SUV=5) tissue in patients with CLL are highly
informative and that patients with lesions that have low or no FDG avidity (SUV<5) have a
very low probability of more aggressive lymphoma, non-hematological malignancies or
serious tissue infections. Although CLL cells usually have low FDG avidity, 9.9% of
patients with an established diagnosis of CLL undergoing a biopsy of lesion with a SUV=5
were found to have high FDG avidity CLL. These patients had a high frequency of
prominent proliferative centers in lymph nodes, symptomatic disease, and adverse molecular
prognostic factors, and a poorer overall survival. Routine use of PET scans for staging and
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disease re-evaluation of patients with CLL without clinical features of complications was
rarely (<0.1% of cases) useful. We propose that PET-CT scans are indicated in evaluation of
patients with CLL who have clinical findings suggestive of transformed or complicated
disease, and that PET scans should not be used for routine management of CLL.

PET scans are very sensitive for the detection of aggressive lymphomas, including those that
occur as secondary lymphoid malignancies in patients with CLL, many non-hematological
malignancies, as well as infection and inflammation of solid organs. Because of this wide
differential diagnosis, the finding of high FDG avidity tissue in a patient with CLL is non-
specific and a definitive diagnosis requires further investigation that frequently includes a
surgical biopsy. In contrast, our study shows that patients without highly FDG avid tissue on
a PET scan have a low probability of these complications. These findings are similar to
previously published studies showing that the negative predictive value of a PET-CT scan
for Richter’s transformation was 97%][11] and that PET-CT is useful for evaluation of
patients with CLL suspected of having transformed lymphoma or other malignancies.[12]

High FDG avidity CLL was diagnosed by biopsy in 27 patients. Most of the evaluable
lymph node biopsies had prominent proliferation centers, which has previously been shown
to be associated with shorter survival than patients with smaller or absent proliferation
centers.[13,14] The frequency of large and often confluent proliferation centers in these
lymph nodes could increase the risk of sampling error and misleading diagnoses of DLBCL
on tissue obtained by fine needle biopsies. This finding supports the use of excision or wide
incision biopsies in these patients. Patients with high FDG avidity CLL have an increased
frequency of high-risk prognostic factors and poorer overall survival, which is compatible
with a recent report of increased glucose metabolism in CLL cells obtained from high-risk
compared to low-risk patients.[22] However, additional studies would be required to
determine if PET scans provide independently useful prognostic data in patients with CLL.

In this study we found that most PET-CT scans in CLL patients were used for routine initial
evaluation, determination of treatment response, and surveillance despite the absence of any
published data to support this practice. The PET components of these scans were rarely
clinically useful, are expensive, and can have adverse consequences in some patients. We
would thus strongly recommend that PET scans should not be used for routine evaluation of
patients with CLL.

This study provides novel data on a large population of patients with CLL seen at a single
large center using standard diagnostic criteria and prognostic testing with uniform
prospective data collection and analysis. The limitations of the study include the
retrospective collection of some of the data, non-uniform clinical criteria for ordering PET-
CT scans, the inability to review all the pathological material, and insufficient pathological
material to do more detailed analysis of the highly FDG avid CLL biopsies. However, the
study does provide data that is relevant to clinical practice and could provide guidance on
the appropriate use of an expensive but valuable resource in the clinical care of patients with
CLL.
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We conclude that PET-CT scanning has an important role in the clinical evaluation of
patients with CLL who have clinical indicators of transformation, second malignancies or
serious infections. PET scans that are negative for high FDG avidity tissue (SUV<5) are
associated with a low probability of these complications, which supports our hypothesis that
PET-CT scans are sensitive tests for the evaluation of patients with CLL for second
malignancies and serious infections.
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Figure 1. Lymph node Histology in CLL
Proliferation centers characterized by paraimmunoblasts (prolymphocytes) are a

characteristic feature of lymph nodes involved by CLL. Prominent proliferation centers with
>40% paraimmunoblasts are shown in sections A to C. In section B there is a more subtle
increase in paraimmunoblasts interspersed with small CLL lymphocytes. D: Example of a
more typical appearance of CLL with a predominance of small lymphocytes and foci of
proliferation center formation. (H&E stain, Nikon objective 20x lens with 200x
magnification, Olympus DP controller and Nikon Eclipse 80i camera)
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Figure 2. Classification of PET-CT Scans
A: One hundred and twenty of 526 PET scans performed in 272 patients showed high FDG

avidity lesions in 83 patients.
B: Eighty patients underwent biopsies of their high FGD avidity lesions resulting in a new

diagnosis in 32 patients.
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Figure 3. Patientswith High FDG Avidity CLL Have Decreased Survival
The 27 patients with biopsy proven high FDG avidity CLL tissue had a significantly shorter

median overall survival from the time of diagnosis of their CLL compared to the rest of the
CLL population (n=2272) (11.9 years vs. 14.8 years p=0.03).
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Patient Characteristics (n=272)
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Variable | N (%)
Age at diagnosis (years)

Median (range) 61.5 (21-91)
Sex

Female 75 (28)

Male 197 (72)
Stage

Low risk (Rai 0) 87 (32)

Intermediate risk (Rai | - 11) 155 (57)

High risk (Rai I11 - 1V) 29 (11)

Missing 1
CD38

Negative 115 (53)

Positive 103 (47)

Missing 54
CD49d

Negative 71 (49)

Positive 75 (51)

Missing 126
ZAP-70

Negative 83 (44)

Positive 108 (56)

Missing 81
IGHV somatic hypermutation

Mutated 43 (32)

Unmutated 92 (68)

Missing 137
FISH

130- 28 (25)

Negative 28 (25)

Trisomy 12 35(31)

11g- 13 (12)

17p- 9(8)

Missing 159
Number of PET scans/patient

Mean (SD) 1.9(1.9)

Median (range) 1(1-11)
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Table 2
Description of 526 PET-CT Scans in 272 CLL Patients

N (%)
CLL statusprior to PET-CT scan
Pre-CLL diagnosis 20 (3.8)
CLL Untreated 143 (27.2)
CLL Remission 163 (31.0)
CLL Relapsed/Progressive 183 (34.8)
Unknown 17 (3.2)
Secondary Diagnosis prior to PET-CT scan
None 247 (47.0)
DLBCL 115 (21.9)
Skin cancer 57 (10.8)
Non-hematological malignancy 53 (10.1)
Other lymphoma 31(5.9)
Hodgkin’s lymphoma 19 (3.6)
Infection 3(0.6)
Lung transplant 1(0.2)
Indication for PET-CT scan
Restaging CLL 220 (41.8)
Restaging other malignancy 93 (17.7)
Restaging DLBCL 81 (15.4)
Staging CLL — initial evaluation 73 (13.9)
Staging DLBCL 11(2.1)
Evaluation of a new lesion 27(5.1)
Staging other malignancy 9 (1.7)
Restaging Hodgkin’s lymphoma 8(1.5)
Other 4(0.8)
PET-CT scan Result
No abnormalities 54 (10.3)
No FDG avid lesions 88 (16.7)
SUV<5 264 (50.2)
SUV=5 120 (22.8)
Consequences of PET-CT
Additional imaging 1(0.2)
Biopsy 126 (24.0)
Additional testing NOS 22 (4.2)
Consult 16 (3.0)
Observation 176 (33.5)
Treatment 185 (35.0)

DLBCL diffuse large B cell lymphoma, NOS not otherwise specified
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Table 3
Histological Diagnosis of High FDG Avidity Tissue (SUV=5)

Diagnosis Biopsies (%) New diagnosa*

Hematological Malignancy

CLL 30 (35) 28™*
Diffuse large B cell lymphoma 19 (22) 13
Hodgkin’s lymphoma 3(4) 3
EBV+ lymphoproliferative disorder 3(4) 1

Non-Hematological Malignancy

Carcinoma 19 (22) 6

Malignant Melanoma 6(7) 0
Infection

Pneumocystis pneumonia 1(1) 1

Herpes simplex adenitis 1(1) 1

Cellulitis 1(1) 1
Inflammatory

Non caseating granuloma 1(1) 1
Other

Adenoma (colon) 1(1) 1

Benign thyroid nodule 1(1) 1

EBV+ Epstein Barr Virus positive

*
Number of biopsies

*%

First detection of highly FDG avid CLL including initial diagnosis of CLL
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