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Pet/ct in lymphoma
Lymphoma is a complex disease. For start-

ers, “there are 60 different kinds of lympho-

mas and PET/CT is used in different ways in 

different types of lymphomas,” says Wynd-

ham Wilson, MD, PhD, chief of the lym-

phoma therapeutics section in the metabo-

lism branch at the Center for Cancer 

Research, National Cancer Institute in 

Bethesda, Md. PET/CT, with its combina-

tion of functional and morphologic data, 

offers improved localization of lesions, stag-

ing, especially for extra nodal disease, tar-

geting of biopsy/therapy and interpretation 

of subtle or unusual lesions in lymphoma.

The two main types of lymphoma are 

Hodgkin’s lymphoma and non-Hodgkin’s 

lymphoma. Each year, about 286,000 people 

worldwide are diagnosed with non-Hodg-

kin lymphoma, of those 58 percent are male 

and 42 percent are female; approximately 

161,000 people die from non-

Hodgkin’s lymphoma annually, 

according to the Lymphoma Coali-

tion, a worldwide network of lym-

phoma groups. The coalition esti-

mates Hodgkin’s lymphoma affects 

more than 62,000 people world-

wide each year, of those 60 percent 

are male and 40 percent are female; 

about 25,000 people worldwide die 

annually from the disease.

Management of lymphoma
PET/CT is most useful in the man-

agement of patients with lympho-

ma that is being treated with cura-

tive intent. “It is useful in the stag-

ing process to define extent of dis-

ease and plan curative approach 

accordingly and it is useful at com-

pletion of curative intent therapy to 

refine the prognosis,” says Brian K. 

Link, MD, professor and interim 

director of clinical services, divi-

sion of hematology, oncology and blood & 

marrow transplantation at University of 

Iowa in Iowa City.

 There is still considerable debate regard-

ing the usefulness of PET/CT in the midst 

of therapy to decide if it should continue as 

planned. According to Link, the strongest 
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PET/CT is making a difference in managing patients with Hodgkin’s  

and non-Hodgkin’s lymphoma. It has emerged as the imaging modality 

of choice in the staging and management of this disease. The imaging 

agent of choice is FDG (18F-fluoro-2-deoxy-D-glucose), while FLT 

(3’-deoxy-3’-[18F] fluorothymidine) is showing great promise. 
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evidence in support of PET/CT is for 

patients with Hodgkin’s lymphoma and the 

debate is more balanced in diffuse large 

B-cell lymphoma. Clinical trials evaluating 

if FDG-PET can help in changing treatment 

are ongoing. PET is performed after two or 

three cycles of treatment depending upon 

the protocol and if the PET is negative, 

either the standard or limited cycles are 

continued. If PET is still positive, the regi-

men becomes indefinite and sometimes 

aggressive, Wilson says.

PET also is useful in determining wheth-

er or not you need to radiate, for example, in 

Hodgkin’s at the end of therapy. “Those 

[patients] who get negative PET, don’t get 

radiation, and those who get positive PET, 

do get radiation,” says Wilson. Chemother-

apy alone cures about 60 percent of the cases 

and when radiation is added, the cure rate 

goes up closer to 80 percent per cell, he adds. 

In a recent study conducted in HIV lym-

phoma patients, PET was used to determine 

the number of cycles of chemotherapy. The 

patients received only one half of the che-

motherapy that they usually received when 

PET showed a certain degree of improve-

ment, says Wilson.

the right timing
Studies are ongoing to see the right time to use 

PET in the diagnostic algorithm, says Lalitha 

K. Shankar, MD, PhD, acting chief of the clin-

ical trials branch, cancer imaging program at 

National Cancer Institute in Bethesda, Md. If 

PET is done too early, large masses can be 

falsely positive and a negative FDG-PET at the 

end of therapy is also not 100 percent associ-

ated with a cure or lack of relapse, says Wilson. 

Highly metabolic sites such as inflammatory 

infectious sites will light up on FDG-PET even 

in large tumor masses even when the tumor 

cells have died, he adds. 

Peter S. Conti, MD, PhD, professor of 

biomedical engineering, radiology and 

pharmacy at Keck School of Medicine, Uni-

versity of Southern California in Los Ange-

les, prefers to do the PET scan around two 

weeks after treatment as it gives the oncolo-

gist more flexibility in making a treatment 

decision. It also gives the care team another 

“PET/CT is useful in the staging process 
to define extent of disease and plan 
curative approach accordingly and it is 
useful at completion of curative intent 
therapy to refine the prognosis.”
Peter S. Conti, MD, PhD, Professor of Biomedical Engineering, Radiology and Pharmacy 
at Keck School of Medicine, University of Southern California in Los Angeles 
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PET/CT is making a difference in managing patients with 
lymphoma, but the nature of medicine means we’re 
always seeking a better tool. That’s where biomarkers 
come in. Biomarkers are characteristics that are objective-
ly measured and evaluated as indicators of disease and 
could be used to predict treatment outcomes, prognosis 
and identify sub types of lymphoma. For example, in dif-
fuse large B cell lymphoma, biomarkers have identified 
multiple subtypes that have distinct biological behavior 
and oncogenic events, explains Wyndham Wilson, MD, 
PhD, chief of the lymphoma therapeutics section in the 
metabolism branch at the Center for Cancer Research, 
National Cancer Institute in Bethesda, Md. 

Determining the subtype of lymphoma can help in pre-
dicting treatment outcome. “If we know that someone 
has germinal center type, he or she will have a better out-
come with standard therapy than if he or she had with 
cardiac diffuse large B cell lymphoma,” says Wilson. 

There are a variety of trials where molecular and func-
tional imaging are being evaluated as a primary or sec-
ondary aim of the study to evaluate whether an imaging 
technology or a new imaging agent can improve the man-
agement of cancer, namely in the detection, diagnosis, 
staging, surveillance or for response to treatment. “We at 
the National Cancer Institute (NCI) are evaluating a variety 
of available and novel imaging agent technologies,” says 
Lalitha K. Shankar, MD, PhD, acting chief of the clinical tri-
als branch, cancer imaging program at NCI. Currently all 
PET scans in the United States utilize glucose-based agents 
such as FDG and one of the projects, conducted by NCI is 
the assessment of the use of FDG-PET as a biomarker for 
clinical trials in non-Hodgkin’s lymphoma.

Research is ongoing with other potential functional im-

aging strategies including thymidine-based agents such 
as FLT (3’-deoxy-3’-[18F] fluorothymidine), a proliferation 
marker as well as FMISO (18F-fluoromisonidazole) which 
is a hypoxia imaging agent. Cancers that are more hypoxic 
are more resistant to treatment. “So we are trying to de-
fine the hypoxic tumors and which treatment works for 
them,” Shankar says. “We also look at receptor imaging 
on cancer cells such as estrogen receptors in breast cancer 
and testosterone receptors in prostate cancer.”

Wilson believes that FLT has high specificity, while FDG 
has high sensitivity. “We hope that FLT-PET will be more 
discriminating than FDG-PET because proliferation is 
going to be more different between a tumor cell and a 
normal cell.” Wilson’s group is participating in a clinical 
trial comparing the specificity of FDG-PET and FLT-PET 
in lymphomas. And there’s one more for the list, FMAU 
[18F-1-(2’-deoxy-2’-fluoro-ß-D-arabinofuranosyl) thymine], 
a cell proliferation marker being used under protocol at 
Keck School of Medicine, University of Southern California 
in Los Angeles, says Peter S. Conti, MD, PhD, a professor of 
biomedical engineering, radiology and pharmacy there.

Initial data also have been obtained from two other 
functional imaging modalities. Initial data suggest that 
apoptosis determination assessed by technetium-99m 
(99mTc)–annexin V tumor uptake after a cycle of che-
motherapy is a predictor of response to treatment in 
patients with lymphoma. A Tc-MIBI (99mTc-methoxyisobu-
tylisonitrile) scan represents P-glycoprotein or multidrug 
resistance (MDR) protein expression on the tumor. Tc-MIBI 
has been shown to predict the chemotherapy response 
in lymphoma patients treated with agents known to 
be susceptible to P-glycoprotein–related efflux, such as 
doxorubicin and vincristine.
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Biomarkers Help Battle Lymphoma

Lymphoma images from Siemens Biograph TruePoint PET-CT scanner
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two weeks to decide if they want to switch 

therapies instead of waiting for four weeks 

and not seeing a response, he says.

Where are the limitations?
There are difficulties in imaging lymphomas. 

Low-grade lymphomas with less FDG uptake 

make treatment response more challenging 

because of a low baseline, Conti notes. It’s bet-

ter to have a more active tumor as a baseline 

and obviously after treating it with chemo-

therapy and radiation it is much easier to 

quantitate the reduced activity, he adds. 

PET/CT is very useful for staging lym-

phoma and treatment decisions, but not in 

diagnosis as it is difficult to pinpoint the 

pathology and the type of tumor based on 

PET. “There is a certain pattern that sug-

gests lymphoma itself, but it is very difficult 

to determine using a PET scan what specific 

type of lymphoma it is,” says Conti. 

“The usefulness of PET/CT is debatable in 

the management of mantle cell lymphoma, 

not well defined for patients with follicular 

lymphoma or other forms of indolent behav-

ing non-curable lymphomas,” says Link. “A 

PET/CT scan cannot replace biopsy when 

trying to identify the type of lymphoma a 

patient has or if he or she had [a recurrence of 

disease] following previous remission.” 

hybrid imaging
Due to its proven results, PET/CT is used 

most often in imaging lymphoma. There is 

not a lot of MR, ultrasound or traditional 

CT and we are reducing the number of CT 

scans extra because we are doing both PET 

and CT in the hybrid imaging, says Conti. 

Shankar adds that the use of PET/CT has 

increased over the last several years and the 

vast majority of scanners are sold as PET/

CT, which has distinctive advantage of both 

anatomic localization and metabolic imag-

ing at the same time.  

There also is a question of whether or not 

PET/CT is adequate or is there a need for 

intravenous contrast CT. IV contrast some-

times can help identify developing disease 

vascular beds and it’s certainly difficult to 

determine the tumor, so it can be done at 

the physician’s discretion or as a part of a 

routine protocol, says Conti. MR imaging is 

infrequently used for nodal assessment in 

lymphoma, but is, of course, useful for 

looking at the central nervous system, mus-

culoskeletal lesions and in some cases 

hepatic lesions, shares Link. 

The other form of functional imaging, 

gallium scanning, has fallen out of favor, 

according to Link. Most institutions have 

gone to FDG and abandoned the gallium for 

lymphoma imaging as PET/ CT has greater 

sensitivity and specificity compared to gal-

lium imaging. Conti believes everyone 

should have access to a PET/CT either 

through academic centers or private prac-

tice centers or through mobile centers or 

hospitals. “There isn’t a patient within two 

hour radius that doesn’t have access to PET/

CT in United States right now,” he asserts. 

“Lymphoma is one of the diseases where 

we have made significant strides and have a 

very good track record and success in stag-

ing and treatment response,” shares Conti. 

The utility of PET/CT will become better 

defined when their reproducibility from 

center to center and interpreter to interpret-

er can be demonstrated, says Link. More 

data will help settle the debate on the role of 

utilizing PET/CT to determine the utility of 

therapy prior to completion of a full course 

and the use of alternative agents may 

improve the sensitivity and specificity of 

PET imaging.  

“Studies are ongoing to see 
the right time to use PET in 
the diagnostic algorithm.”
Lalitha K. Shankar, MD, PhD, Acting Chief of the Clinical Trials Branch,  
Cancer Imaging Program at National Cancer Institute in Bethesda, Md.
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