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The clinical use of PET and PET/CT aids physicians and
patients in developing lymphoma prognoses, specifically for
Hodgkin disease and aggressive types of non-Hodgkin lym-
phoma. PET and PET/CT are used to initially stage lymphoma,
restage disease, and check for remission or recurrence of
malignant tissue after treatment. PET/CT is more sensitive and
specific than CT alone and has better accuracy concerning
lymphoma relapse and remission. In conjunction with other
tests, such as blood laboratory work and biopsy, PET and PET/
CT allow the lymphoma to be staged appropriately and treated
correctly. Results from PET and PET/CT contribute to the
formation of a specialized treatment plan that leads to the best
possible care for each individual patient. PET and PET/CT
positively affect the management of patients with lymphoma.
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Lymphoma is a cancer of the lymph tissue and repre-
sents the fifth most common cancer in the United States,
with 74,030 estimated new cases in 2010 (1). Lymphoma
can be differentiated into Hodgkin disease (HD) and non-
Hodgkin lymphoma (NHL) by the presence of Reed–Stern-
berg cells. A Reed–Sternberg cell is an abnormal B cell that
is larger than normal white blood cells and is found only in
HD through examination under a microscope (2). All other
types of lymphoma are considered NHL.
Lymph tissue is found throughout the body in lymph

nodes, the spleen, the thymus gland, adenoids and tonsils,
the digestive tract, and bone marrow. It comprises mainly
lymphocytes, which can be differentiated into B and T
cells. B cells make antibodies, and 85% of all NHL affects
the B-cell lymphocytes (3). T cells come in many different
forms, including those that specialize in fighting off bacte-
ria, fungi, and viruses; those that produce cytokines; and
those that work with other immune system cells to expedite

or slow the body’s immune response (2). The type of lym-
phocyte affected by the lymphoma is important, as there are
various types of lymphoma that arise from different types
of lymphocytes, and each is treated differently.

HD usually involves the upper mediastinum and primarily
affects people aged 15–34 y and people older than 55 y (3).
HD can be categorized into 4 different histologic subtypes:
nodular sclerosis (most common), lymphocyte predominance,
mixed cellularity, and lymphocyte depletion (4). An esti-
mated 8,490 cases of HD were newly diagnosed in 2010 (1).

NHL is more prevalent than HD, as there were an
estimated 65,540 patients newly diagnosed in 2010, and
usually affects those over the age of 60 y (1,2). NHL can be
divided into slow-growing types, more aggressive types,
and fast-growing types (1). There are over 20 types of
NHL, the most common of which are diffuse large B-cell
lymphoma and follicular lymphoma, which together ac-
count for more than half of all NHL cases (5). Other com-
mon types include small lymphocytic lymphoma, mantle cell
lymphoma, peripheral T-cell lymphoma, and marginal-zone
B-cell lymphoma (5). Together, HD and NHL resulted in
21,530 deaths in 2010 (1).

STAGING

Staging is a vitally important process in treating cancer
of any type, including lymphoma. Accurate staging ensures
that the patient’s treatment regimen is not too weak (not
powerful enough to combat the disease) or, conversely, too
strong (unnecessarily toxic to the patient). Systems used to
stage the disease include the Ann Arbor Classification sys-
tem and the International Working Group response criteria,
among others.

The Ann Arbor Classification grades the lymphoma on a
scale from I to IV according to the extent of involvement of
the lymphoma. Also, symptoms associated with the lym-
phoma, and the bulkiness of the tumor, are incorporated
into staging. Staging consists of a thorough history report, a
physical examination, laboratory studies, biopsy, and bone
marrow biopsy. Also, radiologic examinations are used to
properly stage lymphoma, such as CT, MRI, ultrasound,
and 18F-FDG PET, which may or may not be accompanied
by low-dose CT (PET/CT). PET scans can be done with or
without CT (usually low-dose, low-resolution), which is
used for attenuation correction and lesion localization (6).
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The International Working Group response criteria have
been widely used since their inception in 1999 to provide a
more standardized way to treat various levels of lymphoma
involvement. This classification system also uses lymph
node biopsy, bone marrow evaluation, and tumor size to
determine the stage of disease and proper response criteria.
To incorporate the new technology of 18F-FDG PET, as
well as immunohistochemistry and flow cytometry, revised
response criteria were published in 2007 (7).
One example of a study demonstrating that PET adds to

the accuracy of staging was done by Juweid et al. In that
study, 54 patients with aggressive NHL were more accu-
rately staged using PET and the International Working
Group response criteria than using the International Work-
ing Group response criteria alone (8). Pelosi et al. demon-
strated in 337 consecutive patients (130 with HD and 207
with aggressive NHL) that adding PET to bone marrow
biopsy increases the diagnostic accuracy and is essential
to the staging process (9).

18F-FDG UPTAKE IN LYMPHOMA

PET shows sites in the body that demonstrate increased
glucose metabolism. As Nobel Laureate Otto Heinrich
Warburg discovered, because cancer are rapidly dividing,
they use adenosine triphosphate at increased levels, a
chemical that is produced by glycolysis (10). The radio-
active tracer used, 18F-FDG, is chemically similar to sugar,
or glucose. As a result, the 18F-FDG is actively transported
at the first site of glycolysis and converted into 18F-FDG-6-
phosphate. 18F-FDG, however, is then trapped at the site of
glucose metabolism, as it cannot serve as a substrate for the
next enzyme of glycolysis (11).
Areas of abnormal 18F-FDG uptake can be assessed vis-

ually and with the assistance of standardized uptake values
(SUVs). SUVs semiquantitatively calculate the concentra-
tion of metabolic activity in a certain area divided by the
dose administered, taking into account patient weight and
decay time of dose (11). The equation is as follows (12):

Decay-corrected activity ½kBq�= tissue volume ½mL�
Injected 18F-FDG avidity ½kBq�= body weight ½g� :

Incorporation of this metabolic information permits physi-
cians to observe the reaction to their patient’s treatment and
individualize the prognosis. Because there are many varia-
bles such as image noise, resolution, and ROI definition, it is
recommended that SUVs not be used alone for diagnostic
purposes. However, SUVs aid in the visual assessment to
differentiate benign and malignant tumors (13).

COMPARISON OF PET/CT TO DIAGNOSTIC CT

PET and PET/CT can be used to initially stage lym-
phoma, to restage lymphoma, to detect recurrence of
lymphoma throughout treatment, and to follow up with
patients who are in remission. At M.D. Anderson Cancer
Center, in Houston, Texas, more than half of all PET/CT

scans performed are indicated for lymphoma (14). An
advantage of PET/CT for lymphoma is that it can differ-
entiate between actively malignant tissue and necrotic tis-
sue, whereas CT alone and MRI are unable to tell the
difference. CT and MRI identify abnormal masses, nodal
enlargement, and alteration of normal anatomy, whereas
PET/CT demonstrates the metabolic activity of the cancer
cells. A CT scan and MRI scan have decreased specificity
because they are unable to decipher between malignant
tissue and fibrosis, whereas PET/CT is able to differentiate.

CT is much more widely available than PET/CT and
more commonly used for staging, but PET/CT has shown
greater sensitivity in imaging extranodal regions of interest
(15). Extranodal regions of interest for lymphoma include
bone marrow, liver, lungs, and pleura.

Also, diagnostic whole-body CT has a high radiation
dose, up to 30 mSv, whereas a PET scan accompanied by a
low-dose CT scan typically has a radiation dose of 7 mSv
from the CT component and 8 mSv from the 18F-FDG, for a
total of 15 mSv (16).

Recent evidence suggests that lymphoma patients under-
going dual-modality PET/CT may not need to additionally
undergo whole-body CT. The study, by Raanani et al.,
showed that PET/CT, as opposed to CT alone, changed
patient care management decisions in 25% of NHL patients
and 33% of HD patients (17).

Recent studies suggest that PET is also more sensitive
than CT for staging NHL. A retrospective study by Foo
et al. included 38 patients who underwent PET: 24 at initial
staging and 46 at restaging. The PET scans were compared
with CT scans and, for disease validation, were compared
with clinical follow-up or biopsy. For initial staging, PET
scans had a 96% sensitivity rate, whereas CT had only a
71% sensitivity rate. In 29% of patients, PET also identified
sites of disease not present on CT (18).

A study by Guay et al. compared PET with CT to
determine predictive value and diagnostic accuracy in HD.
This study included 48 patients who underwent PET and
CT. The study showed PET to have a positive predictive
value, negative predictive value, and diagnostic accuracy
of 92%, compared with a significantly lower diagnostic
accuracy of 56% for CT (19).

67GA-CITRATE IMAGING IN LYMPHOMA

PET/CT produces higher-quality images than 67Ga-cit-
rate imaging, the nuclear medicine examination done for-
merly to find malignant tissue. PET/CT is sensitive for
imaging the abdomen, whereas 67Ga is taken up diffusely
in benign tissue of the abdomen, making the interpretation
of 67Ga scans difficult (20). PET/CT is more convenient, as
a PET/CT scan can be obtained 1 h after injection, whereas
67Ga scans must be obtained 2–3 d after injection.

LIMITATIONS OF PET

The tracer 18F-FDG is not specific to cancer cells and
will show other sites of glucose metabolism, such as
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myocardium, brain, and skeletal muscle. As a result,
patients are asked to avoid exercise for 24 h before a
PET/CT scan and are encouraged to relax and refrain from
excessive talking after their 18F-FDG injection. 18F-FDG
will also be taken up at sites of infection and inflammation,
as is common for lymphoma patients, who may be imaged
while they are immunosuppressed or after radiation ther-
apy. Abnormal uptake is often seen focally in hyperplasia
of the thymus and diffusely in both the bone marrow and
spleen after chemotherapy (12). Consequently, false-posi-
tive results can occur. The International Harmonization
Project guidelines suggest that PET/CT ideally be done at
6–8 wk, and no less than 3 wk, after treatment (7,21).
Because radiation therapy can cause inflammation for up
to 3 mo after treatment, the patient treatment history should
be noted (12).
In addition, tumors with low glucose activity may not

show malignant tissue on a PET/CT scan, particularly in the
case of slow-growing or low-grade lymphoma, which would
cause a false-negative result. In particular, extranodal
marginal-zone lymphoma and T-cell cutaneous lymphoma
demonstrate variable 18F-FDG uptake (15). Also, lesions
smaller than 5–10 mm may not be resolved on a PET/CT
scan (14). As a result, it is recommended that PET/CT not be
the only modality used for imaging tumors; however, the
sensitivity of the test can serve to complement other modal-
ities to determine prognosis for the patient.
Diabetic patients must monitor their blood glucose levels

and ensure that they are not too high before 18F-FDG injec-
tion. It is the responsibility of the nuclear medicine tech-
nologist to check the glucose level of the patient before
radiopharmaceutical administration. Patients with blood
glucose levels above 150 mg/dL may have nondiagnostic
studies as a result of competition from nonradioactive ex-
tracellular glucose (22).

TECHNICAL PROTOCOL FOR PET/CT IN PATIENTS
WITH LYMPHOMA

At Beth Israel Deaconess Medical Center, the technical
protocol calls for intravenous injection of 18F-FDG. The
dose is either 555 MBq (610%) for any person with a body
mass index (BMI) of 24.9 or less or 740 MBq (610%) for
any person with a BMI of 25.0 or greater. The patient must
take nothing by mouth for at least 4 h before the injection,
and the blood glucose must be below 250 mg/dL at the time
of injection. The patient should avoid strenuous exercise the
day before the scan and should avoid talking once the radio-
pharmaceutical has been injected. The radiopharmaceutical
is taken up for 60 min, and then the patient empties the
bladder before undergoing imaging. The low-dose CT
parameters are a pitch of 1.5:1, a speed of 15 mm/rotation,
a helical thickness of 5 mm, and a voltage of 140 peak
kilovoltage. The current depends on BMI. Fifty milli-
amperes are used for a low BMI (0–25), 75 mA for a
medium BMI, and 120 mA for a high BMI (23).

U.S. REIMBURSEMENT FOR PET/CT IN LYMPHOMA

In 1998, the Center for Medicare and Medicaid Services
began to reimburse for PET/CT scans done for lymphoma,
among other cancers. The indications allowable for reim-
bursement of a PET/CT scan for lymphoma include initial
staging and—during or after treatment—restaging. For
certain indications that are not covered by the Center for
Medicare and Medicaid Services, the patient is eligible for
reimbursement as long as the hospital has an affiliation with
the National Oncology PET Registry.

CASE STUDIES

Case 1

Case 1 is a 22-y-old woman who developed symptoms of
itchy skin without a rash, feelings of unease, fatigue, and a
9-kg (20-lb) weight loss. She was having difficulty breath-
ing on exertion and was wheezing when lying flat. The
patient noticed a lump under her right armpit, which ini-
tially brought her to the oncologist.

A right axillary biopsy was performed and came back
positive for HD. A CT scan was also performed and
revealed bilateral axillary mediastinal lymphadenopathy,
with bilateral lung nodules in the chest, and a right ovarian
cyst. The patients was assessed to have stage IVB HD,
nodular sclerosis subtype: IV because of the extent of the
disease (lung parenchyma) and B because of the weight
loss. A PET/CT scan was scheduled to serve as a baseline
reference to which any scans throughout and after treatment
could be compared.

A treatment plan consisting of the Stanford V chemo-
therapy regimen and radiation was chosen. This regimen
consists of adriamycin, vinblastine, bleomycin, and vincris-
tine, as well as nitrogen mustard and etoposide. Side effects
from this chemotherapy were reviewed with the patient and
can include hair loss, nausea, vomiting, fatigue, myelosup-
pression, and a rare risk for cardiotoxicity and leukemia.
The oncologist informed the patient and stated that lym-
phoma “can be a curable cancer, and benefits from treat-
ment outweigh the risks.”

The initial PET/CT examination ( ½Fig: 1�Fig. 1A) was per-
formed 1 wk after the initial appointment with the oncolo-
gist. There was diffusely abnormal 18F-FDG uptake in the
following lymph node regions: right and left axillary, left
lower jugular chain, right posterior cervical, left supracla-
vicular, anterior mediastinal, prevascular, anterior cardiac,
right pulmonary, and retroperitoneal. This image demon-
strated widespread evidence of lymphoma.

Follow-up PET/CT (Fig. 1B) was done 2 mo later and
showed remission. There was no abnormal 18F-FDG avid-
ity. This scan effectively demonstrated the positive response
to treatment.

Four months after the initial PET/CT examination (Fig.
1C), a third PET/CT examination was performed, and it
showed recurrence of the lymphoma in several anterior
mediastinal nodes. As a result of these findings, the patient’s
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treatment regimen was altered to chemotherapy consisting of
ifosfamide, mesna, carboplatin, and etoposide. A stem cell
transplant, otherwise known as a bone marrow transplant,
was also scheduled secondary to PET/CT scan recurrence.
This patient underwent 8 more PET/CT examinations

over the next 10 mo to track her response to treatment.
Although the scan after the treatment regimen had been
altered showed remission, subsequent scans showed new
areas of uptake and increased intensity in the chest. Her
final scan demonstrated significant progression of the
disease, including metastases to the liver. Unfortunately,
the results from this scan showed that there was nothing
more that could be done for the patient. The patient tried
alternative medicine but died 6 mo later.
The PET/CT scans were beneficial to this patient’s treat-

ment, providing the clinician valuable information about
the extent of disease throughout treatment. The scans showed
the initial extent of involvement of lymphoma and then
showed remission as a result of treatment. The scans then,

however, demonstrated recurrence of the disease, leading
to an altered treatment cycle, which initially worked. Fi-
nally, PET/CT demonstrated relapse of the lymphoma in
the form of new metastases and widespread progression of
the disease.

Case 2

Case 2 is a woman who was 43 y old when she initially
visited her physician in 2005 for a routine physical exam-
ination. The physician found troubling lymph nodes on the
left side of her neck. PET/CT was performed to aid in
diagnosis, which was confirmed by biopsy. The patient was
assessed to have stage IIA HD. The initial PET/CT scan
( ½Fig: 2�Fig. 2A) showed abnormal 18F-FDG uptake in the anterior
and superior mediastinum. As a result of the mass, the
patient’s trachea was displaced posteriorly, and the right
pericardium was affected because of compression of the
superior vena cava. SUVs of the area were much higher
than normal.

FIGURE 2. Case 2. (A) Initial PET image,
with arrow indicating anterior and superior
mediastinum lymph node involvement
of lymphoma, causing displacement of
trachea. (B) PET image demonstrating
remission of lymphoma. (C) Most recent
PET image, still demonstrating remission,
with patient’s arms down during imaging.

FIGURE 1. Case 1. (A) Initial PET image,
with arrow indicating right axillary lymph
node involvement of lymphoma. (B)
PET image demonstrating remission of
lymphoma. (C) PET image demonstrating
relapse, with arrows indicating lymphoma
involving multiple anterior mediastinal
lymph nodes.
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A chemotherapy plan was formed as a result of the
biopsy and PET/CT results. The chemotherapy regimen,
which consisted of adriamycin, bleomycin, vinblastine, and
dacarbazine, can have side effects such as hair loss,
neutropenia, pulmonary fibrosis, and nausea. The second
PET/CT scan (Fig. 2B), 2.5 mo later, showed lack of 18F-
FDG avidity and a decrease in size, demonstrating excellent
response to therapy. A PET/CT scan (Fig. 2C) obtained at
the time this manuscript was prepared indicated continued
remission.
Again, the invaluable clinical information provided by

PET/CT is demonstrated, as is its impact on patient
management. The nuclear medicine follow-up plan for this
patient is to repeat PET/CT every 3 mo during the first year
and every 6 mo after that to check for possible relapse.

CONCLUSION

PET/CT is a valuable asset for the management of
lymphoma. It aids in staging, determining response to
treatment, and following up by illustrating the metabolic
state of the lymphoma. This information allows the oncol-
ogist to alter treatment plans for the patient according to the
extent of disease involvement. As the case studies illustrate,
PET scans done for lymphoma before, during, and after
treatment increase the ability to accurately determine the
response and prognosis.
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