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Carbon-11-Methionine Uptake in Squamous Cell

Head and Neck Cancer

Paula Lindholm, Sirkku Leskinen and Maria Lapela
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The purpose of this study was to investigate whether uptake of
L-methyi-[''C]-methionine in a tumor is related to the survival of
patients with squamous cell cancer of the head and neck. Methods:
Thirty-nine patients (median age 64 yr) with newly diagnosed squa-
mous cell carcinoma of the head and neck entered a PET study with
[''C]-methionine before therapy. Tumor [''C]-methionine uptake
was measured as standardized uptake values (SUVs), and the. PET
results were compared with the clinical follow-up data of the
patients. Results: All except one of the malignant lesions within the
field of view were visible by [''C]-methionine PET. The median tumor
SUV was 9.0 (range 4.0-18.8). The median follow-up time for
patients still alive is currently 44 mo (range 14-66 mo). No difference
in survival was found between patients with tumor SUV equal to or
larger than the median and those with tumor SUV smaller than the
median. Conclusion: Carbon-11-methionine PET imaging is effec-
tive in squamous cell head and neck cancer. The amount of
[''C]-methionine uptake does not predict the clinical outcome.
Key Words: PET; carbon-11-methionine; head and neck cancer
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'I;le optimal treatment for most carcinomas of the head and
neck is combined radiotherapy and surgery, although an early-
stage cancer may be cured with radiotherapy or surgery alone.
The tumor stage at diagnosis is of important prognostic value
(1), but the role of factors related to aggressive clinical behavior
and decreased radiocurability of a malignant tumor, e.g., intrin-
sic radioresistance, still remains unknown. There are also
preliminary molecular and immunohistochemical studies show-
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ing that increased risk for locoregional relapse (2) or aggressive
behavior (3) of squamous cell carcinoma may be predicted by
using biochemical or genetic markers. However, these methods
also have limitations. A reliable method for assessing the
aggressive clinical behavior of cancer would assist the clinician
in planning cancer therapy.

PET imaging with L-methyl-[''C]-methionine is useful in the
detection and delineation of both cerebral and extracranial
human cancer (4-7). Methionine is an essential amino acid, and
its transport is regulated by two different transport mechanisms,
system A and system L (8). High tumor uptake reflects the
increased transport of methionine from the blood into cancer
cells.

There is some evidence that tumor [''C]-methionine uptake
may be related to the biological aggressiveness of cancer,
although the results have been contradictory. Carbon-11-methi-
onine accumulation seemed to be associated with the histolog-
ical grading of brain (4), lung (5) and uterine cancer (6) but not
lymphoma (9). A correlation was found between high [“C]
methionine uptake and the high percentage of dividing cells in
breast cancer (7) and in non-small cell lung cancer (/0),
suggesting that [''C]-methionine PET could be used for eval-
uating the proliferative activity of a tumor.

The tumor stage remains perhaps the only independent
prognostic factor in head and neck cancer. However, tumors
with a similar clinical stage may respond to radiotherapy at
different rates. There exists a great variation in the radiore-
sponse of individual tumors and, because of heterogeneity, also
within a single tumor (/7). A reliable method for predicting the
radiocurability of a tumor would be valuable. Proliferative
characteristics do not seem to have any significant relationship
to the histopathological grading of head and neck cancer (/1),

1393



TABLE 1

Patient Characteristics
Characteristics Number
Men 33
Women 6
Age (yn)
=64 22
>64 17
WHO performance status
0-1 27
=2 12
Primary site
Oral cavity 15
Pharynx 10
Larynx 7
Paranasal sinuses 4
Parotid gland 1
Unknown 2
Primary tumor size
T . 5
T2 7
T3 10
T4 15
Tx
Lymph nodes
NO 16
N1 "
N2 10
N3 2
Histological grade
G1 13
G2 16
G3 8
Gx 2
UICC stage
| 4
1 5
] 8
\" 22

WHO = World Health Organization; UICC = International Union Against
Cancer.

and the prognosis for head and neck cancer does not depend on
histological grading or proliferative activity (/2). Thus, more
accurate predictive methods are warranted for clinical use.
Metabolical activity of cancer tissue in vivo has been suggested
to be related to the behavior of the disease, and recently tumor
fluorodeoxyglucose (FDG) uptake was found to be a prognostic
factor for head and neck cancer (/3). Our purpose was to
evaluate whether tumor [''C]-methionine uptake is related to
the survival of patients with squamous cell cancer of the head
and neck.

MATERIALS AND METHODS

Patients

Between March 1989 and May 1995, a [''C]-methionine PET
study was completed for 39 patients (6 women, 33 men; age range
36-79 yr; median age 64 yr) who had been referred to the
University Central Hospital of Turku for treatment of squamous
cell head and neck cancer. A written informed consent was
obtained from all of the patients. The study protocol was approved
by the ethical board of the hospital.

All 39 patients had previously untreated cancer with histological
confirmation. Staging was performed according to the International
Union Against Cancer primary tumor, regional nodes and metas-
tasis system (/4), and consisted of a clinical examination with

endoscopy, chest radiograph, ultrasonography, CT (26 patients)
and MRI (CT and MR, § patients) when feasible (Table 1). Tumor
diameter was at least 2 cm, except in 2 patients who had primary
tumors with a diameter of 1.5 cm. Curative cancer therapy was
planned and combination treatment was chosen according to the
type, location and stage of the disease. Decisions were not affected
by the PET results.

Patients had a [''C]-methionine PET study prior to therapy. The
time interval between the PET study and the onset of therapy
varied from 1-41 days, with a median of 8 days. After the PET
study, 25 patients were treated with preoperative radiotherapy
using a linear accelerator with 4 MV or 6 MV photons to the total
tumor dose of 60—64 Gy and surgery to the primary site and/or the
regional lymph nodes, whereas 9 patients received definitive
radiotherapy to the tumor dose of 65-72 Gy. Nine of the 34 patients
received accelerated hyperfractionated radiotherapy with two daily
fractions of 1.6 Gy (/,15), while other patients were treated with
conventional radiotherapy. Two patients with large hypopharyn-
geal tumors also received intracavitary radiotherapy. One patient
underwent only radical surgery, whereas radiotherapy had to be
interrupted in 4 patients because of their worsening physical
condition. All 26 patients who underwent surgery had negative
surgical margins, and the surgical procedures were considered
radical. Of the 39 patients, 35 (90%) completed curative cancer
therapy.

PET Imaging

An ECAT type 931/08-12 scanner (Siemens/CTI, Inc., Knox-
ville, TN) was used for the PET studies. The device produces 15
simultaneous, contiguous slices with a slice thickness of 6.7 mm,
and the final in-plane resolution in reconstructed and Hann-filtered
images is 8.0 mm FWHM. According to phantom studies, the
measured radioactivity concentration is sufficiently stable for
objects larger than 13—-14 mm in diameter. Partial volume correc-
tion was not performed because the size of the tumors was
considered to be large enough. Carbon-11-methionine was synthe-
sized as previously described (16,17).

TABLE 2
Clinical Factors and Tumor Uptake of Carbon-11-Methionine in 39
Patients with Untreated Squamous Cell Head and Neck Cancer

SUV <9.0 SUV =9.0
n=18 n=21

Age (y1)

=64 12 10

>64 6 1
WHO performance status

0-1 10 17

=2 8 4
Lymph node positive 11 12
Lymph node negative 7 9
Histological grade

G1 5 8

G2 8 8

G3 4 4

Gx 0 2
UICC stage

Hil 7 10

v 1 1
Alive with no disease 4 10
Alive with disease 4 1
Dead of disease 10 10
Therapy interrupted 2 2

SUV = standard uptake value; WHO = World Health Organization; UICC
= International Union Against Cancer.
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TABLE 3
Pretreatment Tumor Carbon-11-Methionine Uptake (SUV) and Response to Therapy in 39 Patients with Head and Neck Cancer

Patient Sw Response Follow up
no. <9.0 =9.0 Therapy Clinical Pathological (mo)
1 123 Th. int PD Not op. DOD at 11 mo
2 125 rad. RT PR Not op. DOD at 3.7 mo
3 89 RT + OP PR POS DOD at 16 mo
4 8.7 rad. RT CR Not op. DOd at 27.3 mo
5 5.8 Th. int PD Not op. DOD at 0.2 mo
6 84 RT + OP PR POS DOD at 20 mo
7 9.8 RT + OP PR POS NED at 66 mo
8 15.2 rad. RT PR Not op. DOD at 8 mo
9 6.5 RT + OP CR NEG DOD at 45 mo
10 44 rad. RT PR Not op REC at 45 mo
11 9.0 RT + OP PR POS NED at 65 mo
12 10.2 RT + OP PR NEG NED at 65 mo
13 82 RT + OP PR POS DOD at 7.5 mo
14 84 Th. int. PD Not op. DOD at 2 mo
15 9.0 rad. op CR POS NED at 63 mo
16 18.8 RT + OP PR POS NED at 61.5 mo
17 6.2 RT + OP PR POS DOD at 8 mo
18 8.8 RT + OP PR POS DOD at 13.7 mo
19 6.7 RT + OP PR POS NED at 56 mo
20 1.7 rad. RT CR Not op DOD at 7.3 mo
21 8.1 rad. RT PR Not op DOD at 6 mo
22 115 RT + OP CR POS DOD at 30 mo
23 114 rad. RT CR Not op. NED at 45 mo
24 46 rad. RT CR Not op. REC at 20.7 mo
AWD at 45 mo
25 10.6 RT + OP CR POS DOD at 23.7 mo
26 6.3 RT + OP CR POS REC at 30.2 mo
26 6.3 RT + OP CR POS REC at 30.2 mo
AWD at 44 mo
27 9.0 RT + OP CR POS DOD at 9 mo
28 11.5 RT + OP PR POS NED at 27 mo
29 9.9 RT + OP PR POS REC at 5 mo
AWD at 25 mo
30 73 RT + OP PR POS NED at 22 mo
31 124 RT + OP PR POS DOD at 10 mo
32 74 RT + OP PR POS NED at 21 mo
33 84 RT + OP PR POS REC at 15 mo
AWD at 19 mo
34 10.0 rad. RT PR Not op. DOD at 9 mo
35 9.2 RT + OP PR NEG NED at 19 mo
36 40 rad. RT CR Not op. NED at 19 mo
37 10.8 RT + OP PR NEG DOD at 10.1 mo
38 104 RT + OP PR POS NED at 14 mo
39 9.1 RT + OP PR POS NED at 14 mo

SUV = standardized uptake value; Th. int. = therapy interrupted; rad. RT = radical radiotherapy; RT + OP = preoperative radiotherapy and surgery to
the primary site + neck dissection; rad. OP = radical operation; PD = progressive disease; Not op. = not operated; PR = partial response; CR = complete
response; DOD = dead of disease; NED = no evidence of disease; REC = recurrent; AWD = alive with disease; POS = positive pathological findings; NEG

= negative pathological findings.

A 10-min transmission scan for attenuation correction was
performed with a removable **Ge ring source (total counts 15—
30 X 10° per plane). Carbon-11-methionine bolus (range 110—480
MBgq; mean 320 MBq) was injected intravenously, and dynamic
scanning was performed for 40 min. Clinical information was
available for the investigators for the image interpretation. The
regions of interest (ROI) were placed manually on the tumor areas
with the highest radioactivity concentration in the last frame. The
average radioactivity concentration in a ROI at 35-40 min postin-
jection, corrected for calibration and decay, was used for the
analysis. Tumor [''C]-methionine accumulation was measured as
standardized uptake values (SUVs), i.e., radioactivity concentra-
tion in the ROI (Bq per cc) divided by the injected dose (Bq)

CARBON-11-METHIONINE PET IN HEAD AND NECK CANCER « Lindholm et al.

divided by the body weight (g). The SUV method was chosen
because of its simplicity and applicability to clinical studies, and
because of its close correlation with kinetic parameters, as de-
scribed by Leskinen-Kallio et al. (/8).

Data Analysis

Follow-up was calculated from the time of the PET study, and
the median follow-up time for patients still alive was 44 mo (range
14-66 mo). The cumulative survival was estimated with the
product-limit method of Kaplan-Meier, and the survival between
groups was compared with the log-rank test. Comparison of
non-normal distributions was done using Kruskal-Wallis analysis
of variance.
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FIGURE 1. (A) Kaplan-Meier and (B) scattergram showing lack of association
with tumor [''C]-methionine standardized uptake value (SUV) and survival
time of 39 patients with squamous cell head and neck cancer.

RESULTS

All malignant lesions within the field of view were visible by
[''C]-methionine PET except one. A supraglottic laryngeal
cancer with a diameter of 1.5 cm was not clearly detectable
because of the large metastasis in the neighboring lymph node.
On the other hand, one carcinoma (2.2 X 1.2 cm) of the lower
gum that was not visible by CT or MRI was clearly detected by
PET. The overall sensitivity of PET for detecting primary
tumors was 97% (36/37; Table 1).

The tumor SUVs ranged from 4.0—18.8 with a median of 9.0.
The patients were divided into two groups according to the
median tumor SUV (Table 2). When comparing clinical prog-
nostic factors like the histological grade and stage of cancer, the
two groups did not differ markedly from each other, although
the performance status tended to be better in the group of
patients with a tumor SUV =9.0. Ten patients in each group
died of cancer. A tumor SUV lower than the median tended to
be related to recurrent disease in the 19 patients that were still
alive. Four out of 8 patients with a tumor SUV < 9.0 were alive
without disease, while cancer had recurred in 4 patients. Ten out
of 11 patients with a tumor SUV =9.0 were alive with no
evidence of disease, whereas only 1 patient had a recurrency
(Table 3). No difference in survival was found between the two
groups of patients (p = ns) (Fig. 1A and B). When comparing
Stage III and IV tumors separately, no correlation was found

FIGURE 2. Carbon-11-methionine PET images of 2 patients with advanced
(Intemational Union Against Cancer Stage T3N1) laryngeal cancer. (A) Mod-
erately differentiated squamous cell cancer in supraglottic area with neigh-
boring neck metastasis and tumor standardized uptake value (SUV) of 10.2.
Sublingual and right submandibular salivary glands are also visible. Patient
was alive without disease at 65 mo after diagnosis. (B) Well-differentiated
squamous cell cancer in glottic area with tumor SUV of 10.0. Patient died of
cancer 9 mo after diagnosis.

between tumor SUVs and survival times. Tumor [''C]-methi-
onine uptake was not related to final patient outcome for
primary squamous cell head and neck cancer (Fig. 2). No
correlation was found between tumor [''C]-methionine uptake
and the histological grading of squamous cell head and neck
cancer (p = ns) (Fig. 3). However, the tumor stage at diagnosis
was a prognostic factor (Fig. 4).

DISCUSSION

After a fairly long patient follow-uP (median 44 mo), we
found no correlation between tumor [''C]-methionine uptake
and final clinical outcome. Since most head and neck cancer
recurs within the first 2 yr after diagnosis, the follow-up of this
study was sufficient for survival analysis.

Carbon-11-methionine PET is effective' in imaging various
types of cancer, although most human studies have been
performed with brain tumors. Derlon et al. (4) reported that
["'C)-methionine uptake in cerebral gliomas was not related to
the length of survival.

Methionine is an essential amino acid that is mostly used for
protein synthesis but is also used for polyamine synthesis, for
trans-sulfuration and transmethylation reactions. The overall
transmethylation rate is significantly increased in cancer. Al-
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FIGURE 3. Tumor [''C]-methionine standardized uptake value (SUV) and
histological grading in squamous cell head and neck cancer.
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outcome. Carbon-11-methionine PET can be used to image
malignant tumors and monitor therapy. It may find important
applications in differentiating malignant from benign tumors or
differentiating recurrent cancer from normal post-therapeutic
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