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Table 1 Detection results of screening modality for each cancer

Suspected malignancy® Screening Relative PPV
modality®  sensitivity (%) (%)
Malignant lymphoma (58/147) FDG 93.1 38.6
CT (39) 76.5 48.1
Head and neck cancer (27/332) FDG 96.2 8.0
CT (48) 21.1 50.0
SCC (82) 20.0 7.1
Esophagus cancer (35/85) FDG 65.7 383
CT (24) 62.5 714
GF (24) 100.0 75.0
Hepatobiliary and gallbladder FDG 78.4 439
cancer (37/133) CT (37) 75.0 25.0
US (58) 50.0 80.8
MR I (36) 412 29.2
AFP (52) 455 27.8
Pancreatic cancer (39/115) FDG 974 52.1
CT (34) 75.0 474
US (67) 50.0 324
MR I (27) 60.0 64.3
CA19-9 (85) 58.1 66.7
CEA (83) 47.8 50.0
Renal cell cancer (62/103) FDG 69.4 70.5
CT (28) 100.0 57.1
Us (70) 65.9 61.7
MRI (58) 76.5 722
Cervical and uterine cancer FDG 842 29.4
(37/148) CT (44) 40.0 16.7
US (59) 357 29.4
MRI (75) 824 29.4
CA125 (97) 125 23.1
Ovarian cancer (25/80) FDG 96.0 41.4
CT (32) 64.3 429
MRI (32) 94.1 59.3
Us 37) 60.0 46.2
CA125 (60) 737 58.3
Bladder cancer (29/76) FDG 27.6 100.0
MRI (29) 63.6 87.5

PPV positive predictive value, FDG FDG-PET and FDG-PET/CT

? The parentheses represented the number of found cancer/the num-
ber of subjects suspected for each type of cancer

® The parentheses represented the number of subjects who performed
each type of screening modality

(22 cases) and sarcoidosis (10 cases). No malignancy was
proven in 28 cases and the other 17 cases were strictly
followed because of undeniable possibility of malignancy.
Malignant lymphoma was most frequently found in men
in the age group of 50-59 years. The final diagnosis
of malignancy was confirmed by biopsy (29 cases) and
surgical procedures (9 cases). The typical pathological
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classification of the malignant lymphoma was follicular
lymphoma (15 cases), mucosa-associated lymphoid tissue
(MALT) lymphoma (9 cases), and diffuse large B cell
lymphoma (DLBCL) (6 cases).

The relative sensitivity of FDG-PET or PET/CT for
clinical staging according to the Ann Arbor classification
was 100.0% (all 10 cases) for Stage I, 100.0% (all 5 cases)
for Stage II, 100.0% (all 8 cases) for Stage III, and 100.0%
(1 case) for Stage IV.

FDG-PET and PET/CT showed a relative sensitivity of
93.1% and positive predictive value (PPV) of 38.6%.
Dedicated PET showed a relative sensitivity of 90.5% (19
of 21 cases) and a PPV of 33.9% (19 of 56 cases). PET/CT
showed a relative sensitivity of 94.6% (35 of 37 cases) and
a PPV of 41.7% (35 of 84 cases). No significant difference
was observed between dedicated PET and PET/CT
regarding sensitivity and PPV.

Results of delayed scanning were obtained from 48
cases; 39 cases showed increased accumulation (22 malig-
nant cases), 4 cases showed decreased accumulation (4
benign cases), and 5 cases showed unchanged accumulation
(3 malignant cases). The combined examination most
adopted with dedicated PET was CT in 39 cases. Computed
tomography showed a relative sensitivity of 76.5% (13 of
17 cases) and a PPV of 48.1% (13 of 27 cases).

Head and neck cancer

Among 332 subjects (213 men and 119 women) with a
suspicion of head and neck cancer, there were 27 cases of
cancer (in 23 men and 4 women) including 13 cases of
pharyngeal cancer, 7 cases of laryngeal cancer, 4 cases
of salivary gland cancer, 1 case of mandible cancer, 1 case
of maxillary cancer, and 1 case of tongue cancer, and 88
cases of benign disease. The most frequently found benign
diseases were inflammation (41 cases), Warthin’s tumor
(16 cases), pleomorphic adenoma (12 cases), and adenoid
(9 cases). Head and neck cancer was most frequently found
in the age group of 70-79 years. The final diagnosis of
malignancy was confirmed by biopsy (16 cases) and sur-
gical procedures (6 cases).

FDG-PET showed a relative sensitivity of 96.2% and
PPV of 8.0%. Dedicated PET showed a relative sensitivity
of 100.0% (all 12 cases) and a PPV of 8.6% (12 of 140
cases). PET/CT showed a relative sensitivity of 93.3% (14
of 15 cases) and a PPV of 7.5% (14 of 186 cases). No
significant difference was observed between dedicated PET
and PET/CT regarding sensitivity and PPV.

Results of delayed scanning were obtained from 94
cases; 54 cases were increased accumulation (9 malignant
cases), 12 cases were decreased accumulation (12 benign
cases), and 28 cases were unchanged accumulation (28
benign cases). The combined examinations most frequently
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Table 2 Detection results of . . .
PET and PET/CT for each Malignancy Screeglng Relgtly; PPV (%)
modality sensitivity (%)
cancer
Malignant lymphoma (58/147)* PET (58)° 90.5 339
PET/CT (89) 94.6 41.7
Head and neck cancer (27/332) PET (143) 100.0 8.6
PET/CT (189) 933 7.5
Esophagus cancer (35/85) PET (35) 62.5 52.6
PET/CT (50) 68.4 31.7
Hepatobiliary and gallbladder cancer (37/133) PET (69) 70.0 31.8
PET/CT (64) 81.5 50.0
Pancreatic cancer (39/115) PET (51) 92.9 54.2
PET/CT (64) 100.0 51.0
Renal cell cancer (62/103) PET (44) 42.1 50.0
PPV positive predictive value PET/CT (59) 814 77.8
a
The parentheses represented o\ u;ca1 and uterine cancer (37/148) PET (71) 84.6 22.4
the number of found cancer/the
number of subjects suspected PET/CT (77) 84.0 35.0
for each type of cancer Ovarian cancer (25/80) PET (44) 92.9 50.0
" The parentheses represented PET/CT (36) 100.0 34.4
the number of subjects who Bladder cancer (29/76) PET (57) - -
performed each type of PET/CT (19) 61.5 100.0

screening modality

Table 3 Results of delayed imaging compare to FDG-PET early
imaging

Malignancy Alternation
Increased No change  Decreased
Malignant lymphoma  56.4 (22/39)  60.0 (3/5) 0.0 (0/4)
Head and neck cancer  16.7 (9/54) 0.0 (0/28) 0.0 (0/12)
Esophagus cancer 85.7 (12/14)  50.0 (2/4) 20.0 (1/5)
Hepatobiliary and 58.8 (10/17)  11.1 (1/9) 50.0 (1/2)
gallbladder cancer
Pancreatic cancer 76.2 (16/21)  27.3 (3/11) 0.0 (0/1)
Renal cell cancer 75.0 (3/4) 75.0 (8/12)  100.0 (2/2)
Cervical and uterine 33.3 (8/24) 33.3 (4/12) 16.7 (1/6)
cancer
Ovarian cancer 76.5 (13/17)  30.0 (3/10) 0.0 (0/3)

adopted were squamous cell carcinoma (SCC) antigen (82
cases) and CT to dedicated PET (48 cases). SCC antigen
showed a relative sensitivity of 20.0% (1 out of 5 cases)
and a PPV of 7.1% (1 out of 14 cases). Computed
tomography showed a relative sensitivity of 21.1% (4 out
of 19 cases) and a PPV of 50.0% (4 out of 8 cases).

Esophageal cancer

Among 85 subjects (62 men and 23 women) with a sus-
picion of esophageal cancer, 35 cases (29 men and 6
women) of esophageal cancer and 25 cases of benign dis-
ease were found. The most frequently found benign disease

with dedicated PET- or PET/CT-positive results was
esophagitis.

Esophageal cancer was most frequently found in men in
the age group of 60-69 years. The final diagnosis of
malignancy was confirmed by biopsy (18 cases), surgical
procedures (7 cases), and endoscopic mucosal resection
(4 cases). The pathological classification of the esophageal
cancer was mostly SCC. The relative sensitivity of FDG-
PET or PET/CT for clinical staging according to the UICC
classification was 12.5% (1 of 8 cases) for Stages 0 and I,
100.0% (all 3 cases) for Stage II, 100.0% (all 2 cases) for
Stage III, and 100.0% (one case) for Stage IV.

FDG-PET and PET/CT showed a relative sensitivity of
65.7% and a PPV of 38.3%. Dedicated PET showed a
relative sensitivity of 62.5% (10 of 16 cases) and a PPV of
52.6% (10 of 19 cases). PET/CT showed a relative sensi-
tivity of 68.4% (13 of 19 cases) and a PPV of 31.7% (13 of
41 cases). No significant difference was observed between
dedicated PET and PET/CT regarding sensitivity and PPV.

Results of delayed scanning were obtained from 23
cases; 14 cases were increased accumulation (12 malignant
cases), 5 cases were decreased accumulation (1 malignant
case), and 4 cases were unchanged accumulation (2
malignant cases). The combined examinations most fre-
quently adopted were CT to dedicated PET (24 cases)
and gastric endoscopy (24 cases). Computed tomography
showed a relative sensitivity of 62.5% (5 out of 8 cases)
and a PPV of 71.4% (5 out of 7 cases). Gastric endoscopy
showed a relative sensitivity of 100.0% (all 18 cases) and a
PPV of 75.0% (18 out of 24 cases).
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Hepatobiliary and gallbladder cancer

Among 133 subjects (86 men and 47 women) with a sus-
picion of hepatobiliary cancer and gallbladder cancer, 37
subjects (26 men and 11 women) had proven cancer (23
cases of primary hepatocellular cancer [HCC], 5 cases of
bile duct cancer, 6 cases of gallbladder cancer, and 3 cases
of metastatic liver cancer); 65 cases of benign disease were
found. The most frequently found benign disease was liver
hemangioma (28 cases). Cancer was most frequently found
in men in the age group of 60-69 years. The final diagnosis
of malignancy was confirmed by surgical procedures (17
cases) and biopsy (6 cases).

FDG-PET showed a relative sensitivity of 78.4% and a
PPV of 43.9%. Dedicated PET showed a relative sensitivity
of 70.0% (7 out of 10 cases) and a PPV of 31.8% (7 out of
22 cases). PET/CT showed a relative sensitivity of 81.5%
(22 out of 27 cases) and a PPV of 50.0% (22 out of 44
cases). No significant difference was observed between
dedicated PET and PET/CT regarding sensitivity and PPV.
Sufficient results of FDG-PET or PET/CT for clinical
staging according to the UICC classification were not
obtained for hepatobiliary and gallbladder cancer.

Results of delayed scanning were obtained from 29
cases; 17 cases showed increased accumulation (10
malignant cases), 9 cases showed unchanged accumulation
(1 malignant case), and 2 cases showed decreased accu-
mulation (1 malignant case). The combined examinations
most frequently adopted were CT to dedicated PET (40
cases), abdominal MRI (39 cases), and abdominal ultra-
sonography (61 cases). Computed tomography showed a
relative sensitivity of 75.0% (6 out of 8 cases), and a PPV
of 25.0% (6 out of 24 cases). Abdominal MRI showed a
relative sensitivity of 41.2% (7 out of 17 cases) and a PPV
of 29.2% (7 out of 24 cases). Abdominal ultrasonography
showed a relative sensitivity of 50.0% (21 of 42 cases) and
a PPV of 80.0% (21 out of 26 cases). The primary com-
bined tumor marker for cases with suspected hepatic cancer
was a-fetoprotein (AFP) (52 cases), which showed a rela-
tive sensitivity of 45.5% (5 out of 11 cases) and a PPV of
27.8% (5 out of 18 cases).

Pancreatic cancer

Among 115 subjects (65 men and 50 women) with a sus-
picion of pancreatic cancer, 38 cases (20 men and 18
women) of pancreatic cancer, 1 case of malignant islet cell
tumor, and 23 cases of benign disease were found. The
most frequently found disease other than the 38 cases of
malignancy was intraductal papillary mucinous neoplasm
(11 cases).

Pancreatic cancer was most frequently found in the age
group of 70-79 years. The final diagnosis of malignancy

@ Springer

was confirmed by surgical procedures (12 cases), biopsy (7
cases), and cytological diagnosis (4 cases). The patholog-
ical classification of the pancreatic carcinoma was mostly
adenocarcinoma. The relative sensitivity of FDG-PET or
PET/CT for clinical staging according to the UICC clas-
sification was 100.0% (all 4 cases) for Stage I, 100.0% (all
2 cases) for Stage II, 100.0% (all 3 cases) for Stage III, and
100.0% (all 6 cases) for Stage IV.

FDG-PET and PET/CT showed a relative sensitivity of
97.4% and a PPV of 52.1%. Dedicated PET showed a
relative sensitivity of 92.9% (13 of 14 cases) and a PPV of
54.2% (13 of 24 cases). PET/CT showed a relative sensi-
tivity of 100.0% (all 25 cases) and a PPV of 51.0% (25 of
49 cases). No significant difference was observed between -
dedicated PET and PET/CT regarding sensitivity and PPV.

Results of delayed scanning were obtained from 33
cases; 21 cases showed increased accumulation (16
malignant cases), 1 case showed decreased accumulation (1
benign case), and 11 cases showed unchanged accumula-
tion (3 malignant cases). The combined examinations most
frequently adopted were ultrasonography (67 cases), CT to
dedicated PET (34 cases), and abdominal MRI (27 cases).
Abdominal ultrasonography showed a relative sensitivity
of 50.0% (12 out of 24 cases) and a PPV of 32.4% (12 out
of 37 cases). Computed tomography showed a relative
sensitivity of 75.0% (9 out of 12 cases), and a PPV of
47.4% (9 out of 19 cases). Abdominal MRI showed a rel-
ative sensitivity of 60.0% (9 out of 15 cases) and a PPV of
64.3% (9 out of 14 cases). The cancer antigen 19-9 (CA19-
9) showed a relative sensitivity of 58.1% (18 out of 31
cases) and a PPV of 66.7% (9 out of 19 cases), and car-
cinoembryonic antigen (CEA) showed a relative sensitivity
of 47.8% (11 out of 23 cases) and a PPV of 50.0% (11 out
of 22 cases).

Renal cell cancer

Among 103 subjects (75 men and 28 women) with a sus-
picion of renal cell cancer, 62 cases (48 men and 14
women) of renal cell carcinoma and 20 cases of benign
disease were found. The most frequently found benign
disease was renal cyst (11 cases). Renal cell carcinoma was
most frequently found in the age group of 50-59 years. The
final diagnosis of malignancy was confirmed by surgical
procedures (51 cases) and biopsy (2 cases). The patho-
logical classification of the renal cell carcinoma was mostly
clear cell carcinoma. The relative sensitivity of FDG-PET
or PET/CT for pathological staging according to the UICC
classification was 57.1% (12 of 21 cases) for Stage I,
66.7% (2 of 3 cases) for Stage II, and 100.0% (all 2 cases)
for Stage IIL

FDG-PET and PET/CT showed a relative sensitivity of
69.4% and a PPV of 70.5%. Dedicated PET showed a
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relative sensitivity of 42.1% (8 out of 19 cases) and a PPV
of 50.0% (8 out of 16 cases). PET/CT showed a relative
sensitivity of 81.4% (35 out of 43 cases) and a PPV of
77.8% (35 out of 45 cases). PET/CT had a higher sensi-
tivity (P < 0.01) and PPV than dedicated PET (P < 0.05).

Results of delayed scanning were obtained from 18
cases; 4 cases showed increased accumulation (3 malignant
cases), 2 cases showed decreased accumulation (both
malignant), and 12 cases showed unchanged accumulation
(8 malignant cases). The combined examinations most
frequently adopted were abdominal ultrasonography (70
cases), abdominal MRI (59 cases), and CT to dedicated
PET (28 cases). Abdominal ultrasonography showed a
relative sensitivity of 65.9% (29 out of 44 cases) and a PPV
of 61.7% (29 of 47 cases). Abdominal MRI showed a
relative sensitivity of 76.5% (13 out of 17 cases) and a PPV
of 77.2% (13 out of 18 cases). Computed tomography
showed a relative sensitivity of 100.0% (all 12 cases) and a
PPV of 57.1% (12 out of 21 cases).

Cervical and uterine cancer

Among 148 women with a suspicion of cervical and uterine
cancer, 23 cases of uterine body cancer, 12 cases of uterine
cervix cancer, 2 cases of uterine sarcoma, and 63 cases of
benign disease were found. The most frequently found
benign disease was leiomyoma of the uterus (45 cases).

Cervical and uterine cancer was most frequently found
in the age group of 50-59 years. The final diagnosis of
malignancy was confirmed by surgical procedures (24
cases) and biopsy (8 cases). The relative sensitivity of
FDG-PET or PET/CT for pathological staging according to
the UICC classification was 90.0% (9 of 10 cases) for Stage
1, 100.0% (all 4 cases) for Stage II, 100.0% (all 3 cases) for
Stage III, and 100.0% (one case) for Stage IV.

FDG-PET and PET/CT showed a relative sensitivity of
84.2% and a PPV of 29.4%. Dedicated PET showed a
relative sensitivity of 84.6% (11 of 13 cases) and a PPV of
22.4% (11 out of 49 cases). PET/CT showed a relative
sensitivity of 84.0% (21 out of 25 cases), and a PPV of
35.0% (21 out of 60 cases). No significant difference was
observed between dedicated PET and PET/CT regarding
sensitivity and PPV.

Results of delayed scanning were obtained from 42
cases; 24 cases showed increased accumulation (8 malig-
nant cases), 6 cases showed decreased accumulation (1
malignant case), and 12 cases showed unchanged accumu-
lation (4 malignant cases). The combined examinations
most commonly adopted were pelvic MRI (75 cases), pelvic
ultrasonography (59 cases), and CT to dedicated PET (44
cases). Pelvic MRI showed a relative sensitivity of 82.4%
(14 out of 17 cases), and a PPV of 26.4% (14 out of 53
cases). Pelvic ultrasonography showed a relative sensitivity

of 35.7% (5 out of 14 cases), and a PPV of 29.4% (5 out of
17 cases). Computed tomography showed a relative sensi-
tivity of 40.0% (2 out of 5 cases) and a PPV of 16.7% (2 out
of 12 cases). The primary combined tumor marker was
cancer antigen 125 (CA125) (97 cases), which showed a
relative sensitivity of 12.5% (3 out of 24 cases) and a PPV
of 23.1% (3 out of 13 cases). Papanicolaou smear and
human papilloma virus screening were not performed.

Ovarian cancer

Among 80 women with a suspicion of ovarian cancer, 25
cases of ovarian cancer and 19 cases of benign disease
were found. The most frequently found benign disease was
ovarian cyst (13 cases). Ovarian cancer was most fre-
quently found in the age group of 50-59 years. The final
diagnosis of malignancy was confirmed by surgical pro-
cedures (20 cases). The pathological classification of the
ovarian carcinoma was mostly mutinous cyst adenocarci-
noma (17 cases). The result of FDG-PET or PET/CT for
clinical staging according to the pathological UICC clas-
sification was 100.0% (all 4 cases) for Stage I, 66.7% (2 of
3 cases) for Stage II, and 100.0% (all 2 cases) for Stage III.

FDG-PET showed a relative sensitivity of 96.0% and a
PPV of 41.4%. Dedicated PET showed a relative sensitivity
of 92.9% (13 out of 14 cases) and a PPV of 50.0% (13 out
of 26 cases). PET/CT showed a relative sensitivity of
100.0% (all 11 cases) and a PPV of 34.4% (11 out of 32
cases). No significant difference was observed between
dedicated PET and PET/CT regarding sensitivity and PPV,

Results of delayed scanning were obtained from 30 cases;
17 cases showed increased accumulation (13 malignant
cases), 3 cases showed decreased accumulation (3 malignant
cases), and 10 cases showed unchanged accumulation (3
malignant cases). The combined examinations most fre-
quently adopted were CT to dedicated PET (32 cases), pelvic
MRI (32 cases), and pelvic ultrasonography (37 cases).
Computed tomography showed a relative sensitivity of
64.3% (9 out of 14 cases) and a PPV of 42.9% (9 out of 21
cases). Pelvic MRI showed a relative sensitivity of 94.1%
(16 out of 17 cases) and a PPV of 59.3% (16 out of 27 cases).
Pelvic ultrasonography showed a relative sensitivity of
60.0% (6 out of 10 cases) and a PPV of 46.2% (6 out of 13
cases). The primary combined tumor marker was CA125 (60
cases), which showed a relative sensitivity of 73.7% (14 out
of 19 cases) and a PPV of 58.3% (14 out of 24 cases).

Bladder cancer
Among 76 subjects (41 men and 35 women) with a sus-
picion of bladder cancer, 29 cases of cancer (all in men)

were found. Most subjects were proven to be without any
disease. Cancer was only found in men in the age group of
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60-69 years. The final diagnosis of malignancy (28 cases)
was confirmed by tissue diagnosis with transurethral
resection or biopsy. The results of FDG-PET or PET/CT
for clinical staging according to the pathological UICC
classification were 18.2% (2 out of 11 cases) for Stage L.

FDG-PET showed a relative sensitivity of 27.6% and a
PPV of 100.0%. Dedicated PET showed no cases of PET-
positive findings. PET/CT showed a relative sensitivity of
61.5% (8 out of 13 cases) and a PPV of 100.0% (all 8
cases). Most of the positive findings in PET/CT were
confirmed by the CT portion of PET/CT (7 out of 8 cases).

Delayed scanning was not performed in most of the
cases. The combined examination most frequently adopted
was pelvic MRI (29 cases). Pelvic MRI showed a relative
sensitivity of 63.6% (14 out of 22 cases) and a PPV of
87.5% (14 out of 16 cases).

Discussion

The FDG-PET cancer screening program has contributed to
the detection of various types of malignant neoplasms
because it is a FDG-PET- and PET/CT-centered program
supported by combined screening examination for screen-
ing FDG-negative malignant neoplasms [2, 3, 6, 7]. This
is the most distinctive feature of the FDG-PET cancer
screening program and it has the possibility of compre-
hensive cancer screening. Several kinds of malignant
neoplasms have no definitive screening methods; thus, this
screening program may have the potential to cover a wide
variety of malignant neoplasms. The previous reports
showed that numerous malignant neoplasms were found by
this cancer screening program [2, 3, 6, 7].

The estimated peak age of patients diagnosed with
malignant neoplasm was in the age group of 70-79 years in
Japan, and over 50% of patients with malignant neoplasms
were categorized in age group of 70-79 years and 80 years
and older [8]. The peak age of malignant neoplasms
detected in FDG-PET cancer screening program was age
group of 60-69 years, and 67% of cancer detected was in
age group of 50-59 years and 60-69 years. Although
malignant neoplasms were found earlier in FDG-PET
cancer screening program than in Japanese statistical sur-
vey, it was insufficient to discuss the utility of FDG-PET
cancer screening program due to lead-time bias [9].

A feature of the malignant lymphoma detected in the
screening program was that it was of the indolent type, as
were follicular lymphoma and MALT. This cancer screening
program targeted asymptomatic subjects, so few cases of
aggressive type lymphoma, such as DLBCL, were expected
to be found. The clinical stage according to the Ann Arbor
classification of the malignant lymphoma found varied,
possibly due to the capability of entire body screening by
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FDG-PET and PET/CT at one time. The difference in the
detection rate was not statistically significant between ded-
icated PET and PET/CT. Because the indolent type of
malignant lymphoma has generally low FDG accumulation
[10], it may cause the low screening specificity. A recent
study showed the advantage of PET/CT compared to dedi-
cated PET in the indolent type of lymphoma [11].

In this screening program, there were many cases of
suspected head and neck cancer. Dedicated PET and PET/
CT had a high sensitivity in detecting cancers, but extre-
mely low specificity for detecting head and neck cancer.
This was due to the physiological accumulation of FDG
in the oral and pharyngeal spaces. Even if localized or
asymmetric FDG accumulation was one of the features to
distinguish true positive cases from nonspecific FDG
accumulation [12] and it was closely reviewed in the
guideline of FDG-PET cancer screening, further study is
needed to establish more specific diagnostic guidelines.

Screening for early esophageal cancer was limited in this
program. The detection rate was not different between ded-
icated PET and PET/CT, while these utilities are limited for
the advanced stage [ 13, 14]. A survey with gastric endoscopy
had reliably and accurately screened esophageal cancer. We
showed the high contribution of gastric endoscopy for
screening gastric cancer in a FDG-PET cancer screening
program; thus, esophageal cancer should be screened in a
series of gastric cancer screenings by gastric endoscopy.

FDG uptake in HCC was variable, because HCC gen-
erally had glucose-6-phosphatase activity to dephospho-
rylation of intercellular FDG-6 phosphatase, causing
leakage of FDG back to the circulation [15]. This indicates
that some useful screening modality should be combined
with FDG-PET or PET/CT. The standard modality for
hepatic imaging has been dual phase (arterial and portal)
contrast CT, ultrasonography, and MRI [16]. Because
contrast material is not basically used in a cancer screening
program, a hepatic lesion was inevitably evaluated by a
noncontrast image, regardless of the known disadvantage.
It appeared that abdominal ultrasonography was the
expecting screening modality to cover FDG-PET and PET/
CT; however, it should be considered that ultrasonography
is highly dependent on operator skill and patient physique.
Patients infected with the hepatitis B or C virus (HBV,
HCYV) are at high risk for the development of HCC [17];
thus, it may be a useful test for screening hepatic cancer
even if few facilities have adopted HBV and/or HCV in
their screening program. Elevated serum alpha-fetoprotein
(AFP) was seen in patients with HCC, while it depended on
the AFP threshold [18]. On the other hand, serum AFP has
no evidence of usefulness in an HCC screening for an
asymptomatic population. Thus, AFP should be referred in
subjects who have hepatic cirrhosis and/or a suspicion of a
sizeable mass lesion in the liver [19, 20].
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Regarding the screening for pancreatic cancer, dedicated
PET and PET/CT had a high contribution for detection and
a slight advantage over CT alone. The clinical stage of
pancreatic cancer detected was deviation to advanced
stage, which indicated the difficulty of screening pancreatic
cancer even in asymptomatic subjects, because it generally
has poor prognosis [21]. The sensitivity of FDG-PET for
pancreas cancer did not depend on lesion size with diam-
eter of over 1 cm [22]. Moreover, the sensitivity for Stage 1
pancreas cancer did not differ between FDG-PET and CT
[23]. However, it was necessary to consider the possibility
of small pancreas lesion with false negative in this cancer
screening program. Because 60% of pancreas cancer was
advanced type [24], even small pancreas lesions can lead to
bad prognosis. CA19-9 and CEA were the representative
serum tumor markers for a pancreatic tumor, but they are
not cancer- or organ-specific [25]. One study on screening
pancreatic cancer in 10,000 asymptomatic subjects using
ultrasonography or CA19-9 resulted in an extremely low
PPV of 0.5% [26]. Further study is needed to compare the
prognosis of asymptomatic pancreatic cancer found by this
screening program with that found by other screening
programs.

The FDG-PET imaging of primary renal cell carcinoma
was limited, because renal cell carcinoma tended to show
low FDG accumulation and was interfered with by FDG
excretion [27]. The standard evaluation for renal cell car-
cinoma has been contrast-enhanced CT [28]. However, the
CT contrast medium is not used for the cancer screening
program. Our result showed low sensitivity of dedicated
PET for screening renal cell carcinoma but quite high
sensitivity of PET/CT. For screening renal cell carcinoma,
dedicated CT or the CT portion of PET/CT should be
incorporated into the screening program.

Both dedicated PET and PET/CT had high sensitivity
for screening gynecological cancers. FDG-PET was well
known to have limitations for assessing the parametrial
invasion of gynecological cancer [29, 30]; moreover, for
benign diseases such as leiomyoma of the uterus and pre-
menopausal state, which often showed FDG accumulation
[31-33], pelvic MRI should be combined with FDG-PET
or PET/CT, even if the result of MRI findings for these
cancers is nearly identical to dedicated PET and PET/CT.
In this survey, serum CA125 contributed to the screening
of ovarian cancer, but had a lower advantage for cervical
and uterine cancer. Ovarian cancer screening by serum
CA125 alone resulted in a PPV of 0.03% [34], but com-
bined screening with serum CA125 contributed to
increasing the diagnostic value of FDG-PET [35].

FDG-PET had no diagnostic value for screening bladder
cancer because excreted FDG accumulated in the bladder.
In contrast, pelvic MRI had good results in screening
bladder cancer; thus, pelvic MRI was recommended for

checking for bladder lesions. A hematuria screening was
performed in several facilities but it was expected to be of
little value because one study with a retrospective review
of 20,000 subjects showed only one case of bladder cancer
[36].

The delayed scanning of FDG-PET had the ability to
distinguish malignant from nonmalignant regions and the
increased accumulation of FDG in delayed scanning had a
higher possibility of identifying an existing malignancy
[37]. Our results showed that increased FDG accumulation
in delayed scanning compared to early imaging had a quite
high prevalence of malignancy and many cases had proven
malignancy even with unchanged FDG accumulation in
delayed scanning compared to early imaging. The alter-
nation of FDG accumulation in delayed scanning can be an
index to eliminate a high-risk group of malignancy.
However, the burden of delayed imaging was different with
each type of cancer; the head and neck region and the
cervical and uterine region had low prevalence of cancer,
which might indicate that true lesions are indistinguishable
from physiological FDG uptake. In addition, several cases
were proved to be malignant with decreasing accumulation
in delayed scanning; thus, the limitation of this index must
always be taken into consideration.

Conclusions

We analyzed various types of malignant neoplasms found
by a FDG-PET cancer screening program. A statistically
significant difference in the screening results between PET/
CT and PET was found in screening renal cell carcinoma
even if the results of PET/CT was prior to those of PET in
all types of malignant neoplasms. The results of the FDG-
PET screening program showed that malignant lymphoma
was frequently found to be the indolent type, more specific
diagnostic criteria were needed for screening head and
neck cancer, and that pancreatic cancer in asymptomatic
subjects was most often in the advanced stage. The rec-
ommended modality for combined screening with PET or
PET/CT was gastric endoscopy for covering early esoph-
ageal cancer, abdominal ultrasonography for checking
hepatobiliary and gallbladder cancer, pelvic magnetic res-
onance imaging for assessing gynecological and pelvic
cancer, and a CA125 blood test for screening ovarian
cancer. The delayed scanning was helpful for the screening
program; however, it was dependent on the type of sus-
pected malignant neoplasm.
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PET/CT Allows Stratification of Responders to Neoadjuvant
Chemotherapy for High-Grade Sarcoma

A Prospective Study
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Purpose: The aim of the present study was to determine whether metabolic
reduction is capable of reflecting the histopathologic response and outcome
after neoadjuvant chemotherapy in patients with high-grade sarcoma.
Patients and Methods: Forty-two patients with histologically proven high-
grade sarcoma underwent neoadjuvant chemotherapy followed by surgical
resection. Quantitative F-18 fluorodeoxyglucose (F-18-FDG) positron emis-
sion tomography (PET)/computed tomography scans were acquired before
and after the first cycle and after completion of neoadjuvant chemotherapy.
Standardized uptake values (SUVs) and metabolic reduction rates were
compared with histopathologic response, progression-free survival, and over-
all survival.

Results: Baseline SUVmax was 10.9 * 3.6 (range, 3.8-19.6). Therapeutic
effect resulted in 10 patients (24%) with a satisfactory response and in 32
patients (76%) with an unsatisfactory response after completion of neoadju-
vant chemotherapy. The SUV decreased to 7.8 = 3.4 after the first cycle (t1)
of chemotherapy and to 5.2 = 3.4 after completion (t2) of chemotherapy.
Histopathologic response and percentage SUV (t2) reduction rate were
independent predictors of progression-free survival and overall survival in
the multivariate analyses.

Conclusion: Metabolic reduction after neoadjuvant chemotherapy evaluated
by F-18 FDG PET or computed tomography can be used for stratification of
the histopathologic response in patients with high-grade sarcoma.

Key Words: PET/CT, sarcoma, neoadjuvant chemotherapy
(Clin Nucl Med 2011;36: 526-532)

he majority of patients with high-grade sarcomas are found to
have locally advanced tumors at the time of the initial diagnosis.
However, surgical resection of the tumors often results in inadequate
margin, and there is a high propensity to develop local recurrence
and distant metastasis.'™
For patients with high-grade sarcoma, the main treatment
option with the potential cure is definitive neoadjuvant chemother-
apy followed by surgery. Induction treatment protocols using pre-
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operative chemotherapy or combined chemoradiotherapy followed
by resection yield a complete remission rate of 59% at 5 years in
high-grade sarcoma.*~® Neoadjuvant chemotherapy is under inves-
tigation for the treatment of high-grade sarcomas. Prior studies have
demonstrated that neoadjuvant chemotherapy followed by standard
surgery is associated with comparative response.* %

Imaging metabolic activity offers an alternative method of
visualizing the effects of treatment. Malignant transformation of
cells is frequently associated with increased metabolic activity.
Positron emission tomography (PET) using F-18 fluorodeoxyglu-
cose (F-18 FDG) has been used to evaluate the prognosis in patients
with sarcomas.’~'? The glucose analog F-18 FDG reflects exoge-
nous glucose consumption, because it is phosphorylated by intra-
cellular hexokinases through glucose transporter proteins. F-18 FDG
uptake expressed semi-quantitatively as the standardized uptake
value (SUV) has been found to be strongly associated with out-
come.'*™!* The degree of F-18 FDG uptake in sarcomas is associ-
ated with histologic tumor aggressiveness and glucose transporter
protein 1 expression.'®!” Identification of PET findings that affect
the prognosis of patients with high-grade sarcoma may be useful to
determine preoperative value.

Several studies have revealed that reduction in tumor metab-
olism often occurs early in the course of therapy and precedes with
the reduction of tumor size. Conventional methods for monitoring of
treatment response are based on size reduction as revealed by
computed tomography (CT). However, CT is not an accurate basis
for predicting outcome, because morphologic changes in tumors
occur much later than the changes in metabolic response.®~® Quan-
tification of tumor glucose metabolism is a highly accurate method
of monitoring the effects of chemotherapy.'®~2! Recent studies have
revealed that sequential F-18 FDG PET scans are sensitive to detect
early response to chemotherapy in malignant tumors?=>! The
reduction rate of F-18 FDG uptake technique reflects the histopatho-
logic response to chemotherapy.

However, the role of sequential F-18 FDG PET scans in
measuring the reduction of metabolic response after neoadjuvant
chemotherapy in high-grade sarcomas has not been fully elucidated.
The PET/CT can improve the diagnostic accuracy in patients with
sarcomas because they record anatomic and molecular information
simultaneously. Our hypothesis is that a sequential F-18 FDG
PET/CT scans reflect the changes of metabolic process that may be
related to the therapeutic response. The purpose of the present study
was to clarify whether F-18 FDG PET/CT scans are capable of
reflecting the histopathologic response and outcome after neoadju-
vant chemotherapy of high-grade sarcomas.

PATIENTS AND METHODS

Patients
All patients underwent initial staging based on a review of
their medical history, physical examinations, and imaging studies,
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including PET/CT. The criteria for eligibility were histologically
proven or highly suggestive high-grade soft-tissue sarcoma without
any treatment before the study, age greater than 20 years, and
adequate organ function. The inclusion criteria for performance
status (PS) were PS 0, that is, fully active, able to perform all
predisease activities without restriction or PS 1, that is, physically
strenuous activity restricted but ambulatory and able to carry out
work of a light or sedentary nature.*> The exclusion criteria were
diabetes and pregnancy. Patients who presented with metastatic
disease or concomitant malignancy were ineligible according to the
protocol. This study was conducted in accordance with the amended
Helsinki declaration and approved by the local ethics committees
after all the patients had given informed consent.

Treatment

The neoadjuvant therapy consisted of 2 cycles of ifosfamide
(10 g/m?) followed by 2 cycles of doxorubicin (60 mg/m?) and
cisplatin (80 mg/m?). After completion of the neoadjuvant chemo-
therapy, all patients underwent surgical resection. All specimens
were analyzed by one pathologist, who was blinded to the PET/CT
data. According to the criteria based on the histopathologic re-
sponse, histopathologic responders received adjuvant chemotherapy
after surgery with the following regimen: 3 cycles of ifosfamide (10
g/m?) followed by doxorubicin (60 mg/m?) and cisplatin (80 mg/
m?). Histopathologic nonresponders received 4 cycles of the same
regimen. During the postoperative follow-up, 9 (21%) patients who
had developed localized bone metastasis received external beam
radiation therapy.

PET/CT

Patients received an intravenous injection of 380 to 401 MBq
of F-18 FDG after at least 6 hours of fasting, followed by an uptake
phase of approximately 60 minutes. Studies were performed with a
lutetium oxyorthosilicate-based whole-body PET/CT scanner
(Aquiduo, Toshiba Medical Systems). Data acquisition was per-
formed for each patient from the top of the skull to the leg at a scan
length of 120 seconds per one bed position. A total of 10 to 12 bed
positions, which depend on the patient’s height, were needed for
whole-body scans, and the total examination time was approxi-
mately 30 minutes. All PET images were reconstructed using an
iterative algorithm: attenuation-weighted ordered-subsets expecta-
tion maximization, 4 iterations; 14 subsets; 7-mm Gaussian filter.
All reconstructed images were reviewed and analyzed on a Vox-
base SP1000 workstation (J-MAC systems).

Image Interpretation

PET and CT images in all standard planes were reviewed on
the workstation (e-soft, Siemens). Images were analyzed visually
and quantitatively by 2 reviewers who recorded their findings after
reaching a consensus. Reviewers were blinded to the results of other
modalities. In the visual analysis, abnormal F-18 FDG uptake was
defined as substantially greater activity than in aortic blood on
attenuation-corrected images. A region of interest (ROI) was out-
lined within areas of increased F-18 FDG uptake and measured on
each slice. When the lesion was extensively heterogeneous, the ROI
was set so as to cover all of the components of the lesion. The
maximum SUV measured on every scan was used for prognostic
stratification.

Morphologic and Metabolic Response

MRI was used as a treatment monitoring method. MRI of the
primary site was performed using a 1.5 Tesla system (Signa Hori-
zon; GE Medical Systems, Milwaukee, WI, or Visart; Toshiba
Medical Systems). Tumor size on MRI after the first cycle of
neoadjuvant chemotherapy (t1) and after completion of neoadjuvant
chemotherapy (t2) was compared with tumor size on the baseline

© 2011 Lippincott Williams & Wilkins
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study (t0). The percentage of size (t1 or t2) reduction rate was
calculated by the formula: [Size (t1 or t2) — Size (t0)]/Size (t0) X
100%. Evaluation of metabolic response was accomplished by
comparing the relative change in SUV and percent SUV (%SUV)
reduction rate. The SUVs from PET/CT after the first cycle of
neoadjuvant chemotherapy (t1) and after completion of neoadjuvant
chemotherapy (t2) was compared with the SUVs on the baseline
study (t0). The percentage SUV (t1 or t2) reduction rate was
calculated by the following formula: [SUV (t1 or t2) — SUV
(t0))/SUV (t0) X 100%.

Histopathologic Response and Reference Standard

Histologic examinations were performed by an expert pathol-
ogist. Whenever necessary, immunohistochemical staining was car-
ried out to confirm the diagnosis or tumor type according to the
World Health Organization classification, TNM classification of the
UICC for sarcoma of bone, and AJCC staging protocol for sarcoma
of soft tissue.>*-** In this study, the histologic grade of the tumors
was determined using the grading system established by Hasegawa
et al.>>=37 Histopathologic response to neoadjuvant chemotherapy
was evaluated based on the grading system.>’° A favorable re-
sponse to chemotherapy was defined as =10% viable tumor cells
and an unfavorable response as >10% viable tumor cells. Two
board-certified radiologists retrospectively reviewed the medical
records and follow-up imaging studies. We evaluated follow-up
imaging findings based on visual analysis as standard of reference.
The designation of relapse was defined as local recurrence, nodal
metastasis, or distant metastasis.

Statistical Analysis

The standard deviations (SD) of SUV (t1) and SUV (t2) are
compared between metabolic responders and nonresponders as mea-
sures of heterogeneity by Student ¢ test. The proportion of metabolic
responders is compared based on histologic types by Kruskal-Wallis
test. Overall survival (OS), which was from the time of baseline
PET/CT study, for which the event was the first documentation of
death, was chosen as the end point for assessment of prognostic
value. Progression-free survival (PFS) was defined as the period
between the time of the baseline PET/CT study and the occurrence
of relapse or death, whichever came first. The Cox proportional-
hazard model was applied to test the independence of established
prognostic factors as outcome predictors. All P values calculated
were 2-sided and adjusted for multiple testing. A P < 0.05 was
considered indicative of statistical significance. Statistical analysis
was performed with the PASW Statistics 18 software program
(SPSS Inc, Chicago, IL).

RESULTS

The analyses were based on data obtained from 42 patients
(Table 1). The most common anatomic site of the primary tumor was
trunk (50%), followed by extremities (43%), and head and neck
(7%). Of the tumors, 24% were less than 5-cm, 48% were in the 5-
to 10-cm, and 28% were larger than 10-cm range. Pleomorphic
sarcoma (n = 17, 40%) was the most commeon histologic subtype,
followed by myxoid liposarcoma (n = 11, 26%), myxofibrosarcoma
(n = 5, 12%), leiomyosarcoma (n = 3, 7%), dedifferentiated
liposarcoma (n = 2, 5%), fibrosarcoma (n = 2, 5%), epithelioid
sarcoma (n = 2, 5%), and alveolar soft part sarcoma (n = 1, 2%).
The mean follow-up period of all 42 patients was 31 months (range,
5-52 months).

Distributions of SUV, tumor size, and reduction rate are
summarized in Table 2. Baseline MRI showed tumors with a mean
size (t0) = SD of 77.5 * 39.9 mm. After the first cycle (t1) and after
completion (t2) of neoadjuvant chemotherapy, size was 65.6 = 36.3
mm at (t1) and 54.1 * 36.0 mm at (t2). The percent reduction rates
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TABLE 1. Patient Characteristics
Characteristic No. Patients
Age, y1r
Mean 54
SD 11
Range 32-72
Follow-up, mo
Mean 31
SD 16
Range 5-52
Gender
Male 26 (62)
Female 16 (38)
Size, cm
0-5 10 (24)
5-10 20 (48)
>10 12 (28)
Distribution
Trunk 24 (57)
Extremities 18 (43)

SD indicates standard deviation.

TABLE 2. Distributions of SUV, Tumor Size, and Reduction
Rate

Baseline

SUV (t0)

109 * 3.6 [3.8-19.6]
Postneoadjuvant chemotherapy

Size (t0), mm
77.5 + 39.9 [24.8-204.9]

SUV (th) Size (t1), mm
7.8 = 3.6 [1.9-13.8] 65.6 = 36.3 [18.0-160.0]
SUV (12) Size (t2), mm

5.2 £3.4[1.1-12.6]
Reduction rate

%SUYV (t1) reduction rate

28.8 = 17.3 [2.0-78.0]

%SUV (t2) reduction rate

51.7 = 24.9 [2.0-94.0]

54.1 = 36.0 [5.0-155.0]

%Size (t1) reduction rate
14.4 = 20.0 [-18.2-72.7]
%Size (t2) reduction rate
29.9 * 264 [~18.2-92.9]

Data are presented as mean = standard deviation (SD) with range.
SUV indicates standardized uptake value; t0, baseline; t1, after the first cycle; t2,
after completion of neoadjuvant chemotherapy.

of size (t1) and size (t2) were 14.4 = 20.0% at (t1) and 29.9 *
26.4% at (t2). Baseline PET/CT showed high FDG uptake with a
mean SUV (t0) = SD of 10.9 = 3.6. After the first cycle of
neoadjuvant chemotherapy, the SUV had decreased to 7.8 = 3.4,
and then it had decreased further to 5.2 * 3.4 after completion of
neoadjuvant chemotherapy (Table 2). The SDs of SUV (t1) and
SUV (t2) compared between metabolic responders and nonre-
sponders as measures of heterogeneity showed that no significant
difference was found in SUV (t1) (metabolic responder vs. nonre-
sponder, 3.0 vs. 2.9, P = 0.534) and SUV (t2) (metabolic responder
vs. nonresponder, 2.9 vs. 2.5, P = 0.711). The proportion of
metabolic responders compared on the basis of histologic types
revealed that there was no significant difference in %SUV (t1)
reduction rate (P = 0.545) and %SUV (t2) reduction rate (P =
0.671) (Table 3). By using a previously defined threshold of 35%
decrease in SUV, 15 of the 42 patients (36%) were classified as
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TABLE 3. Metabolic Responder and Nonresponders by
Histologic Type

%SUV (t1)
Reduction Rate

%SUV (t2)
Reduction Rate

Metabolic Metabolic Metabolic Metabolic
Nonresponder  Responder  Nonresponder  Responder
MFH 12 (29) 5(12) 8(19) 921
MLS 7(17) 4(10) 4(10) 7017)
LMS 307 0 2(5) 1(2)
MFS 2(5) 3(7) 12) 4(10)
FS 12 1(2) 1(2) 12
ASPS . 12 0 0 12
DDL 12 1(2) 0 205
ES 0 1(2) 0 1(2)

The numbers of parentheses are percentages.

The proportion of metabolic responders do not depend on histologic types with
%SUV (t1) reduction rate (P = 0.545) and %SUV (12) reduction rate (P = 0.671) by
Kruskal-Wall test.

MFH indicates malignant fibrous histiocytoma; MLS, myxoid liposarcoma; LMS,
leiomyosarcoma; FS, fibrosarcoma; ASPS, alveolar soft part sarcoma; DDL, dediffer-
entiated liposarcoma; ES, epithelioid sarcoma.

metabolic responders with a mean = SD %SUV (t1) reduction rate
of 43.8 + 18.0% and the other 27 patients (64%) were classified as
metabolic nonresponders who had a mean = SD %SUV (t1) reduc-
tion rate of 20.5% = 9.6% after the first cycle of neoadjuvant
chemotherapy. After completion of neoadjuvant chemotherapy, 26
of the 42 patients (62%) were classified as metabolic responders
with a mean = SD %SUV (t2) reduction rate of 63.9% = 18.6%.
Sixteen patients (38%) were classified as metabolic nonresponders
who had a mean + SD %SUV (t2) reduction rate of 28.6% =
14.3%. The correlation between %SUV (t1) reduction rate and
%size (t1) reduction rate, and between %SUV (t2) reduction rate and
%size (t2) reduction rate were not significant (t1: r = —0.092, P =
0.561; t2: r = 0.304, P = 0.050).

Therapeutic response evaluated by histopathology resulted in
10 patients (24%) with satisfactory response and 32 patients (76%)
with unsatisfactory response after completion of neoadjuvant che-
motherapy (Fig. 1). The SUV (t1) and SUV (t2) of the histopatho-
logic nonresponders were significantly higher as compared with
those of the histopathologic responders (P = 0.007 and P = 0.033,
respectively). However, no significant associations were found be-
tween the histopathologic response and size (t0), size (t1), size (t2),
and SUV (t0). Metabolic responders defined as having at least 35%
decrease in %SUV reduction rate showed more frequent histopatho-
logic response compared with metabolic nonresponders (P = 0.009
for %SUV (t1) reduction rate and P = 0.004 for %SUV (i2)
reduction rate, respectively), whereas there were no associations
between histopathologic response and %size reduction rate. The
sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy of %SUV reduction rate for favorable histologic
response were 46.7%, 88.9%, 70.0%, 75.0%, and 73.8% for %SUV
(t1) reduction rate, respectively, and 38.5%, 100%, 100%, 50.0%,
and 61.9% for %SUV (12) reduction rate, respectively. No signifi-
cant association was found between histologic response and %size
reduction rate. Fourteen of the 42 patients (33%) have developed
recurrence, with a mean time to recurrence of 9.0 months. The
2-year and 4-year actuarial PFS rates were 68.6% and 27.1%,
respectively. Univariate analyses of potential prognostic factors
demonstrated that PFS was associated with histopathologic re-
sponse, SUV (12), %SUV (t1) reduction rate, and %SUV (t2)
reduction rate (Fig. 2, Table 4). Age, glucose transporter protein 1,
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FIGURE 1. Responder of neoadjuvant
chemotherapy. (A, B) Transaxial F-18
FDG PET/CT images demonstrate
significant uptake in the tumor of the
right buttock which is pathologically
confirmed as pleomorphic sarcoma.
(C, D) Transaxial F-18 FDG PET/CT
images demonstrate metabolic reduction
in the tumor of the right buttock after
neoadjuvant chemotherapy.
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FIGURE 2. A, The PFS of %SUV (t1) reduction rate after the first cycle of neoadjuvant chemotherapy. Solid line: %SUV (t1)
reduction rate is =30%. Dash line: %SUV (t1) reduction rate is less than 30%. B, The PFS of %SUV (t2) reduction rate after
completion of neoadjuvant chemotherapy. Solid line: %SUV (t2) reduction rate is =60%. Dash line: %SUV (t2) reduction rate

is less than 60%.

size (0, tl, t2), SUV (10, t1, t2), and %size (t1, t2) reduction rate
failed to show a predictive value. A multivariate analysis of factors
related to disease progression was performed. In order of relative risk,
histopathologic response and %SUV (t2) reduction rate were indepen-
dent predictors of PFS (Table 4). The SUV (t2) and %SUV (t1)
reduction rate were not found to be identical order of relative risk.
The OS for the 42 patients was 83.3% at 2 years and 32.9%
at 4 years. Univariate analyses showed that OS had a significant
association with histopathologic response, %SUV (t1) reduction
rate, and %SUV (t2) reduction rate (Fig. 3, Table 4). However, size
(t0, t1, £2), SUV (10, t1, t2), and %esize (t1, t2) reduction rate failed
to show a predictive value. In the multivariate analysis, histopatho-
logic response and %SUV (2) reduction rate showed strong inde-
pendent value for the prediction of OS (Table 5). The %SUV (t1)
reduction rate failed to show independent prognostic properties.

DISCUSSION

In this study, we examined the therapeutic effect and prog-
nostic value of F-18 FDG PET/CT after neoadjuvant chemotherapy
in patients with high-grade sarcoma. We found that the histo-

© 2011 Lippincott Williams & Wilkins
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pathologic response and metabolic reduction rate had significant
association with PFS and OS. Tumors of histopathologic re-
sponders showed high metabolic reduction, which was similar to
the results of recent studies.*°

The prognostic importance of metabolic reduction after neo-
adjuvant chemotherapy has been suggested in the literature.”>= In
clinical setting for patients with soft-tissue sarcomas of the extrem-
ities, metabolic reduction in F-18 FDG uptake after neoadjuvant
chemotherapy was at high risk of systemic disease recurrence.*! In
a study of 36 patients with Ewing sarcoma family tumors, neoad-
juvant chemotherapy-induced metabolic reduction after 3 to 7 cycles
was noted and SUV after neoadjuvant chemotherapy <2.5 was
predictive of PFS.*° Furthermore, a change in the size of the tumor
after neoadjuvant chemotherapy is frequently used in clinical prac-
tice to evaluate therapeutic response in patients with high-grade
sarcoma. The size reduction evaluated by standard CT has not been
correlated consistently with histologic response or with outcome.®~%
This may relate to the limited availability of this diagnostic modal-
ity. In contrast, PET or PET/CT allows semi-quantitative assessment
of uptake that is convenient to evaluate tumor viability during
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TABLE 4. Univariate Analyses of PFS and OS

2-yr 4-yr 2-yr 4-yr
No. PFS PFS 0S Os
Characteristic Patients (%) (%) P (%) (%) P
Age, yr
=56 22 59 12 0.181 74 20 0234
<56 20 74 43 94 51
Histologic
response
Nonresponder 32 58 12 0.0004 81 16 0.0007
Responder 10 90 75 90 77
Glut-1 expression
Positive 25 68 28 0.539 8 27 0.596
Negative 17 64 33 80 41
Size (t0), mm
=72 21 66 20 0.58 78 28 0.52
<72 21 66 32 89 40
Size (t1), mm
=56 22 63 19 0.45 84 28 059
<56 20 69 33 83 40
Size (t2), mm
=45 23 65 30 0.89 85 40 095
<45 19 68 20 82 24
%Size (t1) reduction
rate
=6.2 21 71 34 0.164 84 45 0.122
<6.2 21 61 18 83 23
%Size (t2) reduction
rate
=29.5 21 76 30 0.19 94 38 0.128
<29.5 21 56 22 72 29
SUV (t0)
=11.7 22 71 24 0.7 90 28 0.88
<11.7 20 60 29 73 39
SUV (t1)
=6.6 20 68 25 0.96 84 31 091
<6.6 22 63 29 83 38
SUV (12)
=39 21 51 8 0.007 81 13 0.14
<39 21 81 40 86 43
%SUV (tl1) reduction
rate
=30 15 92 69 0.0012 92 71 0.005
<30 27 56 9 75 13
%SUV (t2) reduction
rate
=60 26 96 40 <<0.0001 96 43 0.0001
<60 16 26 0 51 0

PFS indicates progression-free survival; OS, overall survival; Glut-1, glucose
transporter protein-1; t0, baseline; t1, after the first cycle; t2, after completion of
neoadjuvant chemotherapy.

therapy. Moreover, good correlations have been demonstrated be-
tween histologic response and changes in F-18 FDG accumulation
after neoadjuvant chemotherapy in patients with various histologic
kinds of tumors.>*° Tumor response determined by reduction of
F-18 FDG uptake after neoadjuvant chemotherapy was found to be
an early indicator of improved PFS or 0S.273° Qur data demon-
strate that significant metabolic reduction after neoadjuvant chemo-
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therapy evaluated by PET/CT has a possibility to portend a favor-
able outcome and provides compelling support for the routine use of
this technique in patients with high-grade sarcoma.

We demonstrate possible correlations of measures of fall in
SUYV after the first cycle and completion of neoadjuvant chemother-
apy and survival. A decrease in SUV after neoadjuvant chemother-
apy with median cutoff value of 30% or 60% has been used. The use
of change in %SUV reduction rate after the first cycle and after
completion of induction chemotherapy as a continuous variable
confirmed the predictive ability of metabolic reduction to predict
less favorable outcome. A prior study revealed that the ratio of pre-
and postchemotherapeutic SUV was correlated with histologic re-
sponse in patients with high-grade sarcoma.”® Our data provide a
support for this, as patients experiencing such a level of metabolic
reduction exhibited favorable PFS and OS, although with a short
follow-up duration and a wide confidence interval.

Treatment-induced pathologic necrosis has been demon-
strated to be an independent predictor of outcome in patients who
have received neoadjuvant chemotherapy for high-grade soft-tissue
sarcoma.!™ Evaluation of pathologic specimens is warranted to
perform precise assessment of response to neoadjuvant chemother-
apy. In the prior studies using PET or PET/CT, metabolic reduction
after neoadjuvant chemotherapy is capable of reflecting histopatho-
logic response.**~*7 A decrease in SUV after neoadjuvant chemo-
therapy correlates with the percent of pathologic necrosis. However,
such a correlation has been suggested, as yet there has been no
studies assessing the direct association between metabolic reduction,
histopathologic response, and outcome. In an attempt to resolve this
issue in the present study, we investigated whether metabolic re-
sponse could reflect histopathologic response and could have asso-
ciation with PFS or OS. Our data demonstrated that metabolic
reduction after neoadjuvant chemotherapy showed significant cor-
relation with histopathologic response and had a possibility to reflect
favorable outcome.

The prognostic value of SUV likely reflects the cumulative
effect of a maximum value of different ROIs within the heteroge-
neous tumor. The results of the previous study revealed a fair
association between measures of preoperative SUV and poor out-
come.'? The other study documented that mean SUV on the preop-
erative PET images of patients with resectable soft-tissue sarcoma
predicted outcome.'® Given the prognostic value of postchemothera-
peutic SUV in patients with Ewing sarcoma in a retrospective
study,*” a measurement of SUV after neoadjuvant chemotherapy in
high-grade sarcoma may reflect in vivo chemotherapeutic sensitivity.
The probable ability of SUV measurements to assess complicated
metabolic interactions and predicting outcome makes %SUV reduction
rate an important tool for management of patients with high-grade
sarcoma. Further prospective studies should confirm whether %SUV
reduction rate may be an independent prognostic factor.

Another novel finding in the present study is the documenta-
tion that a decrease in SUV after neoadjuvant chemotherapy is a
common phenomenon in patients with high-grade sarcoma. Al-
though most of the studies evaluating metabolic reduction have
relied on 2-point PET studies at baseline and after neoadjuvant
chemotherapy, several studies have assessed metabolic reduction
based on sequential PET scans during neoadjuvant chemotherapy in
patients with solid tumors.*®*° Metabolic reduction after the first
and third cycle of neoadjuvant chemotherapy was found to be
correlated significantly with OS in patients with ovarian cancer.*®
Similarly, in a study of 11 patients with breast cancer, metabolic
reduction after the first and second cycles of neoadjuvant che-
motherapy was 28% and 46% in the responding lesions, respec-
tively.** Because chemotherapeutic response depends on the
therapeutic regimens and histologic type of tumor, the degree of
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FIGURE 3. A, The OS of %SUV (t1) reduction rate after the first cycle of neoadjuvant chemotherapy. Solid line: %SUV (t1)
reduction rate is =30%. Dash line: %SUV (t1) reduction rate is less than 30%. B, The OS of %SUV (t2) reduction rate after
completion of neoadjuvant chemotherapy. Solid line: %SUV (t2) reduction rate is 260%. Dash line: %SUV (t2) reduction rate

is less than 60%.

TABLE 5. Multivariate Analyses of PFS and OS

Characteristic B Wald HR LCI HCI P
PFS
Histopathologic response  2.00 6.67 735 1.62 33.40 0.01
%SUV (t2) reduction 200 799 732 1.84 29.10  0.005
rate
oS
Histopathologic response 1.92  6.14 6.80 1.49 3094  0.013
%SUV (t2) reduction 233 13.61 1031 2.99 35.64 <0.0001

rate

PFS indicates progression-free survival, OS, overall survival; B, regression coef-
ficient; LCI, lower confidence interval; HCI, higher confidence interval; HR, hazard
ratio.

metabolic reduction may be different after every cycle of che-
motherapy. Importantly, our study examines patients with spe-
cific histologic diagnoses and confirms that metabolic reduction
after induction chemotherapy is a common finding in patients
with high-grade sarcoma.

The limitations of the present study included the small num-
ber of patients and relatively short duration of follow-up period. The
diversity of histologic diagnoses had a potential of bias, but the
proportion of metabolic responder and nonresponder based on each
histologic subtype was not statistically significant. This study fo-
cused on patients with high-grade sarcoma who underwent neoad-
juvant chemotherapy and the data cannot be extrapolated to patients
with advanced stage. A validation study using sequential PET/CT
scans is needed in a larger population with various histologic types
and adequate follow-up period. The cost-effectiveness of sequential
PET/CT for predicting the therapeutic efficacy after neoadjuvant
chemotherapy needs to be considered. The role of sequential
PET/CT in reducing the number of ineffective chemotherapies in
nonresponders must be clarified.

In conclusion, our data also suggest that metabolic reduction
after neoadjuvant chemotherapy evaluated using PET/CT can be
used for stratification of patients with high-grade sarcoma in clinical
trials, as 2 groups of responders and nonresponders exhibit a very
different survival profile. Further research is required to determine

© 2011 Lippincott Williams & Wilkins
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the role of serial measures of PET/CT in the long-term follow-up
period and whether metabolic reductions evaluated by PET/CT can
be used as a surrogate for outcome.
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Abstract Photodynamic diagnosis is used during glioma
surgery. Although some studies have shown that the
spectrum of fluorescence was efficient for precise tumor
diagnosis, previous methods to characterize the spectrum
have been problematic, which can lead to misdiagnosis. In
this paper, we introduce a comparison technique to char-
acterize spectrum from pathology and results of pre-
liminary measurement using human brain tissues. We
developed a spectrum scanning system that enables spectra
measurement of raw tissues. Because tissue preparations
retain the shape of the device holder, spectra can be
compared precisely with pathological examination. As a
preliminary analysis, we measured 13 sample tissues from
five patients with brain tumors. The technique enabled us
to measure spectra and compare them with pathological
results. Some tissues exhibited a good relationship between
spectra and pathological results. Although there were some
false positive and false negative cases, false positive tissue
had different spectra in which intensity of short-wave-
length side was also high. The proposed technique provides
an accurate comparison of quantitative fluorescence spectra
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with pathological results. We found that spectrum analysis
may reduce false positive errors. These results will increase
the accuracy of tumor tissue identification.

Keywords 5-Aminolevulinic acid - Protoporphyrin IX -
Fluorescence spectra - Photodynamic diagnosis

Introduction

Over recent decades, photodynamic diagnosis (PDD) has
been studied for intraoperative tumor diagnosis, especially
glioma. PDD uses autofluorescence or endogenous fluo-
rescence materials [1—4], and the technique can be easily
applied for clinical practice because the system is simple.
In a number of clinical studies, 5-aminolevulinic acid
(5-ALA)-induced protoporphyrin IX (PpIX) fluorescence
has been used for intraoperative tumor diagnosis. Although
5-ALA and PpIX are natural substances produced by the
human body, orally administrated 5-ALLA accumulates in
tumor cells and is converted to PpIX by heme biosynthesis.
Accumulation of 5-ALA in a tumor cell may be caused by
a damaged blood brain barrier (BBB) or iron (Fe)-meta-
bolic enzyme defect, such as ferrochelatase [5]. However,
the exact mechanism is still unknown.

Stummer et al. [1-3] introduced the use of the fluores-
cence surgical microscope to examine PpIX fluorescence
for intraoperative tumor detection. They reported that some
regions of brain and tumor tissue have different fluores-
cence characteristics (intensity and color) and assessed
these tissues pathologically. Although this approach was
appropriate for fluorescence-guided surgery, fluorescence
measurement was not quantitative. A recent study of
quantitative fluorescence measurement showed that PpIX
spectrum shape is important to precisely detect tumor and
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diagnose malignancy [6]. Another group reported that
ultraviolet (UV) laser and white light reveal differences in
the autofluorescence spectra between tumor and normal
brain tissue [7, 8]. Although these quantitative studies
found characteristic tumor tissue spectra when comparing
them with pathological results, the comparison methods
used have the following limitations. First, there is a pos-
sibility that a spectrum measurement point is different from
a pathology examination point. This means that a spectrum
characterization may not be correct. Second, because the
spectrum measurement was performed after staining or
fixation with formalin, the measured spectrum may be
different from that of the raw tissue. To use the result in
situ, raw tissue spectrum measurement is necessary.
Finally, although tumor margin characterization is neces-
sary for precise resection, these methods cannot determine
spatial changes in spectra.

To solve these problems, we developed a spectrum
scanning system that enables acquisition of raw tissue
spectra distribution. Furthermore, our novel protocol makes
it possible to precisely compare spectra with pathological
results. In this paper, we introduce the technique we
devised and present results of preliminary measurements.

Materials and methods
Measurement system

A spectrum-scanning system for 5-ALA-induced PpIX
fluorescence was especially designed for both fluorescence
measurement and fluorescence spectra comparison with
pathological results. The system consists of an excitation
laser (VLS405-SA3, Digital Stream), a spectrometer
(WTC-111E B&W, TEK Inc.), optics, and a computer
(Fig. 1). The excitation laser emits 405 nm of UV light,
and the maximal output power is 15 mW. The spectrometer
wavelength range is 300-850 nm. The measurement probe
uses a coaxial optical system. All light paths are connected
with optical fibers (core diameter 365 pm, multimode), and
a dichroic mirror is used to separate excitation light and
fluorescence. To insert a dichroic mirror in the light path,
three collimator lenses are mounted to a cubic box. Angles
and positions of all collimator lenses and the dichroic
mirror angle can be adjusted to improve the coupling
efficiency of the light. It is also equipped with a long-pass
filter to separate strong reflected excitation light from the
fluorescence signal. There are two achromatic lenses at the
tip of the probe. The focal length of the fiber side lens is
19 mm, the object side is 30 mm, the working distance is
21.7 mm, and the lens diameter is 12.5 mm. The mea-
surement spot diameter is evaluated using a phantom, the
optical character of which is designed to match that of
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Fig. 1 Overall view of the measurement system

brain tissue. As a result, the system’s measuring diameter is
estimated as 0.8 mm.

To measure fluorescence spectra spatial changes, the
measurement probe is fixed under an XY stage (SGSP20-
35XY, Sigma Koki), and the sample tissues are then
moved. A removable tissue holder that has a square 5-mm
hole is set on the stage. One corner of the holder hole is cut
down to make a shape mark. Because the holder location is
registered to the XYV stage coordinates, it is possible to
follow the measuring position. In this study, spectra of 58
points were acquired from each sample tissue.

Measurement protocol

To accurately compare spectra with pathological results,
we devised the following measurement protocol:

1. Resected tissue was gently put in the measurement
system tissue holder.

2. The spectrum of each point was measured by the
system, and data were processed automatically.

3. After measurement, the tissue and the holder were put
in liquid nitrogen to freeze the tissue.

4. The frozen tissue was taken out of the holder and
sectioned using conventional methods.

5. The sectioned tissue was stained with hematoxylin—
eosin (H&E).

Sectioning and staining were performed by a patholo-
gist. Spectrometer exposure time and the laser power were
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arbitrarily adjusted depending on each patient. Although
this protocol is relatively complicated, because the frozen
tissue retains the original shape of the holder and the
measured surface can be maintained, it is possible to make
a “holder-shaped” histological preparation. This prepara-
tion makes it possible to compare cell characteristics with
the corresponding measurement points from the tissue
shape and the XY-stage coordinates. Furthermore, because
the spectrum is measured before freezing or staining, this
method allows the use of raw brain tissue spectra for
comparison. This means that the results can be directly
applied to intraoperative measurement and resection.

Data processing

Because measured spectra contain some noise, data were
smoothed using the Savitzky—Golay method (25-point
smoothing) [9]. After smoothing, spectra data were processed
to extract each PpIX peak intensity and wavelength from raw
data, which contain autofluorescence spectra. The procedure
is as follows: First, we empirically approximated a curve of a
background autofluorescence spectrum as a quartic function
using the least mean squares (LMS) method. To draw the LMS
curve, data sets of 590-610 and 747-913 nm were used
(Fig. 2). After LMS curve (background) subtraction from raw
data, PpIX peak intensity and wavelength were calculated as
maximal intensity and its wavelength. We recorded not only
the PpIX intensity but also intensity at 585 nm, which repre-
sents the intensity of short-wavelength side. These data were
plotted on a contour map.

Ex vivo measurement and pathological examination

Using the system we developed, we measured brain tissues
resected during brain tumor operations at Tokyo Women’s

Medical University Hospital. At 7:30 a.m. on the day of the
operation, 5-ALA at a dosage of 20 mg/kg body weight
was orally administered to patients who were suspected of
having a glioma. We targeted primary gliomas in five
patients whose magnetic resonance image MRI results
suggested that the tumors were grade III or IV. Measure-
ment was performed at about 2:00 p.m. on the same day.
Preparations for pathological examinations were made
using the method mentioned earlier. Spectrometer exposure
time was arbitrary set to 70~500 ms for each measurement
point. Measurement time, including processing time, was
approximately 10—40 s for each sample tissue. The path-
ological examinations were performed by a pathologist,
and examiners were blinded to fluorescence measurement.
All experimental protocols were approved by the Ethical
Committee of Tokyo Women’s Medical University.

Results

Tumor types of each patient in this study were as follows:

Case 1: Glioblastoma multiforme (GBM)

Case 2: Anaplastic oligodendro-astrocytoma (AOA)

Case 3: Anaplastic oligodendroglioma (AO)

Case 4: Oligodendroglioma (O)

Case 5: GBM

We obtained one tissue from case 1, four from case 2,
three from case 3, one from case 4, and four from case 5.
Each tissue is represented by a number (case number) and
alphabetic letters. Figures 3-5 show examples of the
results of tissue0 2D, 5A, and 5D, respectively. In 2D
(Fig. 3a), a tumor margin is visible from which the tumor
spread gradually from the upper to the lower side; intensity
distribution of PpIX corresponded to its tumor distribution
(Fig. 3b). Interestingly, intensity at 585 nm was in the
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opposite distribution (Fig. 3c), which means that the
intensity was higher in the normal area (585 nm was
determined from the property of a long-pass filter and
represents intensity of the short-wavelength side). The peak
wavelength seemed almost the same throughout the region
(Fig. 3d).

Although tissue 5A had no tumorous cells and seemed to
be the region close to the cortex, the tissue had evidence of
angiogenesis and gliosis, which can be identified by
increased reactive astrocytes (Fig. 4a). Although the tissue
was not a tumor, PpIX intensity was as high as that of
tumor fluorescence throughout the entire region (Fig. 4b).
Therefore, this was a false positive case of fluorescence
measurement. However, the 585 nm intensity (Fig. 4c) was
higher than that found in other tumor tissues from the same
patient. The peak wavelength seemed the same throughout
the region (the center region in Fig. 4d shows the error data
caused by spectrometer saturation. Because the PpIX
spectrum was saturated, the peak wavelength could not be
calculated). Tissue 5D was from a tumor margin that had
local accumulation of tumor cells (Fig. 5a). PpIX intensity
distribution was well correlated with pathological results
(Fig. 5b). The intensity of 585 nm had the opposite dis-
tribution to PpIX fluorescence (Fig. 5c). Furthermore, the
peak wavelength also had a similar distribution (it shifted
to the short side at the nontumor region) (Fig. 5d).

Tissue 1 was a tumor margin; the left side was tumor
area and the right side the cortex. There was a blood vessel
visible at the bottom left comer of the image that emitted
strong PpIX fluorescence. However, the intensity at
585 nm was low in the vessel area but high around the
vessel. Tissues 2A and 2C showed tumors all over the
region, and PpIX intensity was high. Although pathological
results showed that tissue 2A was homogeneously tumor-
ous, varied PpIX intensity was observed. Tissue 2C had
many vessels on the upper side, and PpIX intensity was
relatively high in the region. Tissue 2B was tumorous over
the entire tissue area, but only a small portion emitted PpIX
fluorescence. Tissue 3A had a tumorous area, but PpIX
intensity distribution did not exactly correspond to its
tumor area. However, the intensity distribution of 585 nm,
which has an opposite distribution to PpIX, was similar to
pathological results. Although tissue 3B was not a tumor
with blood vessels, PpIX spectrum or any other charac-
teristic spectra were not acquired. Tissue 3C was not
tumorous, and PpIX fluorescence was not acquired.
Although tissue 4 was tumorous, with tumor cells distrib-
uted throughout the entire area, PpIX fluorescence could
not be detected over the entire region. Tissue 5B had a
nonuniform tumor distribution, including cell characteris-
tics implicating necrosis. This sample might be close to the
center of the tumor. PpIX intensity was also nonuniform
but showed low intensity around the necrotic area. Tissue

@ Springer

5C was tumor tissue that had diffused astrocytoma cells.
PpIX intensity was high over the entire region.

Discussion

In this study, we introduced a novel technique to compare
fluorescence spectra distribution of raw tissues with
pathological results. We could confirm the necessity of a
precise comparison because pathological results showed
that cell characteristics varied with location, even when
cell size was 5 x 5 mm, as in tissues 2D and S5SD.
Although we measured only 13 samples in this study, our
comparisons showed some trends between spectra and
pathological results, which can be divided into three
groups. The first group had good correlation between
spectra and pathological results, such as in tissues 2D and
5D. Furthermore, three tissues exhibited a relationship
between pathological results and intensity distributions at
585 nm and PpIX peak wavelength. As noted earlier,
intensity at 585 nm, which represents intensity of the
short-wavelength side, has the opposite distribution to
PpIX fluorescence. This light may come from an auto-
fluorescence substance such as nicotinamide adenine
dinucleotide (NADH), flavin, or lipofuscin [10]. In this
study, considering excitation laser wavelength and emis-
sion spectrum, lipofuscin and flavin are anticipated to be
the autofluorescence substances [11, 12]. Lipofuscin, in
particular, appears in neuronal cells of aged patients and
exhibits strong fluorescence, with a peak wavelength of
approximately 560 nm. These results showed that the
precise comparison of spectra with pathological results
may increase diagnostic accuracy.

Some specimens, such as tissues 1 and 2C, exhibited
high PpIX intensity around blood vessels. Because PpIX
accumulates at tumor cells because of BBB disruption,
PpIX is thought not to accumulate inside blood vessels.
Although the high intensity of PpIX fluorescence was
acquired at the blood vessel in tissue 1, the result was
thought to be caused by infiltrating tumor around the blood
vessel. Unfortunately, in this case, H&E preparation could
not reveal the existence of infiltrating tumor cells because
the measured point was very local, and preparation fixation
was not optimum. In the case of tissue 2C, PpIX fluores-
cence intensity was relatively high around blood vessels.
This result may demonstrate increased 5-ALA intake
around blood vessels in which BBB are disrupted, which
leads to considerable PpIX accumulation. Although we
cannot show conclusive cause, tissue that has blood vessels
should be investigated carefully.

The second group comprised false negative cases or
cases in which fluorescence distribution was not correlated
with pathological findings, such as tissues 2B and 4. There
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