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ABSTRACT

[*®F]Fluorodeoxyglucose (FDG) uptake has been shown to correlate well with tumor
proliferation rates. In patients with non-small cell lung cancer (NSCLC) receiving
chemotherapy, we analyzed the relationships between the maximum standardized uptake
value (SUVmax) obtained by FDG positron emission tomography (FDG-PET) and other
clinical factors, and examined whether or not SUVmax could predict progression-free
survival (PFS) and/or overall survival (OS). This retrospective study involved 62
consecutive NSCLC patients (35 male and 27 female: median age, 65 years). All patients
underwent FDG-PET examination before treatment. As the first-line treatment, the patients
received chemotherapy with (n = 15) or without (n = 47) radiotherapy. Survival curves
were obtained by the Kaplan-Meier method, and differences in survival between subgroups
were analyzed by the log-rank test and the Cox proportional hazards model. Significant
correlations were observed between SUVmax and gender (P = 0.006), histology (P < 0.001),
smoking status (P = 0.049), stage (P = 0.015), and treatment modality (P = 0.008), but not
other factors, including age (P = 0.402) and performance status (P = 0.421). The median
SUVmax was 5.1 (25" — 75" percentile: 3.45-7.0) in patients with adenocarcinoma and 8.3
(25" — 75" percentile: 6.9-9.9) in those with other types of NSCLC. Adenocarcinomas
showed significantly lower SUVmax than the other tumor types (P < 0.001). Cox analysis
adjusting for possible confounding factors, including gender, smoking status, histology and
stage, demonstrated that the hazard ratios increased as the SUVmax increased in terms of
both PFS (P = 0.008) and OS (P = 0.045), indicating that SUVmax predicts outcome

independently of other clinical factors, such as histology and stage. Our findings indicate



that FDG-PET examination can provide information useful for prognostication in NSCLC.



Introduction

Lung cancer continues to be the leading cause of cancer death worldwide.
Non-small cell lung cancer (NSCLC) is the most common type of lung cancer, accounting
for approximately 80% of all cases, and includes adenocarcinoma, squamous cell
carcinoma, and large cell carcinoma. The treatment of lung cancers is dependent on
histological subtype and disease stage. More than half of all patients have metastasis at the
time of diagnosis, and chemotherapy is the most effective treatment for those with
advanced disease (1-2).

In recent years, the clinical use of [*®F]fluorodeoxyglucose (FDG) positron emission
tomography (PET) has emerged as a non-invasive diagnostic tool and become widespread.
PET is a quantitative imaging technique that measures external radiation from a
positron-emitting radiopharmaceutical in tissues as function of time and space. This
imaging modality exploits the fact that most malignancies metabolize glucose at a much
higher rate than normal tissues. The uptake of FDG correlates with tumor cell proliferation,
and has been suggested to be an independent prognostic factor in patients with various
types of cancer. In clinical examinations of NSCLC patients, FDG-PET has been reported
to be useful for the characterization of pulmonary nodules, the staging of mediastinal
lymph nodes, and the detection of distant metastases (3-6). Previous studies have suggested
that the standardized uptake value (SUV), which has been used to quantitatively evaluate
FDG uptake on FDG-PET, is associated with the outcome of patients with NSCLC (7-9). In
addition, recent studies have demonstrated that low SUV is associated with favorable

outcome in patients with advanced NSCLC, who have been treated with gefitinib or



platinum-based chemotherapy (9-10).

Several biological markers that have value for predicting the response to chemotherapeutic
agents have been identified in NSCLC. For example, the absence or presence of mutations
within the kinase domain of the epidermal growth factor receptor (EGFR) gene in lung
adenocarcinoma cells has a key role in determining the therapeutic efficacy of the
EGFR-targeting drugs, gefitinib and erlotinib, whose development has been a recent
milestone in this field. Indeed, about 80% of tumors possessing EGFR mutations respond to
EFGR/tyrosine kinase-targeting drugs (11, 12). Excision repair cross-complementation
group 1 (ERCC1) is a component of the nucleotide excision repair pathway, which is
essential for the repair of platinum—DNA adducts, and is associated with cellular resistance
to platinum compounds (13, 14). Thioredoxin, p53, BRCA, and ribonucleotide reductase
subunit M1 (RRM1) are also associated with platinum-drug resistance (13-15). The
drawback of these markers, however, is that tumor tissues need to be obtained by biopsy or
resection for immunohistochemistry or polymerase chain reaction (PCR) analysis, and
diagnostic certainty may sometimes be compromised by tissue sampling error and/or tissue
heterogeneity. In contrast, FDG-PET is a non-invasive diagnostic tool that can provide
intrinsic biological information about tumors, and is expected to have great prognostic
value for indicating the malignant potential of various tumor types. In the present study, we
retrospectively analyzed the relationships between maximum SUV (SUVmax) and other
clinical factors, and examined whether or not SUVmax could predict progression-free

survival (PFS) and/or overall survival (OS) of NSCLC patients receiving chemotherapy.



Materials and Methods
Patients and treatment

This retrospective study involved 62 consecutive NSCLC patients treated at a single
institution (Kurume University Hospital, Kurume, Japan). All patients received
chemotherapy between April 2004 and March 2008. Details of the patients’ clinical
characteristics, including age, gender, histology, smoking status, performance status, stage,
and treatment modality, were obtained from chart review by an independent reviewer
unaware of the results of SUVmax measurements (Table 1). Of these patients, 35 were male,
and 27 were female with a median age of 65 (range 35-82) years. The tumor histology was
classified as adenocarcinoma in 39 patients, squamous cell carcinoma in 12,
adenosquamous cell carcinoma in 2, large cell carcinoma in 5, and unclassified in 4, on the
basis of the World Health Organization (WHO) criteria. According to the
Tumor-Node-Metastasis (TNM) classification of malignant tumors, 1 patient had stage 1B,
13 had stage Il1A, 7 had stage 111B, and 41 had stage IV. All the patients received
chemotherapy with (n = 15) or without (n = 47) radiotherapy as the first-line treatment for
NSCLC. Tumor responses were evaluated after chemotherapy according to the Response
Evaluation Criteria in Solid Tumors (RECIST) (16). All patients underwent chest X-ray
examinations and computed tomography (CT) scans of the chest and upper abdomen, bone
scans, and brain magnetic resonance imaging (MRI) before chemotherapy, and at least every
6 weeks during chemotherapy. Complete response (CR) was defined as the disappearance of
all clinically detectable tumor lesions, lasting for at least 4 weeks. Partial response (PR) was

defined as a decrease of at least 30% in the sum of the longest dimensions of the target



lesions for at least 4 weeks, with no appearance of new lesions. Progressive disease (PD)
indicated an increase of at least 20% in the sum of the longest dimensions of the target
lesions or the emergence of new lesions. Stable disease (SD) was defined as a decrease in
tumor lesions that was insufficient to qualify as PR and an increase that was insufficient to

qualify as PD.

PET image analysis

PET scans were obtained using a dedicated PET scanner (Allegro; Philips Medical
Systems, Cleveland, OH, USA). All patients were fasted, except for water, for more than 4
hours before the PET scan. All of them had normal blood glucose levels (range; 80-120
mg/dl) when measured immediately before the scan. Just before injection of 8F-FDG, they
were hydrated with 500 ml of water. Image acquisitions for the whole body scan started
approximately 60 min after intravenous administration of 7.00 + 1.44 mCi of 8F-FDG. The
patients then underwent scanning from the base of the skull to the midthighs with
transmission attenuation correction (2 minutes and 30 seconds/bed position emission, 23
seconds/bed position transmission). Attenuation-corrected emission images were
reconstructed using the three-dimensional row action maximum likelihood algorithm
(3D-RAMLA,; Philips, Eindhoven, Netherlands) (17). After image reconstruction, a region
of interest (ROI) was carefully drawn around each lesion site. This analysis was performed
uniformly by an experienced nuclear medicine physician for the entire population examined.
From the ROI, the SUV was calculated according to the formula: (ROI activity

[mCi/mL])/(injected dose [mCi]/body weight [g]). The SUVmax of ®F-FDG was measured



from the ROI, which was placed at the site of the lesions on the PET scans.

Statistical methods
Wilcoxon’s rank-sum test was applied to compare the SUVmax distribution of

adenocarcinoma patients with that of others. Patients were classified into two groups using a
cut-off SUVmax of 6.0, close to the median SUVmax of 6.6 (range:1.7-18.1): low (<6) and
high (>6) SUVmax groups. Overall response rates (CR or PR) and disease control rates (CR,
PR, or SD) were calculated. Relationships between SUVmax and various characteristics or
tumor responses to treatment were compared between the low and high SUVmax groups
using Fisher’s exact test. OS was defined as the number of days from the start of
chemotherapy until death due to any cause. PFS was defined as the number of days from the
start of chemotherapy until disease progression or death due to any cause. For these two
time-to-event endpoints, the following statistical analysis was conducted. Survival functions
of the low and high SUVmax groups were estimated by the Kaplan-Meier method, and
compared using the log-rank test. The Cox proportional hazards model with adjustment for
possible confounding factors was applied to evaluate the influence of SUVmax. Factors that
were shown to be significantly associated with SUVmax by Fisher’s exact test or with PFS
and/or OS by the log-rank test were regarded as possible confounding factors. In the Cox
regression, SUVmax was treated as a continuous variable instead of a categorized variable
(the low and the high SUVmax groups) to avoid loss of information due to categorization.
All tests were two-sided, and a P value <0.05 was considered to indicate statistical

significance. All statistical analyses were conducted using JMP version 8, SAS version 9.1



software (SAS Institute Inc., Cary, NC) and R version 2.9.0.

10



11

Results
Relationships between SUVmax and various clinical characteristics

Table 2 shows the relationships between measured SUVmax and various clinical
characteristics, including, age, gender, histology, smoking status, performance status, stage,
and treatent modality. The high SUVmax group included 35 patients, and the low SUVmax
group included 27 patients. A significant correlation was observed between SUVmax
measurements and gender (P = 0.006), histology (P < 0.001), smoking status (P = 0.049),
stage (P = 0.015), and treatment modality (P = 0.008), but not other factors, including age
(P =0.402) and performance status (P = 0.421). This finding indicated that lower SUVmax
was associated with female gender, adenocarcinoma, never having smoked, advanced stage
(1B and V), and chemotherapy. Fig. 1 shows the relationship between measured SUVmax
and tumor histological type. The median SUVmax was 5.1 (25" — 75" percentile: 3.45-7.0)
in patients with adenocarcinoma and 8.3 (25" — 75" percentile: 6.9-9.9) in those with other
types of NSCLC; adenocarcinomas showed significantly lower SUVmax than the other

types of cancer (P < 0.001).

Tumor reponse to treatment

The chemotherapy regimens employed were platinum doublet in 48 patients
(carboplatin—paclitaxel, 18; cisplatin—vinorelbine, 16; cisplatin—tegafur/uracil (UFT), 5;
carboplatin—gemcitabine, 3; cisplatin—docetaxel, 4; cisplatin-irrinotecan, 1;

cisplatin-etoposide, 1), platinum triplet (cisplatin—vinorelbine-gemcitabine) in 7,
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non-platinum doublet (gemcitabine-vinorelbine) in one, monotherapy in 2 (gemcitabine, 1;
docetacel, 1), and EGFR tyrosine kinase inhibitor (gefitinib) in 4. Among them, 15 patients
received radiotherapy in combination with chemotherapy (cisplatin—vinorelbine, 6 patients;
cisplatin—tegafur/uracil (UFT), 5; cisplatin—docetacel, 2; cisplatin-etoposide, 1;
carboplatin-paclitaxel, 1). The median number of chemotherapy cycles was three (range 1
to 4). The relationships between SUVmax and tumor responses to treatment are shown in
Table 3. The overall response rate (CR or PR) in the low SUVmax group was 29.6% (2 CR
and 6 PR), whereas that in the high SUVmax group was 62.9% (1 CR and 21 PR); the
overall response rate differed significantly between the low and high SUVmax groups (P =
0.012). On the other hand, the disease control rate (CR, PR or SD) was 88.9% and 77.1% in
the low and high SUVmax group, respectively; the disease control rates in the two groups

were comparable, and not significantly different (P = 0.321).

Associations between SUVmax and progression-free or overall survival

The median follow-up time was 464 (range 81 to 1621) days, and the median
progression-free and overall survival times were 227 (range 22 to 1200) and 464 (range 81
to 1621) days, respectively. As shown in Figs 2A and 2B, Kaplan-Meier estimates for all 62
patients demonstrated that those in the low SUVmax group had longer OS (P = 0.017, Fig
2B), but not longer PFS (P = 0.609, Fig 2A), than those in the high SUVmax group. To
reduce the heterogeneity of treatments between patients, Kaplan-Meier estimates were
calculated for a subgroup of 47 patients who received chemotherapy only, and are also

shown in Figs. 2C and 2D. In this subgroup, patients in the low SUVmax group had longer
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PFS (P =0.013, Fig. 2C) and OS (P = 0.024, Fig 2D) than those in the high SUVmax group.
These results suggest that the lack of statistical significance for SUVmax by the log-rank
test for PFS in all 62 patients may have been due to the influence of confounding factors.
Therefore, the hazard ratio (HR) for the high SUVmax group relative to the low group was
estimated using the Cox proportional hazards model in all 62 patients, by adjusting for
possible confounding factors, including gender, smoking status (never-smoker and smoker),
stage (1I1B-111A and 111B-1V) and histology (adnocarcinoma and others). For this analysis,
stage, but not treatment modality, was adjusted for, since treatment modality (chemotherapy
or chemoradiotherapy) was often dependent on, and highly correlated with, disease stage.
Table 5 shows the results of the Cox regression analysis. The HR for the unit change of
SUVmax was estimated to be 1.14 (95% CI: 1.04, 1.25, P = 0.008) for PFS and 1.12 (95%
Cl: 1.00, 1.25, P = 0.045) for OS, indicating that patients with higher SUVmax had a worse
outcome than those with lower SUVmax after adjustment for other clinical factors, such as

histology and stage.
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Discussion

Previous studies have demonstrated that lower SUV uptake on FDG-PET is
associated with better prognosis in patients with NSCLC (5-7). In addition, it has recently
been shown that lower SUV uptake is correlated with favorable outcomes in patients with
advanced NSCLC receiving gefitinib or platinum-based chemotherapy (9-10). Although the
data are variable, patients with primary tumors that show a high metabolic rate tend to
exhibit a more aggressive clinical course than those whose tumors show a low metabolic
rate. In agreement with these results, the present study demonstrated that SUVmax had a
significant impact on progression-free (P = 0.008) and overall (P = 0.045) survival in
NSCLC patients who received chemotherapy in the Cox regression analysis. Surprisingly,
however, disease stage had a statistical significance only on progression-free survival (P =
0.004), but not on overall (P = 0.629) survival. These findings indicate that SUVmax
measurements may be useful for prognostication of NSCLC patients.

In the present study, we examined the relationship between measured SUVmax
and treatment response rate (CR or PR). Interestingly, among the 62 patients who received
chemotherapy or chemoradiotherapy, the response rate in the low SUVmax group was
29.6%, whereas that in the high group was 62.9%. Patients with a high SUVmax associated
with a poor outcome showed a significantly higher response rate than those with a low
SUVmax. On the other hand, the disease control rate in the high SUVmax group was
comparable to, or slightly lower, than that in the low SUVmax group. In general, shrinkage
of tumors detected by CT after chemotherapy reflects a reduction of tumor load and is

believed to translate into a survival benefit (18). For example, previous studies of patients
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with advanced or metastatic NSCLC have shown that response to chemotherapy as
determined by CT scan after 8weeks of treatment is a predictor of subsequent survival (19).
However, although tumor shrinkage seems to be a necessary precondition for improved
survival in some cancer patients, clinical studies involving a variety of chemotherapeutic
agents have not consistently demonstrated a correlation between the response to treatment
and patient survival. Indeed, some clinical trials suggest that patients with lung cancer
derive a clinical benefit from treatment that helps stabilize their disease (20). Concomitant
with these studies, our present data suggested that there was no significant difference in
survival between patients with PR and those with SD, although patients with PR or SD had
longer survival than those with PD.

We could not conclude which regimens are more effective for NSCLC patients
with a high SUVmax, because the regimens were heterogenous and varied between
individual patients in this study. However, since most of the patients (chemotherapy group
42/48 = 88%, chemoradiotherapy group 15/15 = 100%) received platinum-based regimens,
we speculate that patients with a high SUVmax associated with a poor outcome may have a
significantly higher response rate to platinum compounds than those with a low SUVmax in
patients with NSCLC. Analysis of the molecular factors predicting the chemosensitivity
and prognosis of patients treated with chemotherapies has been considered important for
understanding the tumor biology of NSCLC and deciding on better therapeutic strategies.
Treatment with inadequate chemotherapy regimens may cause various undesirable side
effects without benefits, whereas administration of effective drugs selected according to

their predicted effects could help improve survival and/or quality of life. Therefore, it will
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be really important to examine which regimens are more effective for NSCLC patients with
a high SUVmax in future studies

In this study, we further examined whether SUVmax could also be correlated with
other factors in NSCLC, which might affect prognosis. Significant correlations were
observed between SUVmax and gender (P = 0.006), histology (P < 0.001), smoking status
(P = 0.049), stage (P = 0.015), and treatment modality (P = 0.008), but not other factors,
including age (P = 0.402) and performance status (P = 0.421). Previously, Vesselle et al.
reported that bronchioalveolar carcinoma had lower FDG uptake and lower Ki-67 scores
than other histologic types, and that non-bronchioalveolar adenocarcinoma had lower FDG
uptake and lower Ki-67 scores than squamous cell carcinoma or large-cell undifferentiated
carcinoma (21). Moreover, Casali et al also reported that the SUVmax values were
significantly related to histological subtypes (22). Coincident with these reports, we found
that adenocarcinomas showed significantly lower SUVmax than the other NSCLC types (P
< 0.001). This may be associated with difference in the SUVmax between males and
females, because females show a higher frequency of adenocarcinoma than other types of
cancers. The differences of SUVmax may be explainable by derangement of glucose
metabolism in NSCLC. In a previous study of lung cancers, for example, the FDG uptake
of tumors was reportedly correlated with the level of expression of glucose transporter
(GLUT)-1 and hexokinase (23). GLUT-1 was expressed in 100% of squamous cell
carcinomas, but in only 58% of adenocarcinomas (24). The different expression patterns of
these molecules may reflect the levels of FDG uptake in tumors with different histology.

Further studies are needed to clarify the relationship between molecular characteristics and
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FDG uptake in tumors.

In the current study, we measured SUVmax in tumors. Recently, however, a
different method of evaluating tumor metabolism, such as total lesion glycolysis (TLG), has
been available. Unlike SUVmax, which is a measurement of metabolic activity per body
weight and reflects only the point of greatest metabolic activity within tumors, TLG has
been suggested to better reflect tumor metabolic activity by taking into account the activity
in the entire tumor. In fact, TLG has been reported to be a promising indicator of metabolic
activity in several different malignancies, such as breast cancer and osteosarcoma (25, 26).
Although original methods of measuring TLG, which required the manual drawing of
numerous consecutive regions of interest throughout the entire tumor, were labor-intensive,
a manufacturer-provided software for TLG measurement has been developed. It will be
interesting to compare the SUVmax with a different measurement, such as TLG, in
predicting survival in NSCLC patients in future studies.

Currently, paraffin-embedded specimens obtained by bronchial biopsy are the
usual materials available for molecular characterization of tumors by PCR or
immunohistochemical analysis to predict the survival of patients with advanced NSCLC.
However, such samples are sometimes too small to allow detection of molecular signatures
in heterogeneous cancer tissues. The present findings suggest that FDG-PET, which has
been employed extensively as a non-invasive and valuable imaging tool for diagnosis and
staging in NSCLC, may be beneficial for predicting the survival of NSCLC patients,
although there were some limitations in this study, such as the use of retrospective analysis

for a limited number of patients. As a further step, a larger-scale prospective randomized
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control study employing homogeneous standard regimens will be recommended to verify
the roles of FDG-PET. To achieve wider clinical use of FDG-PET for prognostication, the
methodology for determining the appropriate threshold of SUVmax needs to be optimized
and standardized. Prospective multi-institutional trials employing standardized imaging
protocols will also be required to determine the significance of FDG-PET for

prognostication of cancer patients.



19

Acknowledgments

None.

Conflict of interest statement
None of the authors has a financial relationship with a commercial entity that has an interest

in the subject of this manuscript.



20

References

1.

Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, Krook J, et al.
Comeparison of four chemotherapy regimens for advanced non-small-cell lung
cancer. New Engl J Med 2002; 346: 92-8.

Ohe Y, Ohashi Y, Kubota K, Tamura T, Nakagawa S, Negoro S, et al. Randomized
phase Il study of cisplatin plus irrinotecan versus carboplatin plus paclitaxel,
cisplatin plus gemcitabine, and cisplatin plus vinorelbine for advanced
non-small-cell lung cancer: Four-Arm Cooperative Study in Japan. Ann Oncol
2007; 18: 317-323.

Pieterman RM, van Putten JW, Meuzelaar JJ, et al. Preoperative staging of
non-small-cell lung cancer with positron-emission tomography. N Engl J Med
2000; 343:254-61.

Vansteenkiste J, Fischer BM, Dooms C, Mortensen J. Positron-emission
tomography in prognostic and therapeutic assessment of lung cancer: systematic
review. Lancet Oncol 2004; 5:531-40.

Easmus JJ, Rohren E, Swisher SG. Prognosis and reevaluation of lung cancer by
positon emission tomography imaging. Proc Am Thorac Soc 2009; 171-179.

Um SW, Kim H, Koh WJ, et al. Prognostic value of 18F-FDG uptake on positron

emission tomography in patients with pathologic stage 1 non-small cell lung cancer.

J Thorac Oncol 2009; 4:1331-6.

Weber WA, Petersen V, Schmidt B, et al. Positron emission tomography in



10.

11.

12.

13.

14.

21

non-small-cell cancer: prediction of response to chemotherapy by quantitative
assessment of glucose use. J Clin Oncol 2003; 21: 2651-2657.

Berghmans T, Dusart M, Paesmans M, et al. Primaly tumor standardized uptake
value (SUVmax) measured on fluorodeoxyglucose positron emission tomography

(FDG-PET) is of prognostic value for survival in non-small cell lung cancer

(NSCLC). J Thorac Oncol 2008; 3:6-12.

Lee KH, Lee SH, Kim DW, et al. High fluorodeoxyglucose uptake on positron
emission tomography in patients with advanced non-small-cell lung cancer on
platinum-based combination chemotherapy. Clin Cancer Res 2006; 12 4232-4236.
Na Il, Byun GH, Kang HJ, et al. 18F-fluoro-deoxy-glicose uptake predicts clinical
outcome in patients with gefitinib-treated non-small cell lung cancer. Clin Cancer
Res 2008; 14: 2036-2041.

Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in the epidermal
growth factor receptor underlying responsiveness of non-small-cell lung cancer to
gefitinib. N Engl J Med 2004; 350: 2129-39.

Paez JG, Janne PA, Lee JC, et al. EGFR mutations in lung cancer: correlation with
clinical response to gefitinib therapy. Science 2004; 304: 1497-500.

Lord RV, Brabender J, Gandara D et al. Low ERCCL1 expression correlates with
prolonged survival after cisplatin plus gemcitabine chemotherapy in non-small cell
lung cancer. Clin Cancer Res 2002; 8: 2286-91.

Azuma K, Komohara Y, Sasada T, Terazaki Y, Ikeda J, Hoshino T, et al. Excision



15.

16.

17.

18.

19.

20.

21.

22

repair cross-complementation group 1 predicts progression-free and overall
survival in non-small cell lung cancer patients treated with platinum-based
chemotherapy. Cancer Sci 2007; 98: 1336-1343.

Bepler G, Kusmartseva I, Sharma S et al. RRM1 modulated in vitro and in vivo
efficacy of gemcitabine and platinum in non-small-cell lung cancer. J Clin Oncol
2006; 24: 4731-4737.

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L, et al.
New guidelines to evaluate the response to treatment in solid tumors. J Natl
Cancer Inst 2000; 92: 205-16.

Kaida H, Ishibashi M, Fujii T, et al. Improved detection of breast cancer on
FDG-PET cancer screening using breast positioning device. Ann Nucl Med 2008;
22:95-101.

Buyse M, Thirion P, Carlson RW, et al. Relation between tumor response to first
—line  chemotherapy and survival in advanced colorectal cancer: A
meta-analysis-Meta-Analysis Group in Cancer. Lancet 2000; 356:373-378.

Lara PN Jr, Redman MW, Kelly K, et al. Disease control rate at 8 weeks predicts
clinical benefit in advanced non-small-cell lung cancer. Results from Southwest
Oncology Group randomized trials. J Clin Oncol 2008; 26: 463-467.

Gollob JA, Bonomi P. Historic evidence and future directions in clinical trial
therapy of solid tumors. Oncology 2006; 20:10-18

Vesselle H, Salskov A, Turcotte E, et al. Relationship between non-small cell lung

cancer FDG uptake at PET, tumor histology, and Ki-67 poliferation index. J



22.

23.

24.

25.

26.

23

Thorac Oncol 2008; 3:971-978.

Casali C, Cucca M, Rossi G, et al. The variation of prognostic significance of
maximum standardized uptake value of [18F]-fluoro-2-deoxy-glucose positron
emission tomography in different histological subtypes and pathological stages of
surgically resected non-small cell lung carcinoma. Lung Cancer 2010; in press.
Nguyen XC, Lee WW, Chung JH, et al. FDG uptake, glucose transporter type 1,
and Ki-67 expessions in non-small-cell lung cancer: correlations and prognostic
values. Eur J Radiol 2007; 62: 214-219.

Ito T, Noguchi Y, Satoh S, et al. Expression of facilitative glucose transporter
isoforms in lung carcinomas: its relation to histologic type, differentiation grade,
and tumor stage. Mod Pathol 1998; 11: 437-443.

Costelloe CM, Macapinlac HA, Nadewell JE, et al. 18F-FDG PET/CT as an
indicator of progression-free and overall survival in osteosarcoma. J Nucl Med
2009; 50: 340-7.

Tateishi U, Gomez C, Dawood S, et al. Bone metastases in patients with metastatic
breast cancer: morphologic and metabolic monitoring of response to systemic

therapy with integrated PET/CT. Radiology 2008; 247: 189-196.



24

Figure legends

Fig. 1. Relationship between measured SUVmax and tumor histology. SUVmax
measurements were compared between adenocarcinomas and other types of tumors.
Adenocarcinomas showed significantly lower SUVmax than the other types of NSCLC (P

< 0.001).

Fig. 2. Kaplan-Meier survival analysis of NSCLC patients with low (<6) and high (>6)
SUVmax measurements.

A, B: Kaplan-Meier estimates for PFS (A) and OS (B) in all 62 patients, who received
chemotherapy or chemoradiotherapy. The patients with high SUVmax had shorter OS (P =
0.017), but not shorter PFS (P = 0.609), than those with low SUVmax. Differences between
subgroups were analyzed by the log-rank test.

C, D: Kaplan-Meier estimates for PFS (C) and OS (D) in a subgroup of 47 patients who
received chemotherapy only. The patients with high SUVmax had shorter PFS (P = 0.013)
and OS (P = 0.024) than those with low SUVmax. Differences between subgroups were

analyzed by the log-rank test.
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Table 1: Patients' characteristics

Characteristics Number
Age (years)

Median 65

Range 35-82
Gender

Male 35

Female 27
Histology

Adenocarcinoma 39

Squamous cell carcinoma 12

Adenosquamous cell carcinoma 2

Large cell carcinoma 5

Unclassified 4
Smoking status

Never smoker 28

<50 pack-year 17

=50 pack-year 17
Perfomance status

0 50

1 12
Stage

1B 1

A 13

"B 7

v 41
Treatment modality

Chemotherapy 47

Chemoradiotherapy 15




Table 2: Relationship between SUVmax and various characteristics

Characteristics Number High SUVmax (6>) Low SUVmax (<6) P-value*

Age (years)
High (=65) 33 17 16 P =0.402
Low (<65) 29 18 11

Gender
Male 35 25 10 P =0.006
Female 27 10 17

Histology
Adenocarcinoma 39 14 25 P <0.001
Others 23 21 2

Smoking status
Never-smoker 28 12 16 P =0.049
Smoker 34 23 11

Performance status
0 50 27 23 P=0.421
1 12 8 4

Stage
11B-111A 14 12 2 P =0.015
HniB-1v 48 23 25

Treatment modality
Chemotherapy 47 22 25 P =0.008
Chemoradiotherapy 15 13 2

* By Fisher's exact test



Table 3: Relationship between SUVmax and tumor response to treatment

Tumor responsef Low SUVmax (<6)  High SUVmax (>6) P-value*

CR 2 1

PR 6 21

SD 16 5

PD 3 8
Overall response rate (CR or PR) 8/27 = 29.6% 22/35 = 62.9% P =0.012
Disease control rate (CR, PR, or SD)  24/27 = 88.9% 27/35=77.1% P=0.321

*By Fisher's exact test, TCR, complete response; PR, partial response; SD, stable disease; PD, progressive disease



Table 4: Summary of univariate analysis for progression-free and overall survival

Progression-free survival Overall survival
Factor Number  Median Univariate analysis Median Univariate analysis
(days) (Log-rank) (days) (Log-rank)
Age (years)
High (=65) 29 253 P=0.220 600 P =0.700
Low (<65) 33 203 565
Gender
Male 35 230 P=0.916 565 P=0.439
Female 27 239 606
Smoking status
Never-smoker 28 255 P =0.883 636 P =0.269
Smoker 34 206 544
Performance status
0 50 230 P =1.000 565 P=0.794
1 12 221 600
Histology
Adenocarcinoma 39 246 P =0.830 771 P =0.002
Others 23 224 451
Treatment modality
Chemotherapy 47 206 P =0.001 565 P =0.507
Chemoradiotherapy 15 431 603
Stage
11B-1IA 14 325 P=0.017 603 P=0.976
HnB-1v 48 223 565
SUVmax
6> 27 262 P =0.609 817 P=0.017

6< 35 206 474




Table 5: Influence of SUVmax on progression-free survival and overall survival after adjusting for possible confounding factors.

Factor Progression-free survival Overall survival

Hazard ratio (95% CI* P-value Hazard ratio (95% CI*) P-value
SUVmax linear 1.14 (1.04, 1.25) P =0.008 1.12 (1.00, 1.25) P =0.045
Gender Female/Male 1.62 (0.37,7.13) P=0521 4.60 (0.30, 70.36) P=0.272
Smoking status Smoker/Never-smoker 1.39 (0.32, 6.13) P =0.660 3.00 (0.20, 44.77) P =0.425
Histology Others/Adenocarcinoma 0.85(0.42,1.71) P =0.640 2.48 (1.03, 5.95) P =0.042
Stage HIB-IV/IIB-IA 2.88 (1.42, 5.87) P =0.004 1.23(0.53, 2.84) P =0.629

*Cl, confidence interval
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