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Abstract

Background: To determine if the maximum standardized uptake value (SUVmax) of the primary
tumor as determined by preoperative (18)F-fluoro-2-deoxyglucose ((18)F-FDG) positron emission
tomography (PET) is an independent predictor of overall survival, mediastinal lymph node me-
tastasis, and stage in patients with non-small cell lung cancer (NSCLC). Methods: A retrospective
review of 1033 patients with stage I-IV histologically proven NSCLC who had an (18)F-FDG PET
done between 2005 and 2011 for staging before receiving therapy was performed. SUVmax of
primary NSCLC was measured and correlated with tumor characteristics, lymph node involvement,
cancer stage and overall survival. The patients were divided into three groups according to their
SUVmax value: group I SUVmax < 5; group II SUVmax 5 - 10; and group III SUVmax > 10. The pri-
mary outcome was survival and recurrence rate, compared using Log Rank Test. Results: The me-
dian duration of follow up was 675 days (22.5 months). The overall survival at two years for group
I was 88%, group II 60% and group III 53%, significantly different among the three groups
(p-value < 0.0001). Earlier stage lung cancer was found in patients with lower SUVmax values: in
group I, 73% of patients had stage I cancer and only 4% had stage IV. The rate of ipsilateral me-
diastinal lymph node involvement (N2) in group I was 12.9% compared to 44.4% in group III
(p-value < 0.0001). The overall survival was significantly different between group I and group II
(Hazard Ratio (HR) 3.6; 95% C.I 2.2 - 5.7 and a p-value < 0.0001) and between group II and group
III (HR 1, 4; 1.1 - 1.8 and a p-value = 0.013). Conclusion: There was a statistically significant dif-
ference in the overall survival, mediastinal lymph node metastases, and higher cancer stage with
greater values of SUVmax on PET scan in patients with NSCLC.
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1. Introduction

Lung cancer is the most common cause of cancer death in the world and the second most common cancer in
both men and women [1]. Non small-cell lung cancer (NSCLC) comprises 80% to 85% of all lung cancer cases.
Accurate staging of NSCLC plays an important role in stratifying patients for optimal treatment regimens and
improving prognosis.

(18)F-fluoro-2-deoxyglucose ((18)F-FDG) (18F-FDG) positron emission tomography (PET) is a non-invasive
imaging technique for the evaluation of unidentified pulmonary nodules, the diagnosis of lung cancer, the stag-
ing of mediastinal lymph nodes, the evaluation of distant metastases and response to therapy [2] [3]. Integrated
PET-CT scan combines the functional characteristic of the PET scan with the anatomic features of the CT scan
which improved the diagnoses and staging accuracy [4]. PET-CT scan alters the stage designation and manage-
ment in as many as 20% to 40% of patients [5]. It is based on the observation that metabolically active cells se-
lectively take up and trap fluoridated glucose, which then undergoes nuclear decay that can be detected, loca-
lized, and quantified [6].

To better understand the potential contribution of SUV to determine prognosis, we reviewed the records of
patients with NSCLC after PET-CT imaging. Data were analyzed to determine whether SUV predicted the
overall survival, recurrence rate, the likelihood of lymph node involvement and if so, whether SUV was an in-
dependent prognostic factor for survival from components of pathologic tumor node-metastasis system staging.

2. Patients and Methods

2.1. Patient Characteristics

All patients with non-small cell lung cancer diagnosis were reviewed between January 2005 and December 2011.
We identified 1523 patients and their charts were reviewed. All stages of NSCLC were included in our review
provided that a PET-CT scan was performed as part of the staging investigation (Figure 1). There were 449 pa-
tients excluded from the study due to diagnosis of other malignancy in the last 5 years or the PET-CT scan was
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Figure 1. Flow chart showing all patients reviewed during study period and those excluded.
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performed for diagnosis or staging another malignancy. A retrospective review of 1074 patients with a diagnosis
of NSCLC (stage I-1V) was performed. A total of 1033 patients were included in the final analysis after exclud-
ing 41 patients due to missing data. If the PET-CT scan was performed as part of the work up for a recurrent
NSCLC but not performed during the staging of the initial disease the patients were excluded. We did not in-
clude any patient who received any form of chemotherapy or radiation therapy during a period of 5 years prior
to the diagnoses of NSCLC.

The patients were divided into 3 groups according to their SUVmax value in the primary lung tumor: group |
with SUVmax < 5; group Il with SUVmax between 5 - 10; and group Il with SUVmax > 10. These ranges were
selected based on convenience, and to assure reasonable numbers in all groups (>20% per group).

All patients had an integrated PET-CT scan performed at the same PET center with the same scanner to com-
plete the disease work up and staging. Patients clinical characteristics, demographic data, tumor features, radio-
logical and pathological findings were analyzed retrospectively through the review of patients charts, pathologi-
cal and radiological reports. The SUVmax were measured prospectively in all patients. The study was approved
by the institutional review board.

2.2. PET-CT Imaging

The PET-CT scan was performed using integrated PET-CT scanner (Philips Gemini Dual Exp PET-CT scanner).
Patients were fasting at least for 4 hours prior to the procedure and the image were obtained 1 hour after intra-
venous injection of 18-FDG. Patients remained resting for an uptake period of 1 hour. Images were obtained
from the base of the skull to the mid-thigh level. Then, the PET data was acquired in 3-dimensional mode fol-
lowed by data sets reconstruction into coronal, sagittal and axial views. Attenuation corrected images were ob-
tained and interpreted by an experienced nuclear medicine physician.

The primary lesions were considered positive if a definite localized area of high 18-FDG uptake more than the
surrounding normal tissue exists (not including the physiological uptake). The same principle was applied for
the nodal uptake with the SUVmax measurement. The SUVmax of the primary tumor was measured with a re-
gion of interest technique and calculated by the software according to standard formulas.

2.3. Data Collection

The primary tumor and the mediastinal lymph node SUVmax was obtained from the initial PET reports. An ex-
clusion of 41 patient occurred due to missing information on the SUVmax on the radiology report. The biopsy
results of the primary tumor, mediastinal staging procedure and the results of the final resection specimen were
obtained from the pathology report without adjudication. Baseline demographic, clinical, and tumor characteris-
tics, treatment, follow-up, and survival data were obtained from the electronic medical record system of the hos-
pital.

2.4. Statistical Methods

The Kaplan-Meier Curve was plotted to show the overall survival in the cohort. The Kaplan-Meier Curves and
the Log Rank Test was calculated to compare the overall survival between the 3 groups. Log Rank Test was
performed to find statistical differences.

Cox Regression analysis was used to estimate the crude hazard ratio for levels of SUV.

Multivariable Cox modeling was used to adjust for effect of final stage. Hazard ratios and 95% confidence
intervals were calculated. A p value < 0.05 was considered statistically significant.

3. Results

There were a total of 1033 patients included and their characteristics are shown in Table 1. The median follow
up was 22.5 months (inter-quartile range 12.1 - 34.4). The lowest number of patients was in group I—SUVmax
< 5 with 225 patients (21.7%) followed by group 1I—SUVmax 5 - 10 with 304 patients (29.4%) and then group
II—SUVmax > 10 with 504 patients (48.7%). The mean age for all groups was between 70.7 - 71.9 years, and
there was no statistically significant difference between the groups. There was a slight female predominance in
group | (59%) compared to group Il (56%) and group 11 (47%). Mean SUVmax (Figure 2) in group | was 3.2,
in group Il was 7.7 and 16 in group Ill. The most common tumor location was the right upper lobe in all the 3
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Table 1. Patient characteristics.

SUV <5 5<SUV<10 SUV > 10 _value
(n = 225) (n = 304) (n = 504) P
Age
Mean (Std) 70.9 (9.96) 71.7 (9.6) 71.4 (9.6) 0.666
Female
N (%) 133 (59) 169 (56) 236 (47) 0.0031
Size of tumor
Mean (Std) 21.9(11.5) 32.3(18.2) 46.3 (22.6) <0.0001
Location
LLL 35 (16) 37 (12) 46 (9)
LUL 51 (23) 101 (33) 173 (34)
RLL 52 (23) 49 (16) 82 (16) 0.0043
RML 5(2) 11 (4) 28 (6)
RUL 81 (36) 106 (35) 173 (34)
u Mean SUVmax
18
16
14
12
10
8
6
4
2
0

Group | Group 1l Group 111
Figure 2. Mean SUVmax in different groups.

groups (34% - 36%) followed by the left upper lobe (23% - 34%). The least common tumor location among all
the groups was the right middle lobe (2% - 6%). Upon examination of the primary tumour, the mean SUVmax in
group | was 2.2; group Il was 6.8; and group 111 was 15.9. There was a significant difference in the mean tumor
size of the primary lung lesion among all the groups, were the mean tumor size (Figure 3) of group | was 21.9
mm compared to group Il 32.3 mm and group 111 46.3 mm (p-value < 0.0001).

There was a significant difference in tumor stage distribution among all the 3 groups (Table 2). In group | 73%
of patients were stage | compared to 12% with stage |11 and 4% with stage IV. In group 1l the difference was al-
so noticed as 50% of patients in this group were stage | compared to 16% with stage V. In group 111 19% were
stage 1, 39% were stage Il and 20% were stage Ill. A total of 412 patients in all the cohort had a stage | tumor
among which 73% in group | had a SUVmax < 5 compared to 19% in group Il where the SUVmax > 10
(p-value < 0.0001). Stage 1V patients (160 patients) were found more in Group 111 (20%) compared to group |
(4%) with a p-value of <0.0001. Metastasis to mediastinal lymph nodes (N2) were found in 12.9% of group I,
29.3% of group Il and 44.4% in group 111 (p-value < 0.0001). Contralateral mediastinal lymph node metastasis
(N3) were found in 4.9% of group I, 7.7% of group Il and 12.5% of group IlI. A significant difference was ob-
served on the rate of distant metastasis among the three groups with 3.1% of group I, 13.2% of group Il and 19.4%

of group Il (p-value < 0.0001).
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Figure 3. Mean size of the primary tumor in different groups.

Table 2. Tumor stage and mediastinal lymph node involvement.

Group | Group Il Group 11
SUV <5 5<SUV <10 SUV > 10 p-value
(n=225) (n = 304) (n =504)
PET CT Stage:
| 164 (73%) 151 (50%) 97 (19%)
I 23 (10%) 36 (12%) 109 (22%)
<0.0001
1] 28 (12%) 68 (22%) 197 (39%)
v 10 (4%) 49 (16%) 101 (20%)
Mediastinal LN:
N1 N (%) 34 (15.1%) 80 (26.3%) 217 (43.1%) <0.0001
N2 N (%) 29 (12.9%) 89 (29.3%) 224 (44.4%) <0.0001
N3 N (%) 11 (4.9%) 23 (7.7%) 63 (12.5%) 0.0024
Metastasis:
M (%) 7 (3.1%) 40 (13.2%) 98 (19.4%) <0.0001

The median follow-up was 22.5 months (Inter-quartile Range, 12.1 - 34.4). The overall survival was 82% and
63% at 1 and 2 years from the time of diagnosis. The median survival for all patients was equal 2.99 years (95%
confidence interval: 2.7, 3.5). The overall survival for group | at one and two years was 95% and 88%. The
overall survival for group Il at one and two years was 81% and 60%. The overall survival for group Il at one
and two years was 76% and 53%. Kaplan Meyer curves (Figure 4) show that patients in group | has a better
survival compare to the two other groups. The Log Rank Test showed that the overall survival was significantly
different among patients in the three groups at & = 0.05 (P-value < 0.0001). The hazard ratio for group Il (3.05)
and group 111 (3.63) compared to group | was significantly higher. The hazard ratio for group Il was not signifi-
cantly higher than the hazard ratio for group Il (1.19) (Table 3). The survival benefit of lower SUVmax value
was clearly demonstrated in stage IA and 1B as shown (Figure 5, Figure 6) by Kaplan Meyer curves (p-value of
0.0011 and 0.0066 respectively). In more advanced stages of lung cancer the survival benefit of lower SUVmax
value was not demonstrated (Figure 7, Figure 8). Recurrence free survival of group I at one and two years was
91% and 85% respectively. In group Il the recurrence free survival at one and two years was 83% and 67% re-
spectively and in group 111, 79% and 56%.

We studied the relationship between the SUVmax value results of the ipsilateral (N2) and contralateral lymph
nodes (N3) compared to the final pathology results (obtained from cervical mediastinoscopy, endobronchial ul-
trasound biopsy and the final pathology results in resected specimens) in predicting mediastinal lymph node
metastasis (Table 4). A total of 537 patients in whom the final pathology results were collected. The specificity
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Table 3. Hazard ratio in univariable analysis for survival.

Crude Hazard 95% C.I. 95% C.I.

Sliect Ratio Lower Upper pAlle
SUv
Group I vs group Il 3.05 2.18 4.25 <0.0001
Group I vs group 111 3.63 2.65 4.97 <0.0001
Group Il vs group 111 1.19 0.98 1.45 0.084

Table 4. SUVmax value of the mediastinal lymph nodes (N2, N3) vs final pathology speci-

men, cervical mediastiniscopy and EBUS.

Positive predictive  Negative predictive

Sensitivity Specificity e " -
N2 62% 82% 50% 88%
N3 58% 73% 63% 98%
1.00 overall survival by SUV
0.75
0.50
0.25 Log Rank Test:
P-value <0.0001
0.00
0 1 2 3 4 5
Time (Year)
—SUV:<5 —SUV:5-10 —SUV: 210
Figure 4. The overall survival by SUVmax.
overall survival by SUV (Stage IA)
1.00
0.75 —\— Log Rank Test:
P-value=0.011
0.50
0.25
0.00 . . . . . . .
0 1 2 3 4 5 6 7

Time (Year)
—SUV:<5 —SUV:5-10 —SUV: 210

Figure 5. The overall survival for stage IA.
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Figure 6. The overall survival for stage IB.
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was high at 82% for N2 disease based on SUVmax values compared to the final pathology. A high negative pre-
dictive value at 88% for N2 disease was noticed but the sensitivity was 62% and the positive predictive value
was 50%. For N3 disease a high negative predictive value was clearly demonstrated at 98%. The sensitivity,
specificity and positive predictive value were 58%, 73% and 63% respectively.

A survival analysis was performed on a group of patients for whom bronchoscopy was done as part of evalua-
tion of their lung cancer and whether the presence of endobronchial lesion was a poor prognostic factor. A total
of 662 patients were included in this analysis. The log Rank Test showed that patients with visible endobronchi-
al lesion had a lower survival compare to patients without endobronchial lesion (p-value < 0.0001). The hazard
function for visible endobronchial lesion was significantly higher than the hazard function for patients with no
endobronchial lesions, Hazard ratio 2.46 (95% CI 1.91 - 3.18).

4. Discussion

The TNM staging system for NSCLC is an important tool used by clinicians to estimate lung cancer prognosis
and ensure stage appropriate treatment. The TNM staging system does not consistently give a satisfactory ex-
planation for differences in survival, hence it is important to identify other prognostic factors. Integrated
PET-CT has become the standard imaging modality in the staging of NSCLC patients. The main applications of
PET-CT are: First, it is used in screening for regional and distant metastasis as part of staging. [7]. Second, it is
useful in monitoring response to treatment for patients having chemotherapy and/or radiation therapy [8].
[18F]FDG-PET imaging is based on the rate of glucose metabolism; with data suggesting that the rate of tumor
metabolic activity may correlate with tumor aggressiveness, PET is the modality of choice to complement the
prognostic information provided by the CT [9].

SUV is a semi-quantitative parameter that is calculated from the concentration of radioactivity adjusted by
body weight and dose of injected [18F]FDG. SUVmax is the preferred indicator in the evaluation of PET-CT
images. A recent study has shown that SUVmax is a more accurate and reliable value than the mean SUV and
the tumor volume-correlated SUV in the interpretation of PET images [10]. In a study done by Iskender et al.
and published in 2011 it showed that SUVmax is relatively consistent from one PET center to another even us-
ing different scanners; thus, SUV max is a valuable measure for comparison among all centers [11]. However,
other studies reported SUVmax variability between centers due to lack of standardisation in acquisition and
processing protocols [12] [13]. Other technical variations between PET centers are related to image reconstruc-
tion, analysis, and attenuation correction. Also, physiologic factors can affect SUVmax value and cause varia-
tion between scanners like blood glucose level, patient respiratory movement during image acquisition, duration
between administration of FDG and image acquisition, inflammation around tumor, serum level of insulin and
renal clearance of FDG [14] [15].

Improved survival in NSCLC patients treated with neoadjuvant chemotherapy has been shown in recently
published data [16]. This might replace the way of conventional practice of adjuvant chemotherapy following
resection. Still the data available is limited on preoperative prognostic indicator that might change the decision
on when patients should receive adjuvant or neoadjuvant chemotherapy. A question on who should receive ad-
juvant therapy after resection remains unanswered in the treatment of NSCLC. Patients with poor prognostic in-
dicators could be treated more aggressively with neoadjuvant chemotherapy while those with favourable prog-
nostic indicators could be treated postoperatively with adjuvant type chemotherapy based on their surgical pa-
thological stage.

Our results show that there is a significant correlation between the tumor size and the SUVmax value. Lower
levels of SUVmax are associated with smaller primary lung tumors. It was also shown that the minority of pa-
tients with lower levels of SUVmax (group 1) have advanced stage 1V lung cancer (only 4%) compared to the
majority of early stage | lung cancer (73%). The rate of ipsilateral and contralateral mediastinal lymph nodes
metastasis (N2, N3) was significantly higher in patients with higher levels of SUVmax. Cerfolio et al. have
shown in there study that the SUVmax of NSCLC is positively correlated to the T status, N status, and M status
and is an independent predictor of stage. They stated that SUVmax might even be a better guide than the clinical
stage [17].

This study has shown that survival decreases as the SUVmax of the primary tumour increases. We thought
that it was important to analyze the correlation of SUVmax with survival within each clinical stage. The survival
benefit of lower SUVmax was most pronounced in stage IA and IB, but it was not demonstrated in the other
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lung cancer stages. Okereke et al. reported the same results in 2009. He found that the group of patients with no
clinical evidence of disease in the mediastinum had a better prognosis [18]. These findings are important in that
they can perhaps guide treatment plan based on these values, as the SUVmax levels are known preoperatively.
Some centres now use SUVmax mainly as an “all or none” value, with values above 2.5 considered positive.
The results of this study argue that the SUVmax should instead be used as a gradient, and higher values could
potentially alter overall treatment plan. Decisions about whether to perform mediastinoscopy before resection,
the need for adjuvant therapy, and the frequency of postoperative surveillance all may be affected by preopera-
tive SUVmax levels.

Previous studies have correlated FDG uptake in primary tumor correlates with poor survival. Most of these
studies were based on comparisons of survival between groups of patients with high and low SUV values, de-
fined by applying cut-offs for SUV ranging from 5 to 20 [9] [17] [19]-[30]. There is apparently no true cut-offs
point for SUV, but rather a transition zone in which the prognosis gradually worsens. A systematic review done
by Nair et al. concluded that increasing tumor FDG uptake is associated with worse survival in patients with
stage | NSCLC [31].

Limitations of the study include the retrospective nature of the data, but it is the largest published series on
this topic. Another limitation is that adjudication was not performed for the reports of PET, SUVmax and pa-
thology. Also, there is a selection bias as we excluded patients who had received neoadjuvant treatment. The re-
sults of this study might not be applied for patients with greatly metastatic NSCLC. Lastly, the cutoffs for the
SUV values in the 3 groups were somewhat arbitrary.

5. Conclusion

There was a statistically significant difference in the overall survival and a higher cancer stage with higher val-
ues of SUVmax on PET scan in patients with NSCLC. The results were more pronounced in stage | tumors. Us-
ing different zones of SUVmax value might be more reliable prognostic factor than using SUVmax cut-off
points. Such information may help in selecting patients preoperatively into receiving neoadjuvant chemotherapy.
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