L))

Check for
updat

Original Article

Association between bone marrow fluorodeoxyglucose uptake
and recurrence after curative surgical resection in patients with
T1-2NOMO lung adenocarcinoma: a retrospective cohort study

Tian-Cheng Li', Li-Li Wang’, Bo-Le Liu’, Jun-Jie Hong’, Ni-Na Xu’, Kun Tang”, Xiang-Wu Zheng™*

'PET Center, The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, China; *Department of PET/CT, Radiology
Imaging Center, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

"These authors contributed equally to this work.

Correspondence to: Xiang-Wu Zheng, MD; Kun Tang, PhD. The First Affiliated Hospital of Wenzhou Medical University, Xuefu North Road,
Wenzhou 325000, China. Email: zxwul11@sina.com; kuntang007@163.com.

Background: Evidence regarding the relationship between fluorodeoxyglucose (FDG) uptake in the bone
marrow of patients with lung adenocarcinoma and prognosis is limited. This study aimed to identify whether
bone marrow FDG uptake is a risk factor for recurrence in patients after curative surgical resection of T1-
2NOMO lung adenocarcinoma.

Methods: From January 2012 to December 2016, we retrospectively enrolled 195 pT1-2NOMO lung
adenocarcinoma patients who underwent both preoperative FDG positron emission tomography/computed
tomography (PET/CT) and surgical resection from the lung adenocarcinoma database maintained by the
PET/CT department at our hospital. After surgical resection, patients were followed up mainly through

regular outpatient examinations. The maximum standardized uptake value (SUV,,

nax,

) of the primary tumor,
the mean FDG uptake of bone marrow (BM SUV), bone marrow-liver uptake ratio (BLR), metabolic tumor
volume (MTV), and total lesion glycolysis (TLG) were measured from the pretreatment FDG PET/CT
images. Multi-adjusted Cox proportional hazards models were built to evaluate the independent prognostic
value of BLR in predicting recurrence-free survival (RFS). A restricted cubic spline regression model was
conducted to provide more precise estimates and examine the shape of the associations between BLR and the
risk of recurrence.

Results: The follow-up results showed that 30 of the 195 patients (15.4%) had tumor recurrence.
Compared with non-recurrent patients, the primary tumor size in recurrent patients was larger, and the
SUV,..o TLG, and serum C-reactive protein (CRP) levels were higher. Univariate analysis showed that BLR,
tumor size, SUV,
adjustment for conventional confounding factors, the hazard ratio of BLR was 5.01 (95% CI, 1.32, 18.98)

o TLG, and CRP were significantly correlated with postoperative tumor recurrence. After
for the highest tertile of BLR compared with the lowest tertile. The multi-adjusted spline regression showed
that BLR had a linear relationship with log relative risk (RR) for recurrence when BLR was lower than 0.7.
Opver this level, the effect stabilized, suggesting a saturation effect for BLR at a level of approximately 0.7 at
recurrence.

Conclusions: BLR was an independent risk factor for predicting RES in T1-2NOMO lung adenocarcinoma
patients after curative surgical resection. BLR can be used as a biomarker for evaluating the risk of lung

cancer recurrence.
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Introduction

Lung cancer remains the leading cause of cancer-related
death worldwide. Non-small cell lung cancer (NSCLC)
accounts for approximately 83% of all lung cancer (1,2).
At present, curative surgical resection offers the best
prognosis for NSCLC patients. However, even with
curative surgical resection and no malignant lymph node
metastasis, approximately 20% of T1-2NOMO lung cancer
patients still have recurrence at follow-up (3). If patients
with T1-T2NOMO lung adenocarcinoma have a high risk of
recurrence, they may benefit from more aggressive tailored
treatments, such as postoperative chemotherapy. Therefore,
differentiating patients who have a high risk of postoperative
recurrence is critical for the selection of further adjuvant
therapy. Due to the poor prognosis of NSCLC, research
into various clinical factors for the prediction of NSCLC
and the selection of appropriate auxiliary indexes are
critical. Neutrophil-lymphocytes ratio (NLR), platelet-
lymphocyte ratio (PLR), albumin and C-reactive protein
(CRP), and other systemic inflammatory markers have
been demonstrated to be important prognostic factors for
predicting clinical outcomes (4-8).

In addition to serum inflammatory markers, several recent
studies have identified imaging biomarkers of systemic
inflammatory responses using F-18 fluorodeoxyglucose
(FDQ) positron emission tomography/computed tomography
(PET/CT) (9-11). PET/CT uses FDG as a molecular
imaging agent, which has been widely used in the diagnosis,
staging, evaluation of treatment efficacy, and prognosis of
NSCLC (12-14). Several studies have shown that the uptake
of FDG in the bone marrow (BM) of patients with lung
cancer is significantly higher than that in patients with benign
pulmonary nodules (15). Furthermore, FDG uptake in the
BM of patients with malignant tumors has been significantly
associated with serum inflammatory markers, suggesting that
FDG uptake of the BM can reflect systemic inflammatory
responses (16,17). However, the prognostic value of BM
FDG uptake in T1-2NOMO lung adenocarcinoma patients
remains unclear. The purpose of this study was to evaluate
the association between FDG uptake in BM on PET/CT and
recurrence after curative surgical resection in patients with
T1-2NOMO lung adenocarcinoma.
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Methods
Patients

The Institutional Ethics Committee of the First Affiliated
Hospital of Wenzhou Medical University approved this
retrospective study, and the requirement to obtain informed
consent was waived. From January 2012 to December
2016, 195 consecutive pT1-2NOMO lung adenocarcinoma
patients identified from the lung adenocarcinoma database
maintained by the PET/CT department were included
in this study. All patients received blood tests and FDG
PET/CT imaging before surgery. Patients were excluded
from the study according to the following criteria: (I)
patients had received radiotherapy, chemotherapy and
targeted therapy before or after surgery; (II) patients had a
history of another malignancy or chronic liver disease; (I1I)
patients showed moderate-to-severe anemia (hemoglobin
<10.0 g/dL) in preoperative blood tests or had coexisting
acute inflammatory disease; (IV) patients had an injection
of erythropoietin or granulocyte-macrophage colony-
stimulating factor (GM-CSF) within 6 months before
FDG PET/CT; (V) patients had pathological bone marrow
infiltration confirmed by bone marrow biopsy or by a
whole-body MRI; (VI) patients were lost to clinical follow-
up within 12 months after surgical resection.

All patients underwent lobectomy, bilobectomy, or
pneumonectomy with systematic lymph node dissection
according to their stage and clinical condition after the
preoperative examination. After curative surgery, all
patients underwent regular clinical follow-up including
physical examination, blood tests and CT or magnetic
resonance imaging (MRI) scans every 3—-6 months. In
cases with abnormal findings on follow-up examinations,
additional imaging studies including contrast-enhanced
CT or MRI, PET/CT scans, and histological confirmation
were performed to verify tumor recurrence. The follow-
up period ranged from 3.5 to 65 months. Recurrence-
free survival (RFS) was defined as the time from surgery
to the first diagnosis of local, regional or distant disease
recurrence, or the last follow-up. Patients who were
lost to follow-up were considered a censoring event for

recurrence.
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FDG PET/CT protocol

Patients fasted at least 6 hours to ensure that the blood
glucose concentration was not higher than 110 mg/dL
just before the injection of FDG. FDG PET/CT images
were acquired using a body PET/CT scanner (GEMINI
TF 64; Philips, The Netherlands) and scanning was
performed approximately 60 minutes after intravenous (IV)
injection of FDG with a dosage of 3.7 MBq/kg. A low-dose
unenhanced CT scan was performed from the skull base
to the middle of the thigh with the following parameters:
120 kV, 80 mA, a pitch of 0.829, a tube rotation time of
0.5 second per rotation, and a reconstruction thickness and
interval of 5.0 mm for precise anatomical localization and
attenuation correction. This was followed by a PET scan
that matched the CT section thickness. PET images were
obtained using the ordered subset expectation maximization
method. Images were transferred into Philips EBW 3.0 to
reconstruct PET, CT, and PET/CT fusion images.

Imaging analysis

PET/CT images were interpreted by an experienced
radiologist using the fixed threshold method on the
MEDEX workstation system, and the regions of interest
(volume of interest, VOI) were manually drawn on the
original site of the tumor. For lesions with respiration-
induced artifacts, we manually moved the PET or CT
images up, down, left, and right to make them match each
other as much as possible in the PET/CT fusion images.
The maximum standard uptake value within the VOI
(SUV,,.,) and the average SUV of voxels within the VOI
exceeding 40% of the SUV,,., (SUV,,,) were automatically
measured. The tumor volume of a fixed threshold of
40% SUV,,,, or greater was measured and defined as the
metabolic tumor volume (MTV). Total lesion glycolysis
(TLG) was calculated by multiplying the MTV and SUV,,
of the tumor. Subsequently, PET/CT parameters of the
BM including BM SUV and bone marrow-liver uptake
ratio (BLR) were measured. Spheroid-shaped VOIs were
manually drawn over the vertebral body of each of the six
vertebrae in the thoracic and lumbar spine. Spines that
showed compression fractures, severe osteoarthritic change,
or post-operative change by spinal surgery were excluded
from measurement. Within each VOI in the vertebral
body, an automatic isocontour set at 75% of the maximum
SUV was automatically generated, and the mean SUV of
voxels within the isocontour was calculated. This method,
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using a cutoff value of 75% of the maximum SUV, has
demonstrated good reproducibility for measuring FDG
uptake of the BM in a previous study (18). The mean SUV
of the VOlIs in the six selected vertebrae was calculated and
defined as the BM SUV. Two 2 cm-sized spheroidal VOIs
were drawn both in the right lobe and the left lobe of the
liver, and the mean SUV of the normal liver tissue was also
measured. To calculate the BLR for each patient, the BM
SUV was divided by the mean SUV of the normal liver

tissue.

Statistical analysis

NLR and PLR were calculated for each patient after blood
testing. "To assess the differences in baseline characteristics
according to the BLR stratification, continuous variables
were evaluated using the Kruskal-Wallis test and categorical
variables were evaluated using Pearson’s Chi-square test
or Fisher’s exact test as appropriate. The Mann-Whitney
U test was used for the comparison of variables between
patients with or without recurrence. To assess the predictive
values of variables for RFS, univariate and multivariate
analyses were performed using a Cox proportional hazards
regression model. To ensure the robustness of data analysis,
we performed a series of sensitivity analyses where we
converted the BLR into a categorical variable and calculated
the P value for trends. The purpose was to verify the
results of BLR as a continuous variable and to observe the
possibility of nonlinearity. Hazard ratios with Wald 95% CI
were provided for the univariate and multivariate analyses.
For BLR, survival curves were estimated using the Kaplan-
Meier method, and compared using the log-rank test. A
restricted cubic spline regression model was conducted to
provide more precise estimates and examine the shape of
the associations between BLR as a continuous variable and
the risk of recurrence. P<0.05 was considered statistically
significant. All analyses were performed with the statistical
software packages, R (http://www.R-project.org, The R
Foundation) and EmpowerStats (http://www.empowerstats.
com, X&Y Solutions, Inc., Boston, MA, USA).

Results
Patient characteristics

The characteristics of the enrolled patients are shown
in Table 1. A total of 195 patients with T1-2NOMO lung
adenocarcinoma were included in this study, including
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Table 1 Characteristics of all patients

BLR tertiles
Variables All patients P value
Tertile 1 (n=64) Tertile 2 (n=65) Tertile 3 (n=66)

BLR 0.78 (0.43-1.33) 0.60 (0.43-0.69) 0.75 (0.70-0.83) 0.99 (0.84-1.33) <0.001
BM SUV 1.54+0.46 1.27+0.35 1.47+0.28 1.88+0.50 <0.001
Age, years 63.36+8.60 64.91+7.21 63.60+7.99 61.64+10.11 0.263
Sex 0.864

Male 90 (46.15%) 28 (43.75%) 30 (46.15%) 32 (48.48%)

Female 105 (53.85%) 36 (56.25%) 35 (53.85%) 34 (51.52%)
Tumor size, mm 22.49+7.49 21.91+8.00 22.69+7.46 22.85+7.09 0.389
White blood cell count, x10™ cells/L 6.22+2.03 5.95+2.05 5.86+1.33 6.82+2.44 0.042
Hemoglobin, g/dL 132.05+17.63 130.16+13.62 133.59+13.60 132.52+23.63 0.437
Albumin, g/d 4.01+0.37 4.04+0.34 4.05+0.40 3.94+0.36 0.093
NLR 2.60+2.73 1.97+1.18 2.22+1.44 3.58+4.18 0.033
PLR 135.10+63.47 124.80+57.66 137.04+53.68 143.30+76.27 0.101
CRP, mg/dL 4.32+6.11 2.79+2.30 3.40+3.47 6.71+9.25 0.395
SUV max 5.36+3.39 4.95+3.05 5.21+3.37 5.91+3.68 0.460
MTV 6.86+5.37 6.54+5.30 6.98+5.32 7.05+5.56 0.533
TLG 21.27+24.09 20.36+26.94 19.63+19.72 23.76+25.20 0.212
T stage 0.7

T 172 (88.2%) 55 (85.9%) 59 (90.8%) 58 (87.9%)

T2 23 (11.8%) 9 (14.1%) 6 (9.2%) 8 (12.1%)
Recurrence 0.009

No recurrence 165 (84.69%) 62 (95.31%) 51 (78.79%) 52 (80.30%)

Recurrence 30 (15.31%) 3 (4.69%) 14 (21.21%) 13 (19.70%)
Histological grade 0.893

Well 37 (19.07%) 13 (20.31%) 14 (21.54%) 10 (15.38%)

Moderate 92 (47.42%) 31 (48.44%) 30 (46.15%) 31 (47.69%)

Poor 65 (33.51%) 20 (31.25%) 21 (32.31%) 24 (36.92%)
Tumor site 0.250

RUL 50 (25.64%) 16 (25.00%) 15 (23.08%) 19 (28.79%)

RML 24 (12.31%) 7 (10.94%) 12 (18.46%) 5 (7.58%)

RLL 37 (18.97%) 11 (17.19%) 8 (12.31%) 18 (27.27%)

LUL 55 (28.21%) 22 (34.38%) 19 (29.23%) 14 (21.21%)

LLL 29 (14.87%) 8 (12.50%) 11 (16.92%) 10 (15.15%)

BLR, bone marrow to liver uptake ratio; BM SUV, mean standardized uptake value of bone marrow; CRP, C-reactive protein; NLR,
neutrophil-lymphocyte ratio; PLR, platelet lymphocyte ratio; SUVmax: maximum standardized uptake value of primary tumor; MTV,
metabolic tumor volume; TLG, total lesion glycolysis; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper
lobe; LLL, left lower lobe.
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90 males and 105 females, with an average age of
63.36£8.60 years. Of the 195 enrolled patients, 30 (15.4%)
patients experienced disease progression during the clinical
follow-up. The mean RFS was 21.5 months. Patients were
divided into three groups according to the tertiles of the
BLR level. The cut-off values and groups according to the
tertiles of BLR were T1 (0.43-0.69), T2 (0.70-0.83), and
T3 (0.84-1.33). Patients with low, middle, and high BLR
values were similar in most characteristics except for white
blood cell (WBC) count and NLR. Higher BLR tertiles
were significantly associated with higher recurrence risk
than the lowest tertiles (P=0.009). Compared with non-
recurrent patients, recurrent patients had larger tumor
size and higher CRP, SUV ., and TLG values. Detailed
patient characteristics are described in Table 2. Figure 1

max?

shows a patient who had increased FDG uptake of bone
marrow before surgery and experienced a recurrence
during follow-up.

Association between the level of BLR and recurrence

The age, sex, histological grade, tumor size, serum albumin,
hemoglobin, WBC, NLR, PLR, CRP, SUV,, MTYV,
TLG, BM SUV, and BLR values of all patients were
evaluated in the univariate analysis. CRP, BLR, tumor size,
tumor SUV, ., and TLG were significantly associated with
postoperative recurrence (7able 3).

The multivariate model clarified the relationship
between BLR and recurrence regardless of whether the
variables were adjusted or not (Tzble 4). Model 1 was
adjusted by sex and age, and model 2 was further adjusted
by tumor size, hematological parameters (CRP), and
PET parameters (SUV,,,, TLG) based on model 1. For
the sensitivity analysis, we converted the BLR from a
continuous variable to a categorical variable (tertile of
BLR). The P trend of BLR as a categorical variable in
the fully adjusted model was inconsistent with the result
when BLR was a continuous variable. Moreover, we used
restricted cubic spline regression to confirm the nonlinear
relationships between continuous BLR levels and
recurrence (Figure 2). The spline regression showed that
BLR had a linear relationship with log relative risk (RR)
for recurrence when BLR was lower than 0.7. Over this
value, the effect became stable.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Kaplan-Meier survival analysis

For Kaplan-Meier survival analysis (Figure 3), BLR was
divided into three categories according to the tertiles of the
BLR level. Kaplan-Meier analysis of patients stratified by
BLR value showed significantly different RFS rates between
the three groups of patients (P=0.0029). The patients in the
middle and high BLR groups had a significantly worse RFS
than those in the low BLR group.

Discussion

In the present study, BLR, which was defined as the ratio
of bone marrow FDG uptake to liver, was used to reduce
the interindividual variation of BM SUV (17). The present
study demonstrated that BLR is an independent risk
factor for recurrence in patients with T1-2NOMO lung
adenocarcinoma. In the multivariate recurrence model,
which included tumor size, PET/CT parameters of the
primary tumor (SUV,,,), and serum inflammatory markers
(CRP), BLR was found to be the independent prognostic
factor for RFS when treated as a categorical variable. The
multi-adjusted spline regression showed that BLR had a
linear relationship with log RR for recurrence when BLR
was lower than 0.7. Above this level, the effect remained
stable, which suggested a saturation effect for BLR at a level
of approximately 0.7 at recurrence.

There are many risk factors for cancer prognosis. The
prognosis of patients depends not only on the primary
tumor and the clinical characteristics of patients but also on
the tumor microenvironment. Previous studies have shown
that inflammatory response markers play an important
role in the occurrence and development of cancer (19,20).
Neutrophils, lymphocytes, and platelets in peripheral blood
cause stress reactions during the process of inflammation,
which may cause oxidative damage to cells and change
the state of the tumor microenvironment. These factors
can promote the transformation, growth, invasion, and
metastasis of tumor cells (21). NLR is an important
prognostic index in patients with NSCLC as an indicator of
the inflammatory response, and can be used as a potential
biomarker in immunotherapy and radiotherapy (22).
Platelets play an important role in hemostasis, thrombosis,
and inflammation. In recent years, the interaction between
platelets and tumor parameters such as tumor growth,
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Table 2 Clinical and demographic characteristics of patients with recurrence and non-recurrence

Li et al. Prognostic value of BM FDG uptake in lung adenocarcinoma

Recurrence No recurrence Recurrence P value
N 165 30
Age, years 63.59+8.53 62.13+9.05 0.459
Tumor size, mm 22.00+7.21 25.17+8.51 0.033*
White blood cell count, x10™ cells/L 6.23+2.03 6.14x2.10 0.787
NLR 2.59+2.62 2.64+3.31 0.241
PLR 135.81+66.32 131.23+45.50 0.875
CRP, mg/dL 3.96+6.06 6.32+6.13 0.013*
Hemoglobin, g/dL 131.49+18.38 135.13+12.56 0.165
Albumin, g/d 4.02+0.37 3.95+0.39 0.317
SUV max 4.82+2.83 8.32+4.53 <0.001*
MTV 6.95+5.60 6.36+3.90 0.985
TLG 19.55+22.96 30.68+28.14 0.001*
BM SUV 1.53+0.47 1.60+0.43 0.449
BLR 0.77+0.18 0.82+0.16 0.085
Sex 0.462

Male 78 (47.27%) 12 (40.00%)

Female 87 (562.73%) 18 (60.00%)
Histological grade 0.387

Well 34 (20.61%) 3 (10.00%)

Moderate 76 (46.06%) 16 (53.33%)

Poor 54 (32.93%) 11 (36.67%)
Tumor site 0.867

RUL 42 (25.45%) 8 (26.67%)

RML 19 (11.52%) 5 (16.67%)

RLL 32 (19.39%) 5(16.67%)

LUL 46 (27.88%) 9 (30.00%)

LLL 26 (15.76%) 3 (10.00%)

*, significance. BLR, bone marrow to liver uptake ratio; BM SUV, mean standardized uptake value of bone marrow; CRP, C-reactive
protein; NLR, neutrophil-lymphocyte ratio; PLR, platelet lymphocyte ratio; SUVmax, maximum standardized uptake value of primary
tumor; MTV, metabolic tumor volume; TLG, total lesion glycolysis; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe;

LUL, left upper lobe; LLL, left lower lobe.

angiogenesis, and tumor metastasis has been the subject
of much investigation. PLR can reflect a certain degree of
inflammation in the body and has a negative relationship
with prognosis (23). However, in this study, PLR and NLR
showed no prognostic value in the univariate analysis. This
may due to the differences in the enrolled populations

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

or institutional-based bias. It has also been reported that
peripheral blood NLR is not an independent prognostic
factor for patient survival, and that the level of NLR in
peripheral blood is influenced by other factors leading to
poor reliability (24).

Because of the significant correlation between FDG
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Figure 1 Representative PET images of one patient with relatively high BLR level. (A) Maximum intensity projection, (B) coronal, (C)

sagittal, and (D) transaxial fluorodeoxyglucose (FDG) positron emission tomography (PET) images of a 51-year-old woman with lung

adenocarcinoma. Increased FDG uptake in the BM is shown, and the BM to liver uptake ratio was 1.13. Cancer recurred 15 months after

curative surgical resection. BM, bone marrow; FDG, fluorodeoxyglucose; PET, positron emission tomography.

uptake in BM and serum inflammatory markers, several
studies have focused on the evaluation of the prognostic
value of BM SUV and BLR for lung cancer patients. In a
meta-analysis of 15 studies across 1,197 patients, Jeong et al.
found that, compared to patients with a high level of bone
marrow uptake, patients with low level FDG bone marrow
uptake had better event-free survival rates and overall
survival rates. Similar findings were also reported in a
study by Lee er al., where the relationship between bone
marrow SUV and prognosis in patients with NSCLC after
curative surgical resection was analyzed (18). In their study,
BLR was a significant prognostic factor for recurrence in
the multivariate analysis, consistent with the results of our
study. However, the patients included in their study had I-III
stage lung cancer, and received various kinds of treatments.
In contrast, only T1-2NOMO lung adenocarcinoma patients
without postoperative chemotherapy or radiotherapy who
underwent curative surgical resection were recruited in our
study. Lee et al. also investigated the prognostic significance
of BM SUV in patients with other kinds of cancer, including

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

head and neck squamous cell carcinoma (HNSCC), gastric
cancer, and colorectal cancer (10,25,26). Their research also
found that BM SUV or BLR was an independent predictor
of prognosis in these cancers. However, their studies did
not explore if there was a nonlinear relationship between
BM SUV and prognosis, and did not measure the target-
independent variable as both a continuous variable and
categorical variable, which can enhance the robustness of
results.

In our study, 15.3% of lung adenocarcinoma patients
presented with recurrence during follow-up, which is
similar to the recurrence incidence reported in a previous
study (27). Compared with non-recurrent patients, the
size of the primary tumor of patients with recurrence was
larger, and the CRP, SUV_,,, and TLG values were higher.
Kaplan-Meier analysis showed that patients with relatively
high BLR values had a significantly higher recurrence
rate than patients with low BLR values, which was also
consistent with previous studies. The main advantage of this
study was that we used restricted cubic spline regression to
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Table 3 Univariate analysis for recurrence

Li et al. Prognostic value of BM FDG uptake in lung adenocarcinoma

Exposure Statistics HR (95% CI), P value
BLR 0.78+0.18 5.08 (0.81, 31.75), 0.0822
BLR tertile

Low 64 (32.82%) 1

Middle 65 (33.33%) 5.90 (1.69, 20.59), 0.0054

High 66 (33.85%) 5.09 (1.44, 17.96), 0.0114
BM SUV 1.54+0.46 1.52 (0.70, 3.31), 0.2911
BM SUV tertile

Low 65 (33.33%) 1

Middle 64 (32.82%) 0.77 (0.29, 2.07), 0.6049

High 66 (33.85%) 1.75 (0.75, 4.09), 0.1954
Sex

Male 90 (46.15%) 1

Female 105 (53.85%) 1.29 (0.62, 2.68), 0.4930
Age, y 63.36+8.60 0.99 (0.95, 1.03), 0.6403
Tumor size, mm 22.49+7.49 1.06 (1.01, 1.11), 0.0096
White blood cell count, x10'? Cells/L 6.22+2.03 0.97 (0.81, 1.17), 0.7654

Hemoglobin, g/dL 132.05+17.63 1.01 (0.99, 1.02), 0.3166

Albumin, g/d 4.01£0.37 0.54 (0.21, 1.41), 0.2068

NLR 2.60+2.73 1.00 (0.88, 1.14), 0.9531

PLR 135.10+£63.47 1.00 (0.99, 1.00), 0.7263

CRP, mg/dL 4.32+6.11 1.04 (1.00, 1.08), 0.0326

SUV,. 5.36+3.39 1.24 (1.15, 1.34), <0.0001

MTV 6.86+5.37 0.98 (0.91, 1.05), 0.5912

TLG 21.27+24.09 1.01 (1.00, 1.02), 0.0108
T stage

T1 172 (88.21%) 1

T2 23 (11.79%) 1.71 (0.65, 4.47), 0.2740
Tumor site

RUL 50 (25.64%) 1

RML 24 (12.31%) 1.92 (0.62, 5.95), 0.2610

RLL 37 (18.97%) 0.99 (0.32, 3.02), 0.9809

LUL 55 (28.21%) 1.22 (0.47, 3.17), 0.6812

LLL 29 (14.87%) 0.73 (0.19, 2.74), 0.6374

Histological grade

Well 37 (19.07%) 1
Moderate 92 (47.42%) 2.11 (0.61, 7.24), 0.2361
Poor 65 (33.51%) 2.32 (0.65, 8.31), 0.1971

HR, hazard ratio; Cl, confidence interval; BLR, bone marrow to liver uptake ratio; BM SUV, mean standardized uptake value of bone
marrow; CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio; PLR, platelet lymphocyte ratio; SUVmax, maximum standardized
uptake value of primary tumor; MTV, metabolic tumor volume; TLG, total lesion glycolysis; RUL, right upper lobe; RML, right middle lobe;
RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.
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Table 4 Relationship between BLR and recurrence using different models from multivariate analysis

Crude model HR (95% ClI), P value

Model | HR (95% Cl), P value

Model Il HR (95% Cl), P value

BLR 5.08 (0.81, 31.75), 0.0822
BLR Tertile
Low 1.0
Middle 5.90 (1.69, 20.59), 0.0054
High 5.09 (1.44, 17.96), 0.0114
P for trend 0.0141

5.09 (0.80, 32.23), 0.0839 5.85(0.72, 47.40), 0.0981

1.0 1.0
6.03 (1.72, 21.12), 0.0050 7.16 (1.96, 26.23), 0.0029
5.22 (1.47,18.57), 0.0108 5.01 (1.32, 18.98), 0.0177

0.0133 0.0337

Model | adjusted for age and sex. Model Il adjusted for age, sex, tumor size, CRP, SUV,,,,, and TLG. HR, hazard ratio; Cl, confidence
interval; BLR, bone marrow to liver uptake ratio; CRP, C-reactive protein; SUV,.,,, maximum standardized uptake value of primary tumor;

TLG, total lesion glycolysis.

-51

Log relative risk(RR)for recurrence

0.4 06

08 1.0 12

Bone marrow-liver uptake ratio (BLR)

Figure 2 Association between bone marrow-liver uptake ratio (BLR) levels with risk of recurrence. Dashed lines are 95% confidence

intervals. Relative risk (RR) and 95% confidence intervals were derived from restricted cubic spline regression. Relative risk was estimated

using cox regression modeling, adjusting for the same variables as model 2 in Tizble 4.

highlight a saturation effect between BLR and recurrence
risk after adjusting for various confounding factors. The
results showed that when BLR was higher than 0.7, the
risk of recurrence no longer increased. Overall, a better
understanding of the role of BLR can help clinicians predict
the recurrence of early-stage lung cancer and select more
appropriate treatment for patients.

This study had several limitations. First, the study was
a retrospective single-center study with a relatively small
number of patients. Further studies using a larger number
of patients are needed to validate the results of this study.
Second, we only enrolled patients with predominantly stage I
lung adenocarcinoma according to the 8" edition of the lung
cancer clinical staging system (28); hence, our results cannot
be extrapolated to other populations. Additionally, our study

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

only included traditional PET parameters in analysis, and
other researchers have attempted to mine the radiomics
features of PET (29,30); we will focus on this in future
studies. Finally, considering that the role of inflammation in
cancer is still poorly understood, further studies are needed
to explore and evaluate more inflammatory markers.

In conclusion, BLR was an independent risk factor
for predicting RFS in T1-2NOMO lung adenocarcinoma
patients after curative surgical resection. Patients with low
BLR values had a better prognosis than those with high
BLR values. Furthermore, in multi-adjusted restricted cubic
spline regression, BLR as a continuous variable showed
a nonlinear relationship with recurrence risk. Therefore,
BLR can be used as a biomarker for stratifying the risk of
lung cancer recurrence.
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Figure 3 Cumulative recurrence-free survival (RFS) curves according to bone marrow-liver uptake ratio (BLR) in the 195 enrolled patients.

BLR was divided into three categories according to the tertiles of the BLR level. Kaplan-Meier analysis of patients stratified by BLR value

showed significantly different RES rates between the three groups of patients (P=0.0029). The patients in the middle and high BLR groups

had a significantly worse RFS than those in the low BLR group.
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